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PREFACE
The 8th Symposium with the theme: “Knowledge based development for Zimbabwe” is held from
the 31st January to 1st of February 2007. Like seven others before it, this Symposium brings
together research stakeholders from Government, industry and academia. The Research Council
of Zimbabwe (RCZ) continues to organise these symposia in order to popularise research and
development especially in, but not limited to, Science & Technology and to provide a platform
for the dissemination and documentation of that research. The symposia are also regular
reminders to renew political commitment to invest more and better in research at all levels. The
8th Symposium theme “Knowledge based development for Zimbabwe” seeks to emphasise that
knowledge is the currency of modern economy. This fact is predicated on the premise that
abundance of natural resources is no longer a guarantor of economic prosperity. We now have to
engage knowledge based technologies. Presently, the three most promising sectors, ICT,
biotechnology and nanotechnology are all knowledge driven.
The RCZ is very grateful to His Excellency, the President, Cde. R.G. Mugabe, for the keynote
address at the opening ceremony of the Symposium. Prof Sospeter M Muhongo, Director of the
Regional Office for Africa of the International Council for Science ( ICSU ), was our Guest
Lecturer for the Symposium. Professor Muhongo shared with us his insight of how global
science can be domesticated for use in the sub-Sahara Africa context.
The RCZ would like to pay tribute to the presenters and researchers that were able to conduct
research and write papers with minimum resources under the prevailing difficult economic
environment. We also wish to urge our other stakeholders to continue supporting our research
institutions which are the only dependable bedrocks on which knowledge can be built for the
benefit of the whole country.
The Research Council of Zimbabwe is pleased to record that the proceedings of this symposium
are published at the time of the symposium itself. We have avoided the time lag between
presentation of these papers and their publication.
These Proceedings contain papers from the following sub themes:
• Indigenous knowledge systems and development in Zimbabwe
• New perspectives on development in the Humanities and Social Sciences
• Agro-based research for the agrarian reforms
• Exploitation of the full potential of Zimbabwean natural and human resources
• Adoption and adaptation of Information and Communication Technologies
• Health and Medicine
• Innovative Financial Engineering
• Capacity building
• HIV and AIDS
• Industrial Engineering
The papers accepted for publication in the Proceedings of the 8th Symposium were the outcome
of a rigorous referee process by experts in the respective fields. The names of those asked to
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review the papers have been gratefully cited in the acknowledgement section of the Proceedings.
The RCZ would like to thank Professor C J Chetsanga for overseeing the refereeing process.
We would like to thank the Organising Committee of the 8th Symposium under the able
Chairmanship of Dr. Mujaji for a job well done. We would like to encourage all to participate
and make contributions to future symposia in order to further the development of our country.

Dr. F.P. Gudyanga
CHAIRMAN, RESEARCH COUNCIL OF ZIMBABWE
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LOW – COST MEDIA FORMULATIONS FOR CULTURE MAINTENANCE AND
PROLIFIC FRUITING OF OYSTER MUSHROOMS (PLEUROTUS SPP.)
Chenjerayi Kashangura
University of Zimbabwe, Biological Sciences Department, P.O. Box MP167 Mt.Pleasant,
Harare, Zimbabwe. Tel (263-04)-303211, Fax (263-04)-333407.
chenjikash3@justice.com
ABSTRACT

Modified media for Pleurotus sajor-caju and Pleurotus ostreatus was formulated and investigated in terms of its
suitability and effect on the mycelial growth rate of the Pleurotus spp. strains. The modified media was of various
whole-wheat grain: media (Malt extract agar[MEA] or Potato dextrose agar [PDA]) ratios of 1:1 to 1:5.
Polyethylene (PEG) 6000 was also added as its effects on growth rate at minute concentrations were noted in earlier
work. The 1:1 ratio mixture resulted in the drying of the wheat grain by the 8th day. The water content of the media
formulations were all significantly different from the water content of conventional Malt Extract Agar (MEA, 3 %)
(97.9 % water) and Potato dextrose Agar (PDA, 3 %) (97.9 % water). The water contents generally ranged from
14.3 % (1:2 MEA) to 57.4 % (1:4 PDA). There was no clear-cut trend for the water contents of the media
formulations. The growth rate generally initially decreased below that obtained for normal media (MEA and PDA).
However the growth rate increased above that for normal media for the 1:2 to 1:5 for MEA and 1:3 to 1:5 for PDA.
The water content of the mixtures cannot be used to predict the growth rates. Generally mushrooms are taken to
require adequate water however surprisingly growth higher than that for normal media was obtained for media with
low water content. The increase in growth rate is attributed to the richness in terms of nutrients. PEG amended MEA
media generally resulted in higher growth rates than non-amended media. This has been the case in earlier work
done. The crushed wheat grain : media formulations ranging from 1:2 to 1:15 with PDA and no PDA treatments
(the media formulation comprised only of distilled water and crushed grain) induced luxuriant mycelial growth and
prolific fruiting of the Pleurotus spp. The water content of the crushed wheat grain: media formulations ranged from
75 % to 97 %. Water content generally increased from 1: 2 media to 1:15 media. Growth rate was highest for 1: 5 +
PDA media. 1:2 – PDA had the lowest growth rate. The low –cost media formulations 1:3 to 1:5 (whole wheat
grain) and 1:3 to 1:15 (crushed wheat grain) have potential use as low-cost alternatives to culture Pleurotus spp. for
culture maintenance, spawn production, mushroom cultivation and bioremediation.

1.0
INTRODUCTION
Mushrooms provide a healthy source of protein, vitamins (B, C and D) and carbohydrates. They
also lower blood cholesterol level and are low in sodium, making them ideal for persons with
certain types of heart and kidney ailments (Oei. 1990; Quimio, Chang and Royse, 1990, Hobbs,
1996; Kashangura 2005). Mushrooms and other fleshy fungi are the premier recyclers on the
planet. Fungi are essential to recycling organic wastes and the efficient return of nutrients back
into the ecosystem (Mswaka and Magan, 1999; Rajarathnam et al., 1998; Lindblad, 2000;
Stamets, 2000; Mswaka, Kashangura and Chigogora, 2001, Kashangura et al, 2002). Not only
are they recognised for their importance within the environment, but also for their effect on
human evolution and health. Pleurotus is an important genus of edible basidiomycetes, especially
in the tropics and sub-tropics. The biotechnological potential of Pleurotus spp. has been
exploited to reduce the incidence of cancers, synthesise fine chemicals and for bioremediation
such as cleaning of oil spills (Madar & Zusman, 1997; Jonsson et al., 1998; Rajarathnam et al.,
1998; Villas-Boas et al., 2002; Stamets, 2003; Fragoeiro and Magan, 2005).. However, nutrient
cycling by macrofungi requires an ability to grow and fruit (McGonigle, 1995). Kashangura,
Hallsworth and Mswaka (2006) recently studied how differing water, pH and temperature
conditions affect Pleurotus sajor-caju strains regarding primordium development and basidiome
production. Fungal cultures are maintained by subculturing on agar (Gordon, 1952; Booth,
1971a; Onions, 1971) and storing at 4 0C or under oil at room temperature or in sterile water at
1

room temperature; by drying on anhydrous silica gel (Mehtra et al, 1977), by freeze-drying (Rey,
1977) and by freezing at -20 0C in agar slopes or at -80 0C in liquid nitrogen or sterile 30%
glycerol (Smith, 1983a). Media for culture maintenance of fungi is now out of the reach of most
developing countries laboratory budgets. Low – cost media formulations for oyster mushrooms
(Pleurotus spp.), can play a key role in culture maintenance, spawn production and mushroom
cultivation. The continued access to economically important Pleurotus spp. in the developing
countries of the world is threatened by the high cost of maintenance of fungal cultures. Fungal
strains are maintained as living cultures to replace contaminated or degraded experimental
material such as deoxyribonucleic acid (DNA) samples, to confirm previous results and to
provide other researchers with reference strains (Smith, 1984; Weising et al, 1995). Fungal
cultures are routinely grown on agar based media such as malt extract agar (Blakeslee, 1915),
cornmeal agar (Shear and Stevens, 1913) and yeast – peptone – dextrose agar (Van Uden and do
Carmo Sousa, 1957; Weitzman and Silva – Hutner, 1967). The agar based media such as malt
extract agar (MEA) and potato dextrose agar (PDA) are media specifically made for the
isolation, cultivation and enumeration of yeasts and molds in dairy products, beverages, dried
and frozen foods and meat products. A media that is nutritious and more ideal for Pleurotus
species would lengthen the shelf life of the Pleurotus cultures for routine activities such as
spawn production, would reduce the lag phase for spawn production and would also add a new
media type for culturing the Pleurotus species. Agar based media are also currently very
expensive for most developing countries laboratory budgets since they are imported thus a cheap
media formulation would help in reducing costs for maintaining Pleurotus cultures. A study of
12 strains of Pleurotus sajor-caju and one strain of Pleurotus ostreatus was carried out, to assess
the variation in growth response and primordium development to different whole-wheat grain :
media and crushed wheat grain: media formulations.
2.0

MATERIALS AND METHODS

2.1
Pleurotus strains
Twelve strains of Pleurotus sajo-caju from Belgian Coordinated Collections of Microorganisms
/Mycotheque de l’Universite’ Catholique de Louvain (Agro) Industrial Fungi and Yeasts
Collection, Louvain-la-Neuve, Belgium (BCCMTM/MUCL 28683, 28685, 29757, 31017, 31613,
31674, 38071, 38076, 38078, 38089, 38091, 38092 and Pleurotus ostreatus 28511 were used in
this study. All strains were maintained on malt extract agar (MEA containing 3 % w/v malt
extract and 2 % w/v agar obtained from Oxoid, UK).
2.2

Growth media

2.2.1 Formulation of whole wheat grain media for Pleurotus spp.
To vary the whole wheat grain : media formulations MEA (3 %; obtained from Oxoid, UK),
PDA (3 %; obtained from Oxoid, UK), distilled water, whole wheat grain (from Grain Marketing
Board [GMB], Harare) and polyethylene glycol (PEG) 6000 (concentration of 1 g per litre of
distilled water) were added to 250 ml Erlenmeyer conical flasks as shown in Table 1 with the
control medium being MEA and PDA. The amount of media (MEA or PDA) added was in
relation to the amount of distilled water added (Table 1). The media were autoclaved (121 0C for
20 min) to obtain media with the respective whole wheat grain : media ratio as shown in the first
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column of Table 1. The water content of the prepared media was determined as described
previously (Kashangura, 2004).
2.2.2 Formulation of crushed wheat grain media for Pleurotus spp.
Whole wheat grain (from GMB) was crushed using a mortar and pestle. To vary the crushed
wheat grain : media formulations PDA (3 %; obtained from Oxoid, UK), distilled water and
crushed wheat grain were added to 500 ml Erlenmeyer conical flasks as shown in Table 2. The
amount of PDA added was in relation to the amount of distilled water added (Table 2). Some
preparations had no PDA added (to the media formulation comprised of distilled water and
crushed grain (Table 2). The media were autoclaved (121 0C for 20 min) to obtain media with the
respective crushed wheat grain : media ratio as shown in the first column of Table 2. The water
content of the prepared media was determined as described previously (Kashangura, 2004).
Table 1: Whole wheat grain media formulation preparations for 100 ml final media
Ratio (Grain:
media)
MEA
1:1
1:2
1:3
1:4
1:5
MEA (control)
PDA (control)
MEA+
PEG
6000
1:1
1:2
1:3
1:4
1:5
PDA
1:1
1:2
1:3
1:4
1:5
MEA PEG
PDA PEG
PDA+PEG
6000
1:1
1:2
1:3

Whole wheat Distilled
Grain (g)
water (ml)

MEA (g)

PDA (g)

PEG 6000 (g)

50
33
25
20
17
0
0

50
67
75
80
83
100
100

2.50
3.35
3.75
4.00
4.15
5.00
0

0
0
0
0
0
0
3.90

0
0
0
0
0
0
0

50
33
25
20
17

50
67
75
80
83

2.50
3.35
3.75
4.00
4.15

0
0
0
0
0

0.050
0.067
0.075
0.080
0.083

50
33
25
20
17
0
0

50
67
75
80
83
100
100

0
0
0
0
0
5.00
0

1.95
2.61
2.93
3.12
3.24
0
3.90

0
0
0
0
0
1.000
1.000

50
33
25

50
67
75

0
0
0

1.95
2.61
2.93

0.050
0.067
0.075

3

1:4
1:5

20
17

80
83

0
0

3.12
3.24

0.080
0.083

Table 2: Crushed wheat grain media formulation preparations for 200 ml final media
Crushed wheat Grain (g)
Ratio (Grain: media)a
(-)
1:2
66.70
(+)
1:3
50.00
1:5 (-)
33.30
(+)
1:5
33.30
1:10 (-)
18.20
(+)
1:10
18.20
(-)
1:15
12.50
1:15 (+)
12.50
a (+): includes PDA media, (-), excludes PDA media

Distilled Water (ml)
133.3
150.0
166.7
167.7
181.8
181.8
187.5
187.5

PDA (g)
0
5.85
0
6.50
0
7.06
0
7.31

2.3
Assessment of growth rates, primordium development and mycelial characteristics
Three replicate Petri plates were inoculated for each experimental treatment, using 4- mm
diameter plugs taken from the periphery of exponentially growing cultures of each strain
growing on MEA. Plates of each medium were incubated at 25 0C in a non – inverted position
for 30 days. Radial growth was measured daily as described previously (Mswaka and Magan,
1999), and these data were used to establish the relationship between treatment and growth rate.
Homogeneity of variances was established by a preliminary F test (David, 1952) and Bartlett’s
test (Bliss, 1967). ANOVA was used to determine the significance of difference between means
and Fisher’s pairwise comparisons was used to extract which of the differences among the means
were significant. Primordium development and mycelial characteristics were assessed for each
treatment by eye and/ or low power microscopic examination.
3.0

RESULTS

3.1

Growth Responses of Pleurotus Strains

Growth response on whole wheat grain media formulations
The wheat grain had a glistening appearance like it was polished. The 1:1 ratio mixture resulted
in the drying of the wheat grain by the 8th day. The radial extension was similar over the surface
of the Petri plate despite the slightly 3-D growth surface. The remaining grain for the 1:1 ratio
was difficult to dislodge from the conical flasks. For the 1:4 ratio the remaining wheat grain was
easy to dislodge from the conical flasks. Growth data are shown for two representative strains in
Figure 1. Growth rate conditions varied significantly between strains (P<0.05) whereas their
growth windows were similar in relation to whole / crushed grain : media formulation. The most
rapid growth (radial extension rates of 5 mm d-1) was obtained from strains BCCM/MUCL
31017, 31613, 38076 38078 and 38092. All the strains generally had a higher growth rate on the
novel media formulations than on MEA and PDA (Figure 1). Generally the growth rate initially
decreased below that obtained for normal media (MEA and PDA) (Figure 1). However the
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growth rate increased above that for normal media for the 1:2 to 1:5 for MEA and 1:3 to 1:5 for
PDA. Generally the growth rate for PEG 6000 amended media was higher than that for non
amended media (Figure 1). The water content of the media formulations were all significantly
different from the water content of conventional Malt Extract Agar (MEA, 3 %) (97.9 % water)
and Potato dextrose Agar (PDA, 3 %) (97.9 % water). The water contents generally ranged from
14.3 % (1:2 MEA) to 57.4 % (1:4 PDA). There was no clear-cut trend for the water contents of
the media formulations (data not shown)..
3.1.2

Growth response on crushed wheat grain media formulations

Generally the media without PDA did not solidify easily when compared to the media with PDA.
For example, 1: 15 (- PDA) did not solidify whilst 1: 15 (+ PDA) was semisolid. Media from 1:
2 (- PDA) to 1: 5 (+ PDA) solidified. All 1: 2 (- PDA) plates were contaminated by the eighth
day of incubation. Growth data are shown for two representative strains in Figure 2. Growth
rates varied significantly by ANOVA analysis (data not shown). Growth was highest for 1: 5 (+
PDA) and lowest for 1: 2 (- PDA) media (Figure 2). The water content of the media increased
from 75 % (1: 2) to 97 % (1: 15).
Production of Primordia and Mycelial Characteristics
Production of primordia by the Pleurotus strains is shown in Figure 3. Numerous primordia (<
100 for whole wheat grain) and (+ 200 for crushed wheat grain media) were produced by the
Pleurotus strains (Figure 3 a and b). The highest number of primordia and basidiocarps were
obtained from strains BCCM/MUCL 31017, 31613, 38076, 38078 and 38092. Three classes of
mycelium were observed: cottony (predominant), cottony zonate and quasi-rhizormorphic (see
Mswaka, 1995 and Stamets, 2000 for description of terms used in describing mycelial texture)
for both the whole wheat grain media and crushed grain formulations. Mycelium covering
medium was less dense than that which covered the whole wheat grains in the whole wheat :
media formulations. Generally the mycelium type changed from cottony to cottony zonate and
finally to quasi – rhizomorphic from 1:1 to 1: 5 whole wheat media. Cottony mycelia on MEA
whole wheat media was more dense than that on PDA. For the crushed grain media, 1:3 and 1: 5
(+ PDA and - PDA) had cottony mycelium which became cottony zonate (+ quasi rhizormorphic
around the agar inoculum disc) for 1:10 (+ PDA and - PDA) and 1:15 (+ PDA and - PDA).
When two or more mycelium types occurred, they were separated spatially. Microdroplets were
produced by the Pleurotus strains on the following media: whole grain [MEA (1:1 to 1:3, 1:5);
MEA + PEG (1:3 to 1:5); PDA (1:3 to 1:5) and PDA + PEG (1:2 to 1:5)] and crushed grain [all
media except 1:2]. The crushed grain media formulations resulted in more luxuriant mycelial
growth than for the whole wheat grain media formulations.
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Figure 1: Growth responses of two representative strains of Pleurotus spp. to a range of different
whole wheat grain : media formulations from 1:1 to 1:5 . Strains BCCM 38092 ( , ) and
38078 ( , ∆) for MEA and MEA + PEG are shown in graph a, and for PDA and PDA + PEG in
graph b.
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Figure 2: Growth responses of two representative strains of Pleurotus spp. to a range of different
crushed wheat grain: media formulations from 1: 2 (- PDA) to 1: 15 (- PDA). Strains BCCM
38092 ( ) and 38078 ( ) are shown. m in the x – axis represents without PDA and p represents
with PDA added to the media formulation.
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a)
b)

Figure 3: Photographs to illustrate the numerous primordia formed by BCCM strain 38092 on
the whole wheat grain media 1: 4 MEA (photo a) and crushed wheat grain media 1:5 (- PDA).
4.0

DISCUSSION

The role of media in culture maintenance has been recognised for several decades (Burdsall and
Dorworth, 1994). For Pleurotus spp. media is not only required for culture maintenance but also
in the cultivation process in producing Pleurotus grain spawn (Oei, 1990, Stamets 2000,
Kashangura 2003a,b, 2005). The Pleurotus mycelium is initially grown on a nutrified agar media
(Ogden and Prowse, 2004). The data obtained in this present study can be used for low cost
culture maintenance in developing countries laboratories, especially the crushed wheat grain
formulations that lack any conventional media (i.e. PDA or MEA) in their formulations. Since
low quantities of PEG 6000 are required to obtain certain media formulations the media are lowcost in comparison to conventional media. The water content of the mixtures can not be used to
predict the growth rates. Generally mushrooms are taken to require adequate water however
surprisingly growth higher than that for normal media was obtained for media with low water
content in the whole wheat grain and crushed wheat grain media formulations. The increased
growth rate may be attributed to the presence of nutrient rich wheat grains in the media
formulations. The occurrence of contamination in the crushed wheat grain 1:2 (- PDA)
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formulation may be overcome by additional autoclaving time. The mycelium types obtained in
this study are not different from those that occur on conventional media (MEA and PDA)
(Stamets, 2000), which means the media formulations are comparable with conventional media.
Fungal culture maintenance on agar is done by three ways which are using a weak medium,
lowering the incubation temperature, or by growing under reduced oxygen tension (Kirsop and
Snell, 1984). The media formulations in this study can result in culture maintenance of Pleurotus
spp. by growth at lowered incubation temperature in Petri dishes or agar slopes. PEG amended
MEA and PDA media generally resulted in higher growth rates than non-amended media (Figure
1). This has been the case in earlier work done (Kashangura, PhD Thesis). Polyethylene glycol
may be used as a growth enhancer in Pleurotus mushroom cultivation. Media formulations 1:3 to
1:5 (whole wheat grain) and 1:3 to 1:15 (crushed wheat grain) are ideal to use as low-cost
alternatives to culture Pleurotus spp. The optimal range of growth (defined in Kashangura et al,
2006) luxuriant mycelia growth, well developed external fruiting and formation of numerous
primordia by the Pleurotus sajor-caju strain suggest that the crushed grain: media formulations
are ideal for the specific culturing of Pleurotus spp for spawn and oyster mushroom production..
Production of numerous primordia by the Pleurotus spp on the crushed grain media formulation
is a very desirable trait as growth and fruiting is required for bioremediation. Fruiting of
Pleurotus spp. on the media formulations in this study has potential application to remediate soils
by removing heavy metals, by harvesting and disposing of fruiting bodies that have absorbed the
heavy metals (Cihangir and Saglam, 1999).
The microdroplets produced by the Pleurotus spp. are secondary metabolic products (Stamets,
2000). Droplets that occur on mycelium have been shown to contain enzymes (Colotelo, 1973,
1978) and solutes (Colotelo, Sumner and Voegelin, 1971b). Droplets produced by Serpula
lacrimans (Wulfen: Fr) Schröter growing over a non-absorptive surface are an expression of the
mass flow of water through the mycelium (Coggins, Jennings and Clarke, 1980; Brownlee and
Jennings, 1981). The droplets are a reservoir for secondary metabolites, or metabolite reserves
which could be readily available when needed (McPhee and Colotelo, 1977). The droplets also
serve as a reservoir of water allowing hyphae, not in direct contact with liquid medium, to
continue growth when the feeding mycelium might be subjected to an unfavourable water
potential (Jennings, 1991). In agar cultures, aerial hyphae of Pleurotus produce tiny droplets of
nematode toxin on minute secretory processes (Hibbett and Thorn, 1994). This toxin has been
identified as trans-2-decenedioic acid (Kwok et al, 1992). Nematodes that come in contact with
the toxin are paralysed and later invaded by the Pleurotus hyphae. This mode of nematode attack
has been observed in P.cornucopiae (paulet) Rolland, P. cystidiosus O. K. Miller, P. levis (Berk.
And Curt.) Sing., P. ostreatus (Jacq.: Fr.) Kummer, P. populinus (Hilber and Vilgalys (as P.
ostreatus p.p and P. subareolatus Peck), and P. pulmonarius (Fr.: Fr.) Quél. (as P. ostreatus p.p.)
(Thorn and Barron, 1984; Thorn and Tsuneda, 1993). This means the secondary metabolic
products (microdroplets) do not only serve as a reservoir for water and metabolites but they also
act as a nematode toxin. The production of microdroplets by the Pleurotus spp. on the novel
media formulations used in this study can be used as a means of biocontrol of nematodes in the
mushroom growing house (MGH) and also allows for an extended culture maintenance period
due to being a reservoir of water. Further studies are required to see whether similar approaches
could be employed in the future to enhance the culture maintenance, spawn production and
cultivation of Pleurotus spp. and related species in the subtropics and developing countries of the
world.
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ABSTRACT

An engendered study was conducted to assess the effectiveness of extension in order to account for visibility in the
assessment of the opinions between male and female farmers. The local farmers’ association had complained of a
decline in service delivery after the Land Reform Programme of 2000.Before the programme, the local staff
provided service to at least seventy percent of the farmers. In this process all the tobacco farmers were covered and
the majority of maize and livestock farmers. Nyamazura area has eight hundred and eighty farmers and it covers
two thousand hectares and is suitable for tobacco, maize and livestock production. The area was covered by three
male advisors before the reform programme contrary to the time of the survey in which twenty three advisors served
the area. Three indicators of visit effort, provision of satisfactory information, and support from senior officers were
used to assess the effectiveness in a stratified multi-stage design. An eleven percent sample split equally between
male and female farmers was drawn using a constant proportion to size, producing eighty eight respondents. Both
male and female farmers observed a significant decline in which only thirty percent of the farmers were being
served Services were lowest in livestock which a ccounted for six percent, maize got ten percent and the balance
went to tobacco farmers. The study further showed a significant complementarity of opinion between male and
female farmers. Opinions of female farmers accounted for two thirds of the assessment of the two genders. Male
opinions were less critical and more conservative than female opinions in their assessment. The level of
complementarity challenges the notion that commonly regards women farmers simply as farmers’ wives. But instead
it highlighted the visibility and independence of male and female members of households as independent and
complimentary farmers in the business of farming in the study. Farmers cited the fragmented restructuring of the
extension departments and the negative impact of restructuring and deploying insufficiently trained personnel
without sufficient support in 2000 as the main reasons for the decline in service. Government should consider the
implications of a difference in opinion between male and female farmers and the negative effects on restructuring
without providing the necessary resources on service delivery.

Introduction
The research was done against a background in which government hoped to increase the
production of crops and livestock beyond the pre-land reform programme levels in which
farmers had achieved yields of more than 2000 kilograms per hectare in tobacco and maize
(AGRITEX 1999). The levels were sufficient to provide enough staple food and reasonable cash
income for a family of six members.A short cut to achieving this goal was seen in increasing the
ratio of extension advisors in addition to the three who had served the area up to the reform
programme. The increase would reduce the ratio of advisors to farmers from one advisor to three
hundred households to one advisor to forty households.
Administratively, extension advisors before the reform programme fell under the Department of
Agricultural Technical Extension Services (Agritex) whose responsibilities were split into four
other departments after the Land Reform Programme. The departments included Agricultural
Research Extension (AREX), Livestock Production Department (LPD), Agricultural Engineering
Department (AED) and Veterinary Services Department (VSD). Each of the departments took
responsibility for all the functions formerly under AGRITEX. AREX took the functions of
research and extension for crops only while the other functions for livestock fell under LPD
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AED took responsibility for irrigation development and the mechanical conservation of arable
lands; VSD retained the function of animal health. Except for AREX and VSD, the other
departments of LPD and AED did not have staff at farmer level. Farmers had to go to the district
headquarters for services or depend on bona fide services of AREX and VSD staff.
The study in a broader context
There have been few cases of measurement of extension effort in Zimbabwe in recent years. The
one extensive study from which my research benefited was done in Kenya by Leonard in 1979.
The study was used to assess the extent to which the extension staff was effective in assisting
farmers in their farming practices and achieving their objectives.Leonard based his evaluation on
the opinion of extension staff in an evaluation in which the staff assessed themselves.CTA
(1999) and Menou (1993) justify doing impact assessment as a way of getting feedback from
farmers and also as a check on investment by support institutions. They further advise that the
methodology used has to be easy to administer, acceptable at local level and should be easily
built into local management systems with a balance between the desirable criteria and an
objective approach. It has to facilitate for local data collection and participation in the process.
My study measured the effectiveness of extension work as seen by farmers. A structured
questionnaire was used to solicit the farmer’s opinions. To ensure validity of the data, a pilot test
was done to ensure that the aims of the survey and the questions were compatible, and at the
same time acceptable and easily understood by farmers. Two quality pilot tests on the
questionnaire were done. The first test was a pre-test that was done on thirty farmers and the
second test was done on fifteen extension workers. From the results of the test I was then able to
test the sample, to draft the enumeration plans and the analyses to be done and then confirm the
working plans. Three indicators were then used to measure the opinions. The first indicator was
the extent to which senior advisors support their field advisors.
Support by bosses in extension generally endorses the messages junior staff give to farmers and
builds confidence in them. Visit effort was the second indicator and it measured the extent to
which the agent visited the farmers on their farms to advise on specific crops. Extension advice
is most effective if it is given on the farm where a demonstration can be given. Data were then
collected through farmer interviews in the field and analyzed. The third indicator was the extent
to which local advisors were able to give satisfactory advisory information on crops and
livestock in the area.
The Survey
A survey was then conducted in July and August 2005 with 88 farmers from a stratified multistage design using a constant proportion to size. Selection here was made with probability
proportional to size and simple random of constant size. The design was suitable because the
survey used resident and static enumerators. It had two other advantages of self-weighting and it
further enabled me to use a second person to analyse the data (Poate and Daplin(1990). The
sample was split equally between male and female farmers in order to increase the visibility of
women’s contribution in opinion between the two genders. The sample was further stratified by
crop type and area planted or size of head in the case of livestock. A minimum of 0.5 ha of
tobacco, and 1 ha of maize was used to select farmers in the case of crops and at least 5 head of
cattle for livestock farmers. Stratification for minimum size of area or size of head was done on
the assumption that at a given level of intensification a farmer would need assistance from
extension services. Four enumerators made of two female and two male persons were engaged.
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Two of the enumerators were local teachers and the other two were selected from the local
extension workers. The author opted for a mixed team in order to reduce biased enumeration that
would have been probable if I had used just the extension staff. The enumeration took five
weeks to accomplish
Results
The results of the survey were based on each indicator and their significance was tested using a t
test of 95% or 90%. All the indicators were subjected to this test.
Indicator One: The extent to which an extension advisor provides satisfactory information
on different enterprises. Most farmers in Nyamazura depend on the local advisor for their
technical and extension information. Therefore the local advisor is regarded as a local database
and point of reference.
Table – 1 Perceptions of Male and Female farmers on advice received from extension staff.
Female
39.10
14.60
54.20
24.00
132.00
33.00

Male
29.10
8.10
35.70
21.40
94.30
23.58
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Figure 1. :

Feedback on level of advice given to farmers
(Source: Nyamazura Survey 2005)

From table 1 above the results showed that extension advisors did not provide satisfactory
information on all enterprises. Both female and male farmers agreed significantly at the 90%
level of significance. However, the difference in the extent of opinion shown between male and
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female farmers on the advice given on tobacco appeared to be more influenced by the number of
cultural activities female farmers were involved in rather than by the amount of mere information
provided. (AGRITEX:1990) showed that women did most of the practices than men. From the
observation and discussions held by the research team women farmers were involved in more
cultural practices than male farmers. Their opinion therefore expressed their physical
involvement in the crop as well as getting information from their advisors. The response to the
livestock and other enterprises was low. Only 14.6% of women farmers and 8.1% of male
farmers said they had seen their advisors. Both responses were significant at the 95% level of
significance. Overall, the farmers in Nyamajura area were now getting significantly less
information from their advisors. They now get less than half the amount of information they got
in 2000 (AGRITEX: 1995).
Indicator Two : The extent to which senior advisors supported local advisors.
The indicator measured the extent to which farmers witnessed senior advisors supporting their
local staff. They saw this at local training days, field days, at pre-season planting days and
shows. This type of support inspires confidence and commitment in junior staff and it further
helps staff to keep focused on their goals in their areas of operation. The visits by senior
advisors were critical as most of the junior staff were inadequately trained and inexperienced in
their jobs. They needed guidance.
Table 2 – Support staff by senior advisors: the extent to which farmers accounted for the
support given to local advisors by the senior staff.
Practices
General livestock management practices
Livestock disease control
General tobacco field cultural practices
Tobacco grading practices
General maize practices
Maize disease control practices
Mean

Female
11.20
9.70
37.50
25.40
55.30
47.00
31.02
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Figure 2:

Source:

Nyamazura Survey 2005
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Male
7.40
8.00
36.00
26.00
25.90
18.50
20.30

Mean
9.30
8.85
36.00
25.70
40.60
32.75
25.90

From the results above only 31.02% of women farmers and 20.3% of male farmers said their
local advisors got support from their superiors. This result was significant at the 95% level of
significance. An analysis by enterprise type showed that support by activities differed by
enterprise type and between enterprise practices. For example, maize practices attracted the
highest support and this rating was followed by tobacco practices. Here the extent of the
difference in opinion between farmers was wide. One and half times as many women farmers
thought maize practices attracted the superiors’ support most. The results further showed that
the local advisors got some support from the senior advisors for livestock though the magnitude
of the support differed. Both opinions thought the extent was less that 10%.
Indicator Three:
Visit Effort
The visit effort is a measure of commitment, confidence, and interest on the part of the advisor.
The visit creates a functional relationship between a farmer and the local advisor in which
information is provided and exchanged and effective learning is achieved.
Table 3 - Responses by female farmers
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Never
44.45
48.87
88.89
182.21
60.74

Table 4 Responses by male farmers
Enterprise
Tobacco
Maize
Livestock
Total
Mean
Mean of
(a+b)

Once/wk
21.34
28.57
0.00
49.91
16.64
18.20

4/mon
10.73
11.56
0.00
22.29
7.43
4.13

Once/moon
3.76
2.43
0.00
6.19
2.07
4.23

100
90
80
70
60
50
40
30
20
10
0

Once/3mon
5.80
6.91
2.81
15.52
3.17
4,42

3/yr
3.84
4.29
5.00
13.13
4.38
5.62

Never
54.53
46.24
92.19
192.32
64.32
62.53

Tobacco
M a ize

O

nc

e/

N

ev

er

yr
on

oo
m
e/

O

nc

O

Figure 4.

3m

n

3/

on
m

4/

nc

e/

w

k

L i v e s to c k

Source: Nyamazura Survey 2005

Over the five-year period some visits were made to some farms by extension advisors. But they
differed in intensity and frequency depending on the type of enterprise. From the results 62.53%
of both male and female farmers reported that they did not have visits from extension advisors
but that only 37.47% of farmers had visits in the period. Both results were significant at the 95%
level of significance. The results cover all the enterprises under study. A breakdown of the
visits by the individual enterprise shows different intensities. The livestock enterprise accounted
for 9.41%, tobacco enterprises received 40.51% and maize accounted for 49.08%. An analysis
of the visits of all the enterprises showed that extension support could only cover just a third of
the farmers in the area. A further analysis of the distribution of frequency of visits across
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enterprises from both male and female farmers showed that visits varied by type of frequency
used by extension advisors and that a consistent pattern emerged which highlighted a significant
difference in the assessment of visits between male and female farmers across all frequencies and
visits. The once/week frequency was used for maize and tobacco but not for livestock. Where
as the once/3 month and 3 times/month frequencies were used for all enterprises. On aggregate,
the other frequencies were used at the same intensity by both groups of farmers but the intensity
varied significantly as they were assessed by male and female farmers separately. In this case
female farmers thought that extension advisors used the frequencies at least 30% more than male
farmers thought. It emerged that only three frequencies were used in visiting farmers on
livestock advice. Both male and female farmers mentioned two of them and male farmers
mentioned only the third one. They were once/month, once/3 months and 3 times/year with the
first of the three, once/month being mentioned by female farmers only.
Discussion
The extent to which senior advisors supported local advisors.
Senior officers did not support their advisors adequately. Observations from both groups
confirmed this at different significance levels of 95% by men and 90% by female farmers
respectively. The low support which was given to field staff by senior advisors was viewed by
farmers as invisibility of the staff due to a number of reasons. Farmers attributed the invisibility
first to a lack of confidence in the staff and secondly to a lack of interest caused by a shortage of
resources. Where as Moris [1991] and Rondinelli [1990] view the situation differently. The
former attributes poor performance to what he calls bureaucratic stasis. This is a situation in
which an agency cannot perform its functions timeously due to organizational inefficiencies.
This is moreso after government split Agritex into three departments without providing the
necessary resources for other departments except a dramatic increase in the staff for AREX
department only The majority of the staff were however not suitably qualified. The latter decries
an increase of sheer numbers of staff in a bureaucracy without the requisite support as a futile
strategy that creates despondency in the staff. His observations reinforce observations by
Chambers and Belshaw [1973] when they cited a sense of frustration among staff in Kenya as a
result of unpleasant working conditions. Increase in absolute numbers might have been necessary
but it was not sufficient condition for increased performance in support for the reform
programme.
Visit effort of advisors
The results showed that the local advisors visited farmers infrequently and that the few visits
which were made, varied significantly between enterprises. Most visits were made to maize
farms, followed by tobacco farms and the least visited enterprise was the livestock enterprise.
The results were at the 95% level of significance. A special feature about the visits was that they
showed a selective tendency based on crop type. The observation was that staff helped farmers
who grew those crops in which they were familiar and also those who lived closest to the staff.
The use of a visit frequency tended to depend on the convenience inherent in the frequency to
both the advisor and the farmer. It also depended on the stage of the crop or activities in which
the advisor was confident. From farmers’ observations, most visits which were done on maize
happened at the time of planting and when the maize crop was ready for eating as green or
shelling. Most tobacco visits were done during nursery preparations and grading of the crop.
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The extent to which extension advisors provided satisfactory information on
different enterprises
Results from this indicator showed that only 37% of farmers acknowledged receiving
satisfactory advice from the local advisors. Between gender, observations from male farmers
were lower than those from female farmers. From discussions with senior staff and also from
checks in the records of both (AGRITEX 1999) and (AREX 2000 – 2005) departmental support
declined significantly. Agritex offered four times more support to Nyamazura staff than Arex.
Agritex staff were on a permanent establishment with a regular salary, transport support and
were provided with accommodation. The staff were responsible for all the extension services
except veterinary extension. After 2000 the role of Arex was confined to crop production and the
other departments which were part of the restructuring exercise were expected to take up the
other responsibilities. But these departments did not have staff at the field level and farmers
depended on bona fide service from Arex staff who were locally based. It was also reported that
all the twenty members of staff engaged after 2000 had had just ten months training at a local
centre where they specialized in tobacco training. They had had no training in the other
enterprises. Yet Agritex staff had gone through courses of training for not less than three years at
colleges built exclusively for agricultural training.
Summary
The study revealed that government support for crops failed significantly as it could only service
a third of the farmers in the area despite a dramatic increase in the staff levels for one of the
departments. More of the support given went to maize, tobacco and livestock in order of
intensity. The results further showed a significant difference of opinion in the assessment
between female and male farmers. Generally female farmers contributed one and half times of
the overall opinion of the service provided.Gender visibility emerged significantly between male
and female farmers in the assessment of the indicators.
Conclusion
The results are conclusive in two key ways. First, they showed that the government system failed
significantly to provide services in its effort to support the land reform programme in
Nyamazura. Second, they further showed distinct gender visibility in the assessment of the
effectiveness of the extension activities. The conclusions have implications on the research and
extension policy of government services in Nyamazura.
Implications
The first implication nullifies the notion that a mere increase in members of staff and the
restructuring of institutions are sufficient to effect changes in services in extension. Reference is
made to Rondinelli (1990) in which he decries an increase in sheer members of staff in a
bureaucracy without providing the requisite support as a futile strategy that creates despondency
in staff. Morris (1991) further cites cases of bureaucratic stasis caused by failure to provide
adequate resources in institutions. The second implication challenges the notion that regards
women in male-headed households as farmers’“wives” and not as farmers in their own right.
The fact is that a man and a woman in a conjugal partnership are not in homogenous units with
undifferentiated labour, resources and incentives but are in fact made of women and men and
children, if they have any, who may share, complement, differ or be in direct conflict in their
need or opinion of improved technologies or services. The disaggregation of investigation
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studies in extension and research enables understanding and the production of user-decision
making process that demand the recognition of connections, complementarities and conflicts
inherent in balancing such systems.
Recommendations:
The following recommendations are made from the survey
1: That all research and extension programmes that involve farmers must recognize the different
roles played by male and female farmers.
2:That gender is made an integral part of all training programmes in research and extension.
3 That wherever opinion is sought on agricultural matters provision has to be made for explicit
expression of opinion of male and female farmers as independent farmers.
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Abstract

When producing beef from indigenous Nguni breeds, it is important to assess them in reference to beef from
established breeds. The objective of this study was to compare postweaning growth performance, carcass
characteristics and meat quality of Nguni, Bonsmara and Aberdeen Angus cattle raised on natural pasture. Fifteen
seven-month weaners of each breed were raised at the University of Fort Hare Farm in the Eastern Cape Province of
South Africa from April 2005 and were slaughtered at the beginning of May 2006 at 19 months of age. They were
weighed 24 hours before slaughter and were transported for 120 km to the East London Abattoir where they were
slaughtered following the usual commercial slaughter procedures. Carcasses were electrically stimulated to control
the effect of rapid chilling on cold shortening of muscles. Carcasses were split, weighed and then chilled at 0 – 3oC
before being processed the following day after slaughter. The dressing percentage of each carcass was calculated as
warm carcass weight expressed as a percentage of slaughter weight. The M. longissimus thoracis et lumborum (LL)
was sampled caudally from the 10th rib for meat quality measurements. The following meat quality characteristics
were measured at ARC Irene, Pretoria: pH, meat colour, drip loss, sarcomere length, myofibril length and Warner
Bratzler Shear Force. The Nguni had the highest (p < 0.05) daily gain (98 ±13.7) from weaning to slaughter. The
respective daily gains for the Bonsmara and the Aberdeen Angus were 28 ±14.2 and 44 ±16.9. Bonsmara steers had
the highest (p < 0.05) slaughter weight, carcass weight and dressing percentage (255 ± 6.8 kg; 145 ± 3.7 kg; 56.9 ±
0.78 %, respectively) while the Nguni were the lightest (205 ± 6.5 kg; 107 ± 3.5 kg; 52.1 ± 0. 75 %, respectively).
Live and carcass weights of the Aberdeen Angus were similar to those of the Bonsmara, but its dressing % was
similar to that of the Nguni. Meat quality characteristics were similar among all the breeds except that Nguni meat
was had a lower reflectance (L* = 36.5 ± 0.50; p < 0.05) than meat from the other two breeds (38.6 ± 0.52 for
Bonsmara and 39.9 ± 0.62 for Aberdeen Angus). There is therefore scope in naturally producing Nguni meat with
similar quality as established beef breeds. However there is a need for further meat quality evaluation incorporating
traits such as tenderness, marbling, and sensory evaluations and fatty acid profiles.
Keywords: Carcass Characteristics, Growth performance, Meat quality, Nguni cattle, Organic meat, veld
*Corresponding author: vmuchenje@ufh.ac.za

1.0.
Introduction
According to Du Plessis & Hoffman (2004), most growth and carcass related studies conducted in
South Africa have been conducted on cultivated pastures in the sourveld areas, in feedlots or with
enhanced poor quality roughages. Little if any research has been published on the finishing of
steers on natural pastures. The indigenous Nguni cattle breed is resistant to ticks, has high
reproductive performance as well as being adapted to harsh environments (Scholtz, 1988;
Schoeman, 1989; Collins-Luswet, 2000). Despite reported cases of poor meat quality and low
meat yield (Koch et al., 1982; Wheeler et al., 1996), indigenous cattle still have a role to play in
meat production. Recent reports indicate that, under improved management conditions, the Nguni
is increasingly attracting international interest, mainly due to characteristics, such as resistance to
ticks and tick-borne diseases, high reproductive performance, good walking and foraging ability,
and low maintenance requirements, acquired through centuries of natural selection (Scholtz, 1988;
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Schoeman, 1989; Collins-Luswet, 2000; Strydom et al., 2001). The Nguni can play a significant
role in the production of high value organic beef because it probably needs less artificial or
chemical tick control. However if the Nguni cattle is to compete with the established beef breeds
such as the Aberdeen Angus and high performing South African beef breeds such as the
Bonsmara, there is a need to analyse its carcass characteristics and meat quality when raised under
the natural pasture.
Although forage-fed beef is lean and warrants an acceptable yield grade, it is often less marbling
and has darker lean colour than grain-fed beef (Baublits et al., 2004). Forage-fed cattle do not
have the same degree of finish as grain-fed cattle due to the decreased energy available in the
forage. Furthermore, utilization of appropriate biological types of cattle with proper dietary
regime could allow for superior end-product (Koch et al., 1976), either in carcass weight or
quality. However Bidner et al. (1981) reported no differences in quality grades and marbling
scores between carcasses from forage-fed and corn-supplemented forage steers.
The colour of meat and external fat of cuts of meat which influence the purchasing ability and
visual acceptability by the consumer can be affected by the feed consumed by the animals.
Forage-based rations, as well as different forage and seasonal changes, allow for carcasses with a
darker lean appearance or fat that is yellow in appearance (Baublits, et al., 2004). The darker
lean may be attributed to increased myoglobin, decreased muscle glycogen, or both, and the
yellow fat is due to forages having increased carotenoids compared to concentrates (Priolo et al.,
2001). It has been reported that grass-fed cattle could be more stressed than grain-fed cattle due
to differences in human exposure (Bowling et al., 1977). Furthermore, grazing animals exhibit
more myoglobin than confined animals due to differences in physical activity (Shorthose and
Harris, 1991), differences in antemortem glycogen and its effect on pH of meat, or differences in
marbling and its effects on lean colour (Baublits et al., 2004). Vestergaard et al. (2000) reported
less glycogen, a higher pH, and darker lean from younger bulls that were fed a forage-limited
diet than those fed a concentrate ad libitum. These researchers speculated that the decreased
dietary energy on the forage-limited diet favoured an increase in oxidative muscle metabolism.
An increase in oxidative muscle metabolism could possibly allow for the decreased necessity to
store comparable amounts of muscle glycogen as a muscle with a higher glycolytic capacity.
Such effects need to be studied in different breeds raised under natural pasture. Successful
production of beef on natural pasture is important in organic or natural meat production.
Therefore, the overall objective of this study was to compare growth performance, carcass
characteristics and the meat quality of Nguni, Bonsmara and Aberdeen Angus steers.
2.0. Materials and Methods
2.1.
Site Description
The study was carried out at Honeydale Farm, University of Fort Hare. The farm is 520m above
sea level and is located 32.78o latitude and 26.850o longitude. It is situated in the False Thornveld
of the Eastern Cape, with an average annual rainfall of 480mm. Most of the rainfall comes in
summer. The mean annual temperature of the farm is 18.7oC.
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2.2.

Animal Management and Measurements

Fifteen Nguni, 15 Bonsmara and 15 Aberdeen Angus weaners of similar age (around 205 days)
were used in this study. They were raised from April 2005 till slaughter in May 2006. The
animals were grazed on natural pasture. Monthly weights of all animals were recorded. Gain 1
per day was calculated as the difference between the slaughter weight and the weaning weight
divided by the number of days from weaning to slaughter. Gain 2 per day was calculated as the
difference between the March 2006 weight (when the steers had peak liveweight) and weaning
weight divided by the number of days from weaning to March 2006. Gain 3 was calculated as the
difference between the slaughter weight and the March 2006 weight divided by the number of
days from March 2006 to slaughter.
2.3 Carcass characteristics
All the animals were slaughtered at 19 months of age. On the day prior to slaughter, the animals
were weighed off-pasture and trucked to the slaughtering plant which was 120 km away. Animal
slaughter and dressing was done following usual commercial procedures at the East London
Abattoir. The animals were inspected by a state veterinary inspector before and after slaughter.
Carcasses were electrically stimulated to control the effect of rapid chilling on cold shortening of
muscles. Warm carcass weight and carcass grades were recorded. The dressing percentage was
calculated as warm carcass weight expressed as a percentage of the liveweight. Carcasses were
split, weighed and then chilled at 0 – 3oC before being processed the following day after
slaughter.
2.4.
Meat quality measurements
Location of sampling was precise in order to limit the effect of muscle sampling site on any
characteristic. As per international standard, the M. longissimus thoracis et lumborum (LL) was
sampled from the 10th rib in the direction of the rump of each animal including those that were
condemned because of measles. pH measurements were performed 48 hours post mortem using a
pH meter. Drip loss was measured 48 hours post mortem by hanging 30 g samples of meat in
plastic bottles over a period of 72 hours. The difference between the initial weight of the meat
sample and the meat sample weight after 72 hours was expressed as percentage drip loss. Muscle
colour was measured with a Minoltameter on fresh unaged samples (2 days post mortem). A 30
g portion of the LL was cut and left to bloom for at least 30 minutes at chiller temperatures (3°C)
before recording. A 20 g sample of the LL of the left side, removed at 24 h after slaughter, was
prepared according to the method of Hegarty & Naudé (1970) for determination of sarcomere
length (VIA; Kontron Germany).
A 250 g portion of the LL was sampled for shear force measurement. The samples were
vacuum-packed and aged for 2 and 21 days at 2°C. After the ageing period, the cuts were frozen
at –20°C pending analysis. The LL cuts were thawed over 48 hours at 0°C to 4°C and fabricated
into beef steak cuts of 30 mm thickness. The steaks were prepared according to an oven-broiling
method using direct radiant heat (AMSA, 1978). An electric oven was set on “broil” 10 minutes
prior to preparation at 260°C. Steaks were placed on an oven pan on a rack to allow meat juices
to drain during cooking and placed in the pre-heated oven 90 mm below the heat source. The
steaks were cooked to an internal temperature of 35°C, then turned and finished to 70°C. Raw
and cooked weight and cooking time were recorded. Following the cooking process, the steaks
were cooled down at room temperature for at least 5 hours before shear force measurement.
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Duplicate cylindrical samples, each with a 12.5 mm core diameter were cored parallel to the
grain of the meat, and sheared perpendicular to the fibre direction using a Warner Bratzler shear
device mounted on an Universal Instron apparatus (cross head speed = 200, one shear in the
centre of each core). The reported value in kg represents the average of the peak force
measurements of each sample. At least eight cores per sample were sheared.
2.5.

Statistical Analysis

Growth performance, carcass characteristics and meat quality data were analysed using the GLM
procedures of SAS (2000). The following model was fitted:
Y=

+ breed + residual error.

Where Y is the respective growth, carcass or meat quality trait. The significance differences
between least-square group means were assessed using the Least Significant Difference (LSD)
Test.
3.0. Results and Discussion
Six steers (five Aberdeen Angus and one Bonsmara) died during the trial due to tick-borne
diseases. There were significant breed effects on live and carcass weight, with the Nguni being
lighter than the Aberdeen Angus and the Bonsmara (Table 1). This is attributed to the fact that
the other two breeds are generally heavier than the Nguni. However the Nguni had a higher (p <
0.001) daily gain from weaning to slaughter (Gain 1 in Table 1) than the other two breeds. It also
had a lower (p < 0.001) daily loss (Gain 3) when veld condition was poor. This demonstrates that
the Nguni cattle perform better than the bigger breeds under natural pasture, particularly if the
quality of grazing is not that good. Despite low meat yield (Koch et al., 1982; Wheeler et al.,
1996), indigenous cattle still have a role to play in meat production.
On a conformation scale of 1 to 5 (with 1 representing a very flat carcass and 5 representing a
very round carcass), 17 carcasses were classified as 2 and 22 were classified as 3. The
conformation for the Nguni carcasses was poorer (P < 0.05) than that of the other two breeds.
For conformation 2 (flat carcass) the respective percentages for each breed were: for Nguni (73
%), for Bonsmara (14 %) and for Aberdeen Angus (40 %). For conformation 3 (medium) the
respective percentages for each breed were: for Nguni (27 %), for Bonsmara (86%) and for
Aberdeen Angus (60 %). This is as expected since bigger breeds tend to have better carcass
conformation than smaller breeds. However besides being an indicator of potential meat yield
carcass conformation is not critical in carcass grading in South Africa.
None of the steers had permanent incisors and therefore were classed in the A age group
according to the national classification system. Fat scores or fat class scores of the three breeds
were similar (p > 0.05). The carcasses were generally thin. Thirty three of the carcasses were
classified as A0 and six carcasses were classified as A1 (A-no permanent incisors, scale 0 to 5
with 0 representing no visual fat cover and 5 representing excessive fat cover). The respective
percentages of A0 and A1 carcasses for Nguni were 87 % and 13 %; for Bonsmara were 79 %
and 21 %; and for Aberdeen Angus were 80 % and 20 %. The steers were generally thin because
of the poor condition of the veld that had deteriorated after March 2006. The steers had actually
begun to lose weight after peaking in March (Table 1). Five carcasses (one Nguni, four
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Bonsmara and one Aberdeen Angus) were condemned because of measles. This appears to be
more of a farm hygiene issue as opposed to a breed issue.
Table 1. Effects of breed on growth performance of Nguni, Bonsmara and Aberdeen Angus
steers.
Breed

n

Nguni
Bonsmara
Aberdeen
Angus

15
14
10

Gain 1 ± se Gain 2± se Weight
(g/day)
(g/day)
Loss 3± se
(g/day)
98a ±13.7
198 ±15.8
(566a ±67.1)
28b ±14.2
183 ±16.4
(991b ±69.6)
b
44 ±16.9
198 ±19.4
(872b ±82.5)

March 2006
Weight ± se
(kg)
237 a ±6.8
311b ±7.0
288 b ±8.3

May 2006
Weight ± se
(kg)
205a ±6.5
255b ±6.8
240b ±8.0

Means in the same column with different superscripts are significantly different at p = 0.05. Se = standard error.
Gain 1 = the difference between the slaughter weight and the weaning weight divided by the number of days from
weaning to slaughter.
Gain 2 = the difference between the March 2006 weight and weaning weight divided by the number of days from
weaning to March 2006.
Weight loss = the difference between the slaughter weight and the March 2006 weight divided by the number of
days from March 2006 to slaughter.

There were significant (p < 0.0.5) breed effects on carcass characteristics with the Bonsmara
having the best characteristics and the Nguni having the worst performance (Table 2). The
dressing percentage was similar (p > 0.05) between the Nguni and the Aberdeen Angus. Carcass
characteristics studied are generally associated with the liveweights of the animals. Therefore the
Nguni would be expected to have a lighter carcass than the other two bigger breeds.
Besides the meat lightness where the Nguni meat was darker (p < 0.05) than the other two
breeds, all the other meat characteristics studied were similar (p > 0.05) in the three breeds
(Tables 3 and 4). The darker lean (low L* Values) in the Nguni may be attributed to increased
myoglobin (Priolo et al., 2001) associated with their adaptive walking and foraging abilities. The
acceptable sarcomere lengths should be above 1.7 µm (Strydom et al., 2001). Drip loss is usually two

percent and Warner Bratzler shear forces of less than 10 kg are acceptable (Shackelford et al., 1991;
Boleman et al., 1997).
Table 2. Carcass characteristics of Nguni, Bonsmara and Aberdeen Angus steers.

Nguni
Bonsmara
Aberdeen
Angus

n

Slaughter Weight ± se (kg)

15
14
10

205a ±6.5
255b ±6.8
240b ±8.0

Warm
Carcass
Weight ± se (kg)
107a ±3.5
145b ±3.7
129c ±4.4

Dressing Percentage
± se (%)
52.1a ±0.75
56.9b ±0.78
53.7a ±0.92

Means in the same column with different superscripts are significantly different at p = 0.05. Se = standard error.

Table 3. Colour characteristics of meat from Nguni, Bonsmara and Aberdeen Angus steers.
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Breed

N

Lightness
± se (L*)

Redness
se (a*)

Nguni
Bonsmara
Aberdeen
Angus

15
14
10

36.5a ±0.50
38.6b ±0.52
39.9b ±0.62

15.8 ±0.38
16.0 ±0.39
16.6 ±0.47

± Yellowness
± se (b*)
6.5 ±0.20
6.7 ±0.21
7.1 ±0.25

Colour
Saturation
± se
17.1 ±0.42
17.4 ±0.43
18.1 ±0.51

Means in the same column with different superscripts are significantly different at p = 0.05. Se = standard error.

Table 4. Sarcomere length, Warner Bratzler Shear Force, pH and drip loss of meat from Nguni, Bonsmara
and Aberdeen Angus steers.
Breed

N

Nguni
Bonsmara
Aberdeen
Angus

15
14
10

Sarcomere
Length ±
se (µm)
1.6±0.02
1.7±0.03
1.6±0.03

Warner
Bratzler Shear
Force ±se(Kg)
3.7 ± 0.24
4.1 ± 0.25
3.7 ± 0.30

pH ± se

Drip Loss ±
se (%)

5.7±0.02
5.7±0.03
5.7±0.03

1.8±0.12
1.6±0.13
1.7±0.15

Means in the same column with different superscripts are significantly different at p = 0.05. Se = standard error.

4.0. Conclusions and Recommendations
Besides liveweight, dressing percentage and meat colour the Nguni has similar carcass and meat
quality characteristics as the established beef breeds. This study showed that under adverse
conditions the Nguni performs better in terms of weigh gains than the established and bigger
beef breeds. Therefore, besides being a smaller and multipurpose breed the Nguni can compete
favourably with established and bigger beef breeds in terms of meat production. It has got an
additional advantage in that it can be used to produce organic meat under harsh conditions unlike
the other two breeds which may require high quality veld or supplementation with processed or
grain-based diets. However there is a need to assess more carcass and meat quality
characteristics such as the rib eye muscle area, myofibril fragmentation length, shear force,
chemical composition and fatty acid profiles of meat to come up with a more definitive
conclusion and recommendations. There is also a need to consider other factors such as age at
slaughter and year effects on the carcass and meat parameters. Otherwise the Nguni cattle have
the potential to produce meat under natural conditions.
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ABSTRACT

Investigations on the efficacy and ease of use of new knapsack and lance spraying methods for small scale farmers
were conducted using single nozzles (cone and fan nozzles) of different outputs and spray angles on a lance so as to
increase spray coverage per hectare with increasing plants heights as is the practice with knapsack fitted with single
nozzle (rex 1,5mm diameter) and tail boom, hispin, mistblowers sprayers in cotton in Zimbabwe. The three new
lance spraying methods investigated had the following nozzle combinations i) HB3-70º hollow cone, SF-01-80º fan
nozzle, SF-02-110º, ii) HB3-70º hollow cone, SF-01-80º fan nozzle, SF-02-80º, iii) HB3-70º hollow cone, SF-01110º fan nozzle, SF-02-110º, for the different pant heights of cotton 0 to 40 cm, between 40 to 90 cm and over 90
cm respectively. Fan nozzle marked -01- and -02- delivered 65 and 100 litres per hectare respectively whilst the
HB3-70º delivered 35 litres per hectare. The three lance spraying methods were compared with recommended
knapsack and lance with hollow cone nozzle with 1,5 millimetre diameter that delivered spray volume of 100 litres
per hectare for all the three plant heights, tailboom with two, four and six operating nozzles to deliver 50, 100 and
150 litres per hectare for plants heights of 0 to 40 cm, between 40 to 90 cm and over 90 cm in that order. All new
three lance spraying methods were significantly as good as the lance fitted with rex 1,5mm nozzle and tailboom with
HB3-70º in controlling cotton aphids in 1994-95 and 1995-96 season, red spider mites three species complex and
heliothis bollworm in 1995-96 season, 1996-97 and 1997-98 seasons [p>0.05, d.f. = 4 and 16]. On all occasions
individuals who operated the sprayers found all three new lance spraying methods easier to use than the
recommended lance with rex 15 nozzles.
Key words:
New knapsack and lance spraying methods, cotton, nozzles, bollworms, red spider mites and aphids

Number of words: 323

INTRODUCTION
Knapsack and lance sprayer fitted with a hollow cone nozzle diameter 1,5 millimetre is the
commonly used high volume method in most of the small scale farming areas in Zimbabwe
according to a survey conducted by Agriserve Private Limited, an agro-equipment company.
(Jowah, 1990). Half of the farmers contacted used knapsack fitted with a lance instead of only the
then recommended tailboom (Jowah, 1990). Knapsack sprayer fitted with a single lance nozzle was
the first sprayer used by small-scale farmers when applying insecticides and acaricides for insect
pest control (Jowah, 1992). Knapsack and lance sprayer is preferred to knapsack and tail boom
because it is bought as a unit. Tailboom is bought as an accessory of knapsack and lance, and is as
expensive as the latter.
The recommended knapsack and lance fitted with rex 15 nozzle being has an inherent disadvantage
in that spray cover is inadequate to effectively control target pests as plant increase in height and
canopy (Jowah, 1992), On application of chemicals lance is held over the top of plants affording
good spray coverage and their pest control at heights less than 40 cm. Lance with rex 15 nozzle has
constant spray volume of 100 litres per hectare, and concentration of insecticides in spray mixture
increases according to plant height. This makes instructions on the preparation of spray mixtures
difficult to follow. Other methods namely knapsack and tailboom, ultra low volume, mistblower
and aerial spraying have different spray volumes per hectare for the three spraying cotton plant
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heights of below 40 cm, between 40 to 90 cm and over 90 cm. Tailboom, as an example, has spray
volumes of 50, 100 and 150 litres per hectare for short, medium and taller plants. Spray volumes
for these particular spraying methods increase proportionately to increase in plant heights. This
ensures that small plants are not overdosed and spray coverage on larger plants is adequate for good
pest control. Concentrations of pesticides in spray mixtures are constant for the three plant heights
since spray volumes are 1/3, 2/3 and 3/3 of maximum spray volume per hectare for plant heights 0
to 40 cm, 40 to 90 cm and over 90 cm, respectively. Small plants sprayed using a spray volume of
100 litres per hectare delivered by knapsack and lance have unnecessary amount of water in spray
mixtures. Small volumes of are use for plants less than 40 cm in other cotton spraying methods in
Zimbabwe. These are Ultra low volume, Knapsack and tailboom, aerial spraying and mistblowers.
Use of small volumes of water as the plants are small lessens the burden to of carting huge volumes
of water. This will result in directing human, material resources to other crops and activities.
In addition knapsack and lance using single rex 15 nozzle has inadequate spray coverage and
lance handling becomes difficult as plant increases in height and canopy. To assist farmers in
using knapsack and lance with ease and effectively, a series of field trials were carried out four
years from 1994-95 to 1997-98 season at Cotton Research Institute, Kadoma to determine the
effect on pest control of increasing spray volume and spray coverage per hectare with increasing
plant heights and canopy using single nozzles of different outputs and spray angles on a lance.
The target pests were bollworms namely heliothis (Helicoverpa armigera), red (Diparopsis
castanea) and spiny (Earias insulana and Earias biplaga ), sucking pests, cotton aphids (Aphis
gossypii), red spider mites (Tetranychus cinnabarinus and Tetranynchus ludeni) whiteflies
(Trialeurodes vaporariorum and Bemisia tabaci).
Materials and Methods
The assessment of effect on cotton pest control of the three-lance method fitted with different
nozzles in comparison to knapsack and lance fitted with rex 15 nozzles and tailboom were
conducted at Cotton Research Institute (CRI) from 1994-95 to 1997-98 season. The research
work was carried out in field comprising five treatments replicated five times. Individuals
carrying knapsack sprayers were rotated from one spraying occasion to the other, and they gave
their opinion of the new spraying methods compared to knapsack and lance with rex 15 nozzle.
Individuals carrying out the spraying, were research hands that were taken from different
sections Cotton research Institute, Farm, Breeding, Pathology.
Details of treatments are summarised in Table 1. For the sake of brevity the treatments will be
numbered according to the sequence T.1, T.2, T.3, T.4 and T.5. Treatments T.1, T.2, and T.3
were fitted with HB3-70° hollow cone nozzle for crop heights below 40 cm and then with
different fan nozzles for the remaining two crop heights between 40 to 90 cm and over 90cm.
T.1 to T.3 were designed to determine the effect of increasing spray volume per hectare and
changing respective spray coverage as plants increased in height from 40 to 90 cm and over
90cm. Knapsacks and lance fitted with rex 15 hollow cone nozzle (T.4) and fitted with tailboom
(T.5) were standards. Lance fitted with rex 15 nozzle (T.4) gives good spray coverage and
therefore pest control for plants less than 40 cm high meanwhile tailboom gives effective control
under leaf for plants above 40cm. The tailboom covers underneath leaves where most pests are
found as plant increases in height and in canopy ( Jowah, 1992). The lance was directed over the
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top of plants for all height ranges for T.4 but only for plants with height up to 40cm for T.1, T.2
and T.3. In the latter treatments, lance was held such that fan nozzle spray band was parallel to
length of plants, top edge of spray band covering plant apex. One side of the plant rows was
sprayed, in calm and gentle wind conditions, because the pressure of the spray from the spray
that operated three bars is adequate to carry the spray to the other side of the rows. Calm and
gentle weather conditions in relationship to wind were defined as having wind speeds of zero
and from fraction of unit to 4 metres per second respectively. In the calm conditions only
windward side of plant rows were sprayed to avoid contaminating the individual applying in
wind of one to four metres per seconds. Wind above 4 metres per second will result in the spray
droplets being lost and inevitably contaminating man and his the environment.(Anon, 1996a).
The fan nozzles of spray angles of 80° and 110° regardless of output had spray band of 60 and 90
cm, respectively.
The trial had no treatment where no chemicals were applied because plants in such a treatment
would suffer retarded and ranked growth that would make spray application difficult. Plants in
such treatment would not grow to maximum height under ideal conditions because of the high
pest infestation. Application of sprays to the five treatments was made after determining that no
rains would fall within two hours of spraying. Such data was obtained from the Meteorological
Station at CRI. If rains would be eminent within two hours after spray applications were no
sprays were done. The two-hour period enabled the acaricides and insecticides to act on the
target pests. Rains did not wash Heliothis bollworm eggs and larvae away from the leaves.
Instead they thrive well in high rainfall situation. Aphids are the pests that are washed away by
rains (Chimoga, 2002).
Pest scouting
Examination of plants, scouting, for different pests was done twice a week. Plants were examined
for bollworm eggs on the first date of the week and larvae on the second date. Sprays to control red
and heliothis bollworm, Diparopsis castanea and Helicoverpa armigera, respectively were based on
egg counts totalled over the whole trial area using three hundred plants, twelve plants in each plot.
Sprays to control heliothis bollworms were applied at an egg count of one hundred and fifty or more
in January and April changing to seventy five or more in February and March when heliothis
bollworm infestation was expected to be high during flowering period. Red bollworm had also two
action thresholds of seventy-five or more eggs in January and April during peak of apical growth of
cotton plants and mature cotton bolls when infestation was expected to be high and one hundred and
fifty or more in February and March.
Scouting for sucking pests, cotton aphids (Aphis gossypii), whiteflies (Trialeurodes vaporariorum
and Bemisia tabaci), red spider mites (Tetranychus ludeni, and Tetranychus cinnabarinus) was done
once a week, on first scouting date using sixty plants per treatment. Each treatment was assessed
separately for sucking pests. Spraying thresholds were; a score or count of one hundred and twenty
or more for aphids and jassids, a count of three hundred or more for whiteflies, as soon as seen and
thereafter to keep the score below one hundred and twenty for red spider mites.
Gross plot size varied from one season to other due to limited space in the fields where one-year
maize-cotton rotation was being implemented. The sizes were 180, 324, 252 and 198 square
metres in that order from first to the fourth season. Sampling plot areas, from where all pests and
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yield records were taken, were forty-eight square metres throughout the four years. Details of
the varieties sown, emergence, thinning, first and last scouting dates for all four seasons are
given in Table 2. Sowing dates ranged from early November to early December. Scouting was
stopped at bottom boll split, and then seed cotton was picked from sampling areas. Aphids and
red spider mite cores bollworm larval counts were expressed per hundred plants and per plant for
whitefly adult counts. Seed cotton was expressed in kilograms per hectare.
Data were analyzed using two-way analysis of variance and means where required separate using
Duncan'
s Multiple Range Test at five percent significant level. The raw data that did not meet
assumptions underlying Analysis of Variance (ANOVA), of additivity, normality, homogeneity
of variance and independence were transformed to make these assumptions valid. Raw data that
did not conform to the above and were composed of either counts less than 5 or overall mean
equal to or less than 20 for all data were transformed to (count + ). For large numbers with
Coefficient of Variation (CV) greater than 15%, had largest treatment variance that was four
times greater than smallest treatment mean and treatment mean proportional to the treatment
standard deviation the data were log transformed before analysis. (Anon, 1996a)
Results
Rainfall: 1995-96 season had the lowest rainfall, however it was fairly distributed. There were
some periods of sunshine conducive to aphids in attack.1996-97 and 1997-98 seasons had high
rainfall with either cloudy or overcast conditions for the months December, January and
February.(Table 3)
Pests:
The 1994-95 season cotton plants in the field trial reached a maximum height of forty-five
centimetres. Bollworm population was low requiring three sprays, one in early January when
plants were less than 40 cm tall and two in March when plants were above 40 cm but below 90
cm. The high aphid infestation warranted eight sprays, four sprays for each of the two plant
height ranges, 0 to 40 cm and 90 cm an average of eight sprays. There were two spray periods
first one from mid January to early March and the second from late March to mid April, when
the plants were below 40cm and between 40 and 90cm in height respectively. Plants were
wilting badly by mid April resulting aphids emigrating. Treatments T.1, T.2 and T.3 had
significantly as good control of aphids, Aphis gossypii, as knapsack and lance with rex 15 (T.4)
and tailboom (T.5) [p> 0.05, df. = 4&16] (Table 4).
The 1995-96 growing season had good rainfall distribution, with plants growing to over 90 cm
tall. High aphid infestation occurred throughout the season but aphids were not significantly
different among treatments [p>0.05, d.f. = 4 & 16] (Table 4). All treatments required three and
one carbosulfan sprays when plants were between 0 to 40 cm and 40 to 90 cm, respectively.
However T.1 and T.2 required two sprays for the control of aphids each compared to one for T.3,
T.4 and T.5 when plants were more than 90 cm tall. Heliothis bollworm had a total of seven sprays
of cypermethrin. The first cypermethrin spray was applied to plants when plants were in the range
40 to 90 cm tall. Remaining six sprays when plants were more than 90 cm tall. There were
significant differences among treatments in the control of heliothis bollworm larvae according to
Table 4. T.2 had significantly lower Heliothis bollworm larvae than T.1 and T.3 and T.5 [p > 0,05,
d.f. = 4 & 16]. Four sprays of amitraz for each spraying method were necessary to control red
spider mites at height above 90 cm. At the latter height all treatments required two sprays of
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dimethoate to control whiteflies except T.2, which had only one. There were no significant
differences among treatments in the red spider mites, whiteflies [p < 0,05, d.f. = 4 & 16] (Table
4). Superiority of T.2 over T.1 and T.3 in bollworm control was not evident in the yield of seed
cotton (Table 4).
The Good rainfall distribution was received in 1996-97 like 1995-96 season with plants growing
to heights of over 90 cm. Heliothis bollworm had high population requiring seven sprays for
each treatment when plants were more than 90 cm tall. Aphids and red spider mite populations
were low. Red spider mites required a spray of amitraz meanwhile aphids required one spray of
carbosulfan to T.1, T.4 and T.5 and two for T.2 and T.3. All treatments were significantly no
better than the other in heliothis bollworm control [p > 0,05, d.f. = 4 & 16] (Table 5).
Beginning of 1997-98 season, November 1997 was marred by erratic rainfall pattern improving
later from January to March 1998 resulting in plants growing to well over 90 cm tall. Five
sprays of fenvalerate and two of amitraz were applied to control heliothis bollworm and red
spider mites, respectively when plants were more than 90 cm tall. Two carbosulfan sprays were
necessary for aphid control when plants were between 0 to 40 cm and 40 to 90 cm tall. There
were no significant difference among treatments in heliothis bollworm control as well as red
spider mites control [p<0,05, d.f = 4,16] ((Table 5). Aphid population comprised of zero counts
in most plots and thus were too low to statistically analyze.
All the five treatments were where significantly no better than the other for four seasons in yield
of seed cotton. 1997-98 had highest yield, followed by 1996-97 then 1995-96 and 1994-95
season with the lowest yield. Good distribution of rainfall gave high yield in 1994-95 and 199596 seasons. However high rainfall meant good distribution and therefore high yield for 1996-97
to 1997-98 seasons. New lance spraying methods were all rated as easy to use compared to lance
with rex 15 nozzle (Table 6).
Discussion
Common cotton pest spraying practise in Zimbabwe is to increase spray volume per hectare
proportionately to increase in plant heights. New lance spraying methods investigations were
therefore evaluated on all three-plant height ranges. In the initial year of investigation cotton plants
grew to a maximum height of only forty-five centimetres covering only two plant height ranges of 0
to 40 cm and 40 to 90 cm. Poor plant growth was due to low rainfall as well as poor distribution.
Plants had good rains at emergence in December and rains tailed off in January to low levels, and to
near traces in March and April. Plants suffered from moist stress in January and February resulting
in plants closing up and just surviving in the other months. Retarded growth and poor flowering
made plants unattractive to heliothis and red bollworms. Aphids thrive in hot and dry conditions
were thus found on the moist stressed plants. Heavy aphid infestations are usually associated with
unfavourable growing conditions such drought spell (Pearson, 1958, Matthews, 1994). The heavy
aphid infestations required an average of eight carbosulfan sprays throughout the season.
In 1994-1995 season the three new lance spraying methods T.1 (HB3-70º hollow cone, SF-01-80º
fan nozzle, SF-02-110º), T.2 (HB3-70º hollow cone, SF-01-110º fan nozzle, SF-02-80º), and T.3
(HB3-70º hollow cone, SF-01-110º fan nozzle, SF-02-110º) were as good as the knapsack lance
with rex 15 nozzle and knapsack and tailboom in applying carbosulfan for aphid control in a
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season where cotton plants in the trial never exceeded 40 cm in height. The three methods are as
good as the recommended knapsack and lance with rex 15 nozzle and knapsack with tailboom.
The lack of differences among the three new methods can be attributed to the fact that a single
hollow cone nozzle was used on the plants less than 40 cm.
Good rainfall distribution was experienced from 1995 to 1998. 1995-96 and 1996-97 seasons had
low aphid populations because rains were heavy and evenly distributed in the months of January,
February and March when high aphid infestations are usually recorded (Chimoga, 1995/96 and
1996/96 CRI Annual Reports). The rains washed down the aphids being small sluggish insects.
In 1995-96 season had intervals of sunshine and hot weather inducing some stress in the cotton
plants and therefore making them conducive to aphid attack. The mean number of carbosulfan
sprays applied was four. Red spider mite incidence was high requiring four sprays when plants
were more 90 centimetres tall. New lance spraying methods were significantly as good as the
recommended knapsack tailboom and the lance spraying methods. Lance spraying method with
HB3-70° and SF-01-110° and SF-02-110° (T.3) together with tailboom and lance with rex 15
nozzle had one spray only compared to two for other lance spraying methods when plants were
above 90cm. Plants reached height of over 90cm at the end of season, a time they were wilting
badly and were unattractive to cotton aphids. Aphids then present on plants were leaving and
therefore the significant differences found were invalid. One and two amitraz sprays were necessary
for red spider mites control in 1996-97 and 1997-98 for healthy plants coupled with overcast sky
were not conducive to high pest multiplication.
All five spraying methods were however not significantly different in red spider mites control for
all three seasons mentioned earlier indicating that the new spraying methods are as good as the
recommended Knapsack and lance method with rex 15 nozzle and knapsack and tailboom.
Chemical application for control of red spider mites, as was with bollworms, aphids and
whiteflies, were based on action threshold and therefore spray methods were as effective as the
recommend knapsack methods under different pest infestation levels.
Good rainfall situation in 1995-96 to 1997-98 resulted in healthy flowering plants attractive to
the heliothis. However, red bollworm Diparopsis castanea populations were low. Dead period,
winter plough and not so early planting in November practised at Cotton Research Institute since
1970s drastically reduced red bollworm populations. Lance spraying methods were as good as
the tailboom and lance with rex 15 nozzle. The three new lance spraying methods were better
than lance with rex 15, delivering 100 litres per hectare throughout the plant growth for an
individual spraying carries less water when plant are small and moves easily through tall cotton.
An individual using lance with rex 15 spends literally half of a minute spraying one plant in a
field of 33 000 plants per hectare. Lance spraying methods was better than lance with rex 15
nozzle as indicated by all individuals spraying during the four seasons.
Conclusion
Three new lance spraying methods are as effective as the recommended knapsack and lance rex
15 nozzle as well as tailboom in controlling aphids, red spider mites, whiteflies and heliothis
bollworm. They also require less water per hectare and are easy to use when plants increase in
height compared to lance rex 15. It is easy to use than the Knapsack and lance fitted with a single
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rex 15 nozzle. Farmers with knapsack and lance with rex 15 nozzle can use one of the three new
knapsack and lance fitted with different nozzles.
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Table 1
Specifications of three new knapsack and lance, recommended knapsack and lance and tailboom spraying
methods evaluated in the period 1994-95 to 1997-98 season at Cotton Research Institute.
Treatments T.1

T.2

T.3

T.4

Sprayer New Knapsack and lance spraying methods

T.5

Recommended
Recommended
Knapsack and lance Knapsack
and
spraying methods
tailbom

Plant
Height

<40
cm

40>90
<40
40>90
<40
40-90 >90
<40
40-90 >90
<40c 40-90 >90
90
cm
cm
90
cm
cm
cm
cm
cm
cm
cm
m
cm
cm
cm
cm
Nozzles
HB- F1F2HB3- F1F2HB3- F1F2rex
rex
rex
HB3- HB3- HB3
370˚ 80˚
110˚ 70˚
80˚
80˚
70˚
110˚ 110˚ 15
15
15
70˚
70˚
-70˚
Operating
-----------------------------------------------------------------1----------------------------------------------- 2
4
6
nozzles
--------Full stroke 16
6
6
16
6
6
16
6
6
6
6
6
8
6
4
pumps
/minute
Metres
60
72
72
60
72
72
60
72
72
----------------------------72----------------------/minute
----Swath

-----------------------------------------------------------------------------------1--------------------------------------------------------------------

Litres / ha

35

65

Pesticides
Rate /ha

Max

Max

100
Max

35

65

Max

Max

100
Max

35

65

Max

Max

100
Max

35

65

Max

Max

100
Max

35

65

Max

Max

100
Max
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NOTE:
Max denotes Maximum; HB3-70 - Delavan cone nozzle with 70° spray angle, rex 15 hollow cone nozzle, F – Fan
nozzle. F-110 -SF denotes nozzle fan nozzle, -01- denotes nozzle number relating to flow rate for fan nozzle only and 110
denotes spray. Flow rates of nozzles at a pressure of 3 bar SFan 01 - 400± 20 millimetres/minute Fan02 - 600+20
millimetres/minute rex 15- 720ml/minute HB3-70 - 180 ml/minute
Table 2
Detail of cotton crop establishment and pests scouting dates at Cotton Research Institute in field trials at Cotton
Research h Institute from 1994-95 to 1997-98 seasons.
Season

Sowing

Variety

Emergence

Thinning

1994-95

22/11/94

K502

28/12/94

11/01/95

1995-96

15/11/95

K502

04/12/95

11/12/95

1996-97

02/12/96

FQ902

12/12/96

16/12/96

1997-98

07/11/97

FQ902

12/12/97

16/12/97

Table 3
Amount of rainfall in millimetres received in a filed trials at during from 1994-95 to 1997-98 seasons at Cotton
Research Institute
Season

Oct

Nov

Dec

Jan

Feb

Mar

April

May

Total

39

1994-95

61.1

17.7

250.3

77.3

6.9

13.0

18.7

445

1995-96

0.1

25.0

141.0

184.0

41.6

0.0

0.0

445

1996-97

0.0

183.8

78.0

401.0

100.0

81.6

58.1

902.5

1997-98

4.6

116.4

132.6

318.0

50.2

91.6

0.0

713.4

Table 4
Effect of new knapsack/lance spraying methods on control of cotton pests compared to old knapsack lance and
tailboom methods in cotton during the 1994-95 and 1995-1996 seasons at Cotton Research Institute.
1994/1995 season
Aphid score
/100 plants

Knapsack and lance using HB3-70º
hollow cone, SF-01-80º fan , SF-02110 fan nozzles.(T.1)
Knapsack and lance spraying using
HB3-70º hollow cone, SF-01-80º,
SF-02-80º, fan nozzles. (T.2)
Knapsack and lance spraying using

Aphid score
/100 plants

1995/96 season
Red
spider
H. armigera
larvae/100
mites/10 Whiteflies/100
plants
0 plants plants

< 40
cm

40-90
cm

Seed
cotton
(kg/ha < 40
)
cm

190c

160

301

167

125

199

3.6

2.7ab

194

22

1890

257a

179

335

182

133

227

2.4

1.8c

179

19

1812

230b

171

339

193

110

173

2.6

2.6ab

176

22

1794

40-90
cm

> 90
cm

40-90
cm

> 90 cm

> 90
cm

> 90
cm

Seed
cotton
(kg/ha

40

HB3-70º hollow cone, SF-01-110º,
SF-02-110º fan nozzles. (T.3)
Recommended method Knapsack
and lance using hollow cone nozzle
diameter 1,5 mm.(T.4)
Recommended method Knapsack
and tailboom using 2, 4 and 6 (1,5
millimetre diameter) operating
nozzles. (T.5)
MEAN

244ab

134

391

182

110

158

3.6

2.0bc

159

19

1740

234b

150

338

207

108

189

3.1

2.8a

190

19

1898

231

159

341

186

117

190

2.8

2.4

190

20

1828

CV

6%

17%

22

13

32

27

40

20

30

26

11

LSD

20

37

101

33

49

68

1.6

.6

74

7

273

Significance

ns
ns
ns
ns
ns
ns
ns
**
Ns
ns
ns
Table 5
Effect of new knapsack/lance spraying methods on control of cotton pests compared to old knapsack lance and
tailboom methods in cotton during the 1996-97 and 1997-1998 seasons at Cotton Research Institute.

Knapsack and lance using HB3-70º
hollow cone, SF-01-80º fan , SF-02110 fan nozzles.(T.1)
Knapsack and lance spraying using
HB3-70º hollow cone, SF-01-80º,
SF-02-80º, fan nozzles. (T.2)

1996/97 season
H.armigera
larvae/100 plants
Seed cotton
> 90 cm
(kg/ha)
1.01
2869

H.armigera
larvae/100 plants

1997/98 season
Red spider
mites/100 plants

> 90 cm
2.8

> 90 cm
4.2

Seed cotton
(kg/ha)
2774

0.94

3.3

4.7

2779

2874
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Knapsack and lance spraying using
HB3-70º hollow cone, SF-01-110º,
SF-02-110º fan nozzles. (T.3)
Recommended method Knapsack
and lance using hollow cone nozzle
diameter 1,5 mm.(T.4)
Recommended method Knapsack
and tailboom using 2, 4 and 6 (1,5
millimetre diameter) operating
nozzles. (T.5)
MEAN

1.05

2746

3.1

5.5

2532

0.92

2907

2.8

4.5

2814

1.01

2883

3.0

3.9

2798

0.1

2856

3.0

4.5

2734

CV

16

11

20

32

8

LSD

0.2

424

0.8

2.0

275

Significance

ns

ns

ns

ns

ns

Table 6

Evaluation of the three new lance-spraying methods compared to lance with rex 15 nozzles.
Occasions individuals responded new lance spraying compared to lance with rex 15 for
plants above 40 cm

1994-95

easy to use

not easy to use

45

0

42

1995-96

81

0

1996-97

36

0

1997-98

36

0
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RUMEN DEGRADABILITY OF DRY MATTER AND CRUDE PROTEIN OF
DIETS CONTAINING ACACIA ANGUSTISSIMA, LEUCAENA TRICHANDRA
AND CALLIANDRA CALOTHYRSUS
Mabeza G. , Masama E, and.Mpofu I.D.T.
University of Zimbabwe, Faculty of Agriculture, Department of Animal Science,
Box 167, Mt. Pleasant, Harare, Zimbabwe, E-mail: gmabeza@agric.uz.ac.zw”
Abstract

Samples of browse legume diets Acacia angustissima (AA), Leucaena trichandra (LT) and Calliandra
calothyrsus (CC) were evaluated using the nylon bag technique using three rumen-cannulated steers in
order to determine dry matter (DM) and crude protein (CP) disappearance. The browse legumes were
included in the diets at 30% and they were made isonitrogenous such that each diet contained 16% CP. A
completely randomized design (CRD) was used in this trial. The nylon bags were sequentially added for 0,
12, 24, 48, 72 and 96 hours. The results revealed that the A. angustissima diet had a significantly higher
(P<0.05) effectively degradability value (81.85%) for DM than the L. trichandra diet (73.15%) and C.
calothyrsus (62.27%) diets at a k value of 0.02. The effective degradability of CP of 56.5% for A.
angustissima diet was significantly different (P<0.05) from L. trichandra (38.0 %) and C. calothyrsus
(24.9%). Potential degradability of DM ranged from 61% (CC) to 82.4% (AA) while that for CP ranged
from 25.2% (CC) to 57.12% (AA). The findings of this study showed that diets prepared using A.
angustissima were more degradable than those from L. trichandra and C. calothyrsus possibly due to
differences in tannin content. It is concluded that highly degradable diets can be formulated for small
ruminants using browse legumes.
Keywords: degradability, nylon bag technique, dry matter, crude protein

Introduction
A. angustissima (AA), L. trichandra (LT) and C. calothyrsus (CC) are browse legumes
with potential to be used as protein supplements for small ruminants. Available data on
the nutritional composition of the three legumes show that they are high in protein (more
than 16%) as well as dry matter (88%) and hence can be used as supplements
(Murungweni, 2000). Although the value of these browses as protein supplements has
been investigated, there has been no assessment of their degradability at 30% substitution
with cottonseed meal in goats. The value of a protein is based on the proportions of the
protein that will be degraded in the rumen and that will escape rumen fermentation and
be digested post-ruminally (Aganga and Tshwenyane, 2003).
The ability of these browse legumes to be drought resistant, remain green and maintain a
high crude protein value during the dry season (D’Mello, 1992) makes them potential
protein and energy supplements (Reed, Siller and Woodward, 1990). Aganga and
Tshwenyane (2003) reported the use of leaves and twigs of trees as supplements to a
wide range of forages and agricultural by-products in the diets of many ruminants in
Botswana. Browse legumes provide high quality protein for utilization by rumen
microbes to produce microbial protein. Microbial cells then pass to the post ruminal sites
where they provide the major source of absorbed amino acids for the ruminant (D’Mello,
1992). In some cases, legumes provide by-pass proteins that are absorbed in the small
intestines. According to Ahn, Robertson, Elliott, Gutteridge, and Ford (1989) the
microbial population in the rumen requires a minimum level of ammonia (70mgN/L) to
support optimum activity and any lower values are associated with decreased microbial
activity and indicate nitrogen deficiency hence feeds containing less than 8% crude
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protein are considered deficient. However, all browse legumes have crude protein content
higher than this value.
Browse legumes contain tannins and this limits their use in livestock feeding to ruminants
Sullivan, Martin, Hurwood and O'
Rourke (1988)
(D’Mello, 1992). Pritchard, Stocks, O'
showed that the feeding of polyethylene glycol (PEG) to sheep fed Acacia markedly
increased feed intake, weight gain and wool growth. The low quality of Acacia was
therefore related to its high content of condensed tannins and their capacity to bind feed
proteins and reduce degradability in the rumen as well as digestibility in the small
intestines. In spite of the problems of tannins highlighted above, they have beneficial
effects such as higher nitrogen retention in sheep and cattle leading to higher growth rates
and milk yield when included in small quantities (4%) (D’Mello, 1992). The mechanism
by which tannins benefit ruminants is by complexing with high quality dietary protein
and reducing its degradability in the rumen hence providing by pass protein, which is
effectively digested in the small intestines (Reed, 1995).
The use of the nylon bags feed evaluation method developed by Ørskov and McDonald
(1979) is an important tool in the measurement of the quality of ruminant feeds by
ruminant nutritionists. The objectives of this study were to compare rumen degradability
of dry matter and crude protein of the browse legume diets.
Materials and methods
Animals and management
Three Friesian-Holstein steers with rumen cannulae were placed onto a fed on wheat
straw basal diet, cottonseed meal and crushed maize before for incubation of the bags.
The steers’ average weight was 500 ± 50kg and all had rumen cannulae.
The diets were formulated as follows:
Treatment 1: 53% Maize, 16% wheat straw and 30% A. angustissima and 1% cotton
seed meal
Treatment 2: 56% Maize, 12% wheat straw and 30% L. trichandra and 2% cotton seed
meal
Treatment 3: 57% Maize, 10% wheat straw and 30% C. Calliandra and 3% cotton seed
meal
Control: This consisted of a commercial goat feed
Design of experiment and Measurement of Degradability
Rumen degradability was determined using the Nylon bag technique (Mehrez and
Ørskov, 1977). Samples containing browse leaves, twigs and pods were collected from
the International Centre for Research in Agroforestry, Domboshawa and air dried at the
Department of Animal Science in Harare for a week and then milled through a twomillimeter screen. Five gram samples of each legume were placed into pre weighed nylon
bags. The bags were incubated at the following incubation times of 0; 12; 24; 48; 72; 96
hours using the sequential addition method. This method unlike the sequential removal
method was chosen as it reduces disturbances to the already incubated bags. The design
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of the experiment was a randomized complete block design with three replicates. The
experiment was done to determine the rumen degradation of dry matter and nitrogen of
54 bags in each steer. This rumen degradable protein is what drives rumen microbial
protein synthesis.
Rumen degradation
The major objectives of this experiment were to determine the rumen degradation of dry
matter and nitrogen of the three browse legume diets. The incubation times were chosen
such that they were representative of the low, medium and high feeding levels
(Agricultural Food and Research Council, 1993). Fifty-four bags were randomly split for
each steer for incubation. Thus, each treatment had 3 bags by 6 incubation times by 3
steers. The bags were tied on corks and the incubation bags attached to the rubber tubing.
The other bags were then introduced at 1100hrs through the rumen cannulae at the
relevant times. All bags were removed at the same time and washed through using
pressurized tap water to remove digesta. The bags were then stomachered to reduce
microbial contamination from feed residues. The residues were then dried in an oven at
55ºC for 48 hours before weighing and nitrogen determination. The zero hour bags were
not introduced into the rumen but underwent the same procedures as those removed from
the rumen.
Measurements
Percentage dry matter was expressed as the amount of dry matter that disappeared after
weighing the residue. Percentage crude protein was determined using the Kjeldahl
method (AOAC, 1990). The DM and CP disappearance data were subjected to PROC
NLIN procedure of SAS (1996) to derive the degradability constants. The degradability
constants were fitted to the equation below and effective degradability was then
calculated.
P= a + bc / (c + k)
Where P= Effective degradability at time t
a- Rapidly soluble fraction;
b- Amount that will degrade in time t;
c- Fractional rate constant;
k- Fractional outflow rate (0.02%/hr);
Statistical analysis
The data were analysed using the following model
Yijk = µ + Ti + Aj + Eijk
Where
Yij Response variable (a, b, c);
Ti Effect of browse legume;
Aj Effect of the animal;
Eijk- Random error distributed as N (0,1 2E)
A randomized complete block design was used and the degradability constants and
effective degradability were analyzed using GLM procedures of SAS, (1996).
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Results
Rumen degradation of dry matter and nitrogen in diets containing cotton seed meal
and 30 % browse
Tables 1 and 2 show the rate and extent and rumen degradation results for dry matter and
nitrogen with respect to the browse species. On the other hand Figures 1 and 2 show the
fitted DM and CP degradability curves of the diets respectively.
Table 1: Rates and extent of rumen dry matter degradation of the browse legume diets
Diet

A/A

L /T

C/C

SEM

________________________________________________________________________
Degradation constant
a (%)

54.20a

30.23b

24.12c

0.000

b (%)

28.20c

43.73a

36.88b

1.650

c (/hr)

0.03b

0.08a

0.01c

0.001

82.40a

73.96b

61.00c

1.120

Effective degradability (%) 81.85a

73.15b

60.27c

0.080

a+b (%)

Significance level = 0.05
a, b, c =

means within row with different superscripts are significantly different.

a-readily soluble fraction, b- insoluble fraction, c rate of degradation of b per hour, a+b,
potentially degradable fraction, SEM- standard error of mean Effective degradability at
2% rumen fractional outflow rates.
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Figure 1: Fitted DM degradability curves for the browse legume diets
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Table 2: Rates and extent of CP rumen degradation of the browse legume diets
A/A

Diet

L /T

C/C

SEM

________________________________________________________________________
Degradation constant
a (%)

24.87a

18.65b

11.97c

0.001

b (%)

32.25a

19.75b

13.23c

1.120

c (/hr)

0.05a

0.00c

0.02b

0.002

25.20c

1.120

a+b (%)
Effective degradability (%)

57.12a
56.50a

38.40b
38.01b

24.90c

0.480

Significance level=0.05
abc

= means within row with different superscripts are significantly different.

a-readily soluble fraction, b- insoluble fraction, c rate of degradation of b per hour, a+b,
potentially degradable fraction, SEM- standard error of mean, A/A- A. angustissima, L/TL. trichandra, C/C- C. calothyrsus
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Discussion
The degradation of dry matter in the test browse legume diets differed significantly
(P<0.05) in their degradation characteristics, disappearance rates and effective
degradability in after different incubation times as shown in Tables 1 and 2. The
immediately soluble fraction ‘a’ ranged from 24.12% in C. calothyrsus to 54.2% in A.
angustissima legumes. The insoluble but rumen degradable fraction ‘b’ was least in A.
angustissima 28.2%. This is a reflection of the fact that its DM component was most
readily soluble. A slow rate of degradation ‘c’ per hour of the rumen degradable
fraction in C. calothyrsus (0.012) diets and A. angustissima (0.027) diets makes these
diets potential sources of energy for rumen microbes. Mupangwa, Ngongoni, Topps
and Ndlovu (1997) observed effective degradability to decrease as the outflow rate
increased. Acacia angustissima diet had the highest effective degradability of 81.9
when calculated using low outflow rates of 0.02. This is supported by Murungweni
(2000) who observed that A. angustissima was more rumen degradable than C.
calothyrsus. The disappearance of the DM contents of the diets by end of 48hours of
incubation and is generally considered to be equivalent to digestibility (Bhargava and
Ørskov, 1987) and being the mean retention time of fibrous feeds was high. This
project concurred with this as it revealed that at the end of 48 hours C. calothyrsus
had lost slightly over 50% that is 52% compared to the over 60% value obtained for
A. angustissima. However, beyond 72 hours all diets had values above 50%. The
difference between the values for DM contents in Table 4.2 and disappearance values
after 96hours of incubation ranged from 12-27% in A. angustissima and C.
calothyrsus respectively. This information provides an insight into the level of rumen
undegradable DM post 96 hours. The zero hour degradability could be misleading as
some of the samples could have leaked during the washing of the bags instead of
being degraded. This study showed that the prepared diets had DM disappearance
values for 48hours, which rose above recommended 40-50%, (Preston, 1989).
Estimates for CP degradation characteristics above are shown in Table 2 Variations in
all parameters measured were significantly different (P<0.05). The readily soluble CP
fraction ‘a’ was significantly more in A. angustissima legume with a value of 24.9%
compared to 11.9% in C. calothyrsus diet. The rate of degradation ‘c’ of CP was
fastest in A. angustissima while this was not significantly different between L
trichandra and C. calothyrsus diets. At 48 hours CP disappearance for A.
angustissima was significantly higher that the other two diets, a trend continued until
96hours.
Conclusion
The study showed different values for browse legumes at maintenance (K=0.02) of
effective degradability of 81.9 (AA), 73.2 (LT) and 60.3 (CC). Although there were
observable differences amongst the diets, they showed potential as protein
supplements and hence can be used to feed ruminants particularly during the dry
season when feed is scarce and low in quality. Acacia angustissima diets are more
degradable and hence are recommended to farmers at an inclusion level of 30% as this
has been shown to be effective and can be considered when formulating strategies for
feeding ruminants.
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THE POTENTIAL OF ACACIA TORTILIS AS A PROTEIN CONCENTRATE
FOR SMALL RUMINANTS.
Mabeza G. 1 and Mpofu I.
University of Zimbabwe, Faculty of Agriculture, Department of Animal Science,
Box MP 167, Mt. Pleasant, Harare, Zimbabwe, 1gmabeza@agric.uz.ac.zw
Abstract

This study was conducted to determine the potential of A.tortilis as a protein concentrate for small
ruminants. The A.tortilis pods were obtained from the Gwayi area in July 2002. Once mature there was
no marked decline in the pod compositional quality over the sampling period. Chemical analysis on the
three samples, wholesome pods, seeds and husks was carried out and in vitro digestibility was also
determined. The samples were also analysed for condensed tannins. The results showed that the three
samples were significantly not different (p>0.05) in terms of dry matter but were significantly different
in terms of all other chemical attributes and digestibility. Seeds were found to contain 397 g/kg crude
protein, wholesome pods 16.8 g/kg and husks 80 g/kg. Seeds had tannin content of 14.85 g/kg,
wholesome pods 4, 6 g/kg and husks 3g/kg. Seeds had an in vitro digestibility dry matter of
632.20g/kg, wholesome pods 428.75g/kg and husks 171,50g/kg. The study showed that A. tortilis pods
are a potentially invaluable protein concentrate for small ruminants. The wholesome pods and seeds are
strongly recommended for use as protein supplements for small ruminants.
Author keywords: Acacia tortilis; nutritive value; protein concentrate; small ruminants; supplements;
potential.
Abbreviations: NDF, neutral detergent fibre; CP, crude protein; IVDMD, in vitro digestibility dry
matter; DM, dry matter; EE, Ether extract;

1. Introduction
Research into supplementary feeds has mainly focused on large ruminants such as
cattle. There is need to come up with feeds that will cater for the small ruminants
such as sheep and goats. Generally these animals are high income earners since they
have shorter reproductive cycles and can breed twice a year. However, the small
ruminants need a well balanced diet in order for them to be in the best condition at
breeding times. Small ruminants such as goats are generally browsers and get most of
their proteins from trees. The problem encountered in Zimbabwe is the absence of a
good feed during the dry season. The dry season lasts between 90 to 120 days in
Zimbabwe. Trees provide a cheaper source of protein. However, they contain tannins,
that among other things, reduce the digestibility of proteins. Trees are limited in terms
of their productivity in the arid regions by moisture content. There is need for the
production of a feed that will provide adequate protein all year round since this leads
to increased productivity as the small ruminants can then be kidding at a younger age,
display more twinning, and produce heavier weaning weight and greater milk
production. Lambs require a higher net amount of protein compared to calves and also
no other nutrient can substitute the functions of proteins in the body, for growth and
maintenance (Orskov, 1998). There is need to increase productivity especially among
the smallholder farmers in the arid regions. A large proportion of these farmers keep a
large number of these types of animals especially in Matabeleland. There are
approximately 4.7 million goats in Zimbabwe (C.S.O., 1999). These animals have a
potential of increasing the income of smallholder farmers if properly fed. Since small
ruminants such as goats get most of their protein from trees, this can be taken
advantage of and these can be harvested and processed, and given as concentrates to
the ruminants all year round especially during the dry months. Furstenburg and Van
Hoven (1994) observed that tannin content of acacia foliages increased markedly
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within 2-10 minutes after the onset of browsing by giraffes. Animals were observed to
browse an individual tree for a few minutes. Thus a rapid increase in tannin content
may be a means by which these plants regulate the duration of browsing. Ndlovu and
Sibanda (1996) showed that Acacia tortilis pods are a suitable supplement in feeding
systems where goats are penned most of the day and only released late in the
afternoon to graze near the home under the supervision of children from school.
A feed potential should indicate the feeding level that can be achieved if a given diet
is fed ad libitum with sufficient nitrogen and other essential ingredients to sustain the
optimal rumen fermentation (Orskov, 1998). Adverse effects of feeding increasing
concentrate level on fibre digestibility have not always been detected (Merchan et al.,
1986).
Acacia tortilis is a medium sized, flat topped tree with a moderately dense to open
crown. Small hooked thorns and long straight thorns occur on the same branches. The
white flowers are in round heads and the pods are either spirally twisted or half ring
shaped (Bogdan and Pratt, 1961). Acacia tortilis is very common in arid and semi-arid
areas such in Matabeleland in Zimbabwe. It is a medium altitude species and provides
shade and protein rich pods to cattle, sheep and goats. Research has shown that the
Acacia tortilis can grow up to 20m high produces ripe pods that contain up to 170
g/kg of crude protein and are rich in calcium. This species is destroyed through the
application of 2, 4, 5 T ester in oil to the frilled bases of the trunk. The pods require
milling to increase digestion in ruminants (Milton, 1983). Pods are collected for sale
in markets such as Msinga in South Africa both as human and animal food (Le
Houerou, 1980).
Furstenberg and Van Hoven (1994) observed that tannin content of Acacia tortilis
increased markedly within 2-10 minutes after the on set of browsing by giraffes.
Typical the animal browsed an individual animal for a short time. Thus, rapid
increases in tannin content maybe a means by which these plants regulate the
devaluation of browsing. However, goats have a means of resisting tannin effects
through the proline rich salivary proteins, which bind tannins. The tannin complexes
are therefore stable in the gut (McAuthur et al., 1993).
Ndlovu and Sibanda (1996) showed that Acacia tortilis pods are suitable supplements
in the feeding systems where kids are penned most of the day and only released in the
afternoon to graze near the home under the supervision of children back from school.
Acacia tortilis pods have a digestible protein mean of 120 g/Kg DM (Le Houreou,
1980). The seeds are high in protein, 380 g/kg and phosphorus an element usually
scarce in grasslands. Acacia tortilis also has the added advantage of providing shade
and some highly palatable grasses can grow below it.
Acacias browse can attain high rates of productivity. The trees are resilient to high
rates of off take and the browse forage is highly nutritious. Acacia browse has a major
potential in any savannah system for improving animal protein production. However,
most Acacias such as A.tortilis are inaccessible to the consumers due to the great
heights to which they grow up to 20 metres high hence traditional livestock
management techniques cannot exploit this potential. There is need to produce
concentrates from these trees through the cutting of browse to provide protein rich
supplements. However, the cutting of these trees has to be carefully controlled in
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order to prevent the destruction of the woodland and thus intensifying the problems of
soil erosion (Pellew, 1980).
According to Ndlovu and Sibanda (1996), goats fed on diets supplemented with
Acacia tortilis pods gained very much compared to those that were fed on
unsupplemented diets or those on diets supplemented with other concentrates such as
C.calothyrsus. This was probably due to the ability of Acacia tortilis to maintain high
protein content throughout the whole year. The other advantage of Acacia tortilis
pods in Zimbabwe is there are of low cost with no external input requirements unlike
other concentrates which compete for land with crops for human consumption
(Coppock, 1993).
The objective of this study was to comparatively determine the nutritive and
digestibility values of Acacia tortilis pods, seeds and husks. The hypothesis was that,
there was no difference in the nutritive value and digestibility of the Acacia tortilis
pods, seeds and husks.
2. Materials and methods
2.1 Description of study site
All the samples used in this study were obtained from Gwayi District 19° 20'
, in the
southwestern Matebeleland North Province of Zimbabwe. Gwayi is a semi arid area
with well-drained soils. All laboratory analyses were performed at the University of
Zimbabwe.
2.2 Experimental design and preparation of samples
The experiment was a completely randomized design with three treatments and two
replicates. Acacia tortilis pods were harvested in July 2002 in the Gwayi area.
Collection of the pods was done on all the trees that had matured pod. These were
then put into a drum and mixed before a sample was taken for chemical and in vitro
digestibility analysis. The pods were sun dried for one week, before they were split
into six equal portions. Portions were then randomly allocated to three treatments, and
were prepared as follows:
Treatment 1; Acacia tortilis seeds from the peeled pods.
Treatment 2; Acacia tortilis husks from the peeled pods.
Treatment 3; Acacia tortilis wholesome pods constituted a sample and no peeling was
done.
2.3 Chemical analysis
The above-mentioned samples were taken for grinding. Grinding was done using a
grinding mill until the samples could pass a 1mm screen. The grinding was done
mainly to improve digestibility. The samples were analyzed for DM, CP, EE, NDF,
ash, calcium and phosphorus according to A.O.A.C. (1990) analytical methods.
Tannins were analyzed using the method According to by Makkar et al., 1993.In-vitro
digestibility was done according to the method of Tilley and Terry (1963).
2.4 Statistical analysis
Data was analysed by analysis of variance (ANOVA) using a general linear model
(SAS, 1998). Treatment means and standard errors for the nutritive and chemical
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composition were compared using the Tukey Studentized Range (HSD) Test
procedure of SAS (1998) in order to determine any significance as result of the
differences between the treatments.
The model in the analysis of the data was;
Yij = µ + αi + €ij
Where Yij = Response
µ = Effect common to all records.
α = Effect of the pod component
€ij = Random error term.
3. Results and discussion
3.1 Nutritional composition of Acacia samples
The 3 samples, wholesome pods, seeds and husks showed no significant difference
(P> 0, 05) in terms of DM. The Tukey Studentized Range (HSD) Test for DM also
showed that there was no significant difference among the samples. The R- square
value was greater than 50% hence the stated variable was a true representative of the
model. However, the samples showed significant differences (P<0, 05) in terms of all
the other chemical attributes; CP, Ash, NDF, Ca, P and EE (Table 1).
TABLE 1 Influence of Acacia tortilis pod component (g/kg) on the nutritive value
and macro mineral value
Nutrient
wholesome
seeds
husks
S.E.M
a
a
a
DM
942.55
954.40
929.00
11.76
CP
167.85a, b
397.45a
81.40c
8.61
a, b
b
a
NDF
247.35
135.00
342.50
14.99
35.50b
52.00a
1.80
ASH
51.50a
b
a
c
EE
30.50
67.50
15.50
1.52
Ca
7.35b
6.10c
10.75a
1.4
b
a
c
P
4.75
8.30
2.05
0.08
a, b, c
means with a different superscript in the same column are significantly
different (P< 0.05).
S.E.M-standard error least squares means
According to the least squares means seeds have a very high amount of protein when
compared to wholesome pods and husks .The seeds contain 397 g/kg CP which is
more than twice the CP content in wholesome pods and 81.4 g/kg in husks (Table 1).
Thus in terms of protein percentage, seeds have the greatest potential to be used as
protein concentrates. However, there are other factors, which need to be taken into
account, and these include labour associated with peeling of the pods to separate
husks from the seeds. The three samples; pods, seeds and husks showed that dry
matter content was significantly not different. The least squares means were
significantly not different (P>0.05) and this showed that dry matter content almost the
same in all the samples. This could be due to the time of harvesting .The pods were
harvested during the dry season when most of the moisture had been lost and also the
species could be containing an equal distribution of moisture in the three samples. The
seeds had significantly higher crude protein content than husks and pods. The seeds
had the highest CP content of 390 g/kg whereas the pods had 167 g/kg. These results
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compare very well with those found by Aganga et al., (1998) in Botswana who found
that A. tortilis seeds to contain 380 g/kg CP. The high protein content is ideal in the
production of concentrates for small ruminants since the high protein content in feeds
is said to be ideal palatability (Lawton, 1980). The seeds under observation also
showed a low NDF content of 130 g/kg since high fibre content is said to depress
palatability (Lawton, 1980). The wholesome pods also contain a high amount of
protein (CP=16.7 g/kg) and this is also suitable for the production of concentrates
since this comparatively high when compared to other sources of protein such as
Dolichos bean and soybeans. The wholesome pods maybe used in situations where
there is no use for the seeds and hence cuts on the labour associated with peeling.
3.2 Tannin levels and IVDMD
The results showed that seeds are highly digestible (621.2 g/kg) compared to
wholesome pods (428 g/kg) (Table 2). The high digestibility in seeds could be due to
various factors and these include the grinding of the seeds through a 1mm screen prior
to in vitro digestion since this removed the hard covering on the seeds that protects
the seed from deamination in the rumen. The hard covering results in the seeds
passing through the rumen undigested leading to the loss of feed of high CP content.
The high digestibility recorded in the samples could have been due to the errors
associated with the in vitro method stated in the literature review. However, seeds
have been observed in this study to be of high nutritive value and to be of great
potential for use as concentrates. The wholesome pods were also highly digestible
compared to husks (171.5 g/kg) and this could be due to the low fibre content, 247
g/kg pods compared to 342 g/kg in husks (Table 2).
TABLE 2 Influence Acacia tortilis pod component on the in vitro digestibility
dry matter digestibility (IVDMD)
SAMPLE
WHOLESOME
SEEDS
HUSKS
S.E.M

IVDMD (g/kg)
428.75b
632.20a
171.50c
1.108

a, b, c

means with different superscripts in the same row are significantly different
(P<0, 05)
S.E.M –Standard error least squares mean.

Tannins were found to have very little effect on the digestibility of since seeds
recorded very high digestibility values despite the presence of a greater amount of
tannin compared to the other samples. However, if A.tortilis pods are to be used as
concentrates there is need for supplementation of minerals, calcium and phosphorus
since these were present in minute quantities in all the three samples. According to
D`Mello and Devendra, (1995) condensed tannins result in low growth rates and
reduced nitrogen NDF digestibility. Drying reduces assayable tannin and protein
increases digestibility. Furstenburg and VanHoven, (1994) reported that there is
avoidance by African ruminants browses of plants with condensed tannins higher than
60 g/kg DM hence seeds should be monitored if they are to be used as concentrates
for small ruminants.
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TABLE 3 Influence of Acacia tortilis pod component on the tannin content (g/kg)
__________________________________________________________________
__________
SAMPLE
CONDENSED TANNINS
WHOLESOME
4.60a
SEEDS
14.85b
HUSKS
3.05c
S.E.M
0.08
a, b, c
means with different superscripts within the same row are significantly
different (P<0.05)
S.E.M-standard error least squares mean.
4. Conclusion
Acacia tortilis was observed to possess a lot of potential as a protein concentrate for
small ruminants. However, when comparing the three samples, husks are not viable
concentrates since they contain the least nutritive value and are the least digestible.
Secondly it would no be economic to use husks as they require a lot of labour and
time in peeling the pods. This can only work in situations where the pods are
consumed by the people. Tannins in A.tortilis do not significantly affect digestibility
of the feed and the digestibility of the samples can be improved by grinding in order
to remove the hard covering. Acacia tortilis wholesome pods and seeds are strongly
recommended for use as protein supplements in small ruminants feed.
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ABSTRACT
Since the 1980s, the application of technology that makes possible genetically modified organisms
(GMOs) and the economic and political policies used to deliver that technology have become a centre
of controversy. Genetically modified (GM) crops first appeared commercially in the mid-1990s to what
seemed a bright and promising future. Critics argued that the new technology was biased against the
poor—would make the rich richer and the poor poorer. Most topical has been the controversy of
whether developing countries should accept food aid in the form of genetically modified crops from the
developed world. The question is on whether Southern African countries can afford to take a stance on
GM maize when their people are dying of starvation. Genetic engineering in agricultural biotechnology
however brought a whole new dimension to the development of products and operations. It is these
transgenic techniques and the crops they make possible that caused an international outcry amongst
certain consumers and advocacy groups in developing countries.
Like all new technologies, GM pose some risks, both known and unknown; controversies surrounding
GM foods and crops commonly focus on human and environmental safety, labeling and consumer
choice, intellectual property rights, ethics, food security, poverty reduction and environmental
conservation. This report on GM foods provides an overview of developing countries`perceptions on
the scientific, economic and political debate concerning the genetically modified crops and its cost and
benefit factors. It aims to investigate if GMOs are the answer to the problem of food insecurity in
developing countries. Benefits of the first generation of GM foods were oriented towards the
production process and companies, the second generation of GM foods offers, on contrary, various
advantages and added value for the consumer. This includes improved nutritional composition or even
therapeutic effects.
There is contemporary discourse going on which has focused largely on the benefits of biotechnology
to drought prone countries. Scientists are advocating for developing countries to embrace the use of
biotechnology to improve thier food security situation and livelihoods. On the other hand,
environmentalists are urging the governments to adopt a precautionary approach. This is particularly
so, as the future and side effects as well as potential environmental effects of some of these GMO crops
has not been scientifically proven or disproved.
This paper explains that the countries most affected by the debate surrounding genetically modified
(GM) foods are the developing countries, which stand to reap the benefits of solving widespread
starvation, and countries such as the United States, that are robust suppliers of GM foods. The report
also analyses GMO impact on world wide food consumption habits, its related health hazards and the
socio-political concerns, which are impending its market opportunities. Since GM foods are a
controversial subject, this presentation will explore ethical arguments that have been given for and
against the technology. It also suggests possible ways of making GMOs acceptable as a measure to
solve food insecurity. In a nutshell, this article tries to summarize and to explain the problematic topic
of GM food products.
KEYWORDS: Genetically Modified Organisms, Crops
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INTRODUCTION
1.1 BACKGROUND
One of the most controversial issues confronting developing countries is the handling
of the importation and utilization of genetically modified crops and organisms. Most
topical has been the controversy of whether developing countries should accept food
aid in the form of genetically modified crops from the developed world. Ultimately
after considerable pressure (food shortages), some of the developing countries
changed their position and accepted food aid after the Biosafety Board advised them
to accept the aid. A persistent problem is therefore for the governments and policy
makers to know what the final regulatory regime should be, as far as ensuring food
security without exposing the environment to harm. GMOs1 hold great potential to
increase crop yield, improve food quality, reduce input costs and improve production.
The current food crisis in Southern Africa affects Angola, Malawi, Zambia and
Zimbabwe, as well as large numbers of people in Lesotho, Mozambique and
Swaziland. According to Mulvany (2004), it is estimated that, across the entire region,
9.4 million people already require immediate food assistance, a figure that will rise to
16.3 million in early 2003. Adverse weather conditions are much to blame for the
current crisis such as drought, erratic rains, floods and tornadoes over successive
years causing drops in food production. Because of the long period of bad weather,
many poor farmers have nowhere to turn to find food. Other underlying factors have
also reduced the ability of countries to feed themselves, for example the political
instability in Zimbabwe, a fragile peace in Angola, poor macro-economic
performance in all countries in the region, inappropriate government policies, and the
HIV/AIDS pandemic (Clover 2002).
The needs of those millions of people on the edge of survival are immediate food aid
and non-food intervention in agriculture, health, nutrition, water and sanitation, and
education are essential. Partly as a consequence of this the international response has
been slow, hampered in addition by donor fatigue, the unwillingness of rich nations to
accept the scope of the crisis, and skepticism about the probity and performance of the
governments of countries receiving food. The question is on whether Southern
African countries can afford to take a stance on GM maize when their people are
dying of starvation. After all, people who are dying of starvation are hardly likely to
be too concerned about long-term health risks from consuming this food.
IMPACT OF GMOs ON FOOD SECURITY
Since the 1980s, the application of technology that makes possible genetically
modified organisms and the economic and political policies used to deliver that
technology have become a centre of controversy. This biotechnology bears the
potential both for substantial good and permanent harm. GM varieties do not meet the
need of poor farmers who rely on affordable, readily available supplies of seeds for a
range of crops to meet diverse environmental, consumption and production needs.
Poor communities need investment in low-cost, low-input farmer-friendly
1

A genetically modified organism (GMO) is an organism whose genetic composition has
been altered by means of recombinant DNA technology, inorder to transfer desired traits such
as insect resistance or herbicide resistance.
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technologies, building on farmers’ knowledge. GM seeds, by contrast, are targeted at
large-scale commercial farmers growing cash crops in monocultures. GM crops could
undermine food security by wasting the scarce resources of poorer farmers and
developing countries
2.1 BENEFITS OF GMOs
The proponents of the GM products cited various benefits attained from
biotechnology as the main reason why they so much supported GM foods in
developing countries. This genetic crop engineering has been implemented and its
proponents claim it has benefited the humans and the environment as a whole in a
number of ways.
2.1.1 Enhanced taste and quality
The first advantage of GMOs in terms of crops is that of enhanced taste and quality as
stated by Tougeron, Saxby, Vik, Brennan, Ungersma and Williamson, (2001). They
claim that GM fruits and vegetables taste more "farm fresh" than comparable
conventional produced by organic farmers. In addition to crop diversity and selection
practices, organic farming emphasizes soil nutrition which can positively influence
the taste of the food. Tests by the United Nations FAO as cited by FAO (2000)
demonstrated that some apples, specifically the "Golden Delicious" variety, have
higher flavonoid counts when grown organically. This suggests that they do have
more flavour.
2.1.2 Disease and pest resistance
The use of high yielding, disease and pest resistant crops would have a direct bearing
on improved food security, poverty alleviation and environmental conservation in
developing countries. There is a reduction in chemical use of herbicides and
pesticides as they are already contained in the seeds. For example, Bennett et al
(2004) found that the adoption of Bt cotton in South Africa resulted in substantial and
significant financial benefits to smallholder cotton growers over three seasons in
terms of increased yields, lower insecticide spray costs and higher gross margins.
2.1.3 Nutritional value
There is improved nutrition because the seeds are fortified and this enhances
nutritional composition and subsequently leads to better health. There is enhanced
taste and quality and reduced maturation time in crops. Certain crops are major
suppliers of essential nutrients to the human diet.
GM crops are being developed with enhanced nutritional qualities, such as increased
iron or vitamin A content in edible plant parts (Goto, as cited by Kaeppler, 2000). GM
soybean has lower levels of isoflavones, considered important for human health, than
non-GM soybean (Kaeppler, 2000). Asami (2003) stated that researchers have found
that organically grown potatoes, oranges, and leafy vegetables have more vitamin C
than conventionally grown products, thus another reason to engineer crops.

63

2.1.4 Improved agricultural production
Farmers benefits from biotechnology because it improves yields, eases their workload
and conserves soil quality by reducing tillage (Luthe, 2002). Many of these benefits
are good for the environment as they are good for the farmer. Thus GMOs helps
improve the livelihoods of the poor through increased and cheaper food production
due to their resistance to pests, herbs, diseases and even stressful weather conditions
such as frost.
2.2 PITFALLS OF GMOs
Despite the benefits promised by the companies which are promoting biotechnology,
including the claim that GMOs will be necessary to feed the world, there could be
major harmful effects, particularly on the environment, health and socio-economic.
2.2.1

Environmental risks

According to Whitman, crop plants engineered for herbicide tolerance and weeds will
cross-breed, resulting in the transfer of the herbicide resistance genes from the crops
into the weeds. Pests may also become resistant to the GM crops engineered to be pest
resistant and this causes an increase in costs as other methods of integrated pest
control become necessary. The same pest resistant cultivars may also have a negative
effect on the beneficial insects and invertebrate organisms and this disrupts the
ecological balance. GM crops lead to the creation of “super weeds” if the pest
resistant pollen fertilizes the weeds around the plants.
2.2.2

Health risks

Genetically modifying foods can alter their nutritional value. This means that GM
foods could pose new health concerns through the introduction of new allergens in
food. Genetic modification, according to Smith (2004), could lead to unpredictable
harmful changes to nutritional state of food and they are not recommended for
pregnant and breast-feeding women, elderly people, babies and those suffering from
chronic diseases. Also, GM Foods could transfer antibiotic resistant genes to people.
While it is highly unlikely, if it did occur this could have a negative effects on the
efficiency of some antibiotics currently in use by medical practitioners thus limiting
the number of antibiotics available.
2.2.3

Socio-economic risks

The GMOs are neither cheaper nor better quality than conventional foods, in fact they
actually pose a real threat to the environment. Also if super weeds were to be
produced, it will be difficult and expensive to eradicate them.
This would therefore increase the farmer’s production costs. GM crops are not the
solution to ending world hunger. It condemns `suicide seeds` that contains a
terminator gene, which makes the next generation of seeds sterile, forcing farmers to
buy new seed every year and chemical inputs from a handful of global biotech/seed
monopolies. However, the use of second generation seeds has declined since farmers
now prefer to buy treated seeds.
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GMOs also pose a great threat in that the liability lies with the farmer while all the
profits are accrued by the corporations. If a farmer contaminates his neighbour’s crops
through cross-pollination or if the GMOs cause environmental damage, he is liable for
the costs. GM crops are creating classic preconditions for hunger and famine. A food
supply based on too few varieties of patented crops is the worst option for food
security.
CONTROVESY SURROUNDING ISSUE OF GMOs
3.1 POSITION OF AFRICAN COUNTRIES
GM technology will not and can not in and of itself “feed the world” because hunger
and food security are extremely complex issues whose causes and solutions are not
merely about production and distribution, but encompass a wide range of inter-related
economic, social and political factors, as well as technical issues.
South Africa is one of few developing countries, and the only one in Africa that has
adopted genetically modified crops for commercial production because they had
spotted the potential benefits of the use of GMOs. Malawi and Zimbabwe declared
states of emergency at the end of February and the end of April this year respectively.
By early June the first shipments of GM maize were arriving from the US. Zimbabwe
was the first country to reject the maize, through fears of contamination of local maize
varieties and the threat to the GM-free premium it commands for its agricultural
exports. The maize was redirected to Malawi and Zambia.
Annual grain production per capita in sub-Saharan Africa is the lowest in the world,
with 128 kilos (172 pounds) produced per person per year (Keep Media, 2004). The
reason being that Southern Africa is prone to drought, flooding and cyclones which all
affects food production (Ackbarally, 2004). According to a report by Mulvany (2004),
Angola is the latest country to have declared in March 2004 that it will not import
genetically modified grains and seeds until Biosafety is proven.
Mozambique too has expressed concerns, warning the World Food Programmed
(WFP) that GM maize should be securely packaged to avoid spillage in transit.
Malawi, Lesotho and Swaziland government officials have subsequently confirmed
that they, too, are willing to accept GM maize from the USA, but also only in milled
form. In August, the Zambian government, which had previously been silent on the
issue, stated it would not import GM foods at all saying they would rather that people
starve than consume grain that is not considered to be safe for human consumption.
Zambia stands alone now in its outright rejection of GM maize, despite the prospect
of people dying from hunger in a country in which 2, 9 million people are at risk. All
these countries have cited safety reasons, human health and environmental damage as
well as trade-related issues, as justification for their rejection of GM maize (Clover,
2002).
According to Mulvany, Angola is the latest country to have declared, in March 2004,
that it will not import GM grains and seeds until Biosafety is proven. Despite huge
diplomatic pressures Angola, has continued to resist GM food aid imports and it will
now mill much-needed food aid before use or import it from non-GM sources. The
120,000-ton grain surplus produced by Zambia in 2003 could have provided GM-free
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food aid to Angola, and indeed its government is currently in discussion with the
World Food Programme about providing food aid to Angolans, some of whom are
refugees in Zambia.
3.2 LABELLING OF GM PRODUCTS
Of the many issues surrounding agricultural biotechnology, probably the most
contentious is whether there should be mandatory labeling of food products. Scientists
argue that there is no strong reason for including biotech ingredients on food labels
unless the ingredients constitute a change to the food. However, Cheftel (2004)
demand the compulsory labeling of the GMOs. Hence, information must be easily
identifiable, permanent and clearly readable. No product consisting of, containing or
derived from GMOs can be authorized for marketing without first having undergone
appropriate safety assessment.
The novel foods regulation is the first European Act incorporating specific labelling
rules for products developed through biotechnology. It lays down mandatory labelling
and requires that consumers be informed of differences between a new product and
existing equivalent products. This refers to the differences resulting from the use of
biotechnological processes, including the presence of “live” and/or processed GMOs.
Additives, flavorings and extraction solvents are expressly excluded from the scope of
the novel foods regulation because special rules have been laid down for these
products which already provide for a specific authorization and labelling procedure
(which, however, do not include the indication of GMOs or GMO origin).
According to Whitman (2000), agribusiness industries believe that labeling should be
voluntary and influenced by the demands of the free market. If consumers show
preference for labelled foods over non-labeled foods, then industry will have the
incentive to regulate itself or risk alienating the customer. Consumer interest groups,
on the other hand, are demanding mandatory labeling.
CONCLUSION
Biotechnology presents both opportunity and threat to Africa and her peoples, but it
will not be the answer so long as it is imposed from the outside. GM foods and their
consequences for Africa present new challenges that require new responses and
leadership. The desperate plight of millions of Africans requires that the debate be
engaged in now and across the barriers that have relegated the GM “debate” to not
much more than public posturing between simplistic notions of GM foods being a
good thing or a bad thing. To maximize the potential opportunities and reduce the
threats there is an urgent need to engage in real and substantial debate – and GM must
define its own role in Africa.
More important is to appreciate why GM technology will not, and cannot of itself
“feed the hungry”. It may well be one of the possible solutions that could be used, but
it is not central to the debate on food security. In the face of growing structural
deficiencies prevalent in the region there is increasing recognition of the long-term
nature of revising approaches to tackling food security.
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The research concludes that GMOs although a potential solution to developing
countries’ hunger and poverty problem they are a potential serious threat to our rich
biodiversity especially as GMOs come as a smart solution which unfortunately is not
home grown. Local knowledge on traditional seed saving methods, and other
biotechnological solutions (such as plant regeneration from callus and cell
suspension) should be developed as options. The majority of local communities are
unaware of the supposed benefits and possible sequel of using GMOs crop varieties
and the implications thereof on their food security and livelihoods. Poverty alleviation
may be hampered by possible use of terminator technology and seed patenting
(Intellectual Property Rights).
RECOMMENDATIONS
A strong biosafety protocol is needed to create a framework to contain problems with
trade in GMOs and related products, which would allow developing countries to
choose what to accept or reject, and what should be public as opposed to private
rights. This must include the right to reject patents on living things. Trade rules should
not contradict agreements aimed at protecting biodiversity and the rights of small
farmers and developing countries. The right to food security, particularly for the poor,
should be paramount.
Mandatory labelling is also necessary so that those suffering from food allergies can
avoid potential hazards of genetically modified foods and so that public health
officials can trace allergens back to their source when genetically engineered-induced
food allergies break out. Mandatory labelling of consumer products enables moral
purchasing and avoidance of health problems like allergies. It is mandated in most
developed nations, and increasingly in developing nations, especially for food
products, e.g. "Grade A" meats.
Donors and governments should address the wider causes of food insecurity – land,
credit access, political instability, poor agricultural policies, agricultural training and
infrastructure – before putting resources into GM crops. They should introduce a
moratorium on further commercialisation of GM crops until more research has been
carried out into the socio-economic, environmental and biodiversity impacts of GM
crops, particularly in developing countries that have adopted GMOs (South Africa in
the case of Africa). Research institutions such National Research Foundation (NRF)
should give preference to funding researches that are related to costs and benefits of
adopting GMOs. Also, poorer farmers and communities should be enabled to
participate more in national GM debates and policymaking.
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Abstract

Village chickens in Zimbabwe are kept by approximately 80% of the families residing in rural and
resettlement areas. They are mainly raised under the traditional free ranging system on which they
survive almost entirely off the veldt. The management of these birds is usually the responsibility of
women and children. Village chickens perform a lot of functions socially, culturally and economically
in the day-to-day actives of their respective owners. The production cost of village chickens is
relatively lower when compared to most of the production parameters of hybrid layers and broilers. The
potential, major constrains and possible solutions for improved production have been identified and
will be reviewed in this article.

Background to village chicken production in Zimbabwe
Introduction
Village chickens play a vital and often under value role in rural households and are a
global asset for many millions who live below the poverty datum line (Gueeye, 2005).
Although considered secondary to other agricultural activities by smallholder farmers,
poultry production makes an important contribution to supplying local populations
with additional income and high quality protein (Mack, Hoffman and Otte, 2005). In
Zimbabwe village chickens are estimated between 15 and 30 million (Lambro, 1993).
The average village flock numbers 20 birds, and is composed of 8 chicks, 6–7
growers, 4–5 hens and 1 cock (Oakeley, 1999).
The genetic potential of the village hens for meat and egg production under improved
management and feeding in Zimbabwe is not well known (Pederson, 2000). The
Animal Production and Health division of FAO is concerned about the slow progress
in rural poultry production in Africa, despite the organisation’s support for various
improvement projects as well as awareness raising activities through international
workshops (Branckaert, and Gueye, 1999). The potential, major constrains and
possible solutions for improved production have been identified. Several poultry
scientists have recently suggested a specific thrust for rural poultry aimed at
improving the understanding of the biology and socio-economic factors affecting the
input-output relationship and the economic efficiency of the scavenging production
system (Kitalyi, 1998).
Socio-economic uses of village chickens
Village chicken production has been a traditional component of small farms all over
the developing world for centuries and is thought to continue as such in the future
(Pederson 2002). Chickens are kept as a source of food, for social functions and as a
source of income. Buying, receiving or giving gift poultry and other livestock is a
preferred method of investment in rural areas where few other investment alternatives
exist (Sonaiya, Branckaert and Gueye, 2006). The village chicken is capable of
generating cheap and readily harvestable meat and eggs for immediate home
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consumption and sale for income generation, while at the same time performing a
useful social hygiene function (Kitalyi, 1998).
Village chickens come first amongst the major sources of animal protein for human
consumption especially in rural areas (Sonaiya et al, 2006). Since pork (and
occasionally beef) is counter-indicated in many religions and cultures, poultry can be
seen to be the most suited source of meat (Sonaiya et al 2006). Hens are usually kept
and cockerels slaughtered for meat. In Africa a chicken meal is used to meet the
obligation of hospitality to honoured guests (Kitalyi, 1998). The preferred taste of
chicken meat made households reserve them for special guests and at ceremonial
gatherings, such as the marriage feast, weddings or funerals (Muchadeyi, Sibanda,
Kusina, Kusina and Makuza, 2004).If a suitable bird cannot be found, it is bought or
borrowed from the neighbours. In village chicken production, egg production for sale
is less significant than meat production, the consumption of eggs in the village is
uncommon (Sonaiya et al, 2006).
Village chickens also serve as a means of capital accumulation and as a bartered
product in communities where they is no or limited circulation of currency (Gueye,
2005). Most studies on marketing aspects show no saturation of indigenous products
on a local and even national level (Riise, Permin and Kryger, 2005). The income
from the sale of chickens is an additional revenue to earnings from cash crops from
the field (Sonaiya et al, 2006). Chickens are also sold to pay for school fees, medical
costs and paying village taxes (Muchadeyi et al 2004). Village chickens play a
significant role in the cultural life of rural populations as sacrificial offerings in
traditional worship (Sonaiya et al, 2006).
Characteristics of Village Chickens
Village chickens do not really represent a pure strain in Zimbabwe, but they have
originated from a rather mixed population (Lumbro, 1993). The identification of birds
as local is purely for convenience as there has been at least one attempt at cross
breeding in most African countries (Sonaiya et al, 2006). The average backyard flock
in Zimbabwe numbers 20 birds, and is composed of 8 chicks, 6–7 growers, 4–5 hens
and 1 cock (Oakeley, 1998). They vary considerably in type, colour, shape of comb
and other features. A bare necked variety also exist (Huchzermeyer, 1967). The most
common feather colours are waxy black, white, reddish brown, grey, spotted or a
mixture of these (Safalaoh, 1997).
Village chickens are known to be resistant to most prevalent disease organisms and
parasites (Lumbro, 1993). They also have be show to be more tolerant than hybrid
layers and broilers, to both chronic and acute exposure to Aflatoxin B1 (Chamboko
and Mafuvadze, 2002).
Village chickens are capable of making their own nests where they sit and lay their
eggs in clutches. Unlike pure breeds and hybrid layers, village chickens easily go
broody and are generally good mothers. The breeding of village chickens in
Zimbabwe is usually at peak from September to April (Lumbro, 1993).
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Management of village chickens under the traditional poultry production
systems.
In Zimbabwe as in other developing countries, poultry management is usually left in
the hands of women and children. In a research done in Rushinga women attached
more value to chickens, whilst men valued large animals more, female-headed
households owned more chickens than households that were headed by males as
shown in Table 1 (Muchadeyi et al 2004). In other parts of Africa, although they take
care of village chickens, women usually do not make the decisions on the use of
poultry and eggs (i.e consumption, selling, exchange) (Gueye, 2005), as well as
purchase of anything to use in their chickens. This makes production tools and
economic benefits of raising village chickens largely unavailable to women.
The chickens are usually raised under a free-range semi-wild systems (Obioha et al
1983) in which they survive almost entirely of the veldt. They scavenge for both food
and water from as early as 0500 hours to around 1800 hours (Muchadeyi et al 2004).
Their deit mainly consist of food wastes, insects, green forages, crop residues, grass
seeds and worms (Safalaoh, 1997, Huchzermeyer, 1967). The above feed resource can
be best described as the scavenging feed resource base (SFRB). Feeding troughs and
drinking troughs are usually not provided. When present, they are usually made out
of broken clay pots, old plastics/metal basins or old tyres split into half (Safalao,
1997).
Supplementary feeding is usually not done throughout the year. In Rushinga 20
percent of the farmers supplemented their chickens throughout the whole year, 74
percent supplemented more frequently around May to July and four percent never
gave their chickens supplementary feed (Muchadeyi et al 2004). When given,
supplemantation usually consists of a few handfuls of grain not suitable for human
consumption scattered on the ground for the birds to pick, kitchen scraping which are
usually scrapes of sadza, pearls of fruits and vegetables. The size of the SFRB in a
village is limited, of low quality, and fully utilised (Roberts 1999). It has been
estimated that an average of 240kg kitchen waste is thrown away per each rural
family per year. The nutritional composition of this waste has been calculated and
estimated to be able to meet the whole year protein and energy requirements of an
average of 12,5 village chickens (Farrell, 2000). This waste is not the exclusive
domain of village chickens, they compete with semi domestic pigs, goats, dogs, and a
range of wild scavengers for it (Roberts 1999). Due to concurrent droughts, which
have been common in Southern Africa for the past few years, most families in the
communal areas no longer have that much kitchen scrapings to through away. This
might have resulted in the shrinkage of the SFRB which is already over burdened
because in Zimbabwe as in other developing countries the average flock size is
around 20 birds. Under this extensive systems, production cycles are continuous,
unsorted by sex, and all different stages of development are present in the flock at any
given time (Sonaiya et al 2006). This makes preferring to supplement chickens in
certain physiological conditions difficult, resulting in all birds competing for the same
feed which is broadcasted on the ground (Muchadeyi et al 2004).
The birds are allowed to roam freely during the day and are housed at night. Various
structures are used for housing the birds, with elevated pigeon like pens constructed
from sticks and branches and thatched with grass being common (Huchzermeyer,
1969, Safalaoh, 1997). The building materials used tend to provide a very good
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habitant for the poultry ecto-parasites whose populations eventually builds up to
unacceptable level. In some cases chickens share sleeping quarters with humans
(Safalaoh, 1997). The non-housed chickens spent the nights covered with woven
baskets in the kitchens and granaries (Muchadeyi et al 2004) or even roost in nearby
trees (Huchzermeyer, 1969).
Zimbabwe is subject to sporadic outbreaks of Newcastle disease particularly in
extensively raised poultry (Oakeley, 1999 ). Veterinary interventions during disease
outbreaks are not very common in Africa. Farmers eat their birds if they suspected
compromised health (Muchadeyi et al 2004). Such strategies will greatly effect the
true economic loss associated with an outbreak, but may not be reflected in the
statistics of birds that die or are slaughtered in response to an outbreak (Oakley 1999).
Those farmers who treated chickens report that they use ethno-veterinary medicine.
Such traditional drugs included gavakava, an aloe plant(Euphobia metabelensis),
zumbani a shrub with mint flavour, muroro a shrub which produced yellow fruits, hot
pepper (Capsicum frutescens) and paw paw leaves (Carica papaya) (Muchadeyi et al
2004).
The area of reproduction that include selection, mating, incubation, brooding is left
strictly to the birds (Obioha 1983, Sonaiya et al 2006). Selection is natural and is
targeted more at adaption to harsh environments and resistance to disease (Copland
and Alder, 2005), and poor nutrition rather than enhance production. This seems to be
the most sustainable way of selecting chickens under this production system because
in any livestock system improving production parameters normally demands an
improvement in nutrition. Village populations of scavenging chickens grow until the
capacity of the SFRB is exceeded (Roberts 1999). This means that selection for
enhanced production will increase pressure on the scavenging feed resource base and
if not couple with an improvement in nutrition may not produce the desired results.
Nesting boxes are rarely provided. The laying hens nest in any quite place, which is
usually abandoned/incomplete houses, inside/under granaries and at times even in
nearby bushes. In some cases nesting baskets constructed from grass are place under
thatch for the chickens to lay in (Huchzermeyer, 1967).
Production parameters of village chickens
Village chickens are in general low procedures. They are small bodies, slow growers
and late maturing (Kitalyi, 1998, Pedersen, 2000) (Table 2). In some cases it may take
upto 12 months to raise a chicken for consumption (Riise et al 2005).
In Zimbabwe egg production by village chickens is estimated between 60 and 80 egg
per bird per 12 months and hatchability of about 70% (Lumbro, 1993). Eggs laid by
village chickens usually weigh less than 40 grams (Safaloah, 1993). Chick livability
upto 8 weeks is approximately 50%, with squirrels and hawks being the most
notorious predators (Mhlanga, 1992). The above mentioned figures portray village
chicken production when compared to commercial poultry production, as primitive
and unproductive (Sazzard, 1992).
Conservation of Village Chickens
In the last decade, conservation has gained prominence through out the world – and
survival without protection is now a great concern. Only when given a straight choice
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between survival and extinction do mankind start to make changes. (Mugabe1990).
The threat against village chickens as a breed on its own from hybrid chickens is real,
and it needs immediate action. In Europe village chicken production has been reduced
to very low levels. Commercial poultry production has taken center stage. Indigenous
chickens native to that region are now rare and some of them have been registered
with FAO as breeds threatened with extinction (Copland and Alder 2005). It is
therefore essential to characterize the genetic sequence of village chickens, document
it and institutionalize the protection of village chickens against extinction. Targeted
policies towards the protection of all indigenous chickens will be very helpful.
Conclusion and recommendations.
It is very clear that the economic returns of village chickens production are very
minimal. It is also clear that it is difficult to improve the production of village
chickens, as breed on its own, using any means to levels of production close to that of
hybrid broilers and layers. Such new improved birds may end up finding their way
into commercial hatcheries and not benefiting the intended rural and resettled farmers.
Lack of adequate knowledge on the nutritional composition of the SFRB will also
pose a major challenge because improvement in production also requires an
improvement in nutrition. Approximately 20 percent of the protein consumed in
developing countries originates from poultry (i.e. meat and eggs). Yet, despite the
importance of village chickens, relatively few field programmes have been initiated to
improve the output (Branckaert and Guèye, 1999). There has been more development
focused on introducing exotic high-yielding breeds than understanding the production
potential of village chickens (Kitalyi, 1998). Successful production also includes the
possibility of obtaining loans for further investment and improvement of production.
In village production only small loans are needed, but they are almost impossible for
producers to get. If facilities for such funds are put in place, they will most likely be
obtained by the affluent members of the rural communities, because they will
understand better the cumbersome methods used in applying for such loans. In most
developing countries there are policy distortions and trade practices that marginalize
and exclude the poor; these constraits need to be addressed to take advantage of the
opportunities that livestock offers for rural development and poverty alleviation
(Mack et al 2005).
Despite all these challenges village chicken production systems of Africa form the
basis for improved rural poultry and can be transformed from subsistence to semicommercial production systems to increase food security and income, specifically
among the disadvantaged members of the community (Kitalyi, 1998). Village
chickens make an important contribution to poverty alleviation/mitigation and should
be considered in any strategy aimed at improving rural livelihoods (Mack et al 2005).
They play an important role in house holds where they is lack of able bodied workers
due to HIV and AIDS as well as in house holds headed by widows, children and
grand parents (Gueye, 2005) where they act as a source of high quality protein as well
as a source of income. The extensive system of production is well adapted to the
environment, resources available at village level and to the way of life of village
chicken owners. Therefore the world needs to put more effort in the improvement of
this system if disadvantaged communities are to be uplifted.
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Table 1. Least square means (± standard error) of the number of chickens
and different age categories in male- and female-headed households
Sex of head of
Male
Female
household
Flock size
15.9 ± 1.11a
23.2 ± 2.62b
Chicks
7.5 ± 0.82a
10.2 ± 1.94b
Hens
3.9 ± 0.29a
5.5 ± 0.68b
a
Pullets
3.2 ± 0.57
4.2 ± 1.35b
Cockerels
1.2 ± 0.18a
1.9 ± 0.43b
Cocks
0.9 ± 0.16a
1.5 ± 0.27b
a,b
Values within a row, with different superscripts, are different
(P<0.05)

Table 2. Productivity of the scavenging chicken relative to specialized
breeds
Parameter
Scavenging village chicken
Age at mature weight (weeks) >24
Egg
production 40-60
(eggs/hen/year)
Egg weight (g)
30-49
Mature weight (kg)
1-1.7
Mortality rate (%)
Chicks >60 Adults 45-100

Commercial chickens
<8 for broilers <20 for
layers
>250
>60
>2
<20
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Abstract

Zimbabwe has placed a lot of emphasis on the production of strategic field crops such as maize (Zea
Mays L.) and wheat (Triticum aestivum L ) which are the staple foods for the country. This has been
evidenced by the size of funds committed towards agriculture through schemes such as Agriculture
Sector Productivity Enhancement Facility (ASPF) and Winter Wheat Irrigation Rehabilitation Program.
Unless such efforts are complimented with adequate water use efficiency on farms, it is bound not to
succeed. A study was carried out in Mashonaland West Province of Zimbabwe during the 2005 winter
wheat production to investigate how farmers were scheduling their irrigation. Fourteen farms in the
Zvimba North district with a total of about 310 hectares under wheat during that time were studied.
During the same period four farms in Makonde district with a total wheat hectarage of 200 during that
time were also studied. The study was in the form of informal interviews with farm managers or
irrigation supervisors, actual field assessments of the wheat crop and the performance of the irrigation
system in operation. The selected districts lie in the prime crop production zones of Zimbabwe. From
this study it was found that few of the farmers practised any form of irrigation scheduling technique.
Sixteen farmers (89 %) used a “fixed programme” and “fixed cycles” technique regardless of the crop
stage of growth, type of the soil and prevailing weather conditions. Only two of the farmers
interviewed (11 %) schedule their irrigation basing on their judgement and experience and by looking
at the plants for any signs of wilting and dryness of the soil. These would also use the auger method to
check on soil moisture level. The yield was generally low from newly resettled farmers where “fixed
programmes” were used, ranging from 1.28 tonnes per hectare to 2.8 tonnes per hectare except for two
commercial white farmers who used centre pivots and obtained about 8 tonnes per hectare. The average
wheat yields from the newly resettled farmers using crop appearance and some auguring was about 6
tonnes per hectare. This study highlighted key irrigation practices that need attention of researchers,
government and agricultural bodies for the improvement of irrigation management and agricultural
productivity in the country.
Key Words: Irrigation Scheduling, Wheat Production, Irrigation Efficiency.

Introduction
Agricultural industry forms the backbone of the Zimbabwean economy, and because
of that, the government of Zimbabwe has always availed lots of money towards the
development and sustenance of the agricultural sector. The climatic conditions of
Zimbabwe are conducive to the growing of a large variety of crops which can produce
good yields when sufficient rain falls (Pilditch, 1995). Also, the country has irrigable
soils which are estimated to total 681 000 hectares, of which about 200 000 hectares
are already under irrigation. The main farming areas of Zimbabwe receive 800 – 1000
mm per annum, but much of the country is drier being classified as semi-arid
(Robinson, 2002). Irrigated agriculture, which obviously can be more productive than
rainfed has the potential to close the gap between declining food production and
population expansion in Zimbabwe and throughout the world. In no way can the
intensification of dry land farming alone be able to provide food for the growing
population of the whole world. There is, therefore, an increasing need not only to
bring new areas under irrigation, but also to improve water-use efficiency and
agricultural productivity per unit land area already under irrigation (Farming World,
1998). The government of Zimbabwe has prioritised the production of such field
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crops as maize (Zea Mays) and wheat (Triticum aestivum) which form the staple food
for the Southern African nation. This has been evidenced by the size of funds set aside
towards the revitalisation of irrigation and agriculture as a whole through such
programmes as the Agriculture Sector Productivity Enhancement Facility (ASPEF)
and Winter Wheat Irrigation Rehabilitation. In 2004, $684.6 billion was challenged
towards irrigation rehabilitation and development (Ministry of Finance, 2004); with
$471.5 billion being set aside for small-scale irrigation schemes in Zimbabwe in 2006
(Ministry of Finance, 2006a). For example, in 2005 $7 trillion was availed by the
Reserve bank of Zimbabwe for ASPEF. A total of $29.939 trillion being set aside for
dams and water supply infrastructure in 2006 (Ministry of Finance, 2006b) .
However, unless such an effort is complimented by adequate and acceptable
efficiency in the farming sector, it is bound not to succeed. Optimum efficiency in
irrigated agricultural production can be attained if water is applied only when needed
and in the correct amount required by the crops (Metelerkamp, 1970). Many irrigators
have no scheduling system at all (Nyamugafata, 2000), merely applying water when
the spirit moves them, and thus not even accepting the maxim that “any method of
irrigation control is better than” (Metelerkamp, 1970).
The researches done in three irrigation schemes in South Africa, the Rust de Winter
Irrigation Scheme, Riet River Irrigation Scheme and Loskop Irrigation Scheme,
revealed that irrigation scheduling was still lowly practised. Again, studies carried out
in the 22 000 km2 Hawkesbury – Nepean Catchment in Australia showed poor
adoption of irrigation scheduling methods within the farming community
(Maheshwari et al., 2003). A study of performance of irrigation systems in the sugar
industry in the Zimbabwe Lowveld revealed that a relatively small number of growers
had interest in the use of scheduling tools such as ZIMsched (Lecler, 2004). Of those
that appreciate and ascribe to the importance of irrigation scheduling, some schedule
by mere looking at the crops for signs of stress. This kind of behaviour by farmers in
the region is contrary to the water situation in the Southern African Development
Community (SADC). In Southern Africa, water is not only an essential resource, but
also a limited and fragile resource (Hirji and Molapo, 2002). By 2025, on the basis of
data on renewable supplies and demographics (SADC, 2000), it is expected that
Malawi and South Africa will be facing absolute water scarcity (Hirji and Ibrekk,
2001), and Lesotho, Mauritius, Tanzania and Zimbabwe will be water stressed (Hirji
and Ortolano, 2001) while Angola, Botswana, Democratic Republic of Congo,
Mozambique, Swaziland and Zambia are likely to experience water quality and
availability problems in the dry seasons. Prudent irrigation scheduling minimises
runoff and percolation losses, which in turn usually maximises irrigation efficiency by
reducing energy and water use. Over irrigation can reduce yields because the excess
soil moisture often result in plant disease, nutrient leaching, and reduced pesticide
effectiveness (Evans et al., 1996). Improper irrigation scheduling will also result in
the accelerated depletion of water resources both surface and underground. In
addition, salinization and erosion that affect irrigated areas, the problem of
downstream degradation of water quality by salts, agrochemicals and toxic leachates
is a serious environmental problem which is a direct consequence of over irrigation
due to unplanned irrigation cycles.
The objective of this study was to evaluate the prevailing irrigation scheduling
practices during winter wheat production in some selected farms in the Zvimba North
and Makonde districts of Mashonaland West Province of Zimbabwe. The greater part
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of the province lies under Natural Region IIa with greater yield potential of 8 ton/ha
to 10 ton/ha (Seed Co, 2001). The study was carried out during the 2005 winter wheat
production period.
Methodology
The study was carried out over a period of two weeks in the month of June 2005 using
such techniques as transect walks and drives, semi-structured interviews with farm
managers and constraints identification. The study was carried out in Zvimba North
and Makonde districts of Mashonaland West province. A total of fourteen farms in the
Zvimba North district with a combined total wheat hectarage of 310 hectares around
the Mazvikadei area were studied in the first week of study. During the second week,
four farms in Makonde district with a total wheat hectarage of 200 were also studied.
The study was in the form of interviews of the farm manager or the irrigation
supervisor at the farms; and also actual field assessment of the wheat crop was done
for the purposes of capturing cases the crop performance, water stress signs and crop
height uniformity. Again, irrigation management practices were evaluated. The
average minimum wheat hectarage per farm in the Zvimba North district during the
study season was 20 hectares. The farms studied were selected randomly from the
area and represented a significant proportion of the irrigated land as some
neighbouring farms had no wheat during the time of study. An attempt was made to
identify the factors that affect irrigation scheduling practices in the areas studied. For
Zvimba North district, winter wheat farming relies upon water from boreholes, water
stored in weirs, farm dams and Mazvikadei dam. In the Makonde district, the Lion’s
Den area was studied, and relies mainly on water from Lion’s Den dam and on-farm
boreholes. For both areas demand for irrigation water is highest during winter wheat
production period (May – September) and this is when water flow in the rivers is
lowest. Irrigation for both areas is mainly hand move lateral and center pivot sprinkler
irrigation systems. The irrigators in Zvimba North were mainly newly resettled
farmers with diverse farming experience and educational background, whilst two of
the four farms studied in Makonde where white commercial farmers with a lot of
experience and the other two were newly resettled. The two selected districts lie in the
prime crop production zones of Zimbabwe.
Results and Discussion
From this study, it was found that two of the eighteen farmers (11%) practised some
form of irrigation scheduling technique, and sixteen out of 18 farmers (89 %) used
“fixed programmes and “fixed cycles” techniques. Of the farmers that used “fixed
programmes” and “fixed cycles”, two farmers applied cycles of 4 hours, 6 hours and 8
hours consecutively non-stop and then pause for a week when they will be putting
fertilisers and spraying. Thereafter the same cycles are used up to tillering then an 8hour cycle is applied till harvesting. The other two farmers were applying 12 hour
cycles at 7 days interval continuously, break for a week for cultural activities, then
resume with a 6-hour cycle at 7 days interval followed by 12 hour cycles continuously
up to harvesting. The remaining twelve farmers would begin with heavy water
applications of 12 hour cycles at 7 days interval continuously for the first three weeks,
rest for a week engaged into cultural activities and proceed by three 6-hour cycles,
break for 21 days and finally apply 12 hour cycles till harvesting. It was also observed
that “fixed programme” and “fixed cycles” techniques adopted by farmers had
nothing to do with the prevailing soil types, crop growth stages and the prevailing
weather at the time. Of the farmers that did not practise any form of irrigation
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scheduling, it could be perceived that they did not understand the concept of water
holding capacity of different soils and how that greatly affects the frequency of
irrigation and the water quantity needed to bring the soil to field capacity. It was
found out that the techniques used were either learnt from neighbouring farmers or it
was passed on to the farmers as a “package” from the supplier and installer of the
system. Further investigations with irrigation equipment suppliers confirmed the
findings.
The average yield from non-scheduling farmers adopting the “fixed programme” and
“fixed cycles” ranged from 1.28 tonnes per hectare to 2.8 tonnes per hectare.
However, the “fixed programmes” and “fixed cycles” observed during this study were
in contrast with recommendations from Seed Co (Seed Co, 2001) which states that
heavy irrigation must be applied at emergence in order to achieve soil field capacity.
Thereafter, light irrigations must be applied to match crop water use and soil type.
Some form of irrigation scheduling is mentioned as a good management aid (Seed Co,
2001). Only two of the farmers interviewed (11%) scheduled their irrigation. One of
these two farmers scheduled irrigation basing on his judgement and experience and
also by observing the wheat crop for any signs of wilting. The farmer would also
sample the first 3 cm of the top soil for wetness. Water, in the form of 8-hour sets of
hand move lateral sprinkler system was only applied when the need was realised. For
the three years they had been growing wheat, the yields were steadily increasing from
3.5 tonnes per hectare to 5 tonnes per hectare and 6 tonnes per hectare. The manager
at this farm had a diploma in agriculture from a local College of Agriculture. The
other farmer who scheduled irrigation used auger method whereby he would dig about
8 – 10 cm into the soil to establish the soil moisture levels either by the “Feel
Method” or by experience. The farmer indicated that he normally checks his irrigation
scheduling decision by making transect walks across the field for any signs of water
stress in the wheat crop. Water, in the form of 25 mm depth using a centre pivot
would be applied when the need arose. The average yield from this farm ranged
between 7 to 8 tonnes per hectare. Irrigation scheduling devices such as tensiometers,
electrical resistance blocks, and neutron probes were not found in any of the farms
studied. The only evaporation pan observed was used as a drinking trough for
livestock, a possible indication of ignorance in the purpose and importance of the
equipment. This study endeavoured to establish the reasons why farmers were not
using irrigation scheduling devices. Whilst the high costs and perhaps complexity of
some of the devices and methods can be cited, it can be concluded with certainty that
farmers were ignorant of irrigation scheduling as a practise, let alone the tools or
devices and methods used. All farmers interviewed highlighted the problems of erratic
supply of electricity, fuel and other inputs like fertilisers and herbicides as some other
reasons that could be lowering their yields. Technical back-up services were reported
to be poor resulting in long time periods before broken down pumps were repaired.
The total effect of such challenges will be the lowering of yields from winter wheat
production.
Conclusion
The study showed that the majority of farmers in Mashonaland West province do not
schedule their irrigation for winter wheat crops, resulting in low yields. It was
established that the farmers who used “fixed programmes” and “fixed cycles”
techniques learnt them either from neighbouring farmers or from irrigation equipment
suppliers. The few that practise irrigation scheduling mainly rely on their own
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experience and judgement of the crop condition and soil moisture levels using the soil
sampling techniques. Use of empirical formulas and soil moisture sensing devices was
not practised mainly due to ignorance, with expense and complexity normally
associated to such techniques taking a lower level contribution. The development of
irrigation scheduling techniques which are cost effective, simple and easy to use may
improve the adoption of the practice resulting in the savings in water quantity and
electrical energy with consequent increases in yields. Researchers, extension workers
and irrigation designers/installers need to enlighten and train farmers in the practice as
well as importance of irrigation scheduling.
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Abstract

The effects of whitening and accumulation of dust and dirt on a greenhouse roof on the optical
properties of covering materials in use as greenhouse cover materials in Zimbabwe were investigated
by measurement and modelling. Samples of plastics which had been exposed to the environment for
different time periods were collected and their transmittances to photosynthetically active radiation
(PAR), total solar and thermal radiation were measured when dirty and after cleaning to evaluate the
effect of dust that had accumulated on them. Whitening and accumulation of dust on the surface caused
transmittances of the covers to fall as expected. After exposure to dust and dirt the transmittances in the
PAR, total solar and thermal radiation wavebands of a Standard Ultraviolet Inhibited Low Density
Polyethylene (LDPE) sample of thickness 250 m increased by 11 %, 10 % and 5 %; respectively after
cleaning to remove dust. The transmission coefficients to PAR and total solar radiation of a new LDPE
sample were reduced from 0.75 to 0.53 and 0.74 to 0.55; respectively after whitening by application of
a lime based whitewash paint used for shading in Zimbabwe. Whitening did not result in a significant
difference in the thermal radiation transmittance. A dynamic greenhouse climate model: the Gembloux
Dynamic Greenhouse Climate Model (GDGCM) was used to investigate the effect of these changes in
the optical properties on greenhouse microclimate and canopy behaviour. By using the measured
transmittances as the only changing parameters in the model, the maximum air temperature, vapour
pressure deficit and canopy-to-air temperature difference experienced significant reductions due to
whitening of the greenhouse roof while transpiration rate was not significantly affected, being only
about 5 % higher after whitening. The canopy stomatal resistance (rst) was reduced as a result of
whitening. This reduction, together with the increase in transpiration, may be a useful indicator of
water stress, indicating in this case that the crop was less water stressed after whitening. Generally,
whitening of the greenhouse roof is inexpensive, presents positive effects on both microclimate and
crop behaviour and can be considered as an efficient means for alleviating the large heat load during
summer when incident solar radiation is very high. There were no significant changes to all the
microclimate and canopy parameters due to the accumulation of dust on the greenhouse roof.

1. Introduction
Greenhouse crops suffer from excessive heat load in the tropics during summer, when
incident solar radiation is very high. Efficient climate control in summer is one of the
major challenges facing greenhouse growers and greenhouse cooling is therefore a
matter of increasing interest for rose growers in Zimbabwe, where high air
temperatures up to 45 °C and high vapour pressure deficit are observed in
greenhouses during summer. Various methods for cooling the greenhouse atmosphere
may be used to maintain suitable temperature conditions for plant growth. Natural
ventilation is the normal practice, as all greenhouse designs these days include some
type of ventilation system (Boulard and Baille, 1995; Boulard et al., 1997; Kittas et
al., 1997). However, natural ventilation is generally not sufficient for extracting the
excess energy during hot summer days (Baille, 1999). Therefore, other cooling
methods have to be used in combination with ventilation. One of the most widely
used methods adopted by growers due to its low cost is white painting, or whitening,
the cover material. It is widely accepted that whitening effectively reduces the
radiation transmitted into the greenhouse thereby reducing maximum air temperatures
that can be reached. This reduces the cost of using fans and the risk of opening vents
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for prolonged time periods exposing the greenhouse plants to pests and spores that
cause diseases like powdery mildew in roses.
In spite of the widespread use of whitening for alleviating the radiation load, the
literature related to the influence of whitening on microclimate and crop behaviour is
very sparse. Most studies were related to other shading techniques, like outside or
inside permanent or movable shading screens (Miguel et al., 1994, 1997), and dealt
mainly with the radiative modifications induced by the shading device. Baille et al.
(2001) reported that glasshouse whitening reduced solar transmission coefficients by
about 40%, thus allowing inside air temperature to be maintained close to that outside
during summer periods in the south of France. In another study, Kittas et al. (1999)
reported that whitening applied onto a glass material enhanced slightly the PAR
proportion of the incoming solar irradiance, thus reducing the solar and infrared
fraction entering the greenhouse. This characteristic of whitening could represent an
advantage with respect to other shading devices, especially in warm countries with
high radiation load during summer. Another advantage of whitening is that it does not
affect the greenhouse ventilation, while internal shading nets affect negatively the
performance of the roof ventilation. In Zimbabwe the practice has also been adopted,
with the whitening usually done once just before the start of the summer. Yet other
farmers claim that whitening is not necessary, as the dust that accumulates on the
greenhouse cover after the rainy season has the same ameliorating effects as
whitening. This paper intends to provide a more thorough assessment of the effects of
whitening and dust accumulation on the greenhouse microclimate and the behaviour
of a rose crop. Special emphasis was devoted to analyse the changes in the canopy-to
air temperature difference, transpiration rate, and stomatal resistance of the canopy
and their evolution before and after application of the white paint or accumulation of
dust through the use of a dynamic greenhouse climate model.
2. Materials and Methods
2.1 The sites
All laboratory measurements were conducted at the University of Zimbabwe, which is
located in Harare, 31.1 ° E and 17.8 ° S, altitude 1500 m. Measurements of the
transmission of solar radiation by horizontal sheets of plastic samples and calibration
of all radiation sensors were done on the roof of the Department of Physics’ “New
Wing” building, which is clear of nearby structures, while calibrations of temperature
sensors and measurement of plastic samples’ transmission coefficients to thermal
radiation was done in the Agricultural Meteorology laboratory in the Physics
Department.
Input and calibration data for the model were collected in a multi-span greenhouse at
Mazoe Flowers in Mazowe, approximately 30.9 ° E and 17.5 ° S, altitude 1300 m.
The mean annual rainfall is 895 mm, while mean daily temperatures are in the 23 °C,
range and 14 °C for the hottest and coldest months, respectively (Sayce, 1987). The
ridges of the greenhouses were oriented north - south, such that the fixed roof vents
were facing west. The lower, side vents, which could be rolled up from 0.8 m above
the floor to a height of 2.0 m, were to the east and to the west. The greenhouse had a
total ground area of about 1 ha. Measurements at this site were taken between October
and November 2002 in greenhouse 3 covered by a 250µm Standard Ultraviolet
Inhibited Low density polyethylene (LDPE) film.
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The crop included several cultivars of roses (Rose Hybrida), grown in soil on slightly
raised beds and watered at ground level through a drip system. Generally the crop was
well watered, with an average of 80 m3 of water applied per day in each greenhouse,
usually divided into three applications during the day. In addition the pathways were
watered twice a day, between about 1000 hours and 1400 hours local time to control
humidity levels. The side vents were usually opened at about 0300 hrs and closed at
around 1000 hrs local time and also at about 1500 hrs local time depending on
moisture conditions inside the greenhouses.
2.2 Measurement of transmittances
Under both laboratory and field conditions, two pairs of radiation sensors were used
to measure the transmittance for solar radiation: one pair (model CM-11, Kipp and
Zonen, Delft, The Netherlands) measured the energy across the complete solar
spectrum (0.3 to 2.7 µm) while the other (quantum sensors; type QS, Delta-T Devices,
Cambridge, UK) measured the photosynthetically active radiation (PAR), the
quantum flux within the band from 0.4 to 0.7 m. One of each pair was mounted
horizontally under the plastic, or inside the greenhouse, and the other in the open. All
four sensors were connected to a CR23X Campbell Scientific data logger, and mean
values over 15-minute periods were recorded. The overall transmittance of the plastic
was calculated as the ratio of radiation measured under the plastic to that in the open.
The transmittance for thermal radiation was measured for each plastic sample using a
Shumadzu Fourier Transform Infrared (FTIR) spectrometer (type 8101) which
measured the transmittance at normal incidence wavelengths between 2.2 and 25 m.
The overall transmittance was calculated as a mean weighted by the black body
function at 300 K.
2.2.1 Laboratory Measurements
To investigate the effect of dust accumulation on the radiometric properties of plastic
samples, a clean new LDPE film from Mazoe Flowers was exposed to radiation
environment on the roof of the Physics Department for about 6 months from 8
October 2002 to early May 2003. Its transmittance to total solar and PAR radiation
was measured before and after the exposure to observe whether the transmittance
changed significantly over the period of exposure. To separate the effect of dust
accumulated from actual degradation on the reduction of transmittance, the exposed
sample was cleaned and its transmittance measured before and after the exposure to
observe whether any loss was significant which could be attributed to degradation of
the plastic film alone. The cleaning process involved adding about 40 ml of detergent
to about 15 litres of water. A foam rubber was then used to gently rub dirt and dust off
the plastic using the detergent. The plastic was then rinsed in clean water, shaken in
air before wiping it dry with a clean cloth.
2.2.2 Field Measurements
Transmission coefficients to PAR and total solar radiation of the greenhouse at Mazoe
Flowers were determined by comparing the radiation sensors mounted horizontally
inside the greenhouse, to those exposed outside in the open. The effect of whitening
was investigated by measuring the greenhouse transmittances before and after
painting the greenhouse cover with lime based white wash paint used for shading in
Zimbabwe at the usual concentration applied by growers (about 8 kg CaO per 100
litres water).
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2.3 Climatic Data
The greenhouse and external conditions were measured to provide data for calibrating
and validating the GDGCM. The following climatic data inside the greenhouse were
recorded.
The internal greenhouse air temperature and relative humidity were recorded by
means of a shielded temperature and humidity probe equipped with a capacitive
relative humidity chip and Platinum Resistance Thermistor (model HMP45AC,
Campbell Scientific Ltd., Leics, UK). The incoming solar radiation and PAR above
the rose crop (1.5 m above the ground) was measured by a CM11 pyranometer and a
type QS Quantum sensor; respectively. Leaf temperatures were measured with fine
copper–constantan thermocouples (type K, wire diameter of 0.1 mm), attached to the
lower side of the leaf. The following outside variables were recorded simultaneously
to the measurements of inside climatic variables: solar radiation, air temperature and
relative humidity and wind speed.
All the measurements were collected on two data logger systems (model CR23X,
Campbell Scientific Ltd., Leics, UK). Measurements were sampled every 5 s and 15minute average values were recorded.
2.4 Model Description
To show how the changes in the radiometric properties of greenhouse covering
materials due to whitening or dust accumulation may influence the microclimate and
the behaviour of plants in a greenhouse, the Gembloux Dynamic Greenhouse Climate
Model (GDGCM) was used to calculate the canopy-to-air temperature differences, the
transpiration rate and the canopy stomatal resistance. The GDGCM has been validated
in large multi-span glasshouses in the Mediterranean climates by Wang and Boulard
(2000) and Deltour et al. (1985) and was adapted to simulate the microclimate in a
typical plastic naturally ventilated greenhouse under the sub-tropical climatic
conditions characteristic of Zimbabwe (Mashonjowa et al., 2006). It is a multiple
component dynamic model, which calculates eight heat balances for the following
greenhouse layers: cover, air, vegetation, soil surface and four soil sub-layers (Pieters,
1997, Pieters and Deltour, 1997). It also includes a mass balance for the simulation of
the relative humidity of the greenhouse air.
Detailed descriptions of the equations in the model are given in Pieters and Deltour
(1997). The energy and mass balance equations are solved for given boundary
conditions, using an iterative procedure to obtain the temperatures, humidity and heat
transfer fluxes of the different layers. The input parameters are external air
temperature and relative humidity, global solar radiant flux density, wind speed and
cover transmittances. The measured transmittances in the solar and thermal
wavebands, before and after whitening or exposure to dust were used to test the
sensitivity of the leaf-air temperature differences, transpiration rate and stomatal
resistances, and hence to quantify the effects of dust accumulation and whitening on
the microclimate and crop behaviour. Simulations were carried out with a time step
of 15 minutes.
3.0 Results and Discussion
3.1 The effect of dust on radiation transmittance
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Table 1, below shows the results obtained before and after exposure of the plastic to
dust.
Table 1: Average transmittances of horizontal sample sheets before and after exposure
to dust.
Sample
LDPE before
exposure to dust
LDPE after 6
months exposure
to dust

Status

PAR

Transmittance (%)
Total solar
Far Infrared

Clean

83 ± 4

84 ± 1

47 ± 5

Dirty

67 ± 1

66 ± 1

40 ± 6

Clean

78 ± 1

76 ± 2

45 ± 5

The results showed that dust and dirt allowed to settle on the greenhouse covers
lowered the transmittances of samples in all radiation wavebands. Comparison of the
plastic sample’s transmittances to PAR, total solar and far infrared radiation before
and after exposure to the weather elements shows reductions of 16 %, 18 % and 7 %,
respectively. Further analysis shows that the percentage reductions due to dust and
dirt were about 14 %, 13 % and 11 %, respectively. The other cause of reduction in
the transmittances may be attributed to natural degradation of the sample with age.
However because of the difficulty in quantifying amount of dirt on a cover, the results
are semi-quantitative rather than quantitative. They only tell that dust reduces
transmittances but do not say by how much because that requires specification of the
amount of dust concerned. However, the results have practical meaning. Dust allows
farmers to paint their covers once only but still have them not transmitting excessive
radiation in subsequent summer seasons. During the winter months, winds blow dust
or dirt over the dry soil surfaces and deposit some of the dirt on the cover surfaces. By
the beginning of the summer season, a considerable layer of dirt would have
accumulated on the cover, which can lower transmittances in the hot summer months.
However rain gradually washes off the dust as the summer season pass on such that
by the beginning of winter the covers are clean and their transmittances are high
enough to let in enough radiation in the cold winter months.
3.2 The effect of whitening on greenhouse transmittance
In Table 2, the average greenhouse transmittances are shown for the periods before
and after whitening of the greenhouse cover. The data selected for calculation of
transmittance values correspond to sunny days with similar radiative conditions from
DOY 297 (24 October 2002) to DOY 321 (17 November 2002).
Table 2: Average PAR and solar radiation transmission by greenhouse 3 before and
after whitening, Mazoe Flowers
Status
Before whitening
After whitening

Greenhouse Transmittance (%)
PAR
Total solar
Far Infrared
75 ± 3 (12 days)
74 ± 4 (12 days)
45 ± 6
53 ± 1 (4 days)
55 ± 1 (4 days)
43 ± 6
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The results show that due to whitening, greenhouse transmittances to PAR, total solar
and far infrared radiations are reduced by about 29 %, 26 % and 5 %, respectively, of
the initial transmittance.
The average transmission coefficient (6 – 18 h) before whitening was about 0.63, with
significant fluctuations around this value, due to the interception of direct solar
irradiance by the greenhouse structure and internal equipment located above the
radiation sensors. The maximum transmission coefficient was observed around noon
and reached 0.82, when no internal obstacle was interfering. The average
transmittances in Table 2 were chosen as the average of the ratio of the sensors from
1000 to 1400 hours local time to minimise the effects of the greenhouse structure.
After whitening, the average value of the greenhouse transmission (6 – 18 hr) was
about 0.51, with smaller variations around this value as the radiation entering the
greenhouse was mostly diffuse and therefore less sensitive to the presence of the
obstacles. This results shows that in addition to reducing the radiation load in the
greenhouse, whitening also increases the fraction of diffuse irradiance, which is
known to enhance the radiation use efficiency and reduces the problem of leaf scorch
common on sunny summer days.
3.3 Effect of whitening and dust on greenhouse microclimate and plant canopy
behaviour
The data selected for simulations in the model correspond to one week of mostly
sunny days with similar outside radiative conditions (except 9 November 2002, which
was partly cloudy). The daily mean values (averaged over 6 –18 h local time) of the
outside climate variables for the 7 days are given in Table 3.
Table 3: Average values (6 – 18 h, local time) of the outside climatic variables during
the week selected for simulations
Day

QSout (W m-2)

Te (°C)

VPe
(kPa)
1.63
1.66
1.68
1.72

VPDe (kPa)

u (m s1
)
2.6
3.4
2.9
2.4

6 November 2002
565.46
20.70
0.89
7 November 2002
563.54
20.31
0.77
8 November 2002
486.31
20.71
0.83
9 November 2002
289.46
18.50
0.45
10 November
529.71
20.27
1.61
0.84
2.7
2002
11 November
500.93
22.13
1.72
1.10
2.0
2002
12 November
531.62
21.91
1.68
1.03
2.9
2002
QSout: outside global radiation (W m-2); Te: outside air temperature (°C); VPe: outside
air vapour pressure (kPa); VPDe: outside air vapour pressure deficit (kPa); u: wind
speed (m s-1)
Table 4, below gives the values of the parameters for the covering material used in the
GDGCM. The transmittance values indicated are those for a new LDPE plastic. Since
the solar radiation absorptance of the cover depends on the angle of incidence and
thus the sun’s position in the sky, the model requires input of the cover transmittances
to solar radiation as a function of the incidence angle. The transmission coefficients
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found in this study correspond to average values from 1000 hours to 1400 hours local
time, but the values found at solar noon agree with literature values at normal
incidence (Nijskens, et al., 1989; Pieters, 1996; Pollet and Pieters, 2000; Pollet, 2002).
For the purposes of this study the transmittances to solar radiation for a new LDPE
film found by Pollet (2002) will be adopted. To simulate the effect of whitening or
dust accumulation on greenhouse microclimate and crop behaviour, the indicated
transmittances were then reduced by amounts corresponding to the reductions found
in §3.1 and §3.2 due to dust accumulation and whitening, respectively.
Table 4: Values for the Gembloux Dynamic Greenhouse Climate Model covering
material parameters (after Wang and Boulard, 2000; Uchida Frausto et al., 2003;
Pollet, 2002)
_____________________________________________________________________

Cover Characteristics
Material:
Standard Ultraviolet Inhibited Low Density Polyethylene (LDPE), thickness
250 µm
Outer cover emittance for far infrared radiation [-]
: 0.55
Inner cover emittance for far infrared radiation [-]
: 0.55
Transmittance for far infrared radiation [-]
: 0.45
Cover absorptance for diffuse solar radiation [-]
: 0.040
Dry cover transmittance for diffuse solar radiation [-] : 0.832
Wet cover transmittance for diffuse solar radiation [-] : 0.606
Frame transmittance for solar radiation [-]
: 0.95
-2
-1
Dry cover heat capacity per unit area [kJ m K ]
: 725.00
Maximum condensation water film thickness [mm]
: 0.120
TRANSMITTANCES AND REFLECTANCES AT 0, 15, 30, 45, 60, 75 AND 90°
EXPRESSED IN THE FORMAT #.### [-]

Dry cover transmittance for beam radiation:

0.892 0.894 0.877 0.846 0.780

0.525

0.000

Wet cover transmittance for beam radiation:

0.666 0.670 0.668 0.674 0.660

0.529

0.000

Dry cover reflectance for beam radiation : 0.068

0.066

0.435

1.000

Wet cover reflectance for beam radiation :

0.294 0.290 0.292 0.286 0.300

0.431

0.083

0.114

0.180

_____________________________________________________________________
3.3.1 Greenhouse microclimate
The diurnal variations of greenhouse to outside air temperature difference, δT = Ti Te, and the canopy to air temperature difference, δTc = Tc – Ti, are presented in Fig. 1
(reference measurement height for the air temperature measurements = 1. 5 m).
A large reduction was observed in δT for the whitening treatment compared to the
normal case, while the reduction in δTc was evident, but not so pronounced. The mean
daytime values (average 6 –18 h) for δT were about 6 °C, 5 °C and 3 °C for the new
plastic, dust covered plastic and painted plastic, respectively. Maximum air and
canopy temperatures of 41.2 °C and 39.7 °C, respectively, were observed with the
new plastic on 11 November (maximum outside temperature Te of 32.6 °C) while they
were only 35.7 °C and 32.5 °C, respectively, with the painted plastic. It can be seen
that Tc was significantly higher than the air temperature with the ordinary LDPE
plastic compared to the case when the plastic is painted (maximum positive δTc of
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1.000

about 1 °C on late morning) while slightly to moderately lower with whitening
(maximum negative δTc of about -0.5 °C on 6 November).
The diurnal variation of the canopy-to-air vapour pressure deficit showed a similar
trend to the air and canopy temperatures with large differences between the values
obtained using the painted and unpainted LDPE plastic. Without whitening,
maximum values of VPDc near 6 kPa were observed during the afternoon, while not
exceeding 4 kPa with whitening.
The difference between canopy and air temperature as a function of vapour pressure
deficit can be used as an index of the water status of the crop. The crop water stress
index, W, can be calculated as W =

Tc − Tm
, where Tc is the canopy temperature in
T M − Tm

°C, TM can be defined as the highest possible temperature (in °C) a canopy can
achieve and Tm is the temperature (in °C) the canopy is assumed to achieve for a
minimum canopy resistance, rst,min (Jones, 1992; Baille et al., 2001). Thus the results
show that the use of whitening significantly reduces water stress in a rose crop during
hot summer days.
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Fig. 1: Diurnal variations of (a) the difference between the greenhouse and the
outside air temperatures δT (°C) and (b) the difference between the canopy and
air temperatures δTc (°C), with and without whitening or dust accumulation.
3.3.2 Plant canopy behaviour
Fig. 2 shows the daytime canopy stomatal resistance for 11 November, the hottest day
in the week selected for analysis. The results show a general decrease in the canopy
stomatal resistance with whitening and dust accumulation. Of special interest,
however, is the smoothening of the stomatal resistance through most part of the day
caused by whitening. This may be explained by the fact that the radiation incident on
the greenhouse after whitening is mostly diffuse. This is likely to have a positive
influence on the photosynthetic efficiency, and hence productivity, of the crop.
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Fig. 2: Daytime canopy stomatal resistances for the crop on 11 November 2002
The transpirational flux, λEc, was low without whitening, with average maximum
values of 360 W m-2 and 285 W m-2 on the sunny days and the cloudy day (9
November), respectively. The crop was not able to convert the incoming radiation into
latent heat, and released sensible heat to the greenhouse atmosphere, as illustrated by
the high positive values of the canopy to air temperature difference δTc (Fig. 1). With
whitening, the transpiration rate increased slightly, yielding negative values for δTc. In
this way, the crop transpiration caused significant cooling that explains the decrease
in greenhouse air temperature and vapour pressure deficit with whitening. The
difference observed with the values of λEc without whitening was moderate, being
about 5 % when integrated over the whole diurnal period. The gains obtained by a
layer of dust were found to be insignificant in this regard.
4. 0 Conclusion
The results presented in this study demonstrate the beneficial effect of greenhouse
cover whitening on both the microclimate and crop behaviour during summer in a
warm climate. The strong stressful conditions experienced by the crop during the hot
summer days were not observed with whitening, as the crop-microclimate responded
rapidly to the change in the radiative conditions. This change in the radiative
environment due to whitening is expected to be followed by a progressive
improvement in the physiological status of the crop, as demonstrated by the decrease
in rst, decrease in the crop stress index, W and increase in transpirational flux, λEc.
There is also the suggestion that as dust inevitably settles on the cover with time after
painting, the above benefits could even be higher. However, the study also implies
that dust and dirt accumulation alone may not be enough to bring about these gains.
The other important point not in the scope of this paper is the long-term acclimation
of the rose crop to the completely different radiative conditions as a result of
whitening. It was reported that rose adapts its leaf nitrogen status as a function of the
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average radiative level prevailing during a growth cycle (Gonzalez-Real and Baille,
2000). It is therefore probable that whitening will also have a long-term (seasonal)
effect on the photosynthetic capacity, productivity and quality of the flower stems.
From the growers’ point of view, one of the main problems when using whitening for
alleviating the greenhouse heat load is the right decision on the date and the intensity
of whitening and this could be the subject of further research.
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FLORISTIC PATTERNS
ALONG
CATENAE
GRADINENTS:
A
COMPARISON OF FORTY-ONE SITES IN SEMI ARID AREAS OF
ZIMBABWE.
Zhou N. M.
Department of Land and Water resources Management, Midlands State
Univesity, P. Bag 9055, Gweru, Zimbabwe
ABSTRACT
The degree to which floristic patterns are environmentally driven from local to landscape scales was
explored using floristic, and environmental data from 41 0.04 ha plots in mixed semi arid vegetation
types found in Mushandike, Makoholi and Soti Source in Masvingo and Wedza in Mashonaland East
Provinces of Zimbabwe. An enumeration of woody species and the estimation of their canopy cover
percentage was conducted together with field assessments and sampling of vegetation physiognomic
types and soils. Laboratory analyses of soils were done using standard analytical techniques used in the
Department of Agricultural Research and Extension in Harare. A hierarchical clustering procedure was
performed to identify patterns of sites that formed homogenous vegetation communities. This was a
divisive method called Average Linkage Technique available in MINITAB computer program (Gauch,
1982). This analysis indicated, at 60% similarity level, floristic patterns could be discernable according
to changes in drainage, soil fertility, sodicity and erosion status of the soil at each site. These results
together with previous studies of vegetation on granite in semi arid areas of Zimbabwe emphasize that
vegetation physiognomy and species composition are variously influenced by he interplay of
environmental driven effects

Key Words: Floristic patterns, catena gradient, hierarchical clustering.
Environmental driven effects.
INTRODUCTION
Over the years, observations in the field by farmers, land use planners and
environmental managers in Zimbabwe have indicated strongly distinct vegetation
zones across catenae. There are clear differences in vegetation physiognomy and
species composition between uplands and lowlands. Often, this natural vegetation is
regarded as a sensitive integrator of the total environment (Dent and Young, 1980)
and therefore can be a useful guide to identify environmental potential and possible
development and management options. In Zimbabwe, research in vegetationenvironmental relationships, is lacking (Zhou, 2004). Early sources on vegetation
distribution and associations such as by Henkel, (1931) and Boughey, (1957) provide
some information on vegetation distribution patterns and broad environmental
conditions governing these distributions. These studies and those by Vincent and
Thomas (1960), Thompson (1965), and Wild and Barbosa (1968) are descriptive
classificatory investigations. More recent data on vegetation communities is from
studies by Timberlake et al (1993). The objective of this study therefore was to
explore vegetation physiognomic patterns in study areas, identify and explain changes
in vegetation and species composition according to known environmental qualities
and characteristics.
STUDY AREA
The study was conducted along nine catenae with undisturbed natural vegetation on
granite in Masvingo and Mashonaland East Provinces of Zimbabwe (Table 1). The
selected study areas experience a sub tropical climate with distinct summer and winter
seasons.
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Soils are moderately shallow to moderately deep, coarse textured Siallitic (4G),
Fersiallitic (5G) and Sodic (8N) soils (Thompson, 1965; Nyamapfene, 1991).
Savannah is the most dominant vegetation type (Wild and Barbosa, 1968). Vegetation
physiognomy and species composition are largely determined by rainfall pattern and
soil type (Anderson et. al., 1993).
MATERIALS AND METHODS
A total of 81 woody plant species were identified in 41 plots found in 9 catenae
selected from semi arid areas (Table 1). Homogeneous natural vegetation
communities identified along the catenae were used as a framework for sampling.
Woody vegetation species were enumerated from plots of size 20 m x 20 m (Frost,
1995) during the rainy season when most plants are green and in flower for easy
identification. The total number of individuals of each woody species was recorded
using their botanical names according to nomenclature used by Biegel and Mavi
(1972) in each height classes as follows: trees > 3 m, bushes 0.5 – 3 m and shrubs <
0.5 m.
The projected canopy cover of individual species was visually estimated using the
Braun Blanquet scale (Mueller-Dombois and Ellenberg, 1974) (Table 2) in the three
height classes already mentioned above. Starting with the most dominant woody
species, the percentage of the total sample area under canopy cover of the respective
species was visually estimated and assigned an abundance value (Table 2). Plant
species abundance data sets for 81 woody plant species encountered in 41 plots (Table
5) were then used to design species abundance data matrices for the cluster analysis.
Soil sampling was done by horizons, along the catenae, following vegetation and soil
patterns observed from air photo interpretation and in the field (Bennett, 1985). Clay
content was determined using the hydrometer method (Gee and Bauder, 1986). Bulk
density was calculated from volume of soil cores and oven dry-mass of soil cores. The
hanging water column technique was used to measure water tension (Hall, 1991).
Water retention data were obtained by the pressure membrane extraction method
(Klute, 1986). Available water capacity (AWC) was calculated as the difference in
moisture at 0.1 bars (field capacity (FC)) and at 15.0 bars (permanent wilting point
(PWP)). Soil pH was determined using 1:5 0.01 M CaCl2 soil suspension. Cation
exchange capacity (CEC) was determined by saturation of soil with 1 M
CH3COONH3 buffered at pH 5.2. Organic carbon was determined by the modified
Walkley and Black method (Houba et al., 1989) with additional heat applied under
reflux. Although this method has been noted to result in variable recovery of organic
carbon (Nelson and Sommers,1982; Nyamangara et al., 2001), however, it is
frequently used by many workers in Zimbabwe where soil organic carbon in most
soils does not exceed 1% (Mugwira et al., 1992). Drainage status and erosion
intensity of the soil were estimated semi quantitatively in the field according to
guidelines and classes (Tables 3 and 4) used by Ministry of Agriculture, (1981).
The cluster analysis was done using a hierarchical clustering procedure following a
divisive methods called the Average Linkage Clustering Technique in the MINITAB
computer statistical program (Gauch, 1982). The interpretation of cluster
dendrograms was done visually by examining the clusters and relating them to
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environmental qualities and characteristics. In addition, field knowledge and
experience of these environmental characteristics were also used for the interpretation
of the clusters.
RESULTS

T

60%

S

R

Q

P

Figure 1: Dendrograms of 41 vegetation plots using the Average Linkage Technique
for vegetation sites selected from study areas. (Percentage similarity is shown along
the Y – axis. Symbols P to T shown indicate clusters of sites or plots from study areas
shown with numbers along the X - axis. A key to the plot numbers is provided in
Table 5).
Table 1. Location of catenae in the selected study areas found in Mushandike
Wildlife Sanctuary, Makoholi, Soti Source Resettlement (Masvingo Province)
and Wedza (Mashonaland East Province).
Name of Catena

Catena
symbol

Map Reference

Grid
reference

Mutsungwe

MU

TN 482758

Mushandike
River
Airstrip North (a)

MR

TN 497763

MR1 - MR4

TN 486767

ANa1 - ANa4

Airstrip North (b)

ANb

TN 491769

ANb1 - ANb4

Navik Bay

NB

TN 542722

NB1 - NB5

Up Navik Bay

UN

Mushandike Dam,
1:50 000, 2030 B1
Mushandike Dam,
1:50 000, 2030 B1
Mushandike Dam,
1:50 000, 2030 B1
Mushandike Dam,
1:50 000, 2030 B1
Mushandike Dam,
1:50 000, 2030 B1
Mushandike Dam,
1:50 000, 2030 B1

Symbols for
Vegetation plots
/ soil profiles
MU1 - MU6

TN 548733

UN1 - UN4

ANa
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Chikungurugwi

CH

Makoholi,
TP 685066
CH1 - CH6
1:50 000, 1930 D4
Agyle
AG
Soti Source,
TP 958484
AG1 - AG4
1:50 000, 1931 A3
Maruta
MA
Wedza,
UQ 538382 MA1 - MA4
1:50 000, 1831 D1
Notes: Vegetation plots and/or soil profiles have been numbered from the bottom to
the top of the catenae. For example: 1 = Lowest catena position, 6 = Highest catena
position
Table: 2
Braun Blanquet cover abundance scale
Percent (%) canopy cover
Abundance value
<1
0
1 – 10
1
10 –25
2
25 – 50
3
50 – 75
4
75 – 100
5
Notes: Modified from Mueller-Dombois and Ellenberg (1974).

Table 3 Practical guidelines for assessing drainage status in the field.
Drainage
class

Drainage status Description

D1

Very poorly
drained.

Wet for a large part of the year. Colours are
neutral or pale greys, blues, olives and
greens with little mottling due to almost
total reduction or depletion of iron. Organic <0.2 mm/hr
matter accumulates at the surface and iron
staining may occur in root channels.

D2

Poorly drained

Regularly subject to alternating oxidising
and reducing conditions, due usually to a
fluctuating water table. The matrix is pale
in colour with low chroma, and contrasts
strongly with frequent, well-developed iron
segregation mottles. Root channel staining
may occur.

D3

Moderately
poorly drained.

Estimated
Hydraulic
conductivity

Subject to partial water logging irregularly
for periods of short duration, more often
because of poor permeability rather than a
fluctuating water table. Iron segregation
mottles are small, occupy a low surface area
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0.2 – 2.0
mm/hr

2.0 – 5.0
mm/hr

or do not contrast strongly with the matrix.
D4

Moderately well Some colour variegation not definable in
drained
terms of mottling. Lower subsoil horizons
may be slightly paler than those below.

D5

Well drained.

D6

Very well
drained

D7

Excessively
well drained.

5.0 – 9.0
mm/hr

Most medium to fine soils with no colour
changes indicative of wetness.

9.0 mm/hr

Soil with permeability class 6 and no
colour changes indicative of wetness.

> 9.0
mm/hr

Soil with permeability class 7 and no colour
changes indicative of wetness.

> 9mm/hr

Ministry of Agriculture, (1981) and Bennett, (1995).

Table 4

Erosion class
symbol
E1
E2
E3
E4

Practical guidelines for assessing soil erosion in the field resulting
from man made or natural factors or a combination of the two
used by AGRITEX Department extension officers of the Ministry
of Lands Agriculture and Rural Resettlement in the field
Description
No apparent, slight erosion
Moderate erosion: moderate loss of top soil
generally and /or marked dissection by runoff
channels or gullies
Severe erosion: severe loss of top soil generally
and/or marked dissections by runoff channels or
gullies
Very severe erosion: complete truncations of
soil profile and exposure of subsoil (B horizon
and/or deep intricate dissections by runoff
channels or gullies

Ministry of Agriculture, (1981) and Bennett, (1995).
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Estimated soil
loss
< 0.5 t/ha
0.5 – 5 t/ha
5.0 – 10 t/ha
> 10 t/ha

Table 5

: Key to plot numbers used in the cluster analysis in Figure
1(Dendrogram).

Catena Name

Navik Bay

Mushandike
River

Chikungurugwi

Up Navik Bay
Mutsungwe

Vegetation
sample site
symbol
NB1
NB2
NB3
NB4
NB5
MR1
MR2
MR3
MR4
CH1
CH2
CH3
CH4
CH5
CH6
UN1
UN2
UN3
UN4
MU1

Plot number
used in the
dendrogram
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Catena Name

Mutsungwe

Agyle

Air Strip
North B

Air Strip
North A

Maruta

Vegetation
sample site
symbol
MU4
MU5
MU6
AG1
AG2
AG3
AG4
ANb1
ANb2
ANb3
ANb4
ANa1
ANa2
ANa3
ANa4
MA1
MA2
MA3
MA4

Total number of sites

Plot number
used in the
dendrogram
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
41

Five clusters were identified at about 60% similarity level and labelled as P, Q, R, S
and T (Figure 1). Clusters P and Q are small Grassland Savanna (GS) vegetation
physiognomic types on middle and lower slope positions with Fersiallitic and Sodic
soils. These sites are hydromorphous and are dominated by Syzigium and Diospyros
lycoides tree species, the latter as clumps. Cluster R is comprised mainly of Bush
Savanna (BS) found in dry lowland areas associated with poorly drained Sodic,
Siallitic and Fersiallitic soils. The most dominant woody vegetation species include
Colophospermum mopane, Terminalia sericea, Acacia nilotica and Combretum
species. In uplands along crestlines are Siallitic soils under Tree Bush Savanna (TBS)
dominated by Brachystegia spiciformis. Cluster S is a mosaic of TBS, BS, and GS
vegetation physiognomic types on Fersiallitic soils dominated by Brachystegia and
Syzigium species. The remaining group of sites (Cluster T) is a broad formation that
comprises well drained upland (37, 4, 25), middle slope (8, 28, 18, 36) and lowland
sites (10, 11, 6) that are non-sodic. The major vegetation physiognomic type in this
cluster (Cluster T) is TBS. This vegetation type is found on well drained Siallitic and
Fersiallitic soils, on middle and crest positions of the catena. Ocassional grassland vlei
and bush can be encountered in localised sites along the catena. At 70% to 80%
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similarity levels, more upland clusters that are well drained, dominated by
Brachystegia spiciformis on Siallitic soils tend to appear but these are rather small.
DISCUSSION
This study confirms findings by Timberlake et. al. (1993) on the occurrence of
miombo vegetation on coarse or medium textured soils on upland positions of the
catenae. These soils are well drained with available water capacity (AWC) ranging
between 16% to 25% in the B-horizons. Due to low % clay in both the A and the B
horizons, the soils have poor fertility as shown by their low CEC values ranging
between 0.6 to 11.9 c mol c/kg. The soils are non - sodic with exchangeable sodium
percentage (ESP) value ranging between 0.04% to 4.0% associated with low levels of
bases. Most of these soils are therefore acidic in chemical reaction with measured pH
values ranging between 4.3 and 5.8 typical of weathered granite soils in Zimbabwe
under miombo vegetation. Their coarse texture however has given rise to good
drainage and aeration conditions for good root respiration for most plants and grasses.
Plant species such as Brachystegia, Julbernardia and Combretum are commonly
found in these soils because of their deep root systems capable of mining water and
nutrients from deeper layers of the soil throughout the year.
The major environmental characteristics in upland sites are generally is related to
acidity due to leaching of bases released from weathering leading to low pH, low
CEC and consequently poor soil fertility. Clearing of natural vegetation
indiscriminately for crop production in these areas exposes the loose top - soil to
direct raindrop impact and erosion. Soil losses of up to 10 t/ha have been known to
have occurred in similar soils elsewhere in Zimbabwe from croplands under a light
drizzle locally known as “guti” rainfall (Stocking, 1972). Continuous cultivation
therefore in these soil without replenishment of nutrients through fertiliser
application, crop rotations and land management can therefore lead to low crop yields.
Areas colonized by C. mopane (Figure 1, Cluster R) occurred most in the degraded,
dry and lower parts of catenae usually associated with medium to coarse grained
shallow or deep loamy sand or sandy loam soils. These soils have been altered due to
compacted clayey and alkaline subsoil with moderately high to high cation exchange
capacity (CEC) and Exchangeable Sodium Percentage (ESP). The type of granite
found in Mushandike lowland sites with all mopane, which, presumably, is relatively
rich in plagioclase feldspar containing a sodium releasing mineral, albite (Thompson,
1965; Thompson and Purves, 1978), could be the main factor responsible for the
formation of the sodic sites. It is further presumed that these sites were formed under
conditions of low rainfall of less than 650 mm per annum and high temperature of
35oC to 37oC in Agro-Ecological Region IV (Vincent and Thomas, 1960). In addition,
the formation of the soils have also been a result of poor drainage, deposition of clay
and salts by diffuse runoff from higher ground and erosion of the surface soil layer
leading to bare ground where most plants cannot grow (Ellis, 1950). In these areas,
characterised by high ESP in soils, the most dominant tree species were
Colophospermum mopane with Combretum hereroense and Combretum adenogonium
sometimes in combination with Acacia nilotica. These species occur because of their
shallow rooting systems which coincide with the zone of maximum moisture retention
of many soils. In addition, they are able to survive in most degraded conditions where
other woody species find it difficulty to grow.
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Sodicity and alkalinity are the most common environmental characteristics which
have led to the formation of compact sub-soils that cause poor root penetration by
plants, poor water infiltration and drainage through the soil resulting in periodic water
logging, excessive runoff and erosion. For the management of these sites, the
reduction or removal of exchangeable sodium ion can be achieved by the addition of
the beneficial calcium ion to replace the sodium ion through the application of
gypsum and to reduce clay dispersion, thereby maintaining good soil structure. Other
practicable environmental management methods have involved the establishment of
salt tolerant perennial plants on the sodic affected areas such as Atriplex species with
deep-rooted systems that will assist in providing ground cover to reduce land
degradation through runoff and erosion.
Soil moisture status appears to be the most prominent and easily identifiable
environmental characteristic that can be used to identify major vegetation patterns and
wetlands along the catenae in the study areas. In Zimbabwe wetlands (seasonally
waterlogged bottomlands or vleis) cover approximately 1.28 million ha of which
about 25% are found in communal areas (Owen et al, 1995). These wetlands are
mostly used for grazing livestock after harvest and for small-scale vegetable
production during winter using residual moisture and water from shallow wells
recharged by water that infiltrates from uplands and laterally flows down the catenae.
The formation of these vleis is still not clear. However, it is asserted that vleis have
formed under conditions of clay and organic matter elluviation with the subsequent
formation of a surface soil relatively richer in organic matter and nutrients (than soils
found in the uplands). An impervious clay layer is also formed which reduces
infiltration and drainage resulting in seasonal water logging and anaerobic conditions
in the soil rooting zones where most trees cannot survive (Timberlake et al., 1993). In
these wetlands, poor drainage is caused by the high clay content in the subsoil leading
to iron (II) mottling at very shallow depths about 10 to 20 cm. Due to the existence of
an impervious clay layer, root abundance in lower horizons is bound to be low as
these environmental conditions would not be favourable for most woody plants and
grasses.
Chiredzi Research Station has conducted research in wetlands recently and results
have shown that among many other environmental factors, these areas (wetlands) vary
considerably in fertility and hydrology that influence their utilisation capacity and
land management (Owen et al, 1995). Indications are that, a locally developed
technology called “broad-bed and broad-furrow” initiated and tried through research
and demonstration could prove so far to be the only appropriate utilisation and
environmental management technique for these areas (Zhou, 2004). This is because
the technique was found to be effective in holding runoff from uplands, limit or
prevent erosion within the wetland and increase summer yields of maize by up to 3
t/ha of rice and 7 t/ha (Owen et al, 1995).
CONCLUSION
In dry areas, vegetation communities that are found along catenae on granite
correspond with environmental qualities and characteristics that include drainage,
sodicity, available nutrients and soil erosion intensity. These factors appear to exert
distinct influence on vegetation structure and species composition along catenae on
granite. It is possible to infer these characteristics and potential from vegetation
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structure and species composition. It can therefore be concluded that the drainage,
erosion and sodicity contrast between uplands and lowlands is a pattern that is
common in granitic soils found in semi arid areas.
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Abstract

The world population continues to increase at an estimated rate of 80million people annually. This
means that an additional 30million tonnes of food have to be produced annually. Animal production is
hampered by losses due to mortality and loss of production due to diseases. Marek’s Disease alone is
estimated to account for a global loss in chicken production of US$ one billion. If all the other diseases
of poultry and other animals were considered then the losses are astronomical. Reducing the mortality
or the production losses due to diseases could lead to increased production without a need for
additional animals and resources. It is possible to eliminate the pathogen or the parasite by chemical or
drug use. Alternatively introduction of tolerance where the host continues to function and produce
despite the presence of the pathogen/parasite can be used. The presence of diseases or parasites
presents stressful conditions that make animals unable to fully express their genetic potential. The cost
of drugs and the development of drug resistance by some pathogens and the unavailability of new drugs
mean that new options are pointing to use of animals that have inherent resistance to disease and
stressful conditions. A lot of work has been centred on the major histocompatibility complex (MHC)
haplotypes that were discovered to be involved in resistance and susceptibility to various diseases.
Estimates of heritability for susceptibility to some diseases have been calculated. Molecular genetics
has lately been used to explain the DNA basis of diseases resistance traits. The next task is identifying
genetic markers associated with host resistance and later on use marker assisted selection to improve
resistance. There are constraints and limitations to breeding for diseases resistance. One major one is
the requirements that either candidates or their relatives be exposed to the pathogen so that resistance
levels can be compared. Genetic markers and quantitative trait loci offer promise but these markers just
like in other physiological traits are elusive in undiseased animals. Selection for disease resistance may
result in some cases in unfavourable effects on production. The long generation interval in most farm
animals is another major constraint. In some cases genetic engineering for resistance mechanism will
be justified. Breeding for resistance is one environmentally friendly method to combat diseases.
Key words Breeding, disease resistance and tolerance, pathogen, parasite, major histocompatibility
complex.

Introduction
In spite of all the progress made in disease control, significant losses due to diseases
and parasites persist in animal production. Conversely the world population continues
to increase at 80 million annually. This demands that 30 million tonnes additional
staple food must be produced. It is estimated that Marek’s disease in poultry accounts
for a global loss of about US$ one billion annually (Gavora, 1998). Taking into
consideration other poultry diseases and other livestock species paints a picture of
tremendous losses.
Elimination or reduction in mortality and reduction of production losses due to
disease leads to increased production without a need for additional resources. Such
increases may contribute to meeting the demand. Alternatives are available to prevent
and control disease with complete elimination of the pathogen/parasite (Baker et al.,
1995). Introduction of tolerance which allows the animals to function and produce
despite the presence of the pathogen/parasite is also possible. The pathogen can be
eliminated by eradication using chemicals or by genetic change in the host, making
the host resistant to infection. Host-parasite relationship should be understood as a co105

evolutionary system in which a disease of the host is not an evolutionary goal of the
parasite. There is no selection advantage to the parasite in making the host ill. This
paper discusses the justification for breeding for disease and parasite resistance, the
genetic basis for disease and parasite resistance, what has been done in breeding for
disease and the constraints to widespread breeding for resistance.
Justification for breeding for disease resistance and parasite resistance
Animal breeders have realized that breeding programmes are often incomplete
without a disease trait(s) in the selection criteria. The presence of diseases or parasites
presents a stress situation that hinders the animals from fully expressing their genetic
potential. Lately the increasing costs and unavailability of new drug therapies and
effective management strategies mean that new options are narrowing to use of
animals that have inherent resistance to disease and stressful conditions. In many
cases the parasites have developed some resistance to those drugs that were effective
due to improper use. There are ethical concerns to minimize the suffering experienced
by diseased animals (Mallard et al., 1998). World over, there is an increasing
consumer preference for food products from animals maintained in “chemical free’ or
minimum drug environments. On the basis of these reasons breeding for resistance
comes out as the only available option. It is however, apparent that selection for
disease resistance must be considered when the disease has an economic impact and
also when less costly methods are not effective.
In Zimbabwe losses in the rearing and production stage of different species are given
in the form of percentage mortalities. In beef calf, mortality at the rate of 3 to 5
percent, and overall herd mortality is expected to be less than 2 percent (Gammon and
Hatendi, 1998). In dairy, loss in milk yield is taken to be 10 percent of herd
production but this varies with the incidence of the disease (Oliver and Titterton,
1987). Similar figures in the other species of farm animals are expected. However, it
appears that few studies, if any, have been done to ascertain these figures.
The genetic basis for breeding for disease and parasite resistance
Much of the work to determine the physiological and genetic resistance came out of
the fact that during disease and/or parasite outbreaks some animals were resistant.
These animals were identified and found to be related. The major break through was
the discovery of the Major Histocompatibility Complex (MHC). The MHC of
mammals comprises of a significant number of loci that contain immune response
genes (Hughes and Yeager, 1998). The major histocompatibility complex class II
region contains genes that affect specificity of antibody responses. It was reported that
major histocompatibility complex is involved in resistance to viral
lymphoproliferative diseases such as Marek’s Disease (MD), sarcoma
erythroblastosis, lymphoid leucosis (LL) and infectious bursal disease together with
bacterial diseases such as fowl cholera and parasitic conditions of coccidiosis. It was
demonstrated that the frequency of resistance of major histocompatibility complex
haplotypes was increased significantly by selection for Marek’s Disease (Gavora,
1998). Several examples of direct associations between MHC genotypes and
resistance to pathogens have been reported. In humans, heterozygosity at HLA-A,
HLA-B and HLA-C locus is associated with longer survival in individuals infected
with human immunodeficiency virus (HIV). Particular MHC alleles are associated
with resistance/susceptibility to HIV, malaria, Hepatitis B and C, tuberculosis, leprosy
and venereal diseases in humans. This extends to gut worm (Ostertagia circumcinta)
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in sheep, to Theileria parva and mastitis in cattle (Chan et al., 1979; Stear et al, 1997;
Carrington et al., 1999).
On the basis of results from studies from the studies of lymphoid leucosis, it is now
known that disease resistance is at two levels. There is the cellular resistance that is
based on the absence of suitable cell surface receptors for the virus responsible. This
prevents the entry by the virus into the cell. The second is the resistance to tumour
development. Another mechanism is the presence of certain genes in the genome that
code for certain envelope proteins that confer resistance in animals with such genes in
their genome. The best examples are the Murine Mx1 encoding cDNA that has the
effect of making chicken fibroblasts resistant to avian and human influenza viruses.
There are genes that code for the envelope for the visna virus which have been
successfully transferred into sheep and the genes that code for the bovine rotavirus
caspid protein that have been transferred into genomes of susceptible cells in culture
and into the genome of laboratory mice (Gavora, 1998). Understanding of a disease
pathology also helps to develop some ideas of how a disease can be controlled
genetically although not always successfully. Attempts have been made to analyze for
genes that code for a number of enzymes that could be involved in the process to
prevent or reduce the susceptibility of the animals. Several anti-oxidant enzymes
involved in free radical detoxification have been analyzed for as candidate genes for
facial eczema. Isolation of the major genes for many disease conditions has been done
and is still underway. This has led to the hypothesis that there is a major gene
segregating at many different loci affecting disease and parasite resistance in farm
animals. Morris (1998) put forward a hypothesis that there is a major gene that is
recessive for resistance to internal parasites or low feacal worm egg counts in sheep
and cattle. The same author reported a major gene for bloat susceptibility that
accounts for 80% variation. This gene is recessive for susceptibility to bloat (McEwan
and Kerr, 1998).
What has been done
The first research on disease resistance started from the 1930’s in which genetic
variation in resistance was recognized and possibilities of genetic selection for
resistance was demonstrated. Estimation of heritabilities indicated that selection for
resistance to specific pathogens had good chances of success. This was followed by a
period of progress in understanding the mechanisms of resistance, which resulted in
practical applications such as indirect selection based on haplotypes of the major
histocompatibility complex. More recently, molecular genetics started to explain the
DNA basis of disease resistance traits. Identification of the Quantitative Trait Loci
(QTL) using such techniques as Restriction Fragment Length Polymorphism and
cloning of genes responsible for resistance has been attempted. These experiments of
genetic engineering of resistant mechanism indicate potential. The early works
involved culling of those animals with genetic defects such as bovine leukocyte
adhesion deficiency (BLAD) (Shuster et al., 1992). Since few genes control these, the
elimination was fairly simple and fast. After realizing that certain MHC haplotypes
are associated with disease resistance as discussed above, several lines of chicken
have been produced with an insert of a recombinant avian leucosis retroviral gene at
different loci within the host genome. The birds so produced are called transgenics.
They express the viral envelope-coding region and are resistant to avian leucosis.
Heritability estimates for Foot and Mouth Disease susceptibility in buffalo were 0.47
(Tomar and Tripathi, 1992). Komatsu et al. (1998) reported that susceptibility to skin
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disease of some pig breeds were due to the total complement activity (CH50) and the
third complement (C3) levels. The immunoglobulin G (IgG) levels were markedly
high for the Meishan pigs. They also showed extensive infiltration of macrophage
fibroblast and severe eosinophil infiltration. All these show that this breed has a high
tendency toward allergic reactions and high humoral immune responsiveness.
Research on the vaccine response to footrot Dichelobacter nodosus, antigen in sheep
showed that a region in the ovine MHC is associated with differential antibody
responses. Suggestions so far point to the region containing immunoglobulin
regulation genes and may be a MHC class-I-like region (Raadsma et al., 1998).
Tuberculosis frequency in families and bull’s progeny ranged from 0.6 and 36 % to
9.1 and 51.7% respectively. The tuberculosis heritabilities were 0.06 to 0.08 in
Russian Black and White cattle (Petukhov et al., 1998). The authors proposed
polygenic inheritance of resistance to tuberculosis. The heritability for Johne’ s
disease susceptibility has been estimated at 0.15 in goats (Nem-Singh et al., 1990).
The cow mammary gland is known to be able to develop antibodies of all classes that
inhibit growth of Staphylococcus and Streptococcus species. The quantity of the
immunoglobulins to be produced is determined genetically (Ustinova et al., 1998).
Although the heritabilities are on the lower side, there is a chance that selection can be
applied but progress will be slow. There are genes that have some effect on these
diseases. If selection could be done based on this, benefits would accrue, as mastitis is
a major cause for losses in dairy cattle.
Gastrointestinal tract parasites are an important cause of reduced production of
mutton, milk and wool production in sheep. As such extensive work has been done to
understand the genetics of gastrointestinal parasites in domestic animals particularly
sheep. Resistance to nematode parasites can be improved by selection but efforts to
include appropriate disease traits in commercial livestock breeding programmes are
only recent. The resistance to internal parasites has been studied by determining fecal
consistency and fecal egg counts. Heritability estimates of 0.19 showed that worm egg
count is significantly heritable. But, fecal consistency score is lowly heritable (0.04)
(Greeff and Karlsson, 1998). The heritabilities indicate that there are opportunities for
selecting for feacal egg count at least. Other workers have decided to approach the
breeding for resistance to internal parasites in two ways: One is by selecting for
resistance through reduced parasite numbers as determined by fecal egg count
(Charon et al., 1998). Secondly by breeding for resilience, which is the production
during parasitism (Woolaston, 1998; Woolaston and Eady, 1995). It is necessary,
though difficult to assess the economic benefits of improving resistance relative to
other traits. In goats fecal egg counts were not found to be heritable nor repeatable
neither was there significant genetic variation in haemoglobin volume and packed cell
volume during helminthes infection (Gatenby et al., 1995; Kasali et al., 1988;
Shavulimo et al., 1988). Goats because of their selective browsing feeding habits have
not been subjected to natural genetic selection for resistance to internal parasites and
thus are very susceptible to haemonchosis (Haemonchus contortus) (Shavulimo et al.,
1988).
Work has been undertaken to understand and possibly breed for trypanotolerance in
cattle, sheep and goats in Africa (Baker, et al., 1995; Leperre, and Claxton, 1994).
Leperre and Claxton (1994) showed that Zebu cattle were better able to produce
antibodies against Trypanosoma vivax than N’Dama cattle. Both breeds were noted to
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produce antibodies against Trypanosoma congolense more than against Trypanosoma
vivax. Bengaly et al. (1993) reported no breed differences among some West African
Dwarf (WAD) sheep and goat breeds to strains of T. vivax and T. Congolense, whilst
Adah et al., (1993) reported that Red Sokoto goats were more susceptible to T.
congolense infection than the West African Dwarf goats. The West African Dwarf
goats recorded positive unit weight gain in spite of the infection. Trail et al. (1991)
reviewed the studies on the relationship between trypanotolerance and performance of
cattle and the genetics of trypanotolerance traits. The traits included were: the ability
to resist anaemia, between breed variation and the mounting of an effective immune
system (Murray et al., 1991; Kasali et al., 1988). Shaw and Hoste (1991) compared
the trypanotolerant N’Dama and trypanosusceptible Boran cattle. Boran cattle had
higher frequencies of splenic cell secreting IgM specific for trypanosome derived,
whereas the N’Dama had significantly more VSG-specific IgM in blood than did the
Boran cattle during the infection. The peripheral blood mononuclear cell population
of N’Dama cattle contained a higher percentage of surface IgM positive B cell prior to
and throughout infection than the Boran cattle (Taylor et al., 1996). Studies have been
conducted to understand the tsetse genetics (Glossina species). From extensive data
analysis, it has been concluded that T. vivax easily infects tsetse while other species
have difficulties. There are sex differences in susceptibility. Male tsetses were more
readily infected than females. T. congolense infection in Glossina morsitans was
shown to be determined by maternal effects. Large family differences in susceptibility
can be selected for (Van der Zijpp, 1998). There is research on identifying some
QTLs responsible for trypanotolerance in N’Dama cattle of Gambia (Van der Waaij,
2001).
Genetic resistance of cattle to the tick, Boophilus microplus, was demonstrated in
1970’s and selection response to artificial challenge was achieved in Australian
Illawarra Shorthorns (Morris, 1998). Other workers have considered the factors in
host resistance to ticks in cattle. These factors are: i) host resistance (anatomical,
physiological, behavioural and immunological), ii) breed differences to tick
resistance, iii) studies on marker genes associated with host resistance (Castro et al.,
1991; Andrade et al., 1998). The presence of a putative major gene for tick resistance
at a frequency of 0.26 has been demonstrated. This gene is segregating and is
dominant. This leads to an absolute or extremely high resistance to ticks (Kerr et al.,
1994). The identification of the gene has been the initial step. The next task is to
identify genetic markers for this and then use marker-assisted selection (MAS) to
improve tick resistance. This will ensure that the selection is more efficient.
Resistance to metabolic diseases has also been investigated. A genetic correlation
between ryegrass and facial eczema of 0.3 has been estimated. This means that there
is some genetic association although small that can be used to further investigate
resistance to the facial eczema condition. A large apparent selection line difference of
55.6 % in incidence has been recorded in spite of a low heritability (Morris, 1998).
Response to selection for reduced susceptibility to bloat has been recorded in Friesian
–Jersey crosses. A major gene responsible for 80 % of the genetic variance has been
identified (Morris, 1998).
Diseases are not the only conditions that have negative effect on productivity. Stress,
among others, also contributes to poor performance. Several studies have been done
to breed animals for high tolerance to environmental stress. This has led to production
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of such breeds as the present day Brahman and Bosmara and the extensive use of
crossbreeding to produce animals adapted to particular environmental niches.
Crossing of Brahman and Herefords or Shorthorns has resulted in F1 progeny that
have resistance to tropical stress and high genetic potential for growth and
reproductive traits (D’occhio et al., 1994). Gal-o-le and Planchenault (1993) reported
similar findings in goats.
Limitations to breeding for disease and parasite resistance
Disease costs vary depending upon the prevalence of the disease and on the
availability, effectiveness and sustainability of alternative control measures. It easier
and simpler to cost treatment and control than to estimate the cost of breeding for
disease resistance (Woolaston et al., 1996). Breeding for disease resistance usually
requires that either candidates, or their relatives be exposed to the pathogen so that
resistance levels can be compared. This is a costly exercise. In general, parasitic
diseases create no ethical problems in a breeding programme unless natural challenge
levels are sufficient to enable discrimination between host susceptibility. It is
desirable that selection criteria for all major disease be developed that will be
informative in healthy animals.
MHC loci exhibit the highest polymorphism of all known functional loci in
vertebrates (Frankham et al., 2002). For example, in humans the most studied species
have 67, 149 and 35 alleles at the class I HLA-A, HLA-B and HLA-C and 69, 29 and
179 at the class II DPB, DQB and DRB loci respectively (Hedrick and Kim, 2000). It
would have been most useful if disease susceptibility/ resistance were based on a
single gene effect. Unfortunately most of this is based on multiple host resistance
genes making selection complex. Molecular genetic markers offer promise. However,
this is fraught with the problem that simple genetic markers have so been elusive as
physiological traits to predict resistance in undiseased animals (Woolaston, 1998).
The differences in disease resistance can be due to DNA polymorphism. This DNA
polymorphism can be detected by use of many techniques. However there are
problems with these methods. These include the fact that the running conditions must
be defined otherwise the results will be difficult to interpret. Some techniques are
tedious (Nolloau and Wagener, 1997). In spite of some automated instruments, there
is still a wide variation in accuracies of the methods, with some with an efficiency of
50percent in the RNase assay and others 100 percent in Heteroduplex analysis.
Accuracy in the range of 99.9 percent is a basic requirement for clinical applications
and genotyping errors as small as 3 percent have been reported to have serious effects
in association studies, which lead to biased results and wrong inferences. Some
techniques use dangerous chemicals that are not fit for routine laboratory use. The
chemical cleavage of mismatches is one such technique that uses hydroxylamine and
osmium tetroxide (Saleeba et al., 1992) Commercial breeding programmes for sheep,
which include resistance to gastrointestinal roundworms, are now operating in
Australia and New Zealand. Work with some crossbred beef cattle showed that
temperamental trait, tick resistance and buffalo fly resistance had no consistent
significant relationships with each other or with weights or growth rates to 24 months
(Fordyce et al., 1996).
In some cases, selection for disease resistance results in unfavorable effects on
production. For example in poultry, selection for Marek’s Disease resistance is
favored in egg production, but selection for rapid growth may reduce Marek’s Disease
resistance in broilers (Gavora, 1998). Current efforts are to identify marker genes so
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that marker-assisted selection can be applied. The use of genetic markers to assist
phenotypic selection currently seems to have limited potential due to the existence of
a large number of false positives in identifying QTLs and the cost involved. As a
result, there is a large international effort to identify and locate QTLs in livestock for
disease traits and production traits. At the production level there are problems with
keeping linkage disequilibrium. At the family level there are problems of the size of
the family. Most often, the size is too small to allow meaningful data analysis. Hence
much work has been done in poultry.
The use of transgenic animals currently has limited application (Muir, 1994). This is
because the transference of the transgenes in animals’ cells can also have
consequences other than the desired disease resistance. These include conditions that
lead to death due to for instance, excessive growth hormone production. Therefore,
thorough testing of trangenics is a prerequisite (Rege, 1995). Another complicating
factor is that the agents of diseases and parasite are generally complex and express
several virulence factor necessitating different host response attributes. As a result,
breeders are prompted to select for enhanced host resistance as a method to improve
broad-based resistance. This is however complicated by negative relationships
between various mechanisms of host immunity. High antibody responders were found
to be more resistant to extracellular pathogens but more susceptible to intracellular
pathogens such as Salmonella typhimurium. These are better controlled by phagocytic
and cell mediated immunity (Phua et al., 1998).
Selection for resistance to one disease might increase susceptibility to another disease
(Mallard et al., 1998). The assumptions used to determine response are not met in real
life. These include the assumption that the traits or disease resistance are under
additive genetic control and that the population parameters are known without error
(Phua et al., 1998). For some parasitic diseases, information is still scanty. The
evidence of increased resistance of indigenous breeds of cattle to deseases compared
to imported breeds to Theileria parva and other tropical Theileria species is
inconclusive. There is no evidence for the existence of genetic variation in
susceptibility (Spooner and Brown, 1991). In some cases, the behaviour of the
animals makes it difficult to assess susceptibility to some diseases. Goats, for
example, because of their bipedal stance, have not been subjected to natural genetic
selection for resistance to gastrointestinal parasites, even to give them an artificial
challenge to assess susceptibility is difficult. Growing evidence suggest that genetic
selection for resistance to nematode infection in lambs is useful complement to
existing control strategies. There is need to know the epidemiological relationship
between resistance and productivity. Currently, epidemiological effects are little
known and those that are known are so variable (Bishop and Stear 1998). Therefore
most disease and parasite work is still on understanding more of the variation among
animals in resistance to natural infection (Stear et al., 1998). The other major
constraint in performing experiments to determine the genetics of disease resistance is
the long generation interval in most animals.
Not much has been done in Zimbabwe in this line of research. This is so because of a
number of reasons outlined above and more. The cost is prohibitive. The equipment
for the genetic assessment is quite few in the country. There is lack of continuity in
research, which is a requirement for some of this long-term genetic characterization of
indigenous animal diversity. The other hindrance comes in the form of the brain drain.
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There are more scientists working outside Zimbabwe’s borders than the 20 000
working locally because very little is spent on research and development This is
clearly articulated in the study conducted by Scientific and Industrial Research and
Development Centre (SIRDC) (Muchenje, 2002). A paltry 0.2 percent of the gross
national product is invested in research yet an average one-percent is required (The
Financial Gazette, 2003).
Conclusion
A lot has been achieved both at scientific and practical levels in controlling those
diseases that are determined by single or few recessive genes. Most have been pushed
close to elimination. The porcine stress syndrome among others, has been fully
understood and marker assisted selection is being applied to reduce its incidences.
But, for the diseases that are controlled by many genes (polygenic) there is a lot still
to be researched on. The population structure and family sizes seem to be important
determinants of what has been achieved in the different species. The impetus to
continue searching for QTL comes from world –wide emergence of drug resistance in
worms, parasites and other pathogens (Zhang et al., 1998). The fact that there have
been no new drugs developed in a long time against some parasites such as ticks make
the search imperative. The MHC seems to be main centre involved in disease
resistance.
Conventional breeding methods of selection and mating systems will remain the
principal approach to improvement of resistance to disease given the low heritability
of the disease traits. In some instances genetic engineering of resistance mechanisms
will be justified. It will be justified after modification so that the adverse effects are
reduced to a minimum if not completely eliminated. Breeding for resistance will gain
importance as the most environmentally desirable method of disease control.
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Abstract:

The 10-year assessment of a major African research and technology organization (RTO) was chiefly
carried out to evaluate the extent to which it had delivered relative to its mandate. The case study
approach was backed by key informant views obtained from over 30 persons across several key
economic sectors and over 20 local and internal stakeholder institutions. Analysis of secondary data
and comparative evaluations of peer RTO centers also bolstered the decade long evaluation. State
resources can not fully sustain RTOs. For SIRDC financial resource availability per researcher plunged
288% in real terms over the 10-year period under review. This certainly happened at times when local
industry needed RTO service most. RTOs must be innovative to overcome existential challenges that
relate to funding gaps, capitalization of their facilities and capacity in terms of researcher pool. Even
under severe funding constraints, the referral role of RTOs remains critical for industrial development
and economic growth and this is coming out as SIRDC adopts and implements R&D product
commercialization. Many state departments, technical colleges, universities and even high schools are
using commercialization as a survival tool under the current tough macro-economic environment.

1.
Introduction:
The Scientific and Industrial and Development Centre (SIRDC) is a Zimbabwean
RTO created in 1993 through the Research Act of 1986, as amended in 1988. It was
modeled along the lines of the Council for Scientific and Industrial Research (CSIR)
of the Republic of South Africa (RSA) and the Foundation of Scientific and Industrial
Research (SINTEF) of Norway. At inception the main objectives as given in SIRDC
Annual Reports were to:
• Provide research and development (R&D) support to industry and other
stakeholders so that Zimbabwe develops products to international standards.
• Provide a wide variety of analytical services to the industry and public sectors.
• Develop a wide range of collaborative research projects with universities and
other R & D institutions for the benefit of Zimbabwe and the SADC region.
• Offer technical advice and support to small-scale farmers, resource poor
entrepreneurs, cottage industry operators, informal sector and emerging
industrial entrepreneurs wishing to launch viable enterprises.
• Serve as a referral and consultancy centre for technical information to
individuals and organisations and to positively influence Zimbabwe industrial
policy.
Institutes headed by research directors and manned by respective scientists/engineers,
technicians and technical assistants were the presumed core-drivers of the SIRDC
mandate (names appended). The SIRDC objectives were adapted under a late 1990s
thrust review as follows:
Supporting the Industrial Development of Zimbabwe and the Region:
• Working with Zimbabwean and SADC authorities to identify and develop
industries with a high potential for growth, employment creation and
generation of foreign currency.
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Business Development and Market Alliances:
• Seeking new business opportunities which support or can be derived from
research activities (commercialisation)
• Seeking strong industrial partners who share common and/or complimentary
aspirations directed towards national and regional industrial growth.
Applications and Solutions:
• Focusing R&D efforts on solutions to customers’ problems through
application of SIRDC industrial R & D competence.
Multi-disciplinary R & D Teams:
• The potential of multi-disciplinary R & D teams at SIRDC were to be
developed to become a key competitive edge.
A Strong Economic Base:
• The profit level of SIRDC must provide an amount of revenue for sufficient
investments in strategic research.
A Competitive Personnel Strategy:
• Aspiring to provide an exciting working environment that attracts highly
competent personnel for every function in the Centre
All research units were to be fully equipped and personnel being well-remunerated so
as to ensure continuity in mandate execution.
Objectives of the Paper:
The main question to ask then is whether this was the reality over 10 years. How
much did the center fulfill its mandate after being led by two reputable Director
Generals (CEOs)? What more needs attention for effective RTO interventions in
Zimbabwe?
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Fig 1

Fig 2
Figure 1 depicts SIRDC mode of operation for the period 1996 to mid-2003 while
Figure 2 gives the new mode covering period mid-2003 to end 2006 (current). The
two frameworks were developed by the author after internal (within-SIRDC)
consultations.
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Prior to mid-2003 the Centre restricted R&D interventions to technology
development, transfer and extension either at company premises or through company
employees coming to SIRDC. Production capacity and business growth were then
assumed to respond positively resulting in economic growth. SIRDC focused on
product development as it was a new Centre without its own products to
commercilise. Whether interventions were fruitful or not was not the Centre’s key line
of focus. Relations with customers were not that strong as there were not many
products to market. Sirtech investments was established during this period in order for
it to spearhead the process of commercializing marimba, roofing tiles (products
developed by BTI) among other institutes.
Mid-2003, SIRDC witnessed leadership changes and a business approach was
adopted. The Stage Gate became the main project management tool and R&D
commercialization, provided for under the SIRDC constitution, took center stage.
Applied R&D interventions were thoroughly scrutinized and followed at all levelsproduction, markets, business growth and impact on the economy. Two way emphasis
also took center stage, implying tight feedback monitoring and incorporation of ideas.
Applied R&D commercialization of products developed prior to mid-2003 ensured
that results are put into practice much to the benefit of business persons, customers
and the economy. SIRDC benefited through equity participation and subsequent
reaping of resultant benefits. The center stood to realize resources for skills retention
and investment in equipment in not so distant future.
2.
Study Objectives and Approach:
This paper, using a case study approach, explores the evolution of SIRDC over years
and points out areas that need improvement regarding mandate evolution and
execution, resource mobilization, skills retention, value-addition to the Zimbabwean
economy and effective attainment of industrial productivity and competitiveness.
Crucial development stages and projects are also reviewed with the backing of key
informant views as well as peer RTO benchmark information. The interface with
national economic development programmes is also covered. Results are analysed and
recommendations made regarding sustainable RTO management.
3.
SIRDC Developmental Models:
3.1
Staff Development Fellowship (SDF):
The key founding model centred on Staff Development Fellowship (SDF) whereby
top-notch graduate scientists and engineers were sent overseas for higher degree
studies [MSc, PhD] followed by bonding equivalent to double the respective study
period. Only specified areas of competence were targeted. Initially this was donorfunded, then SIRDC took over before resource limitations forced total abandonment.
Over 20 scientists received this type of training but only four beneficiaries have
remained at SIRDC, three (3) of whom are now directors. All who were consulted
during this study seem to concur that this was a waste of resources as the majority
either did not come back or did not stay at SIRDC. There remains a big gap between
local industrial technology under-utilization versus capacity gained when fellows
were being trained resulting in, at times, human resources wastage. Diaspora links
have been difficult as some left Zimbabwe in a huff. Luring them back requires
resources for remuneration and strong public relations efforts. Borrowing from the
Ugandan experience, they might come back when they are over the age of fifty years
(a Ugandan diplomat pointed-out).
121

3.2
Partnership for Capacity:
SIRDC entered into collaborative partnerships with peer RTOs under donor-funded
arrangements, some of which include (2001-2 SIRDC Annual Reports, 2001-2
Quarterly Technology Monitor Magazines give progress):
• CIMMYT-Mexico on marker-assisted maize breeding techniques funded by
DGIS
• Danish Technology Institute (DTI) Cleaner Production Centre (CPC)
technologies funded by DANIDA
• GIS and Remote Sensing funded by GTZ
• Solar Technologies funded by UNESCO
• SINTEF SME Development Capacity funded by NORAD, among others.
These efforts resulted in transfer of technology covering expertise, tools, equipment,
training, literature, referral contacts and advisory secondments. Research management
and administration were equally improved. Over 60 SIRDC personnel benefited but to
date less than 10% are still at SIRDC. Profit center modeling and the balanced score
card (BSC) were introduced but rarely sustained due to staff turnover. Funding gaps
reduced gained momentum tremendously and industry did not fully benefit.
Remaining participants (E Chivero, Eng F Gweme, personal communication) rate
these partnerships highly.
3.3
Matching Infrastructure Development:
The building of capacity earlier highlighted was supposed to coincide with the pace of
SIRDC construction. Returning SDFs were supposed to enter fully furnished offices
and fully equipped research laboratories and engineering workshops (former CEO).
This was not to be due to resource diversions (1995 All Africa Games, War Vets
Gratuities of 1998) coupled with donor scale-downs and eventual pull-outs. The
Spanish Equipment Protocol valued at more US$18.6 million never materialized and
returning SDFs were greeted with empty workshops and laboratories. Frustrations
gave way to resignations and SIRDC remained in limbo as far as delivery on
mandates was concerned.
3.4
Technology Transfer:
The Centre also had opportunities to acquire valuable expertise and notable cases
include (details in 2001-2 SIRDC Annual Reports):
Geographical Information Systems (GIS) and Remote Sensing (RS) with GTZ
Cleaner Production expertise with DTI
Marker-assisted breeding with CIMMYT
SME Development with SINTEF of Norway under NORAD
Renewable Energy with JICA/Miyamoto and UNESCO Summer School
Partnership summaries covering key developments and gains realized as well as gaps
are given below per project .The success rate works out to about 20%.
Table 1: Selected Projects for Evaluation
Researchers
Project
involved
GIS-ERSI/GTZ
9
CPC-ERSI/DANIDA
8
Maize-BRI/DGIS
4
TIDE-PEI/TMD/NORAD 30

Researchers
remaining
3
2
4
4
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Rating in
Region
2
2
1
1

the

Renewable
EnergyETI/UNSECO
11
0
62
13
Totals
Source: Condensed data after SIRDC consultations-2006

2
0

3.5
Additions:
The Food and Nutrition Council (FNC) and the Technological Information and
Promotion Systems (TIPS) were also added to the SIRDC family following State
realization of synergies. Latest indications point towards the establishment of a
national productivity center (NPC) at SIRDC.
• These raise the Centre’s pool of expertise, the one-stop shop concept gets
stronger
• Publicity events are mutually beneficial
• International collaborations benefit the entire centre
• The Food Fair organized by FNC raised the entire SIRDC flag and clients got
to know the Centre better
• TIPS winner project created networks for SIRDC
Both are enhancing the new thrust having embraced the business culture as called for
by the Centre’s policy drivers
4.
Research Review Results:
SIRDC management, researchers and SINTEF advisors met on the 21st June 2002 for
the First In-house Research Review Seminar at the SIRDC Campus (SIRDC Report,
2002). Subjects of discussion are summarized under tables 2, 3 and 4 below.
Table 2: Available experts: 2002
Category/Institute Scientists Technicians Total
Executive
3
0
3
BRI
8
3
11
FBTI
6
0
6
BTI
4
3
7
ERSI
5
2
7
ETI
5
2
7
IEI
8
5
13
NMI
4
0
4
PEI
9
3
12
TMD
4
0
4
56
18
74
Totals
Table 3: Projects Audit: 2002
Category/Institute
Projects
BRI
8
FBTI
10
BTI
18
ERSI
12
ETI
15
IEI
17
NMI
11

Services
7
5
5
0
0
0
0
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Total
15
15
23
12
15
17
11

PEI
TMD
Totals

21
10
122

5
9
31

26
19
153

Table 4: New Projects Audit: 2002
Institute
New Projects
BRI
2
FBTI
2
BTI
3
ERSI
4
ETI
2
IEI
17
NMI
2
PEI
11
TMD
3
46
Totals
Recommendations centred, among others, on:
• Enhanced resource mobilization for equipment procurement
• Enhanced transport access (more vehicles, one/institute)
• Reduction of bias towards engineering projects at the expense of other
scientific projects
• Encouragement for PhD studies whilst at work
• Enhanced Sirtech Investment role at SIRDC
• Scientific Awards for Excellence
• Adoption of profit center model so that institutes are held 100% for
deliverables
All these efforts were adversely affected by high staff turnover, financial resource
constraints and donor-support withdrawals.
5.
Resources: Expertise Pool, Budgets:
Tables 5 and 6 respectively give manpower trends and financial resources available
for mandate execution.
Table 5: Staffing Trends: Personnel Profile: 2003-2006*
Category
Year 2003 Year 2004 Year 2005 Year 2006
Senior Experts
18
30
29
32
Technical Experts
94
65
81
69
Technical Support Staff 21
35
55
39
Administration
66
85
79
105
Total
199
215
247
242
Women technical
27
27
43
36
Women support
34
42
47
47
Total Women
61
69
90
83
* - equivalence numbering 20% of total also employed as casuals/year
Source: SIRDC Human Resources Management, 2006
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Table 6: Budgets incorporating research staffing
Variable/Year
Total
Receipts2
(Thousand ZW$)
Average
Exchange
Rate: US$: ZW$
Total
Receipts
(Thousand US$)
Research Staff
Resources
Availability/ Research
Staff (Thousand US$)
Source: SIRDC records

1996

1997

1998

1999

2000

2005

2006

11
875
1:7.5

15
417
1:8

41 881

68 490

94 000

1:12

1:38

121
076
1:55

1:100

373
100
1:250

1 583 1 927

3 490

1 802

2 201

940

1 628

27
58.6

61
57.2

80
22.5

99
22.2

136
6.9

108
13.8

36
53.5

The intellectual firepower rose to a peak in 2005 before taking a dip in 2006. Women
staff at the center peaked at 37% with 3 directors or equivalence and 4 managers
reflecting occupation of top level positions by women.
By international standards (Leif Anders Estensen 2006, personal communication) and
SINTEF 2005 Annual Report), 136 researchers and research managers could be
deemed small capacity as this works out to 15 researchers/institute or 3-5 researchers
per department. In contrast, the SINTEF Economics and Logistics Department, which
is part of the Industrial Management Institute, had more than 15 experts.
The financial resource pool has not increased in real terms despite growing demand
for the Centre’s services to lead in the economic recovery efforts. Overally it should
be noted that resources available per researcher declined more 60% starting the year
1999 and reached the lowest ever point in the year 2005. Overally (1996-2006) the
decline was 288%.
Government and donations have always constituted over 90% on average while
project income averaged about 6%. The heavy dependence of SIRDC on government
funding increases the centre'
s vulnerability to the ups and downs of government
fortunes which are subject to factors such as natural disasters and abrupt production
and policy shifts as well as international politics-induced isolations. The resultant
negative shift in donor attitude towards funding preferences also prejudiced the
fortunes of SIRDC thereby constraining its ability to be reliable to its clients.
This contrasts sharply with older and fully established industrial research and
development centres like SINTEF (Annual Reports 2003 & 5) which generates over
92% from projects and CSIR-RSA (Annual Report 2004/5) which generates over 70%
from projects and SIRDC made a decision to follow suit.
Expertise Availability and Manufacturing Performance:

2

Grants and own income
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The link between expertise access and manufacturing performance needs more indepth analysis. Such a study would require more time. However preliminary
information is given under Table 7 below.
Table 7: Manufacturing Output Growth and SIRDC Researchers
Year Output Growth % Researchers
1995 -14
<5
1996 3
27
1997 6
36
1998 -6
61
1999 -8
80
2000 -13
99
2001 -5
105
2002 -16
100
2003 -13
94
2004 -15
65
2005 -6
81
2006 -5
69
Source: Bankers’ Supplement 2006 published by Zimbabwe Independent Newspaper
Ideally output growth should be matched by rising number of researchers if SIRDC
mandates as a technology referral center were factored in resource allocation for
industrial recovery and growth. Currently there is no link a situation that urgently
needs redress.
In the early years, the Centre was building capacity and could be forgiven for not
matching manufacturing challenges but certainly later-SIRDC should get a share as
technological interventions have boosted enterprise performance by at 50% (SIRDC –
TIDE 1999-2001 experiences).
The trained experts left and got replaced by lower quality intellectual fire power. The
numbers also declined aggravating the challenges. When one notes the fact that our
per capita GNP is around US$590.00 when emerging nations average US$4 300.00
there certainly should be cause for concern.
The same story is highlighted under Table 8 below:
Table 8: Selected Major Macroeconomic indicators
Year
2001 2002 2003 2004 2005 2006
Growth rate %
-2.7 -4.4 -10.4 -4.2 -7.1 -4.2
Inflation %
73
133 365 350 255 >500
Trade balance US$ millions
323 -19
-108 -309 -359 -271
Foreign debt % of GDP
45.3 53
64.4 70.7 78.6 83.3
Debt service % of exports
31.4 35.1 35.4 35.3 30.9 26
Source: Bankers’ Supplement 2006 published by Zimbabwe Independent Newspaper
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Pre-mid 2003 (Old) Positives :
Despite setbacks earlier given, the Centre scored some successes in various sectors.
These include:
• ISO Certification Attempts for the whole Centre were initiated in 1999
• 14 SMEs supported under collaborative capacity building efforts are all alive
• Maize cultivars that are drought tolerant and insect resistant using markerassisted technology developed by BRI researchers
• GIS &RS Lab helping agriculture, security ministries as well as relief
programmes
• CPC and 12 demo projects left a mark in environmental management under
the Zimbabwean industry
• NMI Services, ISO 9000:2000 Accreditation and the Creation of the Only
Calibration Laboratory in Zimbabwe
• Dr E Masuku, then of BTI and Quality Assurance role during the Construction
of the New Harare International Airport
• First State Enterprises and Indigenisation Study in Zimbabwe and the region
was conducted by SIRDC
• First Brain Drain Study in Zimbabwe and the region was conducted by SIRDC
• Establishment of Sirtech Investments (in 2001)
If developed expertise was still around, funding adequacy attended to and
collaborations continued, more strides will have been taken resulting better milestones
being reached if not surpassed.
6.
Applied R&D Commercialisation:
Having noted resource constraints earlier highlighted, SIRDC reviewed its activities.
The resultant new strategic thinking (Figure 2) centers on stronger industrial linkages,
commercialization of R&D results for enhanced resource generation and enhanced
enterprise support, creation and realization of new business opportunities for
Zimbabwe, productivity and competitiveness focus and incorporation of State
directives. Monopolies are targeted for containment of exploitative tendencies. Tools
in use include:
• The Stage Gate concept
• Comprehensive Business Plan Per Project
• Joint Venture (JV) partnerships for capacity and rapid commercialisation
• Strict observance of State Directives and still fitting in critical roles under
NEDPP
• Strengthening the parallel approach by twinning applied R&D continuation
and applied R&D commercialization.
7.
The New Sirtech Investments Case:
SirTech Investments, a joint venture (JV) between Fintrust (Private) Limited of the
Reserve Bank of Zimbabwe and SIRDC, was successfully launched at the then Harare
Sheraton Hotel in 2005. The Vice President, Her Excellency J T Mujuru was the
Guest of Honour who gave a challenging key note address in which the JV was
expected to generate foreign currency through production for export. With core-staff
that has mastered the technologies, the addition of essential production and
administrative staff, the equipment and financial injections from the Central Bank, the
export ventures appeared attainable. The challenges of capacity, quality, cost and
deliverables remained within reach. The application of the Stage Gate Process in
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products and processes commercialisation minimises omissions of key steps and
ensures success through teamwork. About 30 experts in various technical disciplines
are also housed under Sirtech Investments and SIRDC can tap this expertise under
various Stage Gate teams. The main features are:
•

4 strategic business units (SBUs): foundry, roofing tiles, science& laboratory
teaching equipment and antibiotics were created
• Over 700 jobs were set to be created
• Resource sharing with SIRDC
• Still has strong R&D ties
A winner’s matrix is given under Table 9.
Table 9: New Sirtech Investments Case Winners matrix
Stakeholder
Relative
Impact- Relative Impact-Long term
Immediate
SIRDC
Resources, +
+++
Image, Mandate
Researchers
+
++++
Treasury/Fiscus
++
++++
Business
+
++++
Industry
+
+++++
Wholesalers, Retailers, ++
++++
Dealers
Employees
++
+++++
Foreign
currency +
+++++
savings
Foreign
currency +
+++++
earning
Peer R&D centres
?
+++
Universities, colleges
?
++++
Partnerships
++
++++++
Productivity
& ?
++++
Competitiveness
Improvement Centre
Source: Author’s own analysis
As commercialization gathers momentum, the Centre will benefit through additional
resources which could top salaries, buy equipment and meet operational costs.
Treasury will benefit through additional P.A.Y.E, VAT and levies as well as rates.
Cash injections will stimulate business transactions whilst promoting savings/earnings
in foreign currency facilitates global transactions. If peer centers and colleges adopt
the same, they will play the same roles much to the benefit of the Zimbabwean
economy.
Post-mid 2003 (New) Positives:
Though the adoption of applied R&D commercialization is just one year old, the
Centre scored some successes in various sectors. These include:
• Vital Inputs into NEDPP deliberations under Taskforces on import
substitution and value-addition (IS-V) and Distressed Companies
Rehabilitations
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•
•
•
•
•
•
•
•
•
•

8.

Roofing tiles monopolies bashed
Import substitution (IS) in SLATE
Enhanced regional networking through the regional research alliance (RRA)
Dual role antibiotics for livestock
Laboratory equipment to develop vaccines
Expertise retained
Industry-R&D linkages and benefits put into practice and demonstrated
The new Sirtech Investments, partnering the Reserve Bank of Zimbabwe
(RBZ)
Resource sharing with Sirtech Investments (the staff buses, premises, security,
expertise, good image at product/service promotion)
Promotion of staff to key senior positions from within and positive
implications on SIRDC staff confidence
Lessons learnt from the SIRDC Evolution Review:

Pre-mid -2003 lessons include:
• SIRDC has to adapt to changes (expected, unexpected) effectively
• Incentives and motivation are vital for continuity resulting in projects
successful execution
• The adverse impact of donor withdrawals should, to some extend, have been
mitigated by Treasury
• RTOs should not over-rely on external support, they must strategise internally
to sustain operations
• The expertise paradox remains (non-performers in Zimbabwe and stars
outside) a worrying phenomenon in Zimbabwe including SIRDC and
associated myths should be dispelled.
• Policies governing RTOs should accommodate flexibility with ease so that
executives can promptly deal with changes to sustain operations
• Commercialisation vision complemented change directives by treasurygeneration of own resources through economic charging to recover costs
• SIRDC should fully utilize the tools it develops
Post-mid -2003 lessons include:
• Monopolies broken much to the benefit of business, building sector and
consumers
• Good ideas always prevail
• The adoption of the business approach and application of the Stage Gate
process enhanced RTO-industry interactions
• Commercialisation fits very well into the import substitution (IS) and Valueaddition (VA) thrusts anchoring NEDPP.
• Under commercialization, research is not abandoned. In fact its needed much
more to win competition battles.

9.
Evaluations:
The expertise paradox remains a worrying phenomenon in Zimbabwe including
SIRDC. Our industry lowly rates universities and colleges graduates but as soon they
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cross the border into RSA, Botswana and Namibia among others or should they go
overseas to New Zealand and Australia they become gold. They suddenly become
stars in using latest technology-what is wrong with us? This nation gets taxed through
training whilst subsidizing other nations as the cream of Zimbabwean expertise boosts
productivity and competitiveness elsewhere. The recipient nations merely benefit
from what they did not sow!
The donor withdrawal almost collapsed everything as the Center had no means of
sustaining capacity building programmes. The trained scientists left and the SIRDC
built capacity evaporated leading to conclusions that all was waste of resources and
efforts. Over years the Center witnessed a waning pool of hard-core experts
(scientists) and the emergence of the BSc holder-level scientists reducing the Center’s
esteem. Resource limitations also adversely affected maintenance of equipment,
vehicles, laboratories, engineering workshops and also the up-grading of software
packages. The SDF programme also suffered the same fate from lack of funding.
Closer analysis of the Centre’s evolution reveals that some good tools developed were
not utilized fully partly because of high staff turnover. Examples include
Computerised Resource Tracking, Project Management Manuals, the Profit Centre
model and ISO certification initiations.
10.
Concluding Summary:
In summing-up, this paper calls for responsive staff retention packages within RTOs,
full investment into equipment and facility development, enhanced diaspora links and
collaboration covering expertise and access to even reconditioned equipment. The
incentives could be considered for funding by the Critical Skills Attraction and
Retention Fund. The issue of productivity-linked incentives under commercialization
of applied R&D products also needs serious consideration.
Technology leapfrogging whilst integrating technology development with markets
and finance remains vital. Tools such as the Stage Gate assure teamwork and
minimize resource wastage including the involvement of experts in diaspora. The ICT
importance remains key. The gender dimension also need integration with performing
women being elevated into key positions in line global trends.
The resource mobilization efforts should not be restricted to Treasury allocations
alone. Banks could inject resources into JVs, private sector could sponsor operations
of particular key institutes, consortiums could team-up and procure key central
technologies which could be shared, industry R&D projects could be done by
graduate students at SIRDC all to the benefit of the Zimbabwean economy.
The outstanding buildings requiring special designs to house energy technology
institute (ETI), national metrology institute (NMI), electronics and communications
institute (ECI), informatics institute (II) as well as the environment and remote
sensing institute (ERSI) incorporating the national Cleaner Production Centre (CPC)
must be completed. The issue of manpower development remains central to mandate
execution. The BSc level scientists need up-grading and the caliber of scientists and
engineers needs to remain top-notch all the time. There must be policy consistency
irrespective of changes that occur in the Centre’s Highest Offices (the CEO and Board
of Directors).
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These views are vital inputs into creation and establishments of new technical
universities, colleges and vocational training centers. Similar institutions could use the
same findings when strategizing for effective mandate delivery and growth. Adequate
funding is vital and when provided the RTOs must deliver. In the mean time, SIRDC
is performing well above expectations under the current situations. Both CEOs (DGs)
must be highly commended for their efforts to date.
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Abstract

The present study compared perceptions between bank tellers and three internal customer groups
(stayers, satisfied switchers and dissatisfied switchers) with respect to service satisfaction in a retail
bank in Zimbabwe. One hundred (100) bank tellers and three hundred (300) customers participated in
the study. The SERVQUAL (service quality) questionnaire of Parasuraman, Berry and Zeithaml
(1985) was used to measure perceptions of service satisfaction with the retail bank between bank tellers
and customers. The questionnaire was adjusted to suit the banking environment. The findings of the
study indicated a significant effect of category on service satisfaction (p<0.0001). There were
differences in perception of service satisfaction with the bank between dissatisfied switchers and
stayers with a 95% confidence interval of (0.046, 0.322). There were also differences in service
satisfaction with the bank between bank tellers and each of the three identified internal customer
groups at 95% confidence intervals with positive lower and upper limits of (0.015, 0.239); (0.105,
0.334); (0.167, 0.455), respectively. In all cases, tellers were more satisfied with the bank’s services
than customers. The implications of the results for the banking sector are that management should
consider the preferential treatment and utilisation of tellers as an important group of employees as well
as the differential treatment of the various customer groups.
Key words: service satisfaction; internal customer groups

Introduction and background of the study
At the centre of many service organisations today is the notion of improving
organisational performance by attracting, satisfying and retaining customers. Such
efforts are realised through the delivery of quality service (Steyn, 2000). Research has
shown that quality of service organisations has roots in the contact employees with
direct contact with customers on a daily basis (Ferrell & Hartline, 1996). Therefore,
the behaviours of contact employees during service encounter with customers are
indicative of the employees’ satisfaction with the services of the organisation.
Previous investigations (e.g., Parasuraman, Berry & Zeithaml, 1985; Govender, 1998;
Govender, 1999) measuring service quality compared perceptions of contact
employees with those of customers from different organisations, which offer the same
services. Contact employees used in these studies were those described as having
“meaningful long contacts” with customers. Other contact employees with relatively
longer periods of contact with customers (e. g., bank tellers) have not been used.
In tandem with the marketing concept, recent customer base studies by Garnesh,
Arnolds and Reynolds (2000) have shown that organisations’ customers are
comprised of three groups: (1) Those who have stayed with the organisation for quite
a long time without switching (stayers); (2) those who have switched from other
service organisations because of dissatisfaction (dissatisfied switchers); and (3) those
who have switched for reasons other than dissatisfaction (satisfied switchers). To our
knowledge and understanding in the area of customer satisfaction research, no
attempts have been made to investigate differences in perceptions between these
groups and a group of contact employees, namely, bank tellers in Zimbabwe.
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The selected bank for the study was a large commercial bank with a network of about
15 branches in the whole country. The asset level of the bank during the time of the
study was around 7.4 billion dollars (revalued). Within the financial sector
(commercial banks), the bank ranked fourth in the country. The net profit after tax of
the bank was around 1.3 billion dollars (revalued). The turnover rate of the bank was
about 20-30% per annum and its employee base was around 1500.
Objectives of the study
(1) To determine the effect of group (category) on service satisfaction with the bank
(2) to compare the perceptions of service satisfaction with the bank among the three
internal customer groups.
(3) to compare perceptions of service satisfaction with the bank between bank tellers
and each of the three internal customer groups..
The concept of service quality
Existing attempts to define service quality in banking environments faces numerous
problems because: (1) Services are intangible and customers have few, if any cues
from which to deduce quality; (2) services are often produced in association with the
customer during employee – customer interaction, which makes the standardisation of
service quality impossible (Bowen & Schneider, 1985) and (3) services are often
produced and consumed simultaneously so that there is limited time to assess quality
(Parasuraman et al., 1985). The concept of“perceived quality” has been suggested as a
means of conceptualising service quality (Parasuraman et al., 1985). Teas (1993)
defined perceived service quality as “…a global judgment or attitude relating to the
superiority of the service” (p. 23).
Theoretical explanations of service quality perceptions
Parasuraman et al. (1985) proposed that perceptions of service quality among
customers are influenced by a series of four gaps occurring in organisations, namely,
(1) the difference between customer expectations and management perceptions of
customer expectations, (2) the difference between management perceptions of
customer expectations and service quality specifications, (3) the difference between
service quality specifications and service quality actually delivered and (4) the
difference between service delivered and what is communicated about the service to
the customer. Perceived service quality - which is usually regarded as gap five, is
therefore the difference between customer expectations and the perceptions of service
quality and it depends on the size and direction of the other four gaps.
Treacy and Wiersema (1993) proposed that perceptions of service quality are best
understood when an organisation creates value for its customers. Organisations that
create positive perceptions of their service(s) do so in line with one of the three value
disciplines, namely, (1) operational excellence (2) customer intimacy (3) product
leadership.
Service quality and customer satisfaction
A generally agreed upon relationship between service quality and customer
satisfaction is not known. Boshoff, Mels and Nel (1992) argue that the concepts of
service quality and satisfaction are related in the sense that continuous incidents of
satisfaction lead, in time, to perceptions of service quality. Anderson and Sullivan
(1993) suggest that quality is an antecedent of customer satisfaction. According to
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Reindenbach and Smallwood (1990) customer satisfaction is transaction specific,
whereas service quality is a global assessment (i.e. the direction of causality is from
customer satisfaction to service quality). The view held by many researchers is that
service quality leads to customer satisfaction.
Theoretical overview of customer satisfaction
The transaction-specific and cumulative conceptualisations view customer satisfaction
as a post – choice evaluative judgment of a specific purchase or service (Hunt, 1977;
Oliver, 1993). The expectancy – disconfirmation theory of Oliver (1980) asserts that
customer satisfaction is a function of expectations and disconfirmations. On the other
hand, Thibaut and Kelly’s (1959) comparison level theory uses the concept of
comparison level to understand customer satisfaction. The comparison level is the
standard against which a customer evaluates the attractiveness of the relationship or
how satisfactory it is.
The management of customer – contact employees
Contact employees in service organisations are regarded as pivotal in forming
customers’ levels of perceived service quality (Parasuraman et al., 1985; Jones and
Sasser, Jr (1995). Employees who have direct contact with customers provide a
superb means of listening to customers. The management of customer contact
employees depends on the commitment of management to service quality (MCSQ)
(Ahmed & Parasuraman, 1994).
Research hypotheses
In light of the objectives and the reviewed literature, the following research
hypotheses were operationalised:
H1 There is no significant effect of group (category) on service
service satisfaction.
H2 There is no significant difference among the three internal customer groups in
terms of service satisfaction.
H3 There is no significant difference between tellers and each of the internal customer
groups in terms of service satisfaction
Research methodology
Populations and samples
Bank tellers
The population of the bank’s tellers comprised all 122 bank tellers the bank had in its
employ, in its 20 branches through out the country at the time of the study. A sample
of 100 bank tellers, who had contacts and served customers on a daily basis, was used
for the study.
Customers
A sample of 300 of the bank’s customers was used. This sample represented 0,25% of
the bank’s total population of 140 000 customers. The reason for the sample size was
that, selecting a numerically representative sample, of say, 10%, from the large
number of customers would have resulted in a disproportionally large sample in
comparison with the numerically small sample of bank tellers. A systematic sampling
technique was used to select the required number of customers from each branch. Of
the 300 customers, 52 were stayers, 118 satisfied switchers and 130 were dissatisfied
switchers.
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Measuring instruments
The pre-survey questionnaire
A short, pre-survey questionnaire, with items developed by Garnesh et al. (2000) was
primarily used to identify the existence of the three groups of customers from each of
the 20 branches of the bank. It was also used to determine whether respondents
(especially customers) were literate enough to respond to written word without any
assistance. The first part of the questionnaire contained three questions that were
designed and used to categorise customers into the three groups. The first question
asked respondents whether the bank was their major banker; the second question
asked whether their current bank was their first ever bank; and the last question
(which was a continuation from the second question) asked respondents to give a
reason for switching from their previous bank to the current bank, if they had
indicated that the current bank was not their first ever bank. The options for switching
included: (1) overall dissatisfaction with the services of the previous bank or (2)
reasons other than dissatisfaction (e.g. job relocation, moving out of the bank’s
service area, the previous bank closed down or was bought by a different bank). The
response categories for the first two questions were (1) “yes” and (2) “no”, whereas
the response categories for the last question were (a) overall dissatisfaction with the
services of the previous bank, (b) job relocation, (c) moved out of the bank’s service
area, (d) my previous bank closed down, (e) my previous bank was bought by a
different bank and (f) other. Customers who responded “yes” to the first two
questions, that is, those for whom the bank was their major supplier and first ever
bank to open an account with, were categorised as stayers (i.e., those who had never
switched services). Customers who responded “no” to the second question, (indicating
that the bank was not their first ever bank to open an account with), and who
responded to the last question by indicating that they were dissatisfied with the
services of their previous bank, were categorised as dissatisfied switchers. Those
customers who responded “no” to the second question, and responded to the last
question by giving any other reason other than dissatisfaction with the services of
their previous services, were categorised as satisfied switchers. The results of the presurvey indicated that there were sufficient numbers of each customer group in each
branch, and that respondents could complete the questionnaire without any assistance.
The survey questionnaire
Section A of the questionnaire did not apply to bank tellers but contained three items
(as in the pre - survey questionnaire), which enabled the classification of customers
into the three groups (i.e., stayers, dissatisfied switchers and satisfied switchers). The
response categories for the items were the same as those of the pre-survey
questionnaire. Section B of the questionnaire contained 21 items, developed by
Parasuraman, Berry and Zeithaml (1985) to measure service satisfaction. The items
measure the customers’ satisfaction with the bank’s tangibles, reliability,
responsiveness, assurance, empathy, and overall satisfaction. The items were
measured on a four-point itemised scale that ranged from “strongly disagree” to
“strongly agree”.
Sampling procedure
The pre – survey questionnaires were systematically distributed to customers at each
branch by a member of the bank chosen randomly by the branch manager. Customers
were asked to drop the completed questionnaires in a box situated at the entrance of
the bank as they left the branch of the bank. The distribution of the survey
138

questionnaire among the tellers was done by the branch managers and completion of
the questionnaires was done during lunch and tea breaks. A staff member, randomly
chosen by each of the branch the managers, systematically distributed the
questionnaires among the customers.
Statistical analysis
Service satisfaction was measured through a series of items developed by
Parasuraman, Berry and Zeithaml (1985) that are classified into five categories,
namely, tangibles, reliability, responsiveness, assurance and empathy. An average
service satisfaction score was calculated as the average of the scores in each of the
categories/classifications. This average service satisfaction score was then used as the
response variable of interest. To test if the average satisfaction score significantly
depended on category, one way analysis of variance (ANOVA) was used. Following
the detection of a significant category effect on average service satisfaction, the
Tukey’s multiple comparison procedure was performed in order to identify pairs of
significantly different categories. All tests were carried out at a 5% level of
significance.
Results
Research hypothesis 1: There is no significant effect of group (category) on service
satisfaction.
Table 1 Anova results for test of category effect
SOURCE
DF
SS
MS
F
Service
3
4.25
1.42
13.30
satisfaction
Error
396
42.12 0.11
Total
399
46.37

P
<.0001

As indicated in Table 1 above there was significant effect of category on service
satisfaction [F (3.396) = 1330, p<0.0001]. The research hypothesis was therefore
rejected. Thus, service satisfaction was dependent on whether the category was
composed of stayers, satisfied switchers or dissatisfied switchers.
Research hypothesis 2: There is no significant difference among the three internal
customer groups in terms of service satisfaction.
As indicated in Table 2 there was no significant difference between means of service
satisfaction with the bank between dissatisfied switchers and satisfied switchers with
a 95% confidence interval of (-0.014, 0.199). Similarly, there was no significant
difference between means of service satisfaction with the bank between satisfied
switchers and stayers with a 95% confidence interval of (0.049, 0.231).
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Table 2 Comparison of service satisfaction among the customer groups
Comparison
Mean
95% Confidence limits
difference (Lower limit) (Upper limit)
Dissatisfied switchers & 0.092
-0.014
0.199
satisfied switchers
Dissatisfied switchers & 0.184
0.046
0.322***
stayers
Satisfied switchers &
0.091
-0.049
0.231
stayers
However, there was a significant difference between means of service satisfaction
with the bank between dissatisfied switchers and stayers with a 95% confidence
interval of 0.046, 0.322). Thus, dissatisfied switchers were more satisfied with the
service provided than stayers.
Research hypothesis 3: There is no significant difference between tellers and each of
the internal customer groups in terms of service satisfaction.
Table 3 Comparisons of service satisfaction between tellers each customer group
Comparison
Mean
95% Confidence limits
difference (Lower limit) (Upper limit)
Tellers & dissatisfied
0.127
0.015
0.239 ***
switchers
Tellers & satisfied
0.220
0.105
0.334 ***
switchers
Tellers & stayers
0.311
0.167
0.455 ***
Table 3 shows results of pair wise comparisons of tellers and all the internal customer
groups significantly differing with 95% confidence intervals with positive lower and
upper limits. The hypothesis was therefore rejected. In all cases, tellers were more
satisfied with the bank’s services than customers.
Discussion
The finding that there was a significant difference in perceptions of service
satisfaction between tellers and dissatisfied switchers contradicts previous research
findings. For example, Garnesh et al. (2000) indicated that dissatisfied switchers are
the most satisfied with their current service provider. The results are however, not
surprising. Given the nature of dissatisfied switchers as a group of customers who can
switch service providers at any time; and that they are sensitive to any slight poor
treatment in the service relationship, the results reflected the true nature of this group
of customers. They are not affected by overall evaluation of the services provided, but
rely on episodes of intermittent poor service and evaluate satisfaction on that basis.
The differences in perceptions of service quality between tellers and satisfied
switchers could be understood in terms of the switching behavior of satisfied
switchers. Basing on the fact that satisfied switchers are customers who are using the
current service provider (the bank) for other reasons other than dissatisfaction with
their previous services providers, the differences noted between them and tellers could
be attributed to their dissatisfaction with the current services of the bank and not their

140

previous service providers. However, this assumption contradicts the findings of
Garnesh et al. (2000) who pointed out that, customers labelled as satisfied switchers
show different levels of satisfaction with current service provider due to previous
experiences or dissatisfaction with the previous provider.
The difference in perceptions of service satisfaction between tellers and stayers has
support from previous research. For example, Govender (1999) found a significant
difference in perceptions of satisfaction between customers regarded as totally
satisfied and contact employees. Similarly, Schneider and Bowen (1995) found that
the organisational climate as perceived by contact employees was not associated with
customer’s perceptions of organisational service quality. However, the results present
a different view of customers regarded as stayers who are known to have a lot of
experience and therefore expected to be satisfied with their current service provider.
Stayers’ perceptions of the service provision at the time of the investigation were
probably a true reflection of the bank’s status quo in terms of service delivery.
The significant differences between tellers and each of the three identified customers
groups are in tandem with the notion that when employees feel the service atmosphere
as “warm and friendly,” their perceptions of service quality are more positive and
loyalty to the service organisation is enhanced. These positive perceptions are then
reflected in the employees’ interaction with different types of customers who will in
turn view the whole organisational climate as very conducive and satisfying (Wood,
1994; Houston, 1994).
The fundamental difference in service satisfaction between dissatisfied switchers and
stayers could be explained by the notion that dissatisfied switchers do have prior
experience with other service providers than stayers (Dick & Basu, 1994). This
suggests that differences existed in the sets of expectations used by these two groups
and accordingly implies the observed differences in their levels of subsequent
judgments. In further explaining these findings research has also indicated that the
nature and amount of consumer’s experience with the evoked set of brands are
important determinants of the satisfaction process (Cadotte, Woodruff & Jekins,
1987).
Managerial implications
Firstly, for the banking sector in Zimbabwe where the economy is unstable, investing
resources in employees and customers who have a long-standing relationship with the
organisation will be beneficial. An investment in employees satisfied with the
services provided could result in the creation of true employee and customer intimacy.
Secondly, the unstable environment in the country requires that the banking sector
continuously assesses the changing service level needs of employees and the different
customers in their organisations. This will help in the designing and positioning of
product categories relative to these needs. It will eventually not only create value for
the current employees and customers, but will serve as a way of attracting new ones.
Thirdly, in a volatile environment like in Zimbabwe, the banking sector could
consider not investing much of their resources among customers who are always
seeking change and chasing low charges because they are not risk aversive.
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Lastly, service organisation should aim at providing conducive organisational climate
that supports satisfied employees who will in turn develop positive and proactive
measures in order to make the employee-customer relationship chain a positive one.
Limitations and future research directions
The focus of the investigation on one single industry raises concerns about limited
generalisability. The study remains in reality, not representative of all other retail
banks in Zimbabwe. There is scope for much continued effort in service quality
studies in the country. Additional replications alone will provide a great deal of future
insight. Extensions to the areas of cross-cultural comparisons and communication can
provide rich advances for future research.
Conclusion
The findings of the study indicated that the delivery of service in a financial
institution should go beyond the traditional view of providing primary service.
Knowing the satisfaction levels of an organisation’s employees and customers as well
as their continuously changing needs about the service being provided is important for
management. Such knowledge would help identify areas of service provision that are
important and required for maintaining the correct standards of service quality
especially in country that has an unstable macro-economic environment like
Zimbabwe.
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Abstract

Herbal medicine in Zimbabwe relies on traditional indigenous products as well as Western herbal
medicine. The increasing cost of conventional medicines in recent years, has caused both types to
become increasingly popular in Zimbabwe. Because of the cult of secrecy, indigenous traditional
herbal medicine is not much commercialized, nor is it subjected to scientifically controlled tests. Better
known and scientifically tested exotic herbs have been introduced into Zimbabwe, the best known
brand being Vital. As a result of the more controlled and informed use of western herbal medicine,
many benefits were identified, especially in the relief of the scourge of HIV and AIDS. This led to an
increase in the gap between the use of western herbalism and that of traditional indigenous medicine.
Except for anecdotal, often unsubstantiated, claims, there was no indication that indigenous herbalism
has succeeded in reducing the severity of the AIDS pandemic. Furthermore, herbal centers promoted
the use and efficacy of western herbal remedies through their easy cultivation and overt sales in both
rural areas as well as urban areas. Through various workshops held by the Scientific and Industrial
Research and Development Centre (SIRDC) and other organizations, it was realized that traditional
healers in Zimbabwe have a significant wealth of indigenous herbal knowledge that is not being
commercially exploited in a coherent manner. This may be due to the lack of protection of intellectual
property rights for the indigenous knowledge that causes the traditional healers to resist disclosing their
information. It is becoming increasingly clear that the enhancement of knowledge of traditional herbal
medicine through scientific research is greatly needed.

History of Traditional Medicine
Zimbabwe
During the colonial era, traditional healers in Zimbabwe were referred to as witchdoctors and were viewed with deep suspicion because of the influence with which
they wielded their knowledge of healing with herbs and wild plants. After
Independence, traditional healers acquired the freedom to re-organise themselves and
form associations. At that time, Professor Gordon Chavanduka of the University of
Zimbabwe, while making a study of their work, managed to gain their trust
sufficiently for them to elect him as President the Zimbabwe National Traditional
Healers Association (ZINATHA), a position that he still holds.
Professor
Chavanduka became a high-profile advocate of their rights and did much in the first
decade of Independence to restore national confidence in their capability and
credibility. Traditional healers, in Zimbabwe, are licensed and regulated by
ZINATHA, an organization that was founded in 1980.
In Africa, including Zimbabwe, all people continue to believe, to varying degrees, in
traditional customary and cultural practices. Christians also consult with traditional
healers, a practice that spans both the rural and urban areas. Remedies made from the
indigenous plants of Zimbabwe have always been a respectable substitute for
conventional medicines. In 1981, ZINATHA members formed the Traditional
Medical Practitioners Council (TMPC) to certify and oversee the practices of
traditional healers. ZINATHA regularly hosts workshops in which their members, as
well as non-members who market herbal products, and other interested members of
the public, including conventional medical practitioners, are invited to attend. These
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workshops are proving to be quite popular as conventional medicine is becoming
increasingly expensive in Zimbabwe.
Introduction of Exotic Herbs in Zimbabwe
In Zimbabwe, indigenous traditional herbal medicines co-exist with Western, as well
as with Indian Ayuverdic and Chinese medicine. The secrecy pervading traditional
medicine and the consequent lack of scientific knowledge of indigenous herbs, has
allowed the better known and scientifically tested exotic herbs to be introduced into
Zimbabwe and in Southern Africa. The use of the permitted exotic herbs has now
increased significantly relative to that of the indigenous herbs, especially at a time
when HIV and AIDS require immediate assistance. It has been demonstrated in many
countries in Africa that the proper and consistent use of herbs, spices and, other
indigenous plants, including weeds, has successfully delayed the onset of AIDS in
HIV-positive patients, some living for as long as 15 years prior to the onset of AIDS.
Stepping up Herbs Awareness in Zimbabwe
Herbal centres have been established by various missionary churches, private
entrepreneurs and many non-government organisations (NGOs) in Zimbabwe. These
centres have herbal gardens in which they grow exotic and commonly available herbs
which they supply to the rural community who cannot afford prescription drugs. In
addition, drip irrigation kits for the establishments of herbal gardens for nutritional
and medicinal needs have been put in place by NGOs for the benefit of families
affected by HIV and AIDS. This has included child-headed families. Many
Zimbabwean entrepreneurs have become suppliers of herbal remedies to pharmacies
in the form of herbal teas, tablets, capsules; ointment, creams, lotions and other
cosmetics.
Through nurseries supplying herb seedlings more Zimbabweans are growing herbs for
their own use. Zimbabweans are also buying culinary herbs such as rosemary and
thyme, and spices such as paprika and cayenne which have been shown to be
beneficial to health.
Herbal Remedies for Primary Health Care
The use of medicinal plants in traditional medicine has expanded inexorably into
primary health care. In a recent press report it was confirmed by the medical
authorities that traditional medicine must play a role alongside conventional medicine.
It is at this level that the transition from traditional practice to medical care can most
easily be made. It must be noted that modern medicine and traditional herbalism have
always existed side by side as complementary health systems.
Traditional Medicine in China
In China, traditional medicine is an integral part of the formal health care system and
is utilised in about 40 per cent of cases at the primary care level. Supplies are assured
by the state-owned Chinese Crude Drugs Company which has branches in all
provinces, autonomous regions, municipalities and counties (Akerele, 1988).
Traditional Medicine in India
In 1986 in India, the Ministry of Health and Family Welfare took the valuable step of
holding four regional seminars on medicinal plants, their collection, cultivation,
exploitation, conservation and rational use. Participants were representative of the
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various disciplines, occupations and institutions concerned. This important initiative
could very well be taken to other countries. It would create greater awareness of the
extent of their wealth of medicinal plants and would stimulate the different
departments involved to work together (Akerele, 1988).
SIRDC’s Workshops on Herbs
With the advent of the Herbal Garden Project in 2004, the Biotechnology Research
Institute (BRI) at the Scientific and Industrial Research Centre (SIRDC) in Harare,
Zimbabwe, has initiated a formal study of the available literature on the medicinal
properties of documented herbs, spices and weeds with the intention of popularising
their use in Zimbabwe. Unfortunately, very few of the indigenous plants used by the
traditional healers are documented. BRI offers workshops on the cultivation,
properties and uses of herbs for medicinal purposes. During the past three years, BRI
has hosted six workshops and have trained more than 100 participants, including
conventional medical practitioners side-by-side with traditional medical practitioners.
Most of the participants were involved in using herbal remedies as alternative or
complementary medicines for conventional medicine either as a business concern, or
as social service related, in particular, to the campaign against the AIDS pandemic.
Many participants have displayed remarkable indigenous knowledge which had been
passed to them in the oral tradition.
The Written History of Herbalism
Herbs are not new natural products. In fact, herbs were used in ancient times long
before written records began. In earliest times, herbal knowledge must have been
passed down through generations exclusively as an oral tradition. The potential of
some herbs must have been first recognised through their culinary use although
history suggests that their medicinal properties were also recognised early on. Thus,
ancient civilizations have made use of plants for their culinary and medicinal
purposes, as well as for cosmetics, perfumes and incense. The oldest written records
that trace the history and uses of herbs are said to be Chinese and date back to 3000
BC. Their existence can be inferred from references made to them in later works.
More recent records beginning around 2000 BC are known from Egypt, India, the
Middle East and there are many references to herbs in the Bible. For example, in
Genesis 1:29, it is written “ and God, behold, I have given you every herb bearing
seed, which is upon the face of all the earth and every tree, in which is the fruit of a
tree yielding seed; to you it shall be for meat.”
In the seventeenth century, the sciences of medicine and botany separated, and
allopathy, that is the modern pharmaceutically-derived herb-based medicine gained
predominance over the older, traditional herbal practices. At the beginning of the
twentieth century, conventional allopathic medicines were still derived directly from
plants but today almost all of them are pure, synthetic chemicals. Despite the rise of
allopathy, herbalism had never completely died out, even in the developed countries.
It survived everywhere in some form or another. In the developing countries, herbal
remedies have remained in use and are widely available. They are still a major
contributor to primary health care.
Revival of Herbalism and Herbal Remedies
An advantage of conventional medicines is consistency in quality, but often they have
undesirable side-effects. Recently, in the West, a revival of herbalism is occurring on
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a broad front. A great surge of public interest in the use of herbs and plants as an
alternative to conventional medicine has spread all over the world and has reached
Zimbabwe. This has its roots in the environmentalist movement and can be linked to
the “back-to-nature” ideology of the “Hippy” era of the 1960s. It has brought a
positive attitude to health in the sense that we have been made aware that we are
responsible for our own health and well-being. We were made to realise that the onset
of many minor ailments are often of our making, brought about by poor diet, lack of
exercise, or exhaustion. Although modern drugs may produce rapid apparent cures,
they cannot, however, solve the health problems we persistently bring on ourselves by
neglect. Thus, the approach to herbal medicine is not just about alleviating symptoms,
but more importantly, it is concerned with helping the body to cure and strengthen
itself. By so doing, health can be improved and maintained by healthy eating. This is
becoming a major concern and more and more Zimbabweans themselves are learning
that it is an important step towards keeping healthy. In addition, it is increasingly
recognised that a healthy diet can cure minor ills before they become major problems
Herbs in Food
While the consumption of health food may not provide therapeutic benefits per se, it
certainly indicates a growing interest in a preventive approach to health care by
consumers in Western countries as well as in Zimbabwe and the world over.
Herbs are plants that are also used as flavouring agents. The common herbs used in
cooking are referred to as culinary herbs. Many of these have been scientifically
tested and proved to be beneficial to health and have passed the test of time. The
benefits of medicinal herbs in food include their assistance in the full utilization of a
healthy and balanced nutrition, assisting in ingestion, digestion and absorption. They
help resist and fight infection; improve the function of the immune system and the
response to treatment; reduce time and money spent on health care. In addition, they
provide a supply of vitamins and minerals for the management of body functions.
Mild or savoury herbs impart a delicate flavour to food while the stronger or pungent
herbs add zest to foods. Exotic herbs considered here are available in Zimbabwe, and
easy to grow. They can be grown outdoors as well as indoors and the simple exercise
of growing and harvesting your own herbs is very rewarding, in addition to their tasty
and healthy attributes. Herbs are typically the leaves of annual and perennial plants.
Most can be consumed fresh or dried. Examples of herbs include: the leaves (Parsley,
Petroselinum crispum), flowers (Nasturtium, Tropaelum majus), fruit (Cayenne
pepper, Capsicum frutescens) and the bulb (Garlic, Allium sativum). Sometimes herbs
are grouped with spices and both types may come under the single name of “Herbs”.
Spices comprise the hard parts of aromatic plants, usually of tropical origin. They
include parts such as root (Turmeric, Curcuma longa), underground stem (Ginger,
Zingiber officinalis), bark (Cinnamon, Cinnamomum zeylanicum), and also dried
flower buds (Cloves, Eugenia caryophyllata). Spices and herbs are wonderful
flavorings for all kinds of foods. Both spices and herbs have been grown and used
for many years. In fact, it is believed that they were in use long before there were
written records. The Chinese were trading in spices in 200 BC.
Rome and India
were also involved in the spice trade in very early history. Weeds are herbs that grow
easily in all types of soils. They usually grow wild and are regarded as undesirable.
Many weeds have been found to possess medicinal properties and many are used in
food and to alleviate common ailments. Weeds like Amaranth (Amaranthus cordatus;
“Mowa” in shona), Mustard (Brassica alba/nigra; “Tsunga” in shona), Alfalfa
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(Medicago sativa) and the Dandelion (Taraxacum officinalis), have been found to
have tremendous medicinal qualities. Both Mowa and Tsunga are indigenous to
Zimbabwe and their use is new for a number of Zimbabweans, but this knowledge
was spread during the SIRDC’s workshops.
Some Herbs, Spices and Weeds – Their Actions and Active Ingredients
HERBS
Parsley
Parsley (Petroselinum crispum) has been used throughout the world from the early
centuries. The Romans ate parsley as a deodoriser and refresher. In the middle ages,
Monks used it to treat everything from respiratory ailments to gout and it has never
lost its popularity. It is the world’s favourite herb, because of its mild taste, its use as a
garnish, its flavour and a health giver (Roberts, 2002).
Parsley was found to contain a volatile oil called apiol or parsley camphor;
furanocoumarins (including bergapten from bergamot oil; flavonoids (including
apiin); extremely large quantities of vitamins and minerals: vitamin C, provitamin A,
and iron, calcium, phosphorus and manganese (Mills, 1991; Leung, 1980). Parsley is
said to be a multivitamin in a leaf. The apiol is a urinary antiseptic and a stimulant to
the womb and should not be used by pregnant women; it is possible that the
furanocoumarin fraction is antispasmodic, thus reducing the contractibility of smooth
muscle, such as the muscle of the gut, blood vessels and other internal structures.
This property explains the use of parsley for migraines, cramps, asthma, dyspepsia
and intestinal hyperactivity (Mills, 1991). However, there is a contradictory
stimulating effect on the smooth muscle of the womb and must be avoided in
pregnancy. Parsley is one of the most nutritious vegetable available and the best food
supplement for iron-deficiency anemia and other cases of poor nutrition and
deficiency. In this case the fresh leaf would optimise the vitamin C intake.
Nasturtium
Nasturtium (Tropaelum majus) is native to Peru also known as Indian cress. The
practice of eating fresh petals originated in the Orient. Nasturtium was used in the 17th
century to treat scrofula, which is the tubercular infection of the lymph nodes.
Ground seeds have purgative properties and were used to treat worms in both children
and animals. It is used as a salad herb for its bright red, orange and yellow flowers,
and for its succulent peppery leaves and fresh green nasturtium seeds that make an
inexpensive substitute for capers (Roberts, 2002).
Nasturtium leaf is rich in vitamin C, thus its traditional use as an antiscorbutic. It has
antibacterial action which increase the recipient resistance to bacterial infections. It is
a natural antibiotic and a decongestant. People often chew the peppery nasturtium
leaf at the first sign of a sore throat. The flowers contain the pigments carotenoids
including beta-carotene or pro-vitamin A. The flowers, the leaves and even the seeds
are used to prepare herbal remedies (Roberts, 2002; McVicar, 1997, 2002).
Cayenne pepper
The Cayenne (Capsicum frutescens) or chilli pepper is one of nature’s remarkable
medicines. It is a native of Central America. Cayenne was the key ingredient in the
“material medica” of Samuel Thomson, written in the early 18th century. It has been
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recognised as a stimulant for blood circulation, to bring relief at the onset of a cold, in
arthritic pain, and can be added to food for easier assimilation (Mills, 1991; Roberts,
2002).
Science has discovered that all the “hot” foods contain mucokinetic agents, that are
reputed to loosen mucus in the lungs thus assisting the respiratory system. Capsaicin,
contained in the biting flesh, stimulates the release of endorphins that are the body’s
natural painkillers, to produce a sense of well-being. Capsaicin is known to mimic the
effect of some of the prostaglandins, for example, dilatation of blood vessels and
reduction of tissue inflammation. A patent US skin cream named “Zostrix” containing
capsaicin has been known to improve healing from postherpetic neuralgia and to
reduce pain in diabetic neuropathy. Other constituents include carotenoid pigments
such as capsanthin, capsorubin; flavonoids, vitamin C and volatile oil (Mills, 1991;
Roberts, 2002). Recently, cayenne pepper has been included in medication for gout,
rheumatism, migraine, aching joints and sinusitis.
Garlic
Garlic (Allium sativum) originally came from central Asia, but is now found
throughout the world. The compound bulb of this plant has been used as both food
and medicine in many cultures for thousands of years. The construction workers who
built the Egyptian pyramids ate large amounts of garlic to protect themselves from
diseases. Gravediggers in early 18th century in France drank a decoction of crushed
garlic in wine to keep them from getting a plague that killed many people in Europe.
During both World Wars I and II, soldiers were given garlic to prevent gangrene.
Herbalists worldwide consider garlic as one of the most important herbal medicines.
For years, people have taken garlic to help prevent atherosclerosis (hardening of the
arteries) and high blood pressure, diabetes, colds, coughs, bronchitis, gastrointestinal
problems, and menstrual pain. Louis Pasteur, verified that garlic could kill bacteria
(Roberts, 2002; Rotblatt and Ziment, 2002; Mills, 1991).
The main active ingredient in garlic is alliin (S-allyl-L-cysteine sulfoxide). Alliin is an
odorless chemical relative of the sulphur-containing amino acid cysteine. When garlic
bulbs are crushed, alliin is converted into another compound called allicin
(diallyldisulfide-S-oxide). Allicin is the active compound that gives garlic its
characteristic odour and many of its healing benefits (Block, 1985; Leung and Foster,
1996). Garlic may even help prevent cancer. Garlic is best known for its favourable
effects on cardiovascular health (Bordia, 1981). Garlic is effective in preventing and
treating high cholesterol and triglyceride levels (Berthold et al., 1998), atherosclerosis
(Lau, 1983), and respiratory infections such as colds and cough (Adetumbi and Lau,
1983). Garlic is also effective in helping to prevent certain cancers, such as colon
cancer (Fleischauer et al., 2000). Medical research shows that garlic can kill many
types of bacteria, some viruses and fungal infections, and even intestinal parasites
(Koch and Lawson, 1996). Garlic is also an antioxidant and it can boost the immune
system (Boon and Smith, 1999).
SPICES
Turmeric
Turmeric (urcuma longa) is native to southern Asia and India. Traditional Chinese
physicians used it 3000 years ago to treat arthritis and liver and chest conditions.
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Turmeric root has long been considered an essential flavoring and a colouring spice of
Indian and other ethnic cuisines as an important digestive herb. Turmeric has long
been used in folk medicine to treat arthritis, lower blood cholesterol, stimulate
digestion, protect the liver and treat obesity. Turmeric also has strong antibacterial
and antifungal and cancer prevention properties (Roberts, 2002; Rotblatt and Ziment,
2002). In Ayurvedic medicine, turmeric has been traditionally recognized as
improving appetite, act as a carminative (expel gas from stomach and intestine), treat
gallstones and other biliary problems (Leung and Foster, 1996).
More than 100 components have been isolated from turmeric (Leung and Foster
1996). Curcumin (diferuloylmethane) is the major constituent, usually found in a
concentration of less than 6 percent. Turmeric components have been shown to inhibit
antiplatelet aggregation and fibrinogen-lowering properties (Leung and Foster 1996;
Mills and Bone, 2005). Curcumin may be a stimulator of apoptosis (cell death) of
prostate, gastric and colon cancer cells in vitro (Dorai et al., 2001; Moragoda et al.,
2001). Curcumin and other turmeric components have shown to have antiinflammatory properties (Beckwith, 1998) and to have protective effects for
hepatocytes against toxins, hepatitis C virus and HIV (Wichtl, 1998). In addition
antiproliferative effects were shown against human breast tumour cells in vitro
(Mehta et al., 1997). Curcumin has antimutagenic, anti-HIV, and immune-enhancing
effects in laboratory studies (Mills and Bone, 2000; Hosein S.R. (2000 and 2001).
Curcumin is added to foods such as butter and margarine to prevent oxidation and to
improve the colour.
Ginger
Ginger (Zingiber officinale) was originally from Tropical Asia, but now cultivated in
the Carribean, Africa and from earliest antiquity, India. The underground rhizome was
carried by Romans in their medical supplies when they invaded Britain. It was used as
a potion for vigour and fearlessness. Ginger has been known since ancient times,
especially in Asian, Indian and Arabic traditions. The root, as it is commonly referred
to, was widely used as a digestive aid, and to prevent nausea and motion sickness,
also for arthritis, colic, heart disease, and as a general warming herb (Kemper, 1999,
2000; Roberts, 2002).
The constituents of ginger comprise essential oils, the sesquiterpenes which include
camphene, phellandrene, zingiberine, zingiberol, eucalyptol, citral, borneol, and
phenolic compounds such as gingerols and shogaols) and resin (Mills, 1991). It is
these constituents that action as peripheral vasodilators or circulatory stimulants. The
acrid taste is derived from gingerol, an oily liquid made up of a mixture of similar
phenols, the more aromatic zingerone and a breakdown product of gingerol, shogaol.
These have local irritant or acrid effects on mucous membranes and it is possible that
the vascular stimulation that follows from taking ginger comes either from direct
action on metarterioles or by reflex from sensory receptors at other sites. Shogaol has
been implicated as a prime agent in producing the observe anti-emetic effect in
humans and experimental animals (Grontved, et al., 1988; Ernst and Pittler, 2000).
Gingerol suggested a stimulating gastric secretion and peristalsis. Together they are
antipyretic, analgesic, antitussive, and antispasmodic. Ginger’s potential antiinflammatory effects have been reported in uncontrolled case series of patients with
arthritis and related musculoskeletal disorders (Srivastawa and Mustafa, 1992).
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Cinnamon
Cinnamon (Cinnamomum zeylanicum) originates from southern Asia. Ancient
Ayurvedic practitioners used it as a treatment for fevers, diarrhoea, and to mask
unpleasant flavours in other herbs. The Greeks used cinnamon to treat bronchitis, but
the Europeans championed the use of cinnamon in baking (Shealy, 1998). The part of
the plant that is used is the dried inner bark.
The essential oil of cinnamon contains 60-70 percent cinnamaldehyde forming
cinnamic acid, eugenol, methyleugenol, phellandrene, cinnamyl acetate, coumarins
and condensed tannins. Cinnamaldehyde has experimental sedative, hypothermic and
antipyretic activity. Extracts of the remedy have in vitro antifungal and antibacterial
activity, and the essential oil has antiviral activity, is a circulatory stimulant and
vasodilator, stimulates digestive secretions, and is antispasmodic (Leung, 1980;
Lawless, 1995). The presence of tannins helps to account for the use of the remedy as
a symptomatic treatment for diarrhoea. Cinnamon is non-toxic in therapeutic doses,
and is generally regarded as safe by the Food and Drugs Administration (FDA).
Clove
Cloves (Eugenia caryophyllata) are the dried buds of a tropical evergreen tree, native
of the Mulucca Islands of Asia. Now, extensively used as a spice worldwide. Tincture
of cloves has been used for skin infections (scabies and athlete’s foot), for digestive
upsets, intestinal parasites and notably for toothache. Clove was a rare, prised
substance for thousands of years. The demand for cloves and other Asian herbs
spurred explorers like Magellan to circle the globe. Clove sweetening and deodorizing
properties have long been used externally in potpourris, incense and air fresheners.
Used internally, it reduces body odour (Shealy, 1998; Lawless, 1995).
Cloves contain a powerful aromatic oil which is very high in eugenol and eugenyl
acetate. Both constituents have been found to have antispasmodic, antihistaminic,
antiseptic, and antifungal properties. The analgesic effect of cloves to the gum and
teeth in toothache is due to the presence of eugenol. Clove oil is found in several
commercial preparations and used as local anesthetics. Eugenol and clove extracts
also have potent antioxidative activity (Shealy, 1998; Lawless, 1995). Cloves are
nontoxic in therapeutic amounts, and are generally regarded as safe by the FDA.
However, some individuals may be sensitive and develop skin irritation and rash.
WEEDS
Amaranth
Amaranth (Amaranthus spp) is also known as Chinese Spinach, Velvet Flower or
Mowa in Shona language. This annual herb is found all over the tropics. The name
Amaranthus is derived from the Greek amaranton “unfading”. It has densely packed
deep red flowers packed onto erect spikes, that keep their colour and shape for a long
time and thus symbolizes “immortality”. According to the 17th-century “doctrine of
signatures” the red colour of the flowers suggested the blood of the patient. Thus,
crashed leaves and flowers were placed over wounds and a decoction of the leaves
was drunk to stop bleeding and to build the blood. Amaranth is one of the world
favourite “spinach” dishes and the grain Amaranth was a staple grain among the
Aztecs, and now it provides the nourishing “marog” in South Africa (Roberts, 2002).
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Research finds Amaranth to contain high levels of proteins, 20-30 per cent. The iron
content may be as high as five times the recommended daily allowance, the calcium
content at least double and the vitamin A content no less than 20 times the
recommended daily allowance (van Wyk and Gericke, 2000). The iron content has
shown that Amaranth treats anemia and assists in blood clotting after haemorrhaging.
This makes it valuable in treating menstrual disorders and bleeding, as well as
dysentery, and the clearing of coughs and the coughing up of blood (Roberts, 2002;
van Wyk and Gericke, 2000). It also contains mucilage and natural sugars.
Alfalfa
Alfalfa (Medicago sativa) has been used as an herbal medicine since before recorded
history. The word “alfalfa” or “lucerne” means “life” in the language of flowers.
Alfalfa is one of the most nutritious foods known and used as a fodder plant and for
humans consumption. As a food for humans, the leaves, petals, flowers, and sprouts
are a healthy supplement to salads and dishes. Alfalfa has long been used to treat gout
and arthritis, and to soothe active peptic ulcer disease. Alfalfa is useful in cases of
haemorrhaging and fungal infections (Roberts, 2002).
Alfalfa was found to be one of the richest sources of trace minerals and to be an
antioxidant. Alfalfa is high in calcium, iron, magnesium, phosphorus, potassium,
chlorine, zinc, copper and manganese. It is also a good source of protein (19 per cent
versus 16 per cent for beed and 3 per cent for milk). The leaves contain vitamins A, B,
D, E, K and U (van Wijk, 1993; Roberts, 2002). Alfalfa is well indicated for fatigue
and colds due to its high range of vitamins and minerals. It has beneficial effects for
anemia and haemolytic diseases due to its high content of vitamin K. Its
phytoestrogen content makes it a gentle substitute for oestrogen after menopause
(Hobbs, 1998). In addition, Alfalfa contains 2-3% saponins, which help prevent the
formation of atherosclerosis (the build up of plaque in the blood vessels) and to have
antifungal and antibiotic properties. The leaves also contain isoflavones that possess
natural anti-inflammatory properties and thus its use for arthritis. Alfalfa contains 8
enzymes, which are believed to help with digestion and food assimilation in the body
(van Wijk, 1993; Roberts, 2002).
Mustard
Both the black mustard (Brassica nigra) and the white mustard (Brassica alba or
Sinapis alba) have been grown since antiquity and today they are grown the world
over. Mustard is also known as Tsunga in Shona language. It has always been an
important plant in providing green sprouts during the cold winter months to people
living in the northern hemisphere. Traditional remedies were used such as a mustard
foot bath as an effective treatment for coughs, colds and flu (Roberts, 2002).
Mustard contains pungent components as oil glycosides or glucosilinates. The active
pharmacological agents are the products of hydrolysis, the aglycones, in this case
highly irritable isothiocyanates, thiocyanates, nitriles and thiourethanes. The volatile
isothiocyanates are the basis for the acrid vapour produced when the plant is damaged
because of the liberation of the enzyme myrosinase, while the most toxic constituents
are the nitriles. As with other acrid constituents the key factor in the formula of the
glucosilinates seems to be the presence of the sulphur. Plants containing these
glycosides are primarily irritant to the membrane they come into contact. They are
much used externally as rubefacients, to provoke local increase in blood flow, and
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even as vesicants (producing blisters) in the form of poultices for inflamed joints and
other inflammations, such as for arthritic and rheumatic pains. Mustard plasters are
the most common of this approach (Mills, 1991). Mustard greens and flowers are rich
in vitamins A, C and B, and minerals such as calcium, potassium, iron and
phosphorus. Mustard is used as a tonic herb and for boosting the immune system
(Roberts, 2002).
Dandelion
Dandelion (Taraxacum officinale) is one of the world’s common weeds, yet one of the
most remarkable healing plants. It has been recorded in ancient pharmacopoeias and
herbals and well used in remedies. The name dandelion was invented by a 15th
century surgeon who compared the sharp pointed leaves to the teeth of the lion and
hence “dents de lion”. The parts used are the leaves and root (Roberts, 2002).
Research of its constituents includes bitter glycosides such as taraxacin, lactupicrin,
lactucin; waxy substances including lactucerol, taraxerin,; triterpenoids including
tarasterol, faradiol, arnidiol; tannins, volatile oil; inulin. Dandelion is rich in vitamin
A, B, C and D; carotenoids and minerals of which a high concentration of 4.25 per
cent is potassium. It is also considered, one of the best detoxifying herbs (Mills,
1991). With its high mineral content it has the ability to build strong enamel on the
teeth and strengthen the bones. All parts of the plants are effective and safe to use.
The bitter cholagogue action, or the stimulation of the flow of bile from the liver into
the intestines, has been demonstrated for dandelion experimentally; in work on the
leaves researchers have found a diuretic effect, that is improved by the fact that the
potassium content is so high (3 times the usual level for plant tissue) that the normal
potassium loss in diuresis is more than replaced, leading to a net increase in potassium
levels after the use of dandelion leaf for diuresis (Leung, 1980; Mills, 1991).
The Value of Scientifically Tested Indigenous Plants
While some of the benefits of the Moringa (Moringa oleifera) plant have been known
by many primitive civilizations, the plant’s nutritional potential was not discovered by
modern societies until the late nineteenth century. Research in moringa was
performed in India, its neighbouring countries, and in parts of Africa including
Zimbabwe. Recently the University of Leicester in England performed a number of
studies on moringa. The results from these studies along with the limited number of
studies conducted in the United States confirm the benefits of the moringa plant
(DeAngelis, 2005). Moringa leaf powder has 30 nutrients and is rich in many vitamins
and minerals. For example, Vitamin A is important in preventing eye disease, skin
disease, heart ailments, diarrhoea, and many other ailments. Vitamin C fights a host of
illnesses including colds and flu while supporting the cardiovascular system. Calcium
is necessary in building strong bones and teeth, plus it helps prevent osteoporosis.
Potassium is essential for the functioning of the brain, heart and nerves. Finally,
proteins are necessary for the basic building blocks of all of our body cells. There is
no known impurities or adverse reactions when consumed. Moringa has entered the
Zimbabwean herbal market like a flash, as dried powders from leaf, root or bark.
People in Zimbabwe are very much aware of its benefits. This nutritional and
medicinal tree was found to grow wild primarily in the Binga District of Zimbabwe,
but also in some other parts of Zimbabwe, including the Mutoko area. As a dietary
supplement, moringa has helped many HIV positive people and AIDS patients to
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regain weight and health. Nutritionists now recommend the use of moringa to anyone
with chronic health conditions as a requirement by the body to replenish its defense
mechanisms. In Zimbabwe, moringa has become an affordable means to health
recovery. This is a very good example from showing that taking medicinal herbs as
food, improves and maintains health. Medicinal uses for moringa include high blood
pressure and diabetes.
Promotion of Indigenous Herbs Through Scientific Research
Traditional indigenous herbal medicine can be enhanced by scientific research,
through the analysis of their active Ingredients. A number of medicinal plants that are
commonly used in traditional medicine can be tested for the identification of their
active ingredients that determine the action of their healing properties. It would be
necessary to take a comprehensive approach to this research and bring together the
main disciplines and interested stakeholders such as health, agriculture, industry,
trade, universities, and research institutes under some form of coordinating
mechanism. Such a body will assess needs and priorities, formulate national policy,
help to mobilise resources and ensure the orderly development scientific research
work in the field of traditional medicine.
It would therefore be important for Zimbabwe to have a national laboratory in which
laboratory tests including biochemical bioassays can be performed, in a standard and
ethical manner. The laboratory tests would capture the in vitro studies. These would
include: bacteriological tests to identify their reactions with microorganisms,
biochemical tests to identify the reactive agents and bioassays to identify the
biologically active ingredients that form the basis for their healing properties. Clinical
tests would constitute in vivo studies. They provide recommendations on the scientific
basis for using a limited number of herbs that are particularly beneficial (Rotblatt and
Ziment, 2002).
Bacteriological tests determine the presence of antibacterial ingredients in a plant and
clear areas are expected to appear on Petri plates of bacteria. The presence of clear
areas or faded zones with bacterial colonies indicate the presence of an active
ingredient in the plant tested. Active ingredients can include antiseptics, astringents,
antibiotics and toxins (Settle, 1993). The selected plants are then further screened for
the specific biochemically active ingredients. The identification and characterization
of the active principles in a plant that has bacteriostatic activity can often be complex.
Relatively sophisticated equipment such as Nuclear Magnetic Resonance (NMR),
Mass Spectrometry (MS), Fourier Transform Infrared (FT-IR), gas chromatography
(GC) and high performance liquid chromatography (HPLC), would be required for
their quantification and structural elucidation. However, in addition to knowing what
is producing a particular effect, it is also necessary to carry out an analysis and
titration tests to determine a desirable effective concentration.
In bioassays herbs are run through the same laboratory tests that prescription
medicines must pass, to uncover what biologically active ingredients they contain. For
example, certain test-tube experiments or tissue culture experiments involving blood
cells, microorganisms and malignant cells, demonstrate whether specific
phytochemicals interact with certain cells or tissues. If the experiments demonstrate a
response, that phytochemical is then considered to be biologically active (Rotblatt and
Ziment, 2002).
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Active Ingredients in Herbs
The benefits of knowing the therapeutic efficiency of active ingredients from herbal
medicines is that it enables biomedical researchers to designate the specific herb or
herbal medicine as a part of modern medicine. Where the active ingredients have been
identified in particular herbs, the corresponding preparation could be standardized to
contain a defined amount of such ingredients provided that adequate analytical
methods are available. In cases where it is not possible to identify the active
ingredients, the whole herb may be considered as one active ingredient (Rotblatt and
Ziment, 2002). All herbs have a range of constituents including vitamins and
minerals,. as well as active ingredients, each of which has its own medicinal benefits.
These active components include volatile oils, tannins, mucilage, alkaloids, bitters and
flavonoids.
Through advancements in chemical analysis, it is now possible to identify very
precisely the herbal components that are responsible for the medicinal properties that
have long been ascribed to a herb. Frequently, the chemical analysis is accompanied
by a combination of laboratory experiments and pharmacological studies that confirm
the connection between an ingredient and a specific medical effect. The active
constituent, after being isolated from the rest of the plant, is tested in laboratory
animals to confirm whether or not it produces an effect related to the claimed benefit
of the whole herb. It is rare that a carefully controlled clinical trial is performed with
herbs, due to numerous factors that make such tests expensive, time consuming, and
subject to easy criticism (Mills, 1991; Rotblatt and Ziment, 2002; Mills and Bone,
2005).
It is important for herbalists to present cautions and contra-indications about the use
of any herb. Some cautions are based on known effects, as may have been observed in
people using the herb or that were revealed in laboratory experiments. Others are
based on lack of knowledge and a desire to avoid potential problems. For example,
pregnant women and lactating mothers may be advised either to avoid the use of a
herb totally, or to use a lower dose, or to use it only for a short time. Especially if it
may be consumed regularly, this avoids the potential impact of large amounts, which
may be either unknown or theoretically problematic (Rotblatt and Ziment, 2002). The
Medicines Control Authority of Zimbabwe (MCAZ) monitors the practice of herbs
intended for medicinal purposes, particularly the claims made by the suppliers.
Both laboratory tests and clinical tests are expected to validate scientifically the use of
a particular medicinal plant. Clearly, there is a need to undertake a proper
examination of all herbal products including those used by traditional healers
especially as most of the indigenous herbal products and their uses have not been
documented because of the cult of secrecy that exists among the practitioners.
When claims are to be made about the physiological and biochemical effects of a
herb, it is important that carefully designed and controlled studies are carried out to
determine whether the claimed effects really do occur. t is also expected that the
testing of efficacy of a natural herbal product or its active principle is carried out
using:
(1) in vitro experiments,
(2) Animal experiments,
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(3) Human experiments.
Although much knowledge can be gained from in vitro and animal experimentation,
ultimately, if the product is to be used for human effects and human health problems,
it must be tested in human subjects. Human experiments are costly, particularly if
they are done under strictly controlled conditions, but there is no way that efficacy in
humans can be determined without doing them. Many of the systems and
physiological processes which herbal products are said to affect are also affected by
other components in the diet. Hence, in order to determine unambiguously that an
effect is due to the product under test, it is esential to include controls for other
variables that might influence the result, or in other words, to control the rest of the
diet. If this is done, any effect seen will be due to the test product only. (Rotblatt and
Ziment, 2002).
National Inventories of Medicinal Plants
Most developing countries have an abundance of medicinal plants which are used for
their traditional forms of medicines, including their use by traditional or folk
remedies, by traditional healers, the pharmaceutical industries or by food industries.
Countries wishing to make full use of their heritage of traditional medicine and the
wealth of medicinal plants which most of them possess, have a special interest in
sponsoring ethno-medical studies, bringing together botanists, clinicians,
pharmacologists and others for the purpose of making adequate resources available. A
first step would be to review on a national basis the utilisation of medicinal plants in
general and of medications derived from them. Such examination may reveal
opportunities for making greater use and safer and more effective application of
herbal remedies and preparations. This would stimulate local cultivation and
production and at the same time saving scarce foreign currency. In any event,
experience in the preparation and utilisation of herbal remedies is a necessary
prerequisite for clinical evaluation of traditional remedies, when these have been
identified as meriting further study.
National inventories of medicinal plants are essential if sound programmes for their
rational use are to be developed. The National Herbarium and Botanical Gardens in
Harare, Zimbabwe, could determine the botanical identities of most species ( at least
to the genus level) using photo images of the plants collected. The study of medicinal
plants, together with their evaluation, utilisation and conservation form an important
part of the indigenous knowledge.
Discussion
If traditional healers are to gain the respect that, in many cases, they clearly deserve, it
will be necessary for them to disclose their information. This information is their own
intellectual property and can only be protected if revealed and the owner or originator
is clearly named. Secrecy can no longer protect it. As has already been mentioned,
modern analytical techniques in chemistry can identify the active ingredient in any
herb and, in fact, the major pharmaceutical companies have already been doing so for
decades. Almost every plant throughout the world, is being subjected to such analysis.
In many cases, the so-called “secret information” is no longer secret and the
pharmaceutical company is making enormous profits selling preparations based on the
indigenous plant. It is impossible for any traditional healer to lay claim to that
knowledge when his interest and input has never been documented and protected. The
Zimbabwe Intellectual Property Organisation (ZIPO), is affiliated to its African
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Regional Intellectual Property Organisation (ARIPO) and its world counterpart, the
World Intellectual Property Organisation (WIPO). The cult of secrecy must be
removed as soon as possible so that Africa’s vast knowledge of herbal medicines can
be protected.
The reasons for the lack of research data may be due, not only to health care policies,
but also to a lack of adequate or accepted research methodology for evaluating
traditional medicine. It should also be noted that there are published and unpublished
data on research on traditional medicine in various countries, but further research in
safety and efficacy should be promoted, and the quality of the research should be
improved.
The herbs mentioned above, and many others, have passed the test of time. The
recommendation for a healthy lifestyle, is to supplement the food we take with
sufficient intake of vitamins, minerals and trace elements, and these are present in
herbs and much more. Thus herbs can sustain the body needs for repair and healing.
There are at least ten reasons why using herbs every day in food can bring and also
maintain a healthy diet, and herbs can: (1) enhance the flavour of food, (2) reduce the
need for salt or sugar, which in turn reduces high blood pressure and the risk of
becoming diabetic, (3) stimulate the appetite and the desire to eat when sick, (4)
improve the digestion and the absorption of nutrients, (5) strengthen the immune
system for the body to fight infection, (6) reduce the risk of heart diseases by
decreasing the cholesterol level in the blood, (7) increase energy for work and help in
the recovery from disease, (8) bring health to mind and body, (9) reduce the need for
drugs in our system and (10) allow more money to be spent on essentials.
Recommendations and Way Forward
1. Zimbabweans, including traditional healers, should break the cult of secrecy
that surrounds the use of indigenous plants.
2. Holders of knowledge on indigenous plants should register their name and
ownership of such Intellectual property with ZIPO, including the uses and
identity of herbs.
3. Organisations which have the facilities must conduct a scientific analysis in
registered laboratories and, if necessary, reveal the active ingredient and
assign it to the original owner. This will avoid the clandestine theft of our
indigenous knowledge by multinational pharmaceutical companies.
4. Industry should invest in the commercialisation of well documented products
of critical importance to our community and economy.
5. Indigenous herbal medicine in Zimbabwe can eventually go through scientific
studies to enhance their acceptance by the Zimbabwean and international
public.
Conclusion
Any conclusion that derives from the analysis for a particular herb or herbal medicine,
that can be marked as useful or useless, safe or toxic, should be based on evaluations
of the available data. However, many herbal medicines have little or no reliable
clinical data to back up their claims and their indications remain anecdotal and based
on traditional uses. For safety purposes, traditional medicine will require scientific
studies for the good and for the respect of all mankind.
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Abstract

Nyasol and three other compounds in which the nyasol pentenyl double bonds have been saturated
have been isolated from Asparagus laricinus Burch (Liliaceae), characterized by spectroscopic
techniques and subjected to the Brine Shrimp test revealing that the two pentenyl double bonds are
necessary for the cytotoxicity of nyasol. This is the first time the three compounds with the saturared
pentenyl side chain have been reported from the Asparagus species. These compounds might be
intermediates in the biosynthesis of nyasol
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Introduction
Use of plants of the genus Asparagus (Liliaceae) is widely reported in literature [1-6]
and many traditional medical practitioners in Zimbabwe regard the plants as panaceae
as revealed by the way they use the plants [1, 2]. The roots are the most extensively
used parts in the treatment of a wide range of disorders. An exhaustive extraction of
the dried, ground root of Asparagus laricinus led to the isolation of nyasol and three
related compounds and their characterization using 1H-, 13C-NMR, and MS
spectroscopy [7]. The Brine Shrimp Test [8] revealed that nyasol was cytotoxic, but
the other three compounds differing from nyasol only in the double bonds of the
pentenyl chain were not, indicating the importance of the double bonds to the
cytotoxicity of nyasol.
Reports of Nyasol in connection with its antibacterial activity, antileishmania,
hyaluronidase, the inhibition of LTB4 binding to human neutrophils [9], and in vitro
synergism with azole agents against Candida albicans [10] indicates the growing
importance of this compound in medicinal research. The structure of nyasol has been
reported [11, 12]. The discovery of the three possible intermediates in the biosynthesis
of nyasol introduces a dimension that might help explain the mechanism of the
cytotoxicity of nyasol, as well as leading to a deeper understanding of the biosynthetic
mechanisms responsible for the production of nyasol in the Asparagus plant. This is
the first time possible intermediates in the biosynthesis of nyasol have been isolated
from asparagus species extracts.
Materials and Methodology
(i) Collection and extraction of the plant material
The whole fresh plant material of Asparagus laricinus Burch (Liliaceae), 10 kg, was
collected from Rusape, Makoni District, Manicaland, Zimbabwe, and identified by
Drummond at the Botanical Gardens, Harare, Zimbabwe. The plant root was dried in
the shade, then chopped and ground to a powder. The root powder (500 g) was
exhaustively extracted with hexane (2 x 9 l, RT), decanted, filtered and evaporated
(rotavap, 30oC), yielding a pale green oil (10.2 g). The plant residue was exhaustively
extracted with methanol (3 x 9 l, RT), decanted, filtered and evaporated (rotavap,
50oC), yielding a brown gum (230 g). The methanol extract (30 g) was re-dissolved in
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methanol and deposited on silica (SiO2) and flash chromatographed (SiO2) eluting
with hexane containing increasing amounts of ethyl acetate (EtOAc), then with
EtOAc containing increasing amounts of methanol. Elution was monitored by thin
layer chromatography (TLC) on silica, developing with Hexane-EtOAc (1:1, v/v).
Fractions of similar profiles were combined, giving 23 groups as follows: 5% EtOAcHexane, groups 1-3; EtOAc-Hexane (1:1), groups 4-14; EtOAc, groups 15-18; and
methanol, groups 19-23.
(ii) Isolation of Nyasol, 1
Group 10 was column chromatographed, SiO2, EtOAc-Hexane (1:10, v/v), giving an
off yellow oil, Rf 0.3 (SiO2, EtOAc-Hexane, 1:5, v/v), as a single spot, further purified
by preparative thin layer chromatography (PTLC), SiO2, 10% EtOAc-Hexane,
affording an oil (153 mg).
(iii) Isolation of 3, 5 Bis(4-hydroxyphenol)-4-pentene-1,2-diol, 2
Column chromatography on group 5, SiO2, EtOAc-Hexane, 1:10, v/v, gave an elute
containing a major spot accompanied by two minor ones, above and below. The major
compound was purified by PTLC, SiO2, 10% EtOAc-Hexane, Rf 0.4, as a pale yellow
viscous oil, 115 mg.
(iv) Isolation of 1, 3 Bis[(4-acetoxy-4-hdroxy)phenol]-1,2,3 tryhydroxy-4-pentene,
3
Column chromatography on group 6, SiO2, EtOAc-Hexane (1:1, v/v) gave two
compounds, Rf 0.6 and 0.4, SiO2, 20% Hexane-EtOAc, the less polar one being the
more UV- active, facilitating TLC profile viewing under UV light. The compound
appeared to be heat labile, decomposing upon evaporation of solvent, even at 40oC in
the rotavap. Eventually, the solvent was removed at room temperature (rotavap)
affording a white wax (127 mg).
(v) Isolation of 1, 3 Bis[(4-acetoxy-4-hydroxy)phenol]-2-pentene, 4
Column chromatography on group 8, SiO2, EtOAc-Hexane (1:1 v/v) gave a wax (150
mg), further purified by PTLC, SiO2, 20% MeOH-EtOAc, affording a pale yellow
wax (103 mg).
Results and Discussion
The structures of the four compounds were established using 1H-, 13C-NMR, 1H-1H
COSY, HETCOR, DEPT and MS spectra [7]. For nyasol, 1, the hydroxyl protons
were not observed in the proton NMR spectrum but their presence was revealed from
the characteristic IR absorption peak, 3300 cm-1, and the MS molecular ion, m/z 252.
The eight aromatic protons exhibited the characteristic 1, 4-substitution pattern on the
benzene ring. The substitution pattern on the pentene chain was clearly observable on
1H-1H COSY revealing the expected connectivity.
Unlike the case for nyasol, the phenolic hydroxyl protons of, 2, were clearly observed
at 9.40 and 9.15, with equal intensity. The aromatic protons’ chemical shifts
revealed the expected pattern for 1, 4-substitution on the benzene ring, though with a
clear up-field shift from those of nyasol. After establishing the hydroxyl protons,
4.59 and 4.39, by their absence from the HETCOR spectrum, use of COSY to
establish connectivity became more straight forward and the structure of 2 could be
unambiguously proposed, revealing the reason for the appearance of the 1H-NMR
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signal at 4.59 as a doublet and that at 4.39 as a triplet. Once the structure of 2 had
been proposed, it was logical to assign the hydroxyl proton chemical shift at 9.40 to
the hydroxyl group on the ring attached to C-1 of the pentene chain and the other
phenolic proton to the chemical shift signal at 9.15.
The phenolic hydroxyl protons of 3 had chemical shifts 10.00 and 9.60. The signal
at 10.00 integrated for approximately 30% of a proton. This, together with the
presence of a singlet at 1.93, integrating for 3H, and a 13C-NMR signal at 170.79
indicated the possibility of partial acetylation of one of the phenolic hydroxyl groups.
The aromatic region apparently consisted of four sets of doublets of doublets: (a)
7.65-7.48, 3H; (b) 7.16-7.04, 2H; (c) 6.85-6.70, 4H; (d) 6.50-6.32, 2H. COSY
revealed coupling between the protons in (d) and those in (a), but with no other
protons, and the protons in (b) coupled with protons in (c) only. The DEPT spectrum
indicated the protons in (d) as bonded to one carbon which, according to HETCOR,
absorbed at 116.22. The two protons must be the terminal alkene protons coupling
with an internal alkene proton imbedded in (a), indicating that they must belong to C5
and C4, respectively. COSY indicated the two protons of (b) as coupling with protons
in (c) and with no other protons, implying that these two belong to the same ring as
two of the four in (c), and the other two shared the other ring with the two of the three
in (a).
COSY reveals coupling between the single proton at 4.16 and the triplet at 3.98,
which in turn couples with its hydroxyl proton at 5.35, which disappeared upon
deuterium wash. The singlet at 3.40 must be due to the C3 hydroxyl group and that at
1.93 is due to the phenolic acetyl group.
The phenolic hydroxyl groups on 4 appear at 10.00 and 9.60. Unlike the case for 3,
the peak at 9.60 integrates for about 50% of a proton, and the aromatic region is more
like the expected for a 1, 4-substituted benzene ring, with the pentenyl C-2 proton
appearing between 6.46-6.36 (dd) J=15.87 and 16.03 Hz, and leaning towards the
methylene group at 4.16. The appearance of the C5 methyl group as a doubled
doublet is indicative of the expected in-equivalence of the pentenyl C-4 methylene
protons. The C-1 methylene protons appear as a broad multiplet, also indicative of
their chemical in-equivalence.
Of the four compounds, only nyasol was toxic to Artemia salina larvae as indicated by
the Brine Shrimp Lethality Test. The other three showed no effect at all, indicating
that the disturbance of the double bonds of the pentenyl chain of nyasol leads to the
loss of the cytotoxicity. Removal of any of the two double bonds destroys the
cytotoxity of nyasol.
The compounds described in this paper do not appear to have been reported before as
having been isolated from the root of the same plant. Apparently, this is the first time
they have been observed in the extracts of samples of plants of the Asparagus species.
(i) NMR Data for Nyasol, 1
1H-NMR
7.10 (d) J=8.51 Hz, 4H.
7.08 (d) J=8.70 Hz, 4H.
13C-NMR
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154.43
115.21

153.92

135.64 130.06 129.87 x 2 128.98 x 2

The Pentenyl Chain
Carbon
13C
1
130.07
2
131.70
3
45.84
4
140.71
5
115.11

128.60 x 2 115.48

1H
6.78 (dt) J=2.13, 6.38, 2.51, 7.45 Hz, 1H.
5.60 (t) J=10.24, 11.22 Hz, 1H
4.47 (dd) J=5.99, 3.67, 6.19, 4.76 Hz, 1H.
5.98 (heptet) J=5.99, 4.45, 6.18, 6.19, 4.64, 5.99 Hz, 1H.
5.16 (dt) J=2.19, 1.45, 5.50, Hz, 1H.
5.12 (d) J=1.36 Hz, 1H..

(ii) NMR Data for 3, 5 Bis (4-hydroxyphenol)-4-pentene-1, 2-diol, 2
The Aromatic Region
1H-NMR
9.40 (s), 1H, phenolic OH
9.15 (s), 1H, phenolic OH
7.02 (dd) J=8.63, 8.63 Hz, 4H, Ar
6.61 (dd) J=1,73, 8.40, 1.73 Hz, 4H, Ar
13C-NMR
156.56 155.84
x2

134.08 130.64 130.21 129.38 x 2

The Pentenyl Chain
Carbon
13C
1
129.13
2
130.21
3
4
76.12
5

64.41

128.49 115.48 x 2 115.34

1H
6.32 (d) J=11.84 Hz, 1H
5.86 (t) J=11.84, 11.83 Hz, 1H
45.54
3.77 (dd) J=5.67, 10.36, 5.67 Hz, 1H
3.57 (q) J=5.43, 5.43, 5.43 Hz, 1H
4.59 (d) J=4.93 Hz, OH
3.16 (octet), 2H
4.39 (t) J=5.19, 5.42 Hz, OH

(iii) NMR Data for 1,3 Bis[(4-hydroxy-4’-acetoxy)phenol]1,2,3-trihydroxy-4pentene, 3
The Aromatic Region
1H-NMR
10.00 (s) 1H, phenolic OH
9.16 (s), 1H, phenolic OH
7.65-7.48 (m), 2H, Ar
7.16-7.04 (m), 2H Ar
6.85-6.70 (m), 4H, Ar
1.93 (s), acetyl CH3
13C-NMR
170.79 167.02 160.36 149.82 148.92
125.26 123.66 115.94 111.52 22.58
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148.37

145.78

145.42

126.00

The Pentenyl Chain
Carbon 13C
1H
1
65.48
4.16 (m), 1H
2
66.08
3.98 (t) J=7.48, 7.47 Hz, 1H.
5.35, OH
3
66.89
3.40 (s), OH
4
130.77
7.65-7.62 (m), 1H
5
116.22
6.48-6.32 (dd), J=15.82, 16.03 Hz, 2H
(iv) .NMR Data for 1,3 Bis[(4-acetoxy-4’-hydroxy)phenol]-2-pentene, 4
1H-NMR
10.00 (s), phenolic OH
9.60 (s), phenolic OH
7.65-7.48 (m) J=8.54, 15.87 Hz, 4H, Ar
6.85-6.45 (m) J=8.54, 15.82 Hz, 4H, Ar
1.90 (s), acetyl CH3
13C-NMR
170.76
166.94
160.34
133.11
130.73x2 125.84

157.00
125.49

155.00
125.25

149.83
123.83

The Pentenyl Chain
Carbon 13C
1H
1
65.51
4.16-4.08 (m), 2H
2
130.73
6.46-6.36 (dd) J=15.87 and 16.03 Hz, 2H
3
160.34
4
60.19
3.96 (q) J=7.17, 7.02, 7.17 Hz, 2H
5
14.44
1.14 (dd) J=0.77, 7.19, 0.70, 7.17 Hz, 3H
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148.37
21.09

145.41

3

2
Ac

OH
OH

OH
OH
HO

OH

HO

OH

OH
Ac

OH

OH

4

1

Spectra Recording
IR spectra were recorded on the Shimadzu FTIR 8100 Series at the University of
Zimbabwe, Department of Chemistry. NMR spectra (DMSO) were recorded on the
Shimadzu 400 MHz spectrophotometer, Department of Chemistry, University of
Zimbabwe
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EXTRACTS FROM ALOE FEROX AND WITHANIA SOMNIFERA INHIBIT
CANDIDA ALBICANS AND NEISSERIA GONORRHOEA
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Abstract
Herbal plants play a vital role in the treatment of sexually transmitted infections (STIs), especially in
the remote areas of South Africa where clinics and hospitals are sparsely located. Aloe ferox and
Withania somnifera are among the southern African plants commonly used for the treatment of (STIs).
This paper reports on the in vitro antimicrobial activities of water and methanol extracts from the two
plants on Neisseria gonorrhoea and Candida albicans, common causes of STIs in rural South Africa.
Extracts from both species together with pure aloin from A. ferox, were evaluated for activity against
six strains of N. gonorrhoea and nine strains of C. albicans. The extracts showed activity against N.
gonorrhoea at concentrations of ranging from 0.5 (methanol extracts from both)-10 (water extract of
W. somnifera only) mg/ml while pure aloin inhibited the growth of both microorganisms. Only the
methanol extract of W. somnifera was effective against C. albicans at a concentration of 20 mg/ml.

Keywords:
antimicrobial; Aloe ferox; Candida albicans; Neisseria gonorrhoea;
Withania somnifera
1. Introduction
The indigenous people of the Eastern Cape province in South Africa have a long
history of traditional plant usage for the treatment of various diseases and ailments
(Van Wyk et al., 1997; Grierson and Afolayan, 1999) including sexually transmitted
infections (STIs). In the remote rural communities of the province, STIs are common
among young adults and herbalists take advantage of the biodiversity of plant species
to treat these infections.
The commonest and most frequently reported STIs in the Eastern Cape province of
South Africa, apart from the HIV and AIDS, are gonorrhoea, herpes and syphilis
(Kambizi and Afolayan 2003). Neisseria gonorrhoea and Candida albicans are the
commonest causes of STIs among rural dwellers in South Africa. Neisseria
gonorrhoea is a Gram-negative bacterium, which causes gonorrhoea. It was
discovered in 1879 by Neisser (Kelly, 1992). The organism attacks mucous
membranes, especially the columnar epithelium found in the urethra, the cervix uteri,
rectum and conjunctivae. An intense inflammatory reaction follows with a massive
polymorphonuclear response facilitating penetration of the mucosal lining by N.
gonorrhoea (Daly et al., 1994; Mariam et al., 2004). The incubation period is 2-5
days. In men the main symptom of the disease is a profuse purulent urethral discharge
while it is asymptomatic in women. The microorganism causes some complications in
men such as epididymis and prostatitis while in women the most important
complication is pelvic inflammatory disease (Fenton and Lowndes, 2004; Mariam et
al., 2004).
Candida albicans is a dimorphic fungus, which causes candidiasis. It exists as oval,
single yeast cells, which reproduce by budding (de Repentigny, 2004). Although C.
albicans most frequently infects the skin and mucosal surfaces, it can cause systemic
infections manifesting as pneumonia, septicaemia or endocarditis in severely
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immunocompromised patients. According to Lamb et al., (2000), it grows vigorously
in the vagina and pregnant women transmit the infection to the babies during birth.
In a previous survey of plants used for the treatment of STIs (Kambizi and Afolayan,
2003), traditional healers and other knowledgeable rural dwellers of the Eastern Cape
listed Aloe ferox (Family Asphodelaceae) and Withania somnifera (Family
Solanaceae) as two of the commonest plant species used for the treatment of
gonorrhoea and candidiasis. Aloe ferox is widely used in tradomedicine. According to
many authors, the species is used as an anti-inflammatory and anticancer agent
associated with the treatment of leukemia and against neuroectodermal tumors (Van
Wyk et al., 1997; Capasso et al., 1998; Pecere, 2000). Withania somnifera grows
widely in the Eastern Cape and is used for the treatment of arthritis, tuberclosis,
cancer and STIs (Devi, 1996; Van Wyk et al., 1997; Singh and Kumar, 1998).
The antimicrobial properties of these two plant species have been widely reported in
the literature (Afolayan et al., 2002; Arora et al., 2004). However, the reports have
focused mainly on their activities against commensal microbial floras while
information on their activity against human pathogens is scanty. In this study, we
examined the antimicrobial activities of the aqueous extracts from A. ferox and W.
somnifera on N. gonorrhoea and C. albicans.
2. Materials and Methods
2.1. Plant collection
The leaves of A. ferox and the roots of W. somnifera were collected from villages
around Alice in the Eastern Cape. According to the traditional healers in the study
area, only the roots of W. somnifera are used for the treatment of STIs. Voucher
specimens (Kambizi Med.2003/1 and Kambizi Med.2003/2) were prepared, and
deposited at the University of Fort Hare Botany Department (Kambizi and Afolayan
2003).
2.2. Preparation of the extracts
Air-dried plant materials for each plant (50 g each) were pulverised and shaken for
thirty minutes in 300 ml of water and 300ml of methanol respectively (Afolayan and
Meyer 1997). The extracts were filtered through Whatman No.1 filter paper and
concentrated to dryness under reduced pressure. Each dry extract was later
redissolved in its respective solvent, either water or methanol to final concentrations
of 0.1, 5.0, 10 and 20 mg/ml (Taylor et al., 1996). Stock solutions (0.1 and 5 mg/ml)
of pure aloin, which was previously isolated from A. ferox (Kambizi et al., 2004),
were similarly prepared.
2.3. Microorganisms
Six clinical isolates of N. gonorrhea were procured from the STI unit of the National
Health Laboratory Service in Johannesburg. They were maintained on New York City
agar in the laboratory. Nine laboratory strains of C. albicans were cultured
and maintained on Sabouraud Dextrose agar.
2.4. Sensitivity testing
Sensitivity testing of the two microorganisms to the water and methanol extracts of
the plants was carried out on Potato Dextrose agar. Five ml of the agar was sterilised
at 121°C for 20 min in the autoclave and then mixed with the different extracts to
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make final concentrations of 0.5, 1.0, 5.0, 10 and 20 mg of extract ml-1 of agar. The
agar-extract mixture was then poured into 65 mm Petri dishes and was allowed to cool
and set. All extracts were also plated out on normal Blood agar plates to ensure
sterility. The minimum inhibitory concentration (MIC) value was considered as the
lowest extract concentration with no visible growth. Blank plates containing only
PDA or 2% methanol served as controls (Afolayan and Meyer, 1997).
2.4.1 Antibacterial testing
Neisseria gonorrhoea was cultured anaerobically in Mueller–Hinton broth (Merck,
Darmstadt, Germany) at 37 °C for 48 h based on the National Committee for Clinical
Laboratory Standards (NCCLS) (1997) protocols. The strains were multipointinoculated using a MacFarland standard into 5 ml of Mueller-Hinton broth at 37 °C.
The extract plates were inoculated with 6 strains of N. gonorrhoea and were incubated
in anaerobic conditions at 37 °C. All extracts were plated out on normal Blood Agar
plates to ensure sterility. Minimum inhibitory concentrations (MIC) of the compounds
were determined after 48 h of incubation. The MIC value was considered as the
lowest extract concentration with no visible growth.
2.4.2 Antifungal testing
Strains of C. albicans were cultured and maintained on Sabourard Dextrose Agar.
Pure colonies of C. albicans were inoculated onto the prepared extract plates using
McFarland standard and incubated for 72 h at 37 °C.
3. Results and Discussion
Water extracts from A. ferox did not show any activity against N. gonorrhoea. The
organism is a Gram-negative bacterium which belongs to a group of microbes that has
been reported to be more resistant to plant extracts than the Gram-positive organisms
(Geyid, 2002). Similar observations were noted by (Afolayan et al., 2002) who
reported that a pure compound (3, 5, 7-trihydroxyflavone) isolated from the shoots of
Helichrysum aureonitens was not active on the following Gram-negative bacteria:
Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa and Serratia
marcescens. Kambizi and Afolayan (2003) also observed that water, methanol and
acetone extracts did not show activity on S. marcescens, a gram-negative bacterium.
Water extracts from W. somnifera, however, exhibited complete inhibition of N.
gonorrhoea at 10 mg/ml. The ability of water extract from this plant to inhibit the
growth of N. gonorrhoea may be the reason for its use by the herbalists for the
treatment of gonorrhoea. Methanol extracts from A. ferox and W. somnifera exhibited
activity against all the strains of N. gonorrhoea at a concentration of 0.5 mg/ml.
However, aloin (a pure compound isolated from A. ferox) inhibited the bacteria at a
much lower concentration of 0.1 mg/ml (Table 1).
The antifungal screening showed that aloin was active against all strains of C.
albicans at a concentration of 5 mg/ml. Water extracts from both plants did not show
any activity against C. albicans. Methanol extract from A. ferox exhibited low activity
at a concentration of 20 mg/ml (Table 2). Some researchers (Vahidi et al., 2002;
Bonjar 2004, Iwalokun et al., 2004) have reported high resistance of C. albicans to
plant extracts and hence recommended antifungal testing at concentrations as high as
100 mg/ml. The herbalists in the study area prescribe decoctions (water extracts) to
their patients with no upper limit to their concentrations. This may suggest that the
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high concentration of the extracts administered to patients may be able to cure the
disease.
Table 1. Inhibitory effects of aqueous extracts from Aloe ferox and Withania
somnifera on Neisseria gonorrhoea
a

Minimum inhibitory concentration (mg/ml)

N. gonorrhoea strains
1N
2N
3N
4N
5N
6N

water
na
na
na
na
na
na

A. ferox
methanol aloin
0.5
0.1
0.5
0.1
0.5
0.1
0.5
0.1
0.5
0.1
0.5
0.1

water
10.0
10.0
10.0
10.0
10.0
10.0

W. somnifera
methanol
0.5
0.5
0.5
0.5
0.5
0.5

na: not active
Table 2. Inhibitory effects of aqueous extracts from Aloe ferox and Withania
somnifera on Candida albicans
a

Minimum inhibitory concentration (mg/ml)

C. albicans strains
1C
2C
3C
4C
5C
6C
7C
8C
9C
na: not active

water
na
na
na
na
na
na
na
na
na

A. ferox
methanol aloin
na
5.0
na
5.0
na
5.0
na
5.0
na
5.0
na
5.0
na
5.0
na
5.0
na
5.0

water
na
na
na
na
na
na
na
na
na

W. somnifera
methanol
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0

It was important to screen extracts from A. ferox and W. somnifera against C. albicans
because many fungal infections have been reported to be the primary cause of
mortality in patients with severely impaired host defence mechanisms (Kulberg,
1997). The increase of AIDS-related fungal opportunistic pathogens and the
emergence of resistant strains in recent years have lent additional urgency to studies
on potential antifungals. In the present study it is of interest to note the correlation
between the claims of herbalists and the demonstrated antimicrobial activity of the
extracts from W. somnifera on N. gonorrhoea. However, further studies are needed to
determine whether the plants are effective against candidiasis at higher
concentrations.
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Abstract

This paper discusses the role given to indigenous languages of Zimbabwe in education, particularly
higher education vis-à-vis the contributions made by institutions of higher learning in developing and
promoting the languages. This is done within a background of the Zimbabwean language policies. On
the overall, the paper highlights problems and consequences associated with language policies and
practices in education before suggesting possible solutions with regards to development in the broader
sense.
A brief overview of the policy issues, in particular the constitutional stipulations, the national language
policies and the language-in-education practices at different phases of Zimbabwean history preface the
discussion. It highlights how English as the official language, has dominated the education sector as a
prestigious subject and a language of instruction while Ndebele and Shona have been given honorific
national language status and reduced to optional and lowly rated subjects at schools and institutions of
higher education.
The immense contributions made by institutions of higher education to indigenous language
development are then presented. However, it would be noted that the contributions make insignificant
impacts on the promotion of the languages concerned because of policy issues. The languages continue
to remain media of informal and less advanced communication. The paper also notes the serious
consequences on educational, economic, political and social development since language is a resource
and a tool which can achieve specific developmental goals.
Finally, some possible solutions for the current unacceptable state of educational development are
proposed from a language planning perspective with the ultimate goal of contributing to development
in the broader sense. The solutions take cognisance of constitutional statements on languages,
especially the formulation and implementation of policies in Zimbabwe.

1. Introduction
The issues discussed in this paper fall within the domain of language planning with
particular attention focused on the role played by indigenous African languages in
African societies. No new definitions and interpretation of key concepts in language
planning are offered as the abundant literature by scholars like Cobarrubias (1983),
Fishman (1968), Ferguson (1985) Kennedy (1984) among many others is deemed
adequate to enhance an understanding of languages matters in Africa. "Whether
language has to be planned or left alone?" is no longer a question. Language is an
important communication tool and an invaluable resource whose exploitation can
contribute significantly to human development. As a tool, language has to be
developed enough if it has to be used more efficiently. This paper advances the
argument that language planning continues to be one of the most neglected social
activities in many societies such that:
a) There is always neglect of the relationship between status planning and corpus
planning which is to the detriment of language development.
b) Education is one field in which language matters of a country can be generally
best understood.
c) Indigenous African languages do not play a significant social role because
post-independent governments have embraced colonial language policies.
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While the arguments apply to a number of countries, this paper focuses on Zimbabwe
as the main reference. First, an overview of language matters in Africa is presented to
explain the continued domination of European languages. Zimbabwe`s language-ineducation policy is then explored to expose the domination of English at the expense
of indigenous languages which are consequently marginalised from all key
developmental domains. The most important argument advanced in this paper is that
marginalised languages cannot develop; language development is motivated by a need
to equip a language for specific purposes. Therefore if African languages have to play
important roles in the lives of their speakers, they have to be raised in status and then
equipped to serve the desired functions.
2. Language Matters in Africa: The Case of Zimbabwe
Most African countries are multilingual, a characteristic which is usually a
manifestation of multi-ethnic composition of African societies. For instance, Nigeria
has more than 400 indigenous languages which are spoken as first languages by
different ethnic groups. In addition to multi-ethnic composition, multilingualism and
its resultant problems in language planning are compounded by the colonial legacy of
European languages. Language planners are therefore, not only faced with the
problem of which indigenous languages to give official recognition as national
languages, but choosing between indigenous languages and foreign languages of
former colonial masters for official use in public domains.
Multilingualism therefore poses a lot of challenges to language planning. It is those
challenges that dispute the view that a language can be left alone and never be
planned. Individual languages should have clear social roles to avoid suspicion and
conflict in multilingual settings. This is important because language planning,
especially status planning, is fundamentally similar to other forms of planning and
allocation of national resources. Language planning is an advancement of ideology, a
pursuit of specific goals and “an effort to accommodate potentially conflicting
aspirations” (Ferguson 1985:35) like Fishman` s ‘nationalism’ which pursues
authenticity and ‘nationism’ which pursues operational efficiency on the other hand
(Fishman 1968:39).
The challenges posed by multilingualism extend themselves as socio-economic and
political threats to African societies. They hamper development in its broadest sense.
Civil wars in Africa have not only been fought along purely political lines, but they
have also followed linguistic divides as well. Unilingualism is an ideal situation for a
“one people one nation.” It is often hoped that language planning and other forms
planning would be easier with unilingualism. The strongest argument for
unilingualism is based on the demise of the biblical Tower of Babel as a result lack of
operational efficiency in multiple tongues. However, marginalising or suppressing
some languages while elevating another in the name of operational efficiency leaves
African societies vulnerable to problems of racism, tribalism and regionalism among
many other –isms. Therefore, language policies which are against multilingualism
have been seen as violations of linguistic rights enshrined outlined by the UNESCO
(2003:16). There cannot be development when some people`s rights are violated. One
scholar lamented:
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That Africa shuns her rich heritage of multiple languages and wishes
she were less gifted in tongues is the worst tragedy of time. Her fortune
of languages becomes her worst handicap in development in the
perception of the European-educated African elite (Hadebe 1998:124).
Therefore, whatever development is achieved as a result of one language which
happens to be a foreign one divides the nation and exclude some nationals instead of
uniting them. However, unity in diversity can be achieved with proper planning in
multilingual societies as it shall be demonstrated later on in the paper.
The foregoing applies to Zimbabwe and other countries with a colonial history and
multi-ethnic composition. For Zimbabwe, Hachipola (1996) lists 16 African
languages. The National Language Policy Advisory Panel (NLPAP) (1998) notes that
some Shona varieties, Ndau and Korekore, are sometimes regarded as separate
languages. There is also English, the language of the colonial master which has
become a key to all important public services. While the exact number of
Zimbabwean languages cannot be ascertained, that the nation is multilingual, though
less complex than other African countries such as South Africa, the Democratic
Republic of Congo and Nigeria, remains a fact. Therefore, post-independent language
planning was faced with an inevitable domination of English as the official key to
access of all public services. There has also been a desirable challenge of elevating
indigenous languages as part of the decolonisation process. The formulation of a
comprehensive national language policy therefore has basically faced two
antagonistic options of either discarding English in the name of nationalism and
elevating indigenous languages or using English as a unifying tool to bind together
the different ethnic groups while at the same time facilitating international operational
efficiency in the name of nationism. Taking either of the options exclusively would
seem to be an unwise idea, rather it would emerge that the best way forward had to
take into cognisance both options and come out with something from them.
Given such challenges, “Language policies in Africa are characterised by one or more
of the following problems: avoidance, vagueness, arbitrariness, fluctuation and
declaration without implementation” (Bambgose 1991:111). It therefore appears that
most often talking of language policies in Africa is an overstatement although
Bambgose (1991:112) argues that “absence of a statement does not, however, mean
absence of a policy.” The continued blame for the marginalisation of African
languages on colonialism has been outlived by self-governance of African countries.
Developing African languages should have been the responsibility of African
governments upon taking over power as part of the decolonisation process.
It is acknowledgeable that African governments recognised the urgency of language
matters as discussed in regional and continental congresses. During its 22nd Ordinary
Session, the then Organisation of African Union (OAU), now African Union (AU)
produced the ‘Language Plan of Action for Africa’ in 1986 while the
Intergovernmental Conference on Language Policies in Africa produced
documents like the ‘Position Paper on Zimbabwe`s Language Policy’ and the ‘Harare
Declaration’ in 1997. The commissioning of the NLPAP by the President of the
Republic of Zimbabwe in 1997 for advice on the formulation of a comprehensive
national language policy has been a commendable follow-up effort to the
recommendations made in such congresses. However, the fact that Zimbabwe is yet to
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formulate and implement a comprehensive language policy serves to show that
language matters are not given the seriousness and the urgency they deserve.
In the light of the above, a discussion of language policies in most African countries is
therefore a discussion of inferred policies. It is possible to infer language policies of a
number of African countries from other social, economic and even political policies,
pronouncements and practices in governmental departments. The Zimbabwean
Education Act, discussed in the next section serves as the main reference as far as
language policy matters in Zimbabwe are concerned.
3. Zimbabwean Languages in Education: Policy and Practices
Education is one field in which language matters are totally unavoidable. The
government can afford silence on the general national language policy, but it has to be
unequivocal when it comes to languages to be taught in schools, languages to be used
as instructional media and languages of examinations at particular levels of education.
Even in countries with clear language policies, it is through education that the policies
are tested, cultivated and implemented. Language-in-education policies in Africa
therefore serve as foundations of language policies which may be publicly declared or
avoided as public declarations but be observed. Education has crucial functions in
society and owing to this, it has enjoyed the largest share of attention as far as
language policies are concerned (Ferguson 1985:33).
Following colonialism and the introduction of formal education, foreign languages
like English, French and Portuguese dominate formal education in Africa as subjects,
media of instruction and examinations. Education is usually seen as an engine of
change in the mentality of the individuals who get it and on a broader perspective the
society as a whole. Perhaps language is the fuel that runs the engine such that one
cannot separate education and the language that transmits it. For the colonialists, their
language would produce the best human resources needed for the extraction and
processing of natural resources. Colonial languages were thus languages of education
in colonial Africa.
Zimbabwe` s colonial education policies bear enough evidence of the foregoing.
During the federal period, English was the exclusive medium of instruction at all
schools except in certain instances where instruction in an indigenous language could
be authorised to expedite use of English for only six months. After Rhodesia` s
Unilateral Declaration of Independence (UDI) an alternative medium could be used
for twelve months. English was therefore Zimbabwe`s language of education during
the colonial period since the use of a mother tongue could only be used to enhance
better acquisition of English.
The language-in-education policy adopted by the Zimbabwean government at
independence, enshrined in the Education Act of 1987 (as amended in 1990 and 2006)
attempts to recognise and elevate the country`s indigenous languages. Section 62 of
Part XII of the Education Act entitled Languages to be taught in schools makes the
following provisions:
(1) Subject to this section, the three main languages of this country, namely,
Shona, Ndebele and English, shall be taught in all primary schools from the
first grade as follows177

(a) Shona and English in all areas where the mother tongue of the majority
of the residents is Shona; or
(b) Ndebele and English in all areas where the mother tongue of the
majority of the residents is Ndebele.
(2) Prior to the fourth grade, either of the two languages referred to in paragraph
(a) or (b) of subsection (1) may be used as the medium of instruction,
depending upon which language is more commonly spoken and understood
better by the pupils.
(3) From the fourth grade, English shall be the medium of instruction:
Provided that Shona and or Ndebele shall be taught as subjects on an equaltime-allocation basis as the English language.
(4) In all areas where minority languages exist, the Minister may authorise the
teaching of such languages in primary schools in addition to those specified in
subsections (1), (2) and (3).
Through the language-in-education policy, and the Education Act in general, the
Zimbabwean government attempted to correct the colonial imbalances that
characterised colonial education. However, the language-in education policy leaves a
lot to be desired concerning the status of the indigenous languages vis-à-vis that of
English as clearly shown by the NLPAP (1998) and the Nziramasanga Commission
(1999). In both reports, it is shown that English remains the main language of
education as a prestigious subject and official medium of instruction and
examinations which is not true for Shona and Ndebele. The teaching of community
languages (referred to as minority languages) is vague as it ‘may’ or ‘may be’ and as
such, implementation has been half-hearted (NLPAP 1998:27). As such, the
provisions of the act have not been fully adhered to.
The language-in-education policy also seems to be incomplete since it does not say
anything with regards to language use in higher education or vocational education.
The Education Act excludes tertiary education in its provisions, yet higher education
and vocational education enroll from the lower levels of education. Higher education
produces teachers for lower education while vocational education produces experts
who go to work with the public. Therefore the language one learns in at secondary
school should fully prepare one for university or college education before one goes
back to teach at the lower levels or work in fields of speciality.
Language matters in relation to higher education can only be discussed in relation to
Shona and Ndebele which are taught up to that level. Plans are already afoot in
Masvingo State University (MASU) to teach community languages like Shangani and
Venda. The idea is commendable although it is fraught with challenges which may
not be overcome without serious commitment. Otherwise higher education in
Zimbabwe is largely conducted in the English medium.
Shona and Ndebele are taught as part of teaching diplomas and degrees in teachers`
training colleges and universities, although university graduates are not necessarily
trained to teach except in the teacher education departments. Teachers`colleges and
departments of curriculum and arts in universities teach Shona and Ndebele in their
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own media. The Department of African Languages and Literature at the University of
Zimbabwe (UZ) and that of African Languages and Culture at the Midlands State
University (MSU) use English to teach the two languages. MASU has taken a bold
move of teaching the languages in their own media. Considering the strong position
adopted to end the use of English in teaching Shona and Ndebele with effect from
2006 by the ministry, teaching the languages in their own media ensures continuity. It
would generally be easy for teachers, except in rare cases, to teach using the
languages in which they were trained. Thus it would also seem absurd that most
university graduates, taught in English, teach Shona and Ndebele using their own
media in schools. This also applies to the use of foreign languages in matters that
concern social, economic and other forms of national development as shown in the
next section.
4. Language and Development
This section explores issues related to language policy decisions. People with
administrative and judicial responsibilities make the decisions and regulate language
choice in various state controlled domains such as schools, the parliament, law courts
etc and since these are national institutions, the decisions affect the national official
language choice (Njoronge 2006). They result in the designation of languages as
‘official’, ‘national’ and ‘minority’ languages, which is often motivated by socioeconomic, ideological and political factors. For instance, the ‘Language Plan of
Action for Africa’ was conceived on a pan-Africanist spirit; the belief that total
emancipation and independence of Africa can only be achieved through the use of
African languages in all national, regional and international institutions of Africa.
This applies to Jomo Kenyatta` s 1963 decree when he declared Kiswahili as an
official national language and went on to use it himself in parliament. In as much as
the colonial governments saw theirs as languages of progress, most African
governments at independence saw their languages as vehicles of total emancipation
and development with Africa at the centre. The guiding view is that:
African development cannot be a foreign seed planted on foreign soil.
It must be deeply rooted in the soil of African culture. Education
should not continue to uproot future generations (probably through the
use of foreign languages), but must become homemade education.
African languages play a key role in this renewal process (Tadadjeu
(2004:9).
The bone of contention has always been the use of indigenous languages instead of
foreign languages in African schools, parliaments, law courts and other public
departments. While indigenous languages are favourable as “fundamental attributes of
cultural identity and empowerment” (Daoust 1998:443), African countries continue to
adopt foreign languages for the main reason that they are dubbed Languages of Wider
Communication (LWCs). Thus African governments take operational efficiency for
granted in these languages and seem to consider indigenous languages to be deficient
for use even in debating issues of national development. They seem to be unaware
that lack of commitment in developing African languages is exactly what deprives the
indigenous languages that operational efficiency envied in foreign languages. Perhaps
they need to be reminded that English played a second fiddle to languages like Greek
and Latin in the fields of science and law for a long time until deliberate efforts were
made to equip it. China and Japan`s ascendancy to be among the world`s leading
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industrial and economic powerhouses was fueled by, among other factors, the use of
indigenous languages which up to today do not have the same global status as that
enjoyed English, French and German.
It is unfortunate that some African countries have adopted some European languages
on purely political grounds. Namibia and Mozambique adopted English in order to
counter the domination of Afrikaans and Portuguese respectively instead of elevating
indigenous languages. Plans are now afoot to introduce the teaching of the Chinese
language in Zimbabwe following the souring of relations with the West and the
adoption of the ‘Look-East’ policy as an alternative. Some Zimbabweans may
welcome the idea as it offers more opportunities while others may reject it in the same
way as they despise whatever has been coming from the East. This, however, is not
the main concern. The concern is that while the move weans Zimbabwe from
depending on the West, it only does that in as far as transferring it to the East. Any
foreign language which carries a rescue package, short-term or long-term, will expand
its influence at the expense of indigenous languages. Hopefully, Zimbabwe does not
suffer recolonisation as it has not fully recovered from British colonial rule.
In as much as African countries cannot do away with the so-called LWCs given their
global power-drive, there should be room for indigenous languages for national
integration in national issues. The argument here is that it is possible to use Shona and
Ndebele, in the case of Zimbabwe, or any other indigenous that should be raised to
that status for administration, media, law courts, local trade, industry, agriculture and
other national activities. How can black economic empowerment policies like
indigenisation, nationalisation, agrarian reform, economic turn-around; ideological
policies like ‘local content’ on radio and television or even the championing of
patriotism or sovereignty be successful when they exclude the majority of the
citizenry through foreign languages? Why should a nation use an LWC which is not
understood by its indigenes for purposes of national development? A foreign language
or amelioratively an LWC like English should be reserved for international trade,
business, communication and international relations. Some domains like education
may actually be bi- or multilingualised thereby accommodating both the indigenous
languages and LWCs. Otherwise the current status of indigenous languages in
Zimbabwe and Africa in general is unacceptable and violates linguistic rights as part
of basic human rights.
It should be remembered that language choice constitutes only a part of language
planning; status planning. Regarding status planning, Cobarrubias notes the
following:
Those concerned with this type of planning take the corpus of the
language for granted; they are primarily interested in the status of the
language, whether it is satisfactory as it is or whether it should be
lowered or raised (Cobarrubias 1983:42).
This observation is generally true to national language planning in Africa. Languages
are usually raised in status and later on demoted to unofficial domains of usage. The
main reason for this has been that the elevated languages have been found to be
undeveloped enough to serve the functions they have been assigned. As such,
language development is an important part of language planning.
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5. Language Development in Zimbabwe
According to Tadadjeu (2004:9), language development refers to “the level and status
of a language: whether it is written, how widely it is in use, and its official or nonofficial status”. While this might be convenient enough a definition, it seems to be
vague. It has already been argued that languages are usually accorded a particular
status on the basis of extra-linguistic and political factors such that some languages
enjoy high statuses even though they may not developed enough. Some languages are
written when they are not well-developed enough to be written. Perhaps the best view
of language development for this particular discussion relates to corpus development:
development of an alphabet, a standard writing system, a vocabulary of a language,
grammars, dictionaries and rules governing the development of all these. With this
understanding, language development is both a hindrance to the elevation of
Zimbabwean or generally African languages and at the same time a key for their use
in public domains.
Like elsewhere in the world, language matters in Zimbabwe have always been
sensitive. There is a genuine public outcry that the status of Shona and Ndebele is
largely theoretical since English dominates all the important sectors of life (NLPAP:
1998 & Nziramasanga Commission: 1999). While Ndebele and Shona share the same
national status, after the adoption of the ‘local content’ policy on radio and television,
Shona seems to be replacing English such that very few and dubious Ndebele
programmes, most probably by and for non-Ndebeles are aired through the electronic
media. Furthermore, the speakers of community languages have for long been
complaining that nothing serious except agitated political propaganda has been done
to implement the teaching of their languages at schools. Finally, the harmonisation of
Shona varieties that has currently begun in Zimbabwe is motivated by among other
things, a bid to correct the political divisions of Shona groups in and outside the
country by missionary linguists.
As recent as 2005 and early 2006, the ministry of education made pronouncements on
the real nationalisation of Shona and Ndebele by having them taught throughout the
country as part of amending the Education Act. Probably this was influenced by a
recommendation by the Nziramasanga Commission (1999:169) that “ChiShona and
IsiNdebele should be accorded national and official status and (be) taught in all
schools at all levels throughout the country”. The modalities of achieving this idea
were not explicated although a number of questions regarding the adequacy of
teachers and textbooks among other socio-political problems like languages attitudes
are quite obvious. It emerges that language matters in education and human
development are trivialised emerges as the finally amended act was published without
anything new about language-in-education issues.
If African indigenous languages have to be raised in status, serious and concerted
efforts, championed by African governments have to be made to equip the languages
for the new functions that they are desired to serve. The ‘Language Plan of Action for
Africa’ points out national universities as strategic government institutions that can
advance the language agenda through research and promotional activities. The
universities need not to flatter the language speakers by merely calling for the
promotion and use of African languages in education, media, administration,
parliament and so on without tackling the practical challenges. For instance, MASU,
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whose bold moves of using Shona and Ndebele as exclusive instructional media in
teaching the two languages and pioneering the teaching of community languages in
Zimbabwe are commendable, has not produced any tangible language tool or teaching
material to support the moves. Dictionaries of different types, terminologies, grammar
books and corpora are some of the crucial language tools that need to be quickly
developed for purposes of research and teaching in indigenous languages.
The efforts of promoting Zimbabwe`s indigenous languages like what MASU has
begun is not opposed. Indeed national universities can help develop the indigenous
languages by giving them significant roles in education. However, they also need to
spearhead the development of the languages for new roles. Most language tools have
always been produced by researchers affiliated to national universities. The African
Languages Lexical Project (ALLEX), a collaborative research by the University of
Oslo and the UZ has produced corpora, monolingual and specialised dictionaries in
Shona and Ndebele. George Fortune produced Shona Grammatical Constructions
(Vol. 1 & 2) during his stint at UZ. Therefore national universities have the potential
to contribute significantly in the development of African languages and promote their
use due to their richness in expertise in language matters. Promoting the languages
can be done by implementing their use in education, particularly in teaching those
languages for a start as there is no piece of legislation that prohibits their use in higher
education. This would then stimulate research and language development activities to
produce the necessary tools to facilitate the study and use of the languages in
advanced areas of human life.
6. Conclusion
That the indigenous languages of Zimbabwe are not playing significant social roles is
beyond doubt and this amounts to the exclusion of majority citizens in matters of
national development. The following are found to be the most urgent focal points in
as far as policy matters are concerned:
•

Consolidation of the status of Shona and Ndebele as national languages by
giving them important roles in national public spheres like education, media,
administration, politics etc. This will ensure maximum input and productivity
by the majority of the citizens who are not very proficient in English in all key
areas of national development.

•

Recognition of community languages in education and then later on in other
public sectors such that they can even develop to the current level of Ndebele
and Shona. This would integrate the speakers of community languages into the
nation and destroy the inferiority complex associated with the tag ‘minority
languages.’

Once the indigenous languages have their statuses consolidated, the next challenge
would be dealing with the acute shortage of language tools and teaching materials.
The following language development activities shall be undertaken as a matter of
urgency:
•

Drawing up of various terminologies through collaboration with field experts
and production of more dictionaries in indigenous languages.

182

•

Translation of syllabi and other teaching materials into indigenous languages.

•

Production and publication of more teaching materials and creative works in
indigenous languages. Shona and Ndebele already have a substantial amount
of published creative works.

If language tools and teaching materials are made available in indigenous languages,
then there shall be no hurdle in using the languages in sectors of national significance.
However, this dream can only come true if there is a clear national language policy.
The formulation and implementation of a comprehensive national language policy can
only be successful with the guidance of a National Language Council, supported by
National and Local Language Committees and Units whose roles and objectives are
specified by an act of parliament as suggested by the NLPAP (1998). The Pan-South
African Language Board (PANSALB) of South Africa and the individual language
committees under it have guided South Africa to great progress in language policy
matters and language development activities.
A lot has been said and still a lot could be said on language policies, language-ineducation and language development in Africa. As for Zimbabwe, reference to
previous works has been made. However, very little has been done to upgrade the
status of the indigenous languages since independence. As a call for ‘knowledgebased development’ is being made, here the call is for the development of the
indigenous languages for majority involvement in that development. This however, is
not a call for an anti-English war. The main argument is that English as a language
primarily spoken by a minority population should be reserved for matters of
international interaction and transactions. Whereas indigenous languages will give
authenticity in the creative works and knowledge developed by the indigenes, English
will help us share that knowledge with the wider world and help us acquire whatever
we cannot produce from outside. Whatever is acquired outside using English or
Chinese should then be translated into indigenous languages which are better
understood by majority citizens. This way, knowledge will be disseminated to all
corners of the country thus exploiting shared knowledge to beneficiate development.
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Abstract

This research looked at whether visuals are part of the argument (message) in academic texts. There is
this traditional notion that pictures, drawings, graphs are illustrations, which in a way does not make
them an integral part of the argument per ser. The findings of this research were that visuals are just as
important as the verbal (written) text as a means of disseminating new information. In some instances
visuals are even more effective in introducing new information in an academic argument. One of the
findings of this research was that the verbal text as well as the visual do form what has been called a
semiotic-hybrid, which is giving a unitary argument in a given academic context. Despite this
commonality in the use of visuals in academic texts as a genre, there are peculiar usages of the visual
genre in History and in Biology. In History it was discovered that visuals could be used on different
points of the continuum from the point where they are used merely as illustrations to being an integral
part of the argument. In Biology on the other hand, visuals are part and parcel of the academic
argument being presented, being on the extreme end of the continuum where visuals and verbal texts
form a semiotic hybrid.(they are inseparable, interdependent and almost equal in importance). The
other extreme side to visuals in Biology is that the visual, together with its caption or gloss can present
an argument that is complete minus the verbal text. One of the surprises to come out of this research is
the variance in how teachers especially in High School project the importance of visual in the process
of imparting knowledge to students.

INTRODUCTION
In one of my taught courses in the Master of Arts in Language for Specific Purposes
degree-programme I was introduced to the study of visuals in differentiated
environments. After this initiation, as an academic I started to look at visuals with
interest in trying to establish if visuals had a role to play in academic texts. After
reading Miller’s article entitled Visual Persuasion: a comparison of visuals in
Academic Texts and the Popular Press (1998), my interest in visuals continued to
grow. With more exposure to literature on visuals, I felt that there was need to explore
the nature of visuals in academic texts as this would help the researcher understand
more convincingly how visuals operate for the benefit of students and teaching staff
in differentiated settings.
MOTIVATION
A lot of research in Language for Specific Purposes (LSP) in general and in Language
for Academic Purposes (LAP) in particular, has been on written texts. Less has been
said on the use of visuals in academic texts. Miller (1998) says "visuals in academic
texts are mainly arguments, following formal conventions organised for maximum
persuasion and immediate access to new information." This study, among other
things, sought to investigate Miller'
s claim that visuals are part of the argument in
academic texts. This study also sought to compare the various purposes for which
visuals are used in Biology (a science subject) and in History (a subject in the
Humanities) so as to establish whether there are differences or areas of overlap.
Television simulations and academic films (documentaries) are part of this genre
although they are not part of the discussion in this paper.
According to Lemke (1998:87) graphics, (visuals, in this study), refer to figures,
tables, charts, graphs, drawings, photographs, maps and other specialised visual
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presentations. Cartoons are also considered to be part of this visual genre.
There has been research on the use of visuals in Science by a number of scholars,
prominent among them being Jay Lemke, Gunther Kress and Theo van Leeuwen who
have done a number of studies over the years. But there has been very little done in
the field of Humanities and nothing that the researcher is aware of, particularly, in
History. As a result this study expects to be informed by the studies carried out in
science. The theoretical framework that was used to analyse data in this research is
taken from Michael Halliday (1978) and it is called the metafunctional framework.
This is the same framework that has been used by Thomas Miller in his 1998 paper
earlier on alluded to. The findings of this research will be more of a revelation to the
nature of visuals in History than in Biology since there has been some work done on
visuals in Science.
This study recognizes that there is an aesthetic side to the use of visuals. This side of
images has been studied by philosophers since early times but this study is not going
to explore this side of things as the study clearly spells out that it is interested in the
role of visuals in the presentation of arguments in academic texts. Another way of
presenting this argument is that the study of visuals in this case is a branch of
Language for Academic Purposes (LAP). That visuals have an aesthetic appeal and
that it could be the reason why students with a visual orientation to learning prefer
textbooks that have visuals more than those that have the ‘dense print’.
Lemke (1998:88) strongly argues that visual have a definite role to play in the
teaching and leaning of Science, when he says,
When scientists communicate in print they do not produce linear
verbal text; they do not limit visual forms to the typographical. They do not
present and organise information only verbally; they do not Construct logical
arguments in purely verbal form. They combine interconnect and integrate
verbal text with mathematical expressions, quantitative graphs, information
tables, abstract diagrams, maps, drawings, photographs, and a host of unique
specialised visual genres seen nowhere else.
What is interesting in the above statement is that the way information is presented in
science cannot be found in any other genre. Two issues are of interest here; one issue
is whether this claim can be substantiated by empirical research and if so true, how
different are the findings in other areas and for our purposes here in history. If indeed
this is the case in science then it would be interesting to see what role visuals play in
the humanities, especially in history.
RESEARCH HYPOTHESIS
The hypothesis of this research is that, visuals are often looked at as peripheral or as
mere illustrations of the written text hence they are often ignored or at most regarded
as a buttress to the written text.
SIGNIFICANCE OF THE STUDY
Most academic textbooks being published at various levels have an increasing number
of visuals, which suggests that they have a role to play in the teaching/learning
situation. In a survey that the researcher carried as a pilot study to this work the
researcher was persuaded to believe that there is a general lack of appreciation of the
187

purpose or importance of visuals in learning process amongst both students and
Teachers/lecturers. Some Teachers in Science, for instance, may not understand how
visuals work in their area whilst some scholars like Lemke (1998) strongly argue that
visuals are an integral part of communication in science. He says,
Science is not done, is not communicated, through verbal language alone. The
'
concepts'in science are not solely verbal concepts, though they have verbal
components. They are semiotic hybrids, simultaneously and essentially verbal,
mathematical, visual-graphical, and actional-operational. (reseacher’s emphasis)
So it is paramount that anyone who is a serious academic whether as an instructor or
as a student should have a reasonable understanding of how visuals operate.
It is hoped that findings of this study will benefit learners and instructors alike in
improving their understanding of how visuals operate alongside written text in
academic discourse. It is important for Tutors and students in Open and Distance
Learning environments to understand visual presentations because of their ‘linguistic
economy’ since time is in short supply especially for students as they are either full
time employees, parents, business people as they are students in the same breath. So it
is important for them to have the competence needed to interpret visuals as they read.
These students need to be highly literate when it comes to visual appreciation because
visuals are a major component of non-linear approach to texts. If students lack in
terms of visual appreciation, they will not be able to see the usefulness of these skills
when studying on their own. If students get a deeper appreciation of '
visual grammar'
(an understanding of how visuals operate) when they leave university to go and take
their rightful places in society, they could also use this knowledge in their various
workplaces.
Other members of the academic fraternity who will have a chance to interact with this
study like teachers, lecturers, students, publishers and other stakeholders, are likely to
benefit in that, they would be in a better position to manipulate and understand visuals
at the various levels at which they operate. If they were not using visuals more
dynamically they might start to use them more effectively in academic
communication.
The researcher is expected to benefit from this research in terms of widening his
knowledge base, as he is a fulltime lecturer at Zimbabwe Open University in the
Department of Languages and Media Studies. The researcher is also spearheading the
introduction of a Communication Skills at the Zimbabwe Open University. The
findings of this research are going to inform this new Communication Skills Course.
This course is supposed to help undergraduate students enhance their academic
communication skills, in terms of reading skills and the ability to interpret various
texts, some of them with ‘semiotic hybrids’. So the more the researcher is comfortable
with ‘visual grammar’ the more he would be in a position to help his students
understand this component in their modules. As will be explained in the main part of
this study, there is an increase in the use of visuals in recently published textbooks
both in History and in Biology.
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REVIEW OF RELATED LITERATURE
As the researcher mentioned in the introduction that this research was influenced by
the work of Thomas Miller in his paper called: “Visual Persuasion: A Comparison of
visuals in Academic Texts and the Popular Press” a number of ideas used in this study
have also been drawn from the same scholar.
Visuals in academic text are often viewed by teachers as peripheral as they feel that
the real argument in an academic text is in the verbal text. Miller (1998:30) says “This
logocentric approach leads teachers to ignore what may be the most important and
perhaps problematic aspect of the academic text” It is because of this suspicion by
Miller and the researcher'
s experience as a History teacher that prompted this study.
The researcher had the suspicion that a considerable number of teachers did not fully
appreciate what the role of the visual is in an academic text. So it was felt there was
need to make a study of this nature so that a number of issues to be clarified. Johns
(1998:192) citing other scholars says, “there is, unfortunately, little mention of the
role that visually-represented data can, and must play, in many academic and
professional texts”. Because of this gray area it is hoped that the researcher will be
more informed about how visuals operate in academic texts and would pass on this
knowledge to Communication Skills students at the University of Zimbabwe.
Bezerman (1988) and Myers (1990) as cited by Miller (1998), are of the view that
visuals give the scientist an opportunity “to let nature speak for itself”. What Miller
means by this statement is that, visuals have a rare capacity to let the data present the
message or the argument without any mediation from the author of the text. Miller
takes the argument further when he says, visuals give an illusion of direct access to
data, which makes the argument more convincing. It would be interesting to
investigate whether the same can be said about visuals in History, which is not a
science subject. Miller (1998:43) concluded that, “scientific articles are built around
the visuals, which usually provide the foundation of the argument… visuals are the
fast track to the new, which can display information which cannot be explained
(complex) as effectively in words”. Miller goes on to say visuals are organised for
maximum persuasion and immediate access to new information. This study wishes to
investigate whether the generalizations made for visuals in Science are true in
Biology. Miller says arguments in science are built around visuals as a means of fasttracking access to the new information within this subject. The same issues will also
be investigated in History.
Another claim made by Miller is that, the visual, like the verbal elements, vary
according to genre. The notion of genre is also a major preoccupation of LSP studies.
Martin (1984:26) says, “A genre is a staged, goal oriented, purposeful activity in
which speakers engage as members of (a) culture”. A genre is a class of
communicative events with a shared communicative purpose. It is also the object of
this study to investigate whether visuals in Biology and History belong to specific
genres, or can one argue that particular visuals like photographs, cartoons and tables
belong to particular genres within the two disciplines.
Larkin and Simon (1987), as cited by Johns (1998:189), are of the view that visuals
can be used for linguistic-economy. They are capable of grouping together all
information that can be used together, thus avoiding a situation where one has to
peruse through a lot of related information to make certain inferences. In this study,
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this notion of visuals being used for linguistic-economy is also going to be
investigated in order to establish whether instructors and students alike can make use
of visuals in the teaching and learning situations that they find themselves in. One of
the major objectives of this study is to identify useful ways in which students and
instructors will be able to use visuals in more dynamic ways than they used to. It is
hoped that both parties would then use their knowledge of visuals in their disciplines
across the faculties in the university.
Kress and van Leeuwen (1996:2) commenting on how the visual and the written are
distinct yet complimentary, have this to say,
Visual structures realise meanings as linguistic structures do also, and thereby point to
different interpretation of experience and forms of social interaction. The meanings
which can be realised in language and in visual communication overlap in part, that is,
some things can be expressed both visually and verbally. But even when something
can be ‘said’ both visually and verbally the way in which it will be said is different.
It is clear, therefore, that the verbal and the visual are equally important and
complimentary. Therefore a full understanding of both media is imperative for one to
follow the argument in an academic text, so it is vital that users of academic texts
should have a deep and clear understanding of both forms. Kress and van
Leeuwen:(17) take the argument further when they say that “the visual component of
a text is an independently organised” message that is related to the verbal text but is
not dependant on it. This shows that there is need to understand the relationship
between the two.
One the issues that arise when one looks at visuals is that the context of their
production is not the same as the context of reception. The culture of the constructor
of the visual and how they view the ‘politeness phenomenon’ and the notion of ‘Face’
linguistically also have a bearing in the manner in which the visual is eventually
decoded by the recipient. This is a major issue that requires a separate research. The
stance that this paper takes is that the visuals are presenting objective data free of
emotive involvement. Whilst as a general principle this stance can be maintained it is
difficult to assume this kind of innocence when analysing a cartoon of a head of state
in History. The study will now look at data collection
METHODOLOGY
A number of methods were used in collecting data for this investigation, namely
textual analysis, questionnaire, structured interview and informal discussion,
observation and experiential knowledge. Robson (1993:227) says data collection
methods are at their best when they are used to compliment each other. Textual
(visual) analysis was the major research tool used whilst the other methods were used
to compliment it. Analysis of texts gave the researcher an opportunity to explore the
role of visuals in each argument being put across by the visual alongside its verbal
counterpart. This textual analysis gave the researcher a chance to single out the part of
the argument that is being presented by the visual.
The questionnaire was another method used by the researcher to gather information
about the use of visuals by students and teachers alike, at high school and at tertiary
level. As the researcher had limited time to visit various schools and colleges for data
collection the questionnaire was the best method in the given circumstances.
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One of the research instruments used to collect data for this study was the structured
interview. One of the major advantages of the structured interview according to
Robson (1993) is that you have a chance to talk to people about themselves and their
work and studies. The researcher came across an ‘O’ level Biology teacher who
showed a lot of interest in the subject of visuals. The researcher took advantage of the
willingness of the interviewee to get more information about the issue under
investigation.
Another method used for data collection in this enquiry was the informal discussion.
One of the strong points of this method is that when people are in an informal
discussion they are relaxed such that they freely speak their minds without being
apprehensive about a tape recorder or someone taking notes, as is the case with a
formal interview. My colleagues at work were the people that the researcher engaged
in informal discussions as the research topic was discussed at tea time or during the
lunch break, useful insights were drawn from such discussions.
The researcher also used experiential knowledge gathered as a History high school
teacher, as well as the insights he got whilst teaching tertiary level.
Visuals analysed in this work are extracted from academic textbooks that are in
current usage in Zimbabwean schools and tertiary institutions in the selected subjects,
that is Biology and History.
It would be interesting to compare the nature of visuals in Biology and History with
the aim of establishing whether these visuals play the same role or have different
purposes. The researcher was aware that the selected subjects come from two
completely different disciplines with different ways of presenting data, but prompted
this type of research was that the researcher was teaching communication Skills in the
faculty of Arts as well as in the Faculty of Science and he was interested in
establishing the difference between how arguments are presented in the two different
areas. If they have different purposes the researcher would want to establish why.
Each visual was analysed separately to try and establish its relationship with the
written (verbal) text. After the analysis of each visual had been carried out the
researcher proceeded to do a comparative study of the patterns that emerged.
CONCEPTUAL FRAMEWORK
This section examines the textual analysis of visuals collected from ‘High School
textbooks (‘O’ and ‘A’ level) in History and Biology and also at tertiary level (i.e.
University and College) textbooks with a view to try and establish: (1) the role played
by the visual in the presentation of an argument in an academic text, (2) the
relationship between the visual and the verbal (written) text, and (3) whether there is a
difference in how visuals are used at high school and at tertiary level. The other thrust
(though minor) of this segment is to analyze data collected from students and
teachers/lecturers on their views as to whether they see visuals as having a role to play
in the presentation of arguments in their subjects.
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The Social Semiotic Theory being used to analyse data in this study does not claim to
be completely exhaustive in explaining all the possible meanings a particular visual
may possibly have but its an attempt to introduce systematicity to analysing visuals.
As was mentioned earlier, The Social Semiotic Theory of communication is used here
in the way it was postulated by Halliday (1978) and appears in this paper in the form
in which it was interpreted and modified by Kress and van Leeuwen (1996). Some of
the technical terms used in this study are as they have been originally used by
Halliday, and some have been modified and in some instances new terms have been
coined to deal with new phenomena.
Before elaborating on the theoretical framework further, it is important to spell out
that visual interpretation is just like verbal interpretation in that there is no single
acceptable interpretation as interpretation is determined by how a particular
interactant decodes the information from their point view. Steinberg’s (1994:48)
definition of language will assist us about the point we are making here. He says,
“language is a unified system of signs that permits a sharing of meaning”. Just like
language, visuals are also a system of signs that permit the sharing of meaning. Fiske:
(1990) defines Semiotics as the study of signs and how meaning is derived from these
signs. The point we are trying to drive home is that, visuals just like words (as
systems of signs) are capable of presenting an academic argument in a textbook, so
our task is to attempt to have a systematic way of arriving at this meaning. Steinberg
(p.49), citing Gamble and Gamble, says “the meaning of a verbal message is not
stamped on the face of words”, using this as a parallel, the same is also true for
visuals. The point here is that meaning is imbued in the person that analyses the visual
and not in the visual per se.
So the meaning of the visual eventually is going to be connotative, which means that,
the meaning is influenced by the person doing the interpretation. Because an
interpreter has knowledge from his past and culture, “no interpreter can ever empty
his/her mind and approach a text objectively”(Jansen and Steinberg. 1991:34).
Gadamer as cited by Jansen and Steinberg, says, “the meaning of the work will be
revealed in relation to the interpreter’s willingness to enter into a dialogue with the
text, during which the prejudices of both are questioned and mutual understanding
about the subject matter of the text is reached.” This aspect was found to be especially
true for most visuals in History.
There are, however other, visuals which do have a denotative meaning, which means
they have an explicit or literal meaning, for example a numerical table showing
casualties of soldiers in the Second World War. The interpretation of this kind of data
is fairly straightforward unless there is an objection to the truthfulness of the figures
involved or their selection. As will be suggested by this analysis, most of the visuals
in Biology offer objective data free of emotive involvement hence the interpretation
of the data is not as subjective as some analysis we are going to encounter in History.
But this is not to say that all topics in Biology are free of emotive involvement as we
have issues related to Aids and other socially related topics like personal hygiene.
The Social Semiotic Theory as postulated by Halliday (1978) was put forward
initially to deal with the verbal texts but was later adapted to deal with other forms of
texts, with the visual included. The theory has three main components, namely, The
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Ideational Metafunction, The Interpersonal Metafunction and The Textual
Metafunction.
Firstly we are going to briefly explain what each metafunction deals with before we
discuss the technical terms and the parameters we are going to use in the textual
analysis of visuals and their interface with the verbal text. We are using Kress and van
Leeuwen’s interpretation of Halliday’s framework.
THE IDEATIONAL METAFUNCTION
- deals with referential meaning; that is, what is the meaning of the visual in relation
to what is in the world or what the world is like.
-to what extent is the visual able to represent relations in the real world.
-how does the visual relate to what is in our mind?
-what are the ‘participants’(the term will be explained later) doing to or for each
other?
-how is the visual related to other visuals?
THE INTERPERSONAL METAFUNCTION
-how is the visual showing the relationship between the producer and receiver/reader
of the visual?
-is the visual able to project a particular social relationship between the producer and
the receiver?
-is the visual carrying an argument, in respect of the relations between the producer,
the receiver, and the ‘represented participants’(to be explained)?
-is the visual highlighting or elaborating the author’s point of view?
-is the visual demanding a personal social relationship with the viewer?
THE TEXTUAL METAFUNCTION
-how is the visual organized textually?
-what effects does the organization of the visual have on the argument that is being
presented?
-what is the relationship between the gloss and the visual?
-is the organization of the visual such that it is easy to relate with the verbal text?
-does the size of the visual correlate with its importance to the argument as a whole?
We move on into the specific issues to be analysed and definitions of specialist terms
that are going to be used in this analysis. Most of the terms to be used regularly will
be explained in this section and some which will be used once or twice, will be
explained as they are introduced within the context of the discussion.
PRESENTATION AND DISCUSSION OF RESULTS OF TEXTUAL
ANALYSIS
There are differences in the way visuals are used at high school and at tertiary level in
that, visuals at high school seek to persuade and try to establish a relationship in the
mould of a ‘demand’ picture. It seems to us that the writer of a history textbook at
high school is more concerned with trying to lure the young history student to like the
subject by presenting historical facts in a mode that is easy to interact with, as
opposed to the dense text we encounter at tertiary level.
Still on the difference between the visual that are presented at each level, we begin by
observing that the visual THE SLOW BURNING FUSE TO WORLD WAR ONE is a
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drawing that was specifically to help explain the phenomenon at hand whilst the
images of the emperor were actually taken from society and brought into a History
textbook to help explain what was happening on the ground. At the tertiary level we
note that there are significantly fewer visuals as the authors are trying to presenting a
verbal argument that is best presented by what we have termed ‘the dense’ verbal text.
Some of the arguments that are presented in history textbooks at this level resemble a
persuasive argument that is factual like those presented in a court of law. These are
arguments that link up various points in a narrative fashion and end up summing
them, this is best done by the verbal text and not by a visual. Visual arguments at this
level come in the form of tables to help link narrative arguments with statistical data
as we have seen from the History textbook on the economies of various states in the
Middle East. (see appendix 11)
One of the most interesting aspects about the difference between visuals in Biology
and visuals in History is that, in almost all cases, visuals in Biology are created
specifically to present an argument, unlike in History, where we encounter visuals that
were in other media prior to being used for pedagogical purposes in a History
textbook. In other words the motivation for creating a visual in Biology is to illustrate
a certain biological point. For instance the drawing of the image of the heart and
labelling it was motivated by the need to explain the role of the heart in blood
circulation. So when we examine the role of a particular visual in biology we see neat
integration of the visual and the verbal as a single ‘semiotic unit’ or as a well
constructed ‘semiotic hybrid’. In History this is not always the case because not all
the visuals that end up being used in the textbooks will have been constructed with the
motive of explaining historical data. For example the photograph of Emperor William
II could have been taken from a family picture collection. No one at that time could
have imagined that it was going to be used to illustrate a historical argument in a
school textbook. The cartoon as well was taken from a French newspaper. This kind
of scenario brings in the issues of ‘ideology’ and ‘hegemony’ (we will not discuss
these issues here) in the construction of a visual. As a result at times there is
disjunction in the relationship between the verbal text in textbook and the visual. The
motivation for the French newspaper to create a cartoon of the Emperor had nothing
to do with the way it has been used in this History textbook. Because visuals from
history come from other genres that are not necessarily academic makes some of them
not to fit neatly into the verbal text which is a different genre all together. This could
be the reason why visuals in History are liable to a multiplicity of meanings because
they are not homogeneous to the subject (in terms of construction). This difference in
the motivation for the creation of visuals in the two subjects could be the reason why
we see visuals in Biology being at the center of presenting academic arguments and
this is not always the case in History.
Most visuals in Biology did not demand a personal relationship with the viewer
because the visuals were created for a specific purpose, that is, to present an academic
argument. It is only in socially related topics like Human Health, Aids and other
topics with a social theme where you will encounter visuals from other genres like
cartoons and photographs from newspapers and magazines. In History we also
encounter visual that were specifically created to explain some historical phenomenon
like we see in appendix 7 from Traynor (1991). This visual is a good example of the
changes in terms of presentation of arguments that we see in the modern textbooks.
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This was the reason why we were saying the dense text is loosing ground even in
History it had a preserve in terms presenting academic arguments.
There are other differences that exist which are related to this major aspect we have
discussed above, like the fact that arguments in Biology can be built around a visual
as we saw in the lytic cycle of a phage T4 virus and that of the HEART where the
visual is the main argument and the verbal is supporting. It is not always easy to do
the same in History. History by nature is narrative and the verbal text best presents
this type of information.
The nature of examination questions in the two subjects also determines the
differences that you see in the construction of visuals in the two subjects. In Biology
especially at '
O'level a student can be asked to draw a diagram and label its parts. As
we see in the exam hint on the visual of THE HEART. On the other hand you may not
find an exam question in History that will require a student to only use a visual to
explain some historical phenomenon. The History teachers we consulted argued that
the major motivation for use of a number of visuals at high school was to persuade the
young students to like the subject. At higher levels you see less and less visuals
because the subject demands that students develop strong skills of argumentation,
argumentation is done better by the verbal text rather than using a visual text. In
Biology you do not see the dramatic reduction in the use of visuals but there is an
upsurge in the detail that the visual carries. As you move to higher levels in Biology
the visual helps in explaining the intricate details like we saw in Appendix 4.
Because of these apparent differences in the nature of the two subjects there is bound
to be a difference in the way the arguments are presented visually and verbally so as
to address the demands of each subject in terms presentation of academic arguments.
(the full textual analysis is available as annexure to this paper separately)
PRESENTATION AND DISCUSSION OF RESULTS FROM THE FIELD
STUDY
Here is a presentation of how students and teachers looked at the use visuals in the
two subjects in the learning and teaching environments respectively. We asked 10
students from O and A level in both subjects the following questions from the
Questionnaire (see appendix) the following questions and they gave the following
answers
Question 1. When you are studying/ reading do you use visuals?
Biology:
Yes. 9
No. 1
History
Yes. 8
No. 2
Question 2. If you said yes in one above, how often do you use visuals in
learning?
Biology
all the time.1
Very often.2
Sometimes.6
Rarely.1
History
all the time.1
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Very often.0
Sometimes.4
Rarely.3
Question 3. Which of these visuals do you use when studying?
Figures; Tables; Charts; Graphs; Drawings; Photographs; Maps; Cartoons and other
I will combine hear the findings with that of Question 4 which was a follow up
question.
Question 4.If you have ticked more than three visuals in Q.3 above, which of
these three do you use more than others.
Biology was ranked as follows
Drawings
Tables
Photographs
Figures and charts were ranked last with no one ranking them among the three most
frequently used.
In History the ranking was as follows:
1.Maps
2.photographs
3.drawings and tables
Question 5. What is important for you in your studies?
Biology.
Visuals
Written text. 4
Equally important. 6
History
visuals.1
Written text. 6
Equally important. 3
Question 6. Are there instances when the visual is easier to understand than the
written text?
Biology
Yes. 8
No. 2
History
Yes. 4
No. 6
Question 8. Do cartoons have a role to play in your studies?
Biology
Yes. 5
No.5
History
Yes.4
No.6
The last question on the questionnaire was
Question 9. If yes to Q.8 above in what circumstances do you find cartoons useful
in your studies?
Here we had interesting responses in the two subjects. Whilst it was interesting to
note that biology students had said they used cartoons in studying, some of them had
misunderstood the question (or the question was poorly structured) some of them said
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they used cartoons to relieve stress when they are studying, what this means is that
they were not talking a bout cartoons in Biology texts. Our observation in this study
was that there are not many cartoons in Biology texts. Of the respondents in history
that said they used cartoons they managed to pick up typical situations where cartoons
are used, like the depiction of dictator as the media’s response to the government of
the day. These cartoons end up being part of the presentation of an academic
argument by the writers of school textbooks.
So what does this tell us about the attitude of students to the role of visuals in
academic texts, it shows that the students are aware that indeed visuals have a role to
play in the presentation of the arguments in school textbooks. It also clear that
students in the Sciences, Biology in particular, are more aware of the importance of
visuals in articulating new knowledge. It is also clear that students of History like
writers of History textbooks are being aware that visuals have an increasing role to
play in presenting arguments. So there is need to make students and teachers alike to
have an increased awareness of how visual grammar has to be appreciated.
The story from teachers is not very different, they are all aware that visuals do have a
role to play in the presentation of arguments in school text books in both subjects. In
Biology the awareness is more prevalent than in History. The same picture also came
from the interviews, but none of the teachers were aware that there was a systematic
way of analysing these visuals for maximum benefit for both teachers and students
alike. Only one History teacher said they rarely use visuals in teaching but most of
them were evenly distributed in the very often and sometimes categories in both
subjects.
One of the areas of disparity between the students responses and the teachers
responses was to Question 3 on whether teachers use the provided list of visuals and
the last option was open to use of any other visual, whilst students had nothing to say
in this regard, a number of teachers introducing other visuals like, slides,
transparencies and models. These other visuals were used more in Biology and not in
History. We believe this is because for concepts in Biology are easier to understand
when you visulise the model better than when someone is narrating what process is
taking place as we saw in the visual The Heart (appendix 3) . History by its nature is
narrative hence its easier to be understood in a dense linear text unlike in Biology.
Another issue to note from teacher’s responses was that History teachers more than
Biology teachers said they used cartoons much more in teaching, the reason for this
that most of the cartoons that end up in history textbooks would have been extracted
from the newspapers of the day and later incorporated into textbooks as part of
academic arguments. (see appendices 5(b) and 6).
With Biology teachers charts were the most frequently used visual, followed by
drawings and in the third position graphs and maybe as was to be expected no teacher
in Biology ranked maps in the top three as maps are used more in History than in
Biology because of the different natures of the two subjects. As was expected in
history, the visual most frequently used by teachers were maps. Maps were followed
by photographs and in third position were drawings. Maps are critical in History as
some of the students that learn different histories from the world are not familiar with
the continents, countries, cities, towns and villages were the events being narrated
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took place. So in this regard it is critical for the learners to have a geographical
appreciation of the places in question. No History teacher ranked graphs in the top
three of the most frequently used visual in the teaching of History because of the
nurture of the subject. History rarely compares variables that need graphic
presentation except in instances were the author is comparing production relationships
in two different eras.
On the next question there was consensus from Biology teachers that the visual as
well as the written text, both were equally important in teaching this subject. In
History five teachers said the two modes were equally important and for said the
written was more important. This confirms the assertion that we saw earlier on that
since most History teachers were fed on a ‘logocentric diet’ they also felt they needed
to feed their students on the same.
To the question is there an instance where the visual is easier to understand than the
written text, there was a departure from the usual disparity to almost 100% agreement.
All eight teachers in biology agreed and only one out of nine in history did not agree.
This showed that indeed there are arguments that are best presented visually than
verbally. This shows that maybe writers of textbooks in both areas will begin to
appreciate the importance of communicating more visually than we currently see in
the textbooks that are being used by our teachers and students.
Only 25% of the Teachers in Biology felt that cartoons had a role to play in teaching.
The opposite was true in history as all the teachers said indeed cartoons had a role to
ply in teaching for the reasons already discussed under the discussion of student
responses.
So from this data presentation we can see that the pattern emerging shows that
teachers are more aware of the role that visual have in argument presentation in
academic arguments. This is not a surprise since teachers have more exposure than
their student counterparts. Another reason could be that most of the teachers have
received training in one way or the other and could have been trained in the use of
visuals.
From the experiential side we can conclude that visuals do have a role to play in the
presentation of academic arguments in both subjects as we have seen from the
responses of the teachers and students alike. In science it has always been the case
that visuals were part and parcel of how arguments were presented in that field but
what we are seeing in History in this recent publication we have been analysing is that
more and more visuals are being used in History as well. This could be the because
academics now appreciate that that different students have various learning
orientations, some have an aural orientation whilst others have a visual orientation as
has been revealed by this data. Another upsurge in the need to understand visual is
because of the requirement in the new syllabi to answer source based questions
(picture based).
The story of the use of visuals by students and lecturers at tertiary level in Biology is
not very different from the pattern that we saw at High School level. The difference
was that there was increased awareness of the importance of this mode by both
groups. Maybe a difference we might want to highlight was that for both groups,
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students and teachers alike there was increased awareness that the verbal and the
visual were not necessarily distinct entities trying to do two different things but that
they were in actual fact the two were a single semiotic hybrid trying to achieve the
same purpose. In other words the argument of the visual was the argument of the
verbal and together they were trying to achieve the same purpose.
In History however the case was very different at tertiary level for both students and
Lecturers alike. One lecturer in general History said in an interview she did not have
time for visuals as they tended to interfere with the argument being presented by the
verbal text. Quite evidently from the textbooks we sampled at this stage there were a
few visuals showing that pedagogically they are not highly esteemed for the purposes
of communicating an argument in an academic text.
Most of the few visuals mainly tables are relegated to the back page of the text, so that
they do not interfere with the verbal text, as it were. A few students said they would
prefer textbooks at this stage that would have visuals to take away the fatigue that is
brought out by endless forest of verbal texts.
CONCLUSION
When one looks at a study that seeks to explore the nature of visuals like this paper,
one is tempted to think that we are advocating for the separation of the two codes, that
is, the written and the visua-l. What this study seeks to do is to showcase the role of
the visual in presenting an argument in an academic text, so that the visual is not
overlooked but given the status that it deserves.
So this study has the same goal as the one Kress and van Leeuwen had when they
wrote – Reading Images: The Grammar of Visual Design which is to “break down the
disciplinary boundaries between the study of language and the study of images,”
(1996.183) From what has been discussed, it is clear that the two codes compliment
each other and each needs the other to present the message in the text in a way that it
is unforgatable. It was also clear that there were instances in both subjects and levels
that one form was better at presenting particular forms of data. So it is not always the
case that visuals are ‘illustrating’ the verbal text.
We saw that the modern textbook in Biology as represented by Parsons (1999) and in
History as represented by Trynor (1991) has a lot of visuals or texts constructed
through principles of visual composition, this kind of observation made it was
necessary to embark on a study of this nurture, so that there could be more awareness
by both instructors and students on the role played by visuals in presenting an
academic argument.
What this paper has clearly demonstrated is that if a visual has been introduced in an
academic textbook, there must be a good reason other than the aesthetic consideration
as to why it was included. The observation made during this research was that only a
small fraction of visuals are used for ‘cosmetic’ purposes. Most of them do have a
role to play in presenting an academic argument. In a number of occasions in Biology,
we encountered situations where the visual carried the bulk of the argument. So it is
very importance that users of academic texts have a sound appreciation of ‘visual
grammar’
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From the findings we got from students and teachers on the two subjects under
scrutiny there was a strong indication that there are times when the visual is easier to
understand than the written text. So this could be a challenge to teachers, writers and
publishers of academic textbooks to think of more dynamic ways of presenting their
data, which is not in the form of the traditional dense text which encourages students
to do linear reading which has been said to be gradually losing ground. (Kress and van
Leeuwen 1996:19)
Arguing in terms of genre, we can conclude that visuals in History and Biology
belong to different sub-genres as they ‘speak’ differently to their speech communities.
On the extreme ends of the continuum we can see a cartoon in a History text trying to
invoke debate whilst in Biology the presence of a visual might be the entirety of the
message being presented at that particular instance. On the main visual in History try
to convince or persuade, they are more rhetorical whilst visuals in Biology state
undisputable facts. Because of these technical grounds we can argue that the two
belong to different sub genres but they belong to the umbrella genre of academic
visuals.
The aim of this paper is to encourage dynamism in the presentation of academic
arguments to a generation of students growing up in a multi-media environment that
bombarded by visually appealing semiotics in other areas of their lives except in class.
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Abstract

Based on a study contributing to a major doctoral project at the University of the Western Cape in
South Africa, this paper addressed the following questions ‘What views would prospective students
hold regarding the kind of help they would expect and require from their teachers in the event that they
study Design and Technology at ‘A’ Level?’ And, ‘What logistical problems and difficulties do
prospective students anticipate in their learning of Design and Technology at ‘A’ Level?’ The purpose
was to highlight the findings made in answering these questions. A total of 478 pupils responded to a
questionnaire asking for demographic data and requiring them to indicate; the extent to which they felt
satisfied with their learning, level of assistance expected from teachers and degree of agreement with
issues considered, anticipated logistical problems. Pupils were adequately clear on their needs
regarding assistance from their teachers in learning Design and Technology.

Purpose of the paper
This paper is one, among many derived from an on-going doctoral study at the
University of the Western Cape in South Africa. The following questions were
addressed:
What kind of help would prospective students require from their teachers in the event
that they study Design and Technology at ‘A'Level?
- What logistical problems and difficulties do prospective students anticipate in their
learning of Design and Technology at '
A'Level?
These questions emerged from the following primary research question: “Is it possible
to effectively address the challenge of in-service teacher education and training in
Design and Technology with the intention of enabling teachers to teach the subject at
`A'Level in Zimbabwe?”
Given this background, the purpose was to highlight the findings made against these
questions before discussing their implications on the main study entitled; ‘THE
CHALLENGE OF IN-SERVICE TEACHER EDUCATION AND TRAINING IN
DESIGN AND TECHNOLOGY: The Zimbabwean Context’. The challenge has been
to develop effective instructional materials for teachers with a clear idea of the task
awaiting them in their efforts to effectively teach Design and Technology at ‘A’
Level. The belief was that, for one to fully appreciate the needs of teachers, in terms
of being adequately prepared to teach at that level, there was need to be informed of
the needs of learners. It was assumed this would in turn inform decision-making,
regarding the nature of content selected for the professional development of teachers.
This assumption was based on the premise that, the expectations of pupils meant their
demands, which in turn would have a bearing on the needs of teachers. This meant
there would be no way teachers would satisfy their own needs independent of those of
their pupils, in term of teaching and learning. While the task of teachers is to teach,
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that of pupils is to learn (Davies, 1996), and this suggests a strong relationship
between these parties. What happens to teachers, especially in terms of professional
development, is likely to reflect on pupils, in terms of quality of learning.
Background to the study
For the purpose of the study on which this paper is based, it was important to know
how Design and Technology came to feature in the Zimbabwean curriculum, both as a
subject and as an approach. The emergence of Design and Technology Education as
an integral component of general education has become a significant international
curriculum development of recent years (Jenkins, 1994). Its distinctive features are
technological literacy and capability, highlighting the importance of ‘knowledge in
action’, of ‘doing’ as well as ‘understanding’ (Jenkins, 1994). In Zimbabwe, there has
been evidence indicating that the teaching and learning of Design and Technology as
part of general education is a recent phenomenon, rather than an established practice.
Many questions and thorny issues remain to be addressed and on that basis, this study
aimed at making a contribution by bringing possible answers into focus. In addition to
the issue of Design and Technology being part of the curriculum, little is known about
students’ learning and teachers’ understanding of the subject and about what it means
to become capable in it (Jenkins, 1994). There are important issues about the
preparation of teachers, the assessment of competence, and the relationship between
Design and Technology and other curriculum elements, notably Science. However,
given the multiplicity of these issues, this paper paid special attention to the needs and
expectations of pupils regarding their learning of Design and Technology. Pupils were
considered important stakeholders in this case.
To have a clear meaning of ‘Design and Technology Education’, there is a need to
define ‘Design’ and ‘Technology’ as separate entities. Among those who have looked
at these terms separately are Fowler and Horsely (1988) who have been strongly
supported by Roberts and Zanker (1994:7) arguing; “--- the view that Technology
encompasses Design is incorrect and should be resisted”. Roberts and Zanker (1994)
encourage one demonstrating an understanding of these terms separately before
explaining the link between them.
According to Fowler and Horsely (1988), ‘Design’ is an activity that utilises and
provides a wide range of experiences, knowledge and skills to solve problems. It
involves identifying and clarifying problems, making thoughtful responses, and then
creating and testing one’s solutions. Fowler and Horsely (1988) maintain that ‘design’
is a creative activity. One may use known facts or solutions, but the way one
combines these to solve a given problem requires creative thinking. It appears,
‘design’ is far more than just problem solving. It involves the whole process of
producing a solution, from conception to evaluation, including elements such as cost,
appearance, styling, fashion and manufacture.
While ‘design’ has to do with the thinking process in problem solving, ‘technology’
on the other hand has to do with the hardware or equipment used in problem solving.
One might be creative enough to think of a solution to a problem, but if there is no
relevant equipment for a given problem, the whole thinking process might not yield
results. This is where the link between ‘design’ and ‘technology’ comes. We cannot
have a complete solution to a practical problem without the two coming together
(Kwaira, 1998).
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In various contexts, ‘Design and Technology’ has been treated either, as a separate
subject in the curriculum, or as an approach through which traditional technical
subjects like, Metalwork and Woodwork are taught. In Zimbabwe, the latter view has
dominated our lower levels of the secondary school (forms One to Four) while the
former has been a more recent development aimed at ‘A’ Level (forms Five to Six).
One of the most interesting findings in literature has been the fact that, the form and
content of Design and Technology Education differ among countries. Justification
also varies (Jenkins, 1994). In some contexts, national economic concerns have
impelled change. In others, the need to understand and control one of the most
powerful influences on society today has been the primary motivation. Elsewhere,
dissatisfaction with academicism and recognition of the importance of skilful
performance has brought Design and Technology into focus (Klein, 1994).
Theoretical framework
Since this paper is derived from a study in which the main activity was the design and
development of instructional materials for the professional development of teachers, it
was important and necessary to consider the position of various instructional models.
This led to the generation of a model that was found to be appropriate for the purpose
of this study.
From the scheme developed by Benjamin Bloom in 1956, educational objectives are
classified and related to specific classroom procedures (Good and Brophy, 1977).
This compels teachers to specify their goals and the means of getting there (Sprinthall
and Sprinthall, 1981). Several authorities have developed a variety of instructional
models based on Bloom’s system of instructional strategies, many of which are
described in Gustafson (1981) and Kirk and Gustafson (1986).
Among many two commonly used instructional design models are highlighted by
Ally (1997) as models 1 and 2 taken from Romiszowski (1981) and Dick and Carey
(1996) respectively. After close examination, Ally found these two models to be
characterized by the same outcomes. He then proposed a model comprising seven
steps; learner analysis, content identification, delivery technology selection,
specification of instructional learning strategies, development of evaluation
instruments, formative and summative evaluation. It is on this model that the one
appropriate for this study was developed. For this paper, the main focus was on the
first three; learner analysis, content identification and delivery technology selection.
Although the teacher was the learner in the main study, by virtue of being in an inservice program to improve him/herself professionally, it was necessary and
interesting to check on the expectations of his/her pupils since they would be the
consumers of his/her teaching. Their views would then be taken on board in the
design and development of instruction for teachers.
Methodology
Research design
Being part of a major study where the intention was to design, develop and evaluate
instructional materials, this study was approached through ‘developmental research’.
Apart from associating developmental research with the design and development of
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instructional materials, the materials were expected to have a positive effect, on the
teachers, thereby resulting in their professional growth or development. This type of
research is often initiated for complex and innovative tasks where very few validated
principles are available to structure and support the design and development activities
(van den Akker, 1999). Although Lijnse (2000) and van den Akker (1999) seem to
differ on terminology for such research, referring to ‘developmental’ and
‘development’ respectively, basically they are talking of the same thing. Typical
activities in developmental research include: literature review; participatory research;
case studies of current practices (van den Akker, 1999). Being one of several ‘case
studies’ contributing to the main project involving product and human resource
development, this study became part of several cycles where tests were conducted
between the cycles in order to make necessary adjustments and to redesign the
materials where necessary. The involvement of pupils fulfilled the requirements of
developmental research.
Population and sample selection
Twenty-nine (29) out of the 45 serving teachers in the 2002-2003 Bed Technical intake from the Department of Technical Education at the University of Zimbabwe
volunteered to take questionnaires to pupils in their various schools around the
country. The questionnaires were meant for pupils currently doing their '
O'Level
studies in Woodwork and Metalwork. These were considered prospective students for
the proposed '
A'Level studies in Design and Technology. Since these pupils were
drawn from schools all over the country, they were considered a reasonably
representative sample of '
O'Level pupils in Zimbabwe for the given period (year
2003). Out of a possible 580 pupils, 478 participated in the study.
Instrumentation and data collection
A questionnaire comprising 4 items was used to gather data from pupils. The first
item was on demographic data while the second required pupils to indicate the extent
to which they felt satisfied with their learning of specific aspects of Design and
Technology, like Mechanics and Motion. The third asked pupils to indicate the level
of assistance they expected from their teachers in the event that they learnt Design and
Technology at ‘A’ Level. Lastly, the forth item asked pupils to indicate the degree to
which they agreed with given issues considered anticipated logistical problems in the
teaching and learning of Design and Technology. In terms of structure, after the first
item requiring pupils to fill in relevant information, the rest were based on five-point
Likert-like scales where pupils were required to tick appropriately against specific
elements.

Results and findings
Out of the 580 questionnaires dispatched, only 478 were returned and it was clear that
pupils expected a lot from their teachers in terms of assistance. From the demographic
data, the following information was obtained; gender divide of the pupils, location of
schools (whether rural, urban of peri-urban), and province or district in which school
was situated. The 29 teachers who participated in this study respectively took
questionnaires to 29 different schools in the following provinces Masvingo,
Matabeleland South, Matabeleland North, Midlands, Mashonaland Central,
Mashonaland West, Mashonaland East, Manicaland and Harare. In terms of location;
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13 schools were urban, 11 rural and 5 were peri-urban. Of the 478 pupils who
completed the questionnaire, 416 were boys and 62 were girls.
Level of satisfaction with the learning of given elements of Design and Technology
Table 1 shows the responses of pupils on specific areas. According to the five-point
Likert-like scale on the relevant item, a mean score of anything around ‘1’ would
indicate that pupils were ‘not at all satisfied’ with their learning of given aspects.
Anything around ‘2’ indicated that pupils felt ‘not quite satisfied’ and ‘3’ showed that
they were ‘undecided’ in their feelings over an item. From ‘4’ up to ‘5’, one would
say, pupils felt happy with their learning of a particular aspect since these two scores
were on the upper side, indicating that pupils were ‘reasonably satisfied’ and ‘very
much satisfied’, respectively. Having said this, Table 1 shows that pupils felt satisfied
with their learning of ‘the Theory of Design & Technology and Graphic
Communication. On the rest of the elements, from Material Science, Mechanisms &
Motion, Structures, Pneumatics and right down to Hydraulics, pupils were not
satisfied since most of their responses ranged between ‘not at all’ and ‘not quite’.
Table 1: An indication of level of satisfaction regarding learning of specific aspects of Design
and Technology

N = 478
Item

Mea
n

Std. Item
Mea
Dev
n
.
(a) Theory of Design and 4.73 0.4 (c) Mechanisms and motion
2.01
Technology
8
(b) Material Science
1.05 0.2 (d) Structures (types & designs) 2.09
2
(i) Evolution & Nature of 1.17 0.3 (e) Pneumatics
1.26
materials
8
(ii) Materials & properties
1.27 0.3 (f) Hydraulics
1.23
6
(iii) Materials processing
1.25 0.4 (g) Graphic communication
4.44
3
(iv) Materials & process 1.25 0.4
selection
4
Level of assistance expected from teachers
Responses on this item showed that pupils expected their teachers to assist them very
much on elements (b), (c), (d), (e), (f), (g) (h), (i), (k) (l), (m), (n) and (o). The
indication was that pupils really needed a lot of help on these items. On items (a) and
(p), pupils appeared okay and did not need any help. Lastly, on item (j), pupils were
undecided. Table 2 shows more details on this issue.
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Std.
Dev
.
1.04
1.07
0.47
0.44
0.68

Table 2: An indication of the level of assistance expected/required from teachers on specific
elements of Design and Technology

N = 478
Item

Mea
n

Std.
Dev.

Item

Mea
n

(a) Theory of Design and 1.17 0.38 (g) Thermodynamics
3.63
Technology
(b) Materials Science
4.99 0.09 (h) Fluid mechanics
3.63
- Evolution and nature of 4.82 0.38 (i) Electricity and electronics
4.37
materials
- Materials and their properties
4.65 0.48 (j) Analogue signal processing
3.39
- Materials processing
4.67 0.48 (k) Digital signal processing
3.81
Materials
and process 4.61 0.49 (l) Control systems
3.88
selection
(c) Structures (types and 4.14 0.80 (m) Pneumatics
4.33
designs)
(d) Stress analysis
3.77 0.82 (n) Hydraulics
4.37
(e) Mechanisms and motion
4.38 0.62 (o) Computer control
3.63
(f) Energy and dynamics
3.66 0.75 (p) Graphic communication
1.49
Anticipated Logistical Problems and Difficulties
Table 3 shows that pupils anticipated items (d), and (f) to be problematic in their
learning of Design and Technology at ‘A’ Level. On the other hand, no problems or
difficulties were expected regarding items (c), (e) and (g). However, pupils were
undecided on item (b).

Table 3: An indication of anticipated logistical problems and difficulties in the teaching and
learning of Design and Technology at ‘A’ Level

N = 478
Problem

Mean Std. Problem
Score Dev.
(a) Lack of relevant 2.94
1.34 (d) Lack of relevant
literature
materials (e.g. wood, metal
and plastic)
(b) Lack of relevant 3.19
1.24 (e)
Inadequate
time
equipment
allocation on timetable
(c) Lack of facilities, 2.66
1.32 (f) Lack of adequately
esp.
laboratories
&
skilled teachers/instructors
workshops
(g) Unsafe working 1.49
0.65
conditions

Mean Std.
Score Dev.
3.91
0.05
1.45

0.58

4.25

0.62

Conclusions and discussion on implications of findings
Information from the responses of pupils clearly showed that they had a lot of
expectations from their teachers. Pupils appeared adequately clear on their needs
regarding their learning of specific elements of Design and Technology. Given the
purpose of the study preceding this paper, where the ultimate intention was to design
and develop a resource package of instructional materials to be used in the
professional development of teachers, this information was going to be very useful
and important. The hope was that teachers would then be able to teach the subject
(Design and Technology) at '
A'Level.
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Std.
Dev
.
0.83
0.73
0.66
0.72
0.77
0.69
0.63
0.61
0.87
0.67

Being important clients and/or stakeholders in the teaching and learning of Design
and Technology, their (pupils) responses were to be considered and taken seriously.
The main source of motivation behind the study on which this paper is based was the
quest for relevance, in view of the innovative drive behind the introduction of Design
and Technology into the Zimbabwean curriculum. There was a pressing need to have
the instructional materials at the centre of the study being as relevant as possibility for
the professional development of teachers. And, by getting to know the needs of the
pupils that teachers are expected to work with, the chances of one going wrong are
likely to be very slim (Garforth, 1966).
In itself, the advent of Design and Technology in the Zimbabwean curriculum has
been for the sake of curriculum change and innovation, given the current
technological changes and challenges surrounding us today within the existing
politico-socio-economic conditions. The question of curriculum relevance has
remained central to curriculum development in this country (Kwaira, 1998) and
several critical questions have remained unanswered. This is exactly why this paper
could be regarded as a possible source of answers to some of these questions. For
example, the answers to the questions addressed in this paper are likely to be a
worthwhile contribution towards such a cause and by so doing, contributing to the
world of knowledge!
The phenomenon of ‘Curriculum change and innovation’ is usually necessitated by
the need to make the curriculum relevant to a particular context (Hanson and
Brembeck 1966). Since different politico-socio-economic situations exist in different
countries, educational problems tend to be relative in nature, depending on the
particular needs of individual societies. This is what brings the issue of ‘curriculum
relevance’ into focus.
According to Barrow (1984), to argue that curriculum should be relevant or useful
does not mean much in itself because we need to know whom it should be useful to,
what purpose it should be useful for and in whose judgment it should be useful.
Barrow (1984) goes further to assert that; activities do not possess or lack relevance in
the abstract. They possess or lack relevance to particular people, for particular
purposes, and in particular circumstances. In this case, society and the individual are
of particular interest.
It is widely held that the content of curriculum depends on the nature of society. Any
society sophisticated enough to have an idea of education is most likely to regard
some knowledge and some skills as worthy of passing on to the next generation
(Barrow, 1984). What is judged as valuable depends on several factors where among
many, Kelly (1980) gives the following; different epistemological styles, different
cultures and different stages of development. Moore (1982) also refers to a position
held by some sociologists of education who following a Marxist persuasion, maintain
that any educational curriculum reflects an interest. Discussing the same issue,
Hanson and Brembeck (1966) are quoted by Kwaira (2000):
In its educational investment, a country must adopt a balanced program suited to its
own needs and stage of development or it may run into trouble ... (p.148).
Apart from society, we also have the ‘individual learner’ considered under the issue of
‘curriculum relevance’. Whatever the context, the learner is key to the success of any
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curriculum (Garforth, 1966). According to this observation, society might endeavour
to achieve certain ideals; but, if the learner’s interests are not accommodated, not
much might be achieved at the end of the day! Garforth (1966) goes further to point
out that people like politicians, school administrators and teachers might come up
with what they might consider to be a wonderful curriculum, only to find the wrong
students showing up!
We usually think of a curriculum as having high standards if ‘it’ covers ground,
requires much and difficult reading, demands many papers and if the students for
whom it is intended do not easily get ‘good’ grades. According to Garforth (1966),
what one needs to ask of a standard is not, “is it high or low?” but, “is it appropriate to
one’s goals?” If one’s goals are to make people more alike, to prepare them as docile
functionaries in some bureaucracy, and, to prevent them from being vigorous, selfdirected learners, then the standards in most our schools are neither high nor low; they
are simply apt. If the goals are of a new progressive education, one needs standards
based on the actual activities of competent and confident learners, genuinely engaged
in learning.
Davis (1976:54) also maintains; “any talk about high standards from teachers and
school administrators is nonsense, unless they are talking about standards of
learning”. He argues that children should be taught how to learn instead of only being
given what to learn. Freire (1972) supports such an approach when he advocates
‘Problem-posing’ as opposed to the ‘Banking concept of education’.
An analysis of Barrow’s (1984) discussion on curriculum shows that there are at least
four causes of irrelevance in education and consequently, four levels on which
relevance may be achieved; what is taught, how it is taught, learners’ feelings and the
learners’ concerns. Throughout the world, in practically all societies, rapid change is
occurring in roles and relationships, economic conditions, mores and values, religious
and political beliefs, relations between nations, and ways of everyday life (Moore,
1982). These and other changes in society at large implicitly and explicitly challenge
us to re-think the curriculum. In most cases, profound changes are needed in school
curricula and in government policies to meet the challenge; hence, the need for
reform(s) in education.
Broadly speaking, there are two main forms of educational reforms; ‘radical’ and
‘gradual’. A good example of the former is normally seen in a country soon after
gaining political independence as what has happened in most parts of Africa. This is
when it is most likely that major changes are found necessary in the whole education
system, to suite the new social order and political dispensation. For example, soon
after independence in 1980, Zimbabwe overhauled its education system resulting in
among other things, universal primary education and the abolition of racial
discrimination in all educational institutions (Zvobgo, 1986). On the other hand,
‘gradual’, also known as ‘continuous’ reform is more likely to manifest in a politically
stable society where only socio-economic conditions determine particular adjustments
in the education system. For example, 26 years after of independence, Zimbabwe can
now be said to be embarking on continuous reforms, probably concentrating on
problems pertaining to the prevailing socio-economic situation. The rationale of
continuous reforms is based on the premise that aims and methods of the school must
be revised at regular intervals as a matter of routine rather than by sudden and radical
reform (Kwaira, 1989). At the moment, most of the educational reforms in Zimbabwe
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are mainly meant to gear the education system towards the technological
advancement already taking place and likely to increase, given the prevailing
politico-socio-economic demands of the new and emerging millennium (Report of the
National Conference on Teacher Education, 2000:1). The need for such continuous
revision of the curriculum is actually related to the rapid and erratic shifts,
qualitatively and quantitatively, in the ‘social demand’ for education as well as in the
‘economic demand’ for educated people (Report of the National Conference on
Teacher Education, 2000:1). Hence, it is affirmed; if ‘rolling reform’ is to have any
meaning or impact, it must be possible to identify and, to some extent, predict such
shifts (Kwaira, 1989). This means society, rapidly changing, also needs a different
kind of education from that which is sufficient in a static society; if ever there is one.
The majority of citizens must be prepared to change occupations once or twice during
their working lives, or to undergo a so thorough re-training that it may be considered
equivalent to a change of occupation. There is also constant development and change
in the subjects and the materials used in education. The whole of this development
affects the context in which the work of the school is performed. It is becoming less
important for us in schools to devote our time to the teaching of facts, which probably
will soon become obsolete.
Discussing ‘aims of education’, Barrow (1984) warns of the danger of ‘inert ideas’.
He points out that education with inert ideas is not only useless; it is above all
harmful. Therefore, it is widely held that teaching in a progressive school must
concentrate more on answering the questions ‘why?’ and ‘how?’ than ‘when?’ and
‘where?’ It is important that schools provide pupils with particular fundamental skills
and the capacity and desire to learn new phenomena. According Barrow (1984), such
learning should not only occur in the classroom with teachers, but also at home where
pupils work on their own. In this way, learners prepare themselves for further
education and re-training; natural features of the lives of most adults of tomorrow
(Kwaira, 1989).
The need for ‘rolling reforms’ in education is also justified by the need to increase
productivity in the system. Education is sometimes thought of as one main
determinant of the ‘residual’ factor in economic growth (OECD-SWEDEN, 1967).
There is a strong correlation between a country'
s educational efficiency and its
economic productivity (Hanson and Brembeck, 1966).
In common with schools, the institutions involved in teacher education and training,
are affected by the prevailing climate of educational change in respect of teaching
methods and the organization and content of curriculum. As observed by Taylor
(1969), the manner in which innovations are brought about, the extent to which the
institutions responsible for preparing teachers are themselves innovating agencies, the
existence of a lag between the introduction of new ideas and the responses of colleges
to them; are all matters on which there is, in most cases, an absence of solid
information. Comment on them is usually speculative. This could also be true of
Zimbabwe since this has remained a grey area and it is highly recommended that
further research be carried out in order to provide more answers to some of these
thorny issues.
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Abstract

Using data from an ethnographic study the paper looks at how land resettlement in Zimbabwe resulted
in gendering of agricultural knowledge in the resettlement schemes. This paper looks at the social
construction and reconstruction of gender roles in relation to agricultural knowledge claims in a land
resettlement area. Many women were politically active in the war of liberation where the land question
dominated the agenda. However at independence the land question was framed in terms of race and
gender issues were sidelined. Despite the fact that women were not resettled in their own right women
are not simply victims of the system but generally manoeuvre within the system to gain some
advantages. This paper looks at a variety of strategies that women use to challenge the males within
their families and the resultant conflicts and contradictions. It also discusses conflict, decision making,
investments, and poverty as concepts and practises that can illuminate the gendering and gendered
nature of knowledge within resettlement schemes. Claims of knowledge by both men and women are
in the final analysis are claims over the ownership of household and family resources.

A Background on gender and land resettlement in Zimbabwe3
This paper looks at how the nature of land resettlement in Zimbabwe impacted on the
gendered nature of knowledge and is based on thirty months of field work. It focuses
particularly on Mupfurudzi resettlement scheme that was set up by the Zimbabwean
government in 1980. A large body of literature is available on the effects of land
reform on gender and economic empowerment (Gaidzanwa, 1995; Jacobs, 1993;
Waterhouse and Vijfhuizen 2001) as well as the social and economic justification for
land reform in Zimbabwe (Zinyama, 1995). However, very little has been written
about how the nature of land resettlement itself results in gendered knowledge.
The land question is an issue of major economic and political importance in
Zimbabwe. Moyo (1996) correctly points out that land ‘underpins the economic,
social and political lives of the majority of Zimbabweans’. Thus the anger at the gross
disparities in land ownership between blacks and whites became the rallying point
during Zimbabwe’s liberation struggle. A large number of women were politically
active during the liberation war and the Zimbabwean government has publicly
acknowledged this. However, in spite of the fact that women had actively
participated in the war of independence, at independence the land question was
framed in terms of its racial component, solving the land question was equated to
increasing racial equity in terms of land ownership. As Mushunje (2001:1) notes,
‘while colonial injustices were being corrected, post-colonial injustices were
emerging and these manifested in the discrimination against black women by black
men’.
In the independence euphoria gender debates in terms of land ownership were not
regarded as necessary. This situation in which gender debates are regarded as divisive
and expunged from national discourse in the interest of ‘nation’ building is not
3
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peculiar to Zimbabwe. In official circles the discourse of nation building and loyalty
towards the nation predominated over other potential discourses such as those based
on gender or ethnicity. Involving traditional leaders in decisions on land resettlement
ensured that gender debates on land were pushed under the table. Writing about
Afrikaner nationalism in South Africa McClintock (1991: 105) maintains that, ‘no
nationalism in the world has granted women and men the same privileged access to
the resources of the nation state. So far, all nationalisms are dependent on powerful
constructions of gender difference’.
In judging the efficacy of land redistribution in Zimbabwe in the years following
independence scholars were also not much concerned with gender issues but with
discussing how many of targeted black families had been resettled (Moyo, 2004;
Skalnes, 1995) and others like Kinsey (1999; 1982) were more interested in asset
accumulation, incomes and livelihoods of resettled families. Scholarship was not
interested in the compositional structures of the families that had been resettled. It was
not until the early 1990s that dissenting voices were heard questioning and evaluating
the land redistribution exercise in terms of its gender component.
The first phase of resettlement in the 1980s was criticised by social commentators for
not being gender sensitive since it did not target women as a group (Rukuni, 1994;
Jacobs, 1991; Jacobs, 1993). For example, Jacobs (1991) was disappointed that the
land reform did not challenge gender relations since divorced women were normally
not able to settle in their own right because they were not regarded as household
heads. Moyo (2000:21-22) also recognises the gendered nature of access to land when
he comments that ‘patriarchal land tenure value systems among both the white and
black community have consistently discriminated against women land owners.’ It is
the nature of resettlement that no women initially had plots registered in their names.
Secondly the nature of the settlement pattern in these households deserves further
comment. Unlike the homestead pattern of settlement found throughout much of rural
Zimbabwe, households in these resettlement schemes live in clustered villages (of
between 12-60 households), which are relatively far apart. The physical isolation of
these villages has precluded the development of small markets in these localities.
Indeed, a striking visual feature of these places is the absence of shops or trading
areas. The only shop in Muringamombe, one of the villages in the study, was always
well stocked with alcohol but did not offer any basic commodities, for which people
had to travel about twenty kilometres to Madziwa Mine. To access medical services
and markets, villagers had to go to Zvomanyanga or Chakonda, a great distance from
most villages which was a burden to women as they are the ones who normally cater
for the health needs of their families.
Social construction and reconstruction of gender roles
Waterhouse and Vijfhuizen (2001:7-8) maintain that gender concerns the socialcultural construction of women and men. According to them,
‘it is necessary to realize that these processes of construction are both
reproduced and transformed, by both women and men. Hence analysing gender
relations means getting to grips with these processes. It must be emphasised that
both men and women are involved in constructing gender, by their actions
(practices), assigning meanings and reproducing norms and values. From this
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perspective women are seen as strategic actors and not passive victims of
patriarchal and matriarchal structures’.
This section will briefly look at the social construction and reconstruction of gender
roles by men and women in the resettlement villages I studied.
As mentioned before women were not resettled in their own right (Jacobs, 1990;
Gaidzanwa, 1995; Rukuni, 1994). This is not an experience unique to Zimbabwe but
as noted by ILO (1995-26, 27),
‘Reforms have almost always defined beneficiaries of land titles and of any concomitant
support services to be the male head of the household. This proved to be disastrous for
women who had enjoyed customary use rights and for female heads of
households…Women’s access to agricultural land in resettlement areas…, has not always
been secured. First, schemes often grant land titles or leases to male heads of household.
Second, where land acquisition or allocation is open to everyone, men or women, a
number of socio-cultural and economic factors prevent women from enjoying or
1
exercising this equal right’ .

In Mudzinge, one woman managed to obtain a plot permit on her own when the
husband, who had been the initial receiver of the land, ran away with another woman
and did not turn up to claim the land. Other women in the sample became plot owners
and de facto household heads at the demise of their husbands. In Muringamombe,
both women in the sample became heads after the death of their husbands.
Considering the large number of women in the area, particularly after taking into
account that some men have more than one wife, there is a gender imbalance in the
ownership of stands.
Even in those households where the woman is the head, she remains household head
only in as far as her name appears in the official documents. Most of the decisions on
farming are taken out of the hands of women (see Mudege, 2005). Thus, simply
counting the number of female household heads versus the number of male household
heads tells us little about gender politics in the area. Where there are older sons, the
mother who is the official household head defers most of the important decisions to
the grown up ones. These decisions may be related to land use or the commercial crop
varieties the family ends up cultivating.
Although the female permit plot holder in Mudzinge had the land in her own name,
because she did not have any children of her own, her brother sent his son to stay with
the woman and look after her. There was a lot of conflict between the woman and her
nephew regarding the cultivation and use of the land and other household resources.
To complicate matters, the woman claimed that the nephew and his wife thought that
she was a witch. This woman however could not chase the nephew and his wife away
because she was afraid to antagonise her brother. When the plot holder finally passed
away the plot passed on to her nephew. This situation is not unique to this case only
but in most instances where female plot holders die the land passes on to their male
children or relatives and from then on inheritance will follow the male line. Thus what
government gives in the interest of gender equity custom takes away. Thus although
the demand by academics such as Gaidzanwa (1995) and Jacobs (1990), that women
should also be given individual rights to land, gender equity in terms of land cannot
be achieved by simply giving women land as this doesn’t guarantee that the land will
remain in women’s hands generations to come. It also has to be realised that it is not
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always the case that if women own the land then they are empowered to do what they
want with their land without any control from their male relatives and ‘guardians’.
Compared with women, men were also able to command much labour. For example,
there is a general sentiment among male stand holders that it is the women who are
labourers. Some villagers equated having many wives with the ability to farm the
whole 12 acres or at least most of it.2 In her study of resettlement areas in Zimbabwe,
Jacobs (1990:173) notes that ‘some men may hope to pursue polygyny, as a strategy
for accumulating capital through accumulation of wives…small capitalist farmers
who were polygynists treated wives (especially younger ones) virtually as labourers’.
Similarly in the two villages I studied, a man was usually said to have married the
right woman if the woman was able to work very hard. Marriage for any other reason
was viewed to be an error of judgement. During a discussion one female trader
remarked that men oppressed women since they did not allow their women to use the
maize to get what they wanted, despite the fact that women did most of the fieldwork.
The ability of men to marry labour gave them an edge over women whereas, on the
other hand, women depended on their children’s labour, which they could lose at any
time if their children married and moved out.
Household conflicts over resource sharing indicate that proceeds from farming are not
distributed equitably within the household. Thus, the same resource can impact
differently on different people within the household. In one of the households in the
sample, the wife had to take her husband to the village court because she felt that the
proceeds from farming were not being distributed fairly. According to her, the
husband was always buying cattle, which, culturally are not regarded as a woman’s
property and can be taken over by her husband’s relatives upon his death. She also
maintained that although resettlement land was regarded as the family’s land, in the
event of the death of the plot holder ( in this case the husband) staying on the plot was
usually depended on whether the widow had adult sons if not then the woman would
be at the mercy of her husband’s relatives. At the end the village court resolved that
the husband had to buy his wife a wardrobe, a bed and some kitchen utensils using
cash from their farming activities. The husband complied with the court’s decision.
Thus it can be seen here that women have room to contest their husband’s decisions if
they feel that their needs are being overlooked.
In another case, a man who was married to a female stand holder took his wife to
court because he felt that she was controlling all the income from their farming
ventures. The wife, on the other hand, argued that she was investing the money in
family assets and that her husband was mentally disturbed and could not be trusted
with any household money. Thus, even in cases where there is an observable increase
in the asset base of individual families, it does not necessarily lead to the
improvement of the livelihoods of everyone in the family. Although Kinsey (1999)
points to the positive effects of resettlement shown by certain economic indicators on
household poverty levels, he fails to notice that these perceived increases in
household wealth could be experienced quite differently by different people. Thus
sometimes, although a household can be positively ranked in terms of wealth
available to it, it does not necessarily follow that the members of that household enjoy
the fruits of that wealth in equal measure. A focus on gender thus enables us to keep
in mind that people within the same household often experience phenomena
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differently. Women and men are both entangled in the production and reproduction
of their gender identities within their individual households.
There were also cases where husbands beat up their wives for exchanging all the
maize for clothes and other utensils with the traders popularly known as madhaiza
who exchange their wares for maize and sometimes cash. Men deplored this practice
and claimed it threatened the family’s food security and at times men chased away
these madhaiza traders from their homes. Some women, on the other hand regarded
madhaiza trade as fair practise since they claimed men used all the money from their
cash crops to purchase ‘manly’ things or even to purchase things, which the women
could not call theirs or even use. This is what one village head had to say about a
good farmer who resided in his village:
X here buys a motorcycle, which does not benefit his wives. Do you think you
with your wrappers you can ride a motorcycle…Y was very poor, he became
rich because of farming. He bought a car and a television. If his wife wants she
can learn to drive a car but can I encourage anyone to buy a motor bike which
women in their wrappers can not ride.
Thus faced with husbands who were not sensitive to women’s needs by purchasing
items from madhaiza, women could purchase things for the whole family and, on top
of that, utensils that they could claim ownership over. Even in those households that
were regarded as well off and whose household head was seen as someone who
invested wisely, these conflicts could occur.
Contrary to what the researcher initially believed madhaiza was not an innocent trade
viewed similarly by both men and women. In an earlier conversation with a male
household head he had mentioned that, ‘women can take some maize even without the
knowledge of their husbands and swap this maize for clothes’. Then the researcher
had assumed women sold surplus maize. It could not be imagined that the trade was
furtive, risky and potentially dangerous. In latter encounters with women engaging in
madhaiza trade it became clear that this kind of trading had to be done without the
husband’s knowledge. Many madhaiza traders would come with their wares at a time
when they were sure most male heads would not be at home, otherwise with the
husbands at home they would not get much business. It was in madhaiza that some of
the bitterest gender wars towards the control of resources were fought. In discussions
male heads maintained that in the granary maize was under the control of women.
However, this emerged to be an illusion. There had been cases brought to village
courts in Mupfurudzi in which women sold all the maize to traders, leading to violent
conflict with their husbands.
This assumption of the male head as the farmer and organiser and that women simply
followed, was challenged by the Mushamukadzi drama club consisting entirely of
elderly women. Mushamukadzi is a popular Shona saying that recognises that women
are responsible for making good homes and their families, including making their
husbands successful. Below is a summary of the main components of the
Mushamukadzi drama. Throughout the performance all women were cheering, whilst
some men were complaining that the women were an embarrassment as a drama club.
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The drama starts as the women attend a Cottco loan meeting. They are asked to
bring their vouchers. Some have the vouchers some do not. Some of the women
lack confidence and have constantly to consult their peers before answering
questions from the loans officer. Some of the women are shaking and trembling.
One family consisted of a lazy father Madzinga, and a hardworking mother,
Nyekete. Nyekete is the one that went to get the loan. On the 22nd of October, she
wants to start planting but is prohibited by her husband, who says the seed will
get burnt. When the wife tells the husband that Mr Mushayi told her that that is
the right time to plant cotton, the husband tells her that Mushayi knows nothing.
When the wife is away, Madzinga sells the wife’s fertiliser and chemical bottles
because he says he wants to fix the wife. He uses the money to finance his and
his girlfriend’s drinking habits. Mushayi comes to inspect the field but the
husband sends him away saying that the road is not suitable for a motor bike.
He will first have to clear the way then call him back some other time. When the
wife discovers that the chemicals are missing, she confronts the husband, who
accuses her of not keeping the keys in a secure place, as the village is full of
thieves. Nyekete accuses Madzinga of stealing the chemicals and she is beaten
up. Madzinga tells his wife to sell to Tsikamutanda because he claims that
Cottco grading system is unfair as they use a machine which when switched on
turns all the cotton to a red colour. When Cottco comes to collect the cotton,
Madzinga tells Cottco that cows attacked the only bale they had. As usual the
recovery clerks come and take the entire woman’s property.
This drama highlights the problems that women faced in their farming endeavours.
First they had no access to land and had to access this through their husbands. If
living with their husbands, the success of these women depended on the benevolence
of the husband. The tensions between men and women were acted out albeit in a
humorous manner. The intention of this kind of drama was some kind of awareness
campaign to condemn such practises. However, apart from the condemnation no
solutions were offered nor does it seem that any were in sight.
Gendering knowledge
After marriage the woman’s knowledge becomes redundant as she has to adopt the
ways of her husband’s people. Sometimes during the interviews with both husband
and wife, the husbands expressed surprise at things their wives claimed to know.
Christine: What of sunflower? Why do you cultivate it?
Mr Mbanda: We grow sunflowers for sale. We also use sunflowers for making
cooking oil.
Christine: Are there people who have these oil making machines in this village?
Mr Mbanda: Yes there is someone with the machine at Danken.
Mrs Mbanda: But I can make some oil.
Mr Mbanda: Iii... (In a voice mixed with surprise and disbelief) you can make
oil!
Mrs Mbanda: Yes I can: my mother taught me how.
Christine: So how do you do it?
Mrs Mbanda: You just pound the sunflower in a mortar. After that you process
the cooking oil from the sunflower just like you do groundnuts. My mother used
to do it and she taught me.
Mr Mbanda: This one knows since her mother taught her (Still not convinced).
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Mrs Mbanda: My mother used to do it, but since I came I do not do it because
the sunflower is mostly grown for sale.
Women’s knowledge on agriculture may remain unutilised when they move into a
new household, as in the case of Mrs Mbanda, despite the fact that she and Mr
Mbanda had been married for many years.
The redundancy of the knowledge of women was not limited to the older generation.
One married young woman in her late 20s admitted that after she got married she had
never used any of the agricultural knowledge she had acquired from school. Instead
she just followed her husband’s way of doing things.
When we were still at primary school that is when we grew groundnuts in a
school plot. However, … if you finish school and get married soon afterwards,
you start to think all the things you learnt in school are not important. You do
not even want to think about whatever it is you learnt, and if you do, in most
cases you do not even want to use them in case they conflict with what your
husband wants. The husband is the government and one does what government
wants.
Women preferred not to practice what they knew because they did not want to be
blamed in case what it is they knew failed to work and jeopardised the family’s food.
At one time wives of an absent male household head did not use a method that would
have saved their ailing ox from death because they were afraid to do that since they
would be blamed if the cure failed and the ox died.
Although all household heads concurred that school knowledge was important, most
male household heads denied that they learnt much from their children. All female
heads in the sample claimed that they had successfully utilised most of what their
children had learnt from school and they had found it very helpful. This is what Mr
Arumando and his wife had to say about school knowledge:
Do your children ever teach you new knowledge on farming that they learn from
school?
Wife: Yes.
Mr Arumando: yes they tell us what they would have learnt at school. They do
agriculture at school. We encourage them to do what they are capable of doing.
But as far as our knowledge on farming is concerned we got it a long time ago
from our forefathers and we still use that knowledge.
Do you think the stuff they learn at school works?
Mr Arumando: Yes. My eldest son who did agriculture at school is doing very
well.
Do you think this knowledge is important?
Mr Arumando: I am not quite sure because my son lives close to me and farms
in my field. I think he still learns from me and uses my knowledge. I will start to
be real sure whether the knowledge works or not when he starts to live faraway
from me.
When it came to farming men and women often knew different things and therefore
often clashed when making decisions. For instance because they utilised sometimes
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differing knowledge sources, men and women in the same household sometimes
reached differing conclusions on how the family farm should be cultivated. For
instance, in one case the wives of the man wanted to inter-crop whilst the man said it
was not good farming practice as he had learnt long ago at the big farms and the
agricultural lessons. In the end the wives mixed maize with cow- peas and pumpkins
and the husband ploughed the cow- peas and pumpkins down. He was furious that his
wives had risked the family food basket by refusing to listen to his good sense.
AGRITEX officers formally impart knowledge on agriculture, through periodic
courses of formal lessons for master farmers’ certificates. In Mupfurudzi being a
certified Master Farmer could mean the difference between accessing some resources
from AREX or not. This was so because some resources from government were
channelled through the Agricultural Research and Extension Department. The
government adopted this strategy to avoid a lot of bad debtors by giving enough
fertiliser and seed loans to those farmers who were vouched for by AREX officers.
Therefore, some people attended the formal lessons so that they could establish a
good relationship between themselves and the agricultural officials. The good
relationships would ensure that the AREX officers would put in a good word for them
to access the loans. None of the female heads in Mupfurudzi had ever attended the
lessons offered by AGRITEX officers whilst only one of the wives of the male heads
had attended the Master Farmer training lessons. On the other hand, all male heads
claimed to have attended Master Farmer Training lessons at some time.
High illiteracy rates among women was usually mentioned as one of the reasons why
most women chose not to attend the lessons. Two female household heads in
Muringamombe had this to say when they were asked why they had never attended
the formal lessons:
Others went but I did not go. It was like a school. You have to read and take
notes and remember everything. I would not have been able to cope. It was a
school, where those who passed were given certificates and resettled kuminda
mirefu (Long fields).
The second woman said:
I am not able to write. In addition, the classes are always full of men and it’s a
little embarrassing to be the only woman in a class full of men.
However, further investigations indicated that although illiteracy could have
contributed to the women’s lack of confidence to attend agricultural lessons it was not
the only reason as many illiterate men had attended the Master Farmer Training
lessons and managed to acquire the certificates. On being asked about the importance
of literacy for attending these lessons the AREX officer Mr Nyamaharo claimed that
literacy was not a valid reason for not attending. He was convinced of this fact as one
of the male farmers who had benefited from their programme and was now a
successful farmer could not read and write. One must note that the agricultural
officials also taught oral classes and gave oral exams for those who could not read and
write. Consequently, the failure of women to attend the lessons may be related more
to the gender division of space where the public domain was for males and women
would be embarrassed to compete for that space with men. Cheater and Gaidzanwa
(1996:191) point out that in Shona societies, ‘traditions of male mobility contrast
sharply with female immobility’. Women who were highly mobile and ventured out
of the bounds of their immediate residential neighbourhoods were often labelled as
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prostitutes. Such negative association between female mobility and prostitution might
have militated against women attending agricultural lessons that were often held far
away from the village and sometimes entailed being away from home for a few days.
In cases where females attended the lessons, they would meet with a variety of
obstacles to obtaining the Master Farmer certificates. In the past after going through
the necessary training the person had to build an implements’ shed before being
awarded the Master Farmer Certificate. It may have been requirements such as these
that discouraged some women to go for the Master Farmer Training as they would
need approval from their husbands to initiate certain developments on their
homesteads and the approval was not always forth-coming. One woman who had
attended the Master Farmer Training for a number of years but had still not managed
to get the certificate gave the following reason for not implementing what she had
learnt:
What happens is that if we who wear dresses go to the workshops, if we come
back and try to implement what we have learnt, there will be conflict in the
household. When I came back, I tried to have the shed built, but my husband
insisted that he had never seen that since he was born. He kept asking why a
plough should be kept in a built shed. He could not understand it. There was a
lot of conflict until I decided to drop the shed issue. As a result one can not
implement everything one learns.
Thus illiteracy as the main variable explaining the non-attendance of women is short
sighted and fails to take account of the involved household dynamics.
It was not only the agricultural lessons that women did not attend, but also other
agricultural meetings that were held in the village. Although these were usually held
on Fridays (Chisi – traditionally sanctioned rest days in honour of the sprits of the
land)), women still could not attend as they used this day to focus on the domestic
tasks they had ignored during the week. It was usually on Fridays that women cleaned
their houses, redecorated them, washed the family’s clothes, and watered their
gardens, whilst they also had to prepare meals for their families. On the other hand,
men would be visiting friends and those who drink would spend the Fridays at the
local bar talking to friends and generally lazing around. It emerged that men had more
time than women to attend these meetings. The AREX officer confirmed the high
attendance rate of men as compared to the low attendance rate of women for both
agricultural lessons and agricultural related meetings.
That is sad because what happens if the man dies and the woman did not attend
to hear things for herself?
That is the problem. Yesterday I was in DERUDE carrying out a crop census on
behalf of the central statistical office where I have to ask farmers how much they
produced this year. As it happened many male heads died. So I had to ask the
women and their answer was invariably that we do not know anything: father is
the one who knows but unfortunately, he is dead. We only know how to work. At
the end of the day, we just guess. That affects the accuracy of our statistics.
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Because of the gendered nature of access to public information, women lacked
competent knowledge in certain aspects along the agricultural production chain.
Making decisions
Processes of making decisions help us understand the gendered nature of knowledge.
In nine out of fourteen cases in the sample, household heads claim to consult other
members on the selection of maize variety. This information was not always reliable:
in one case the head said he made decisions alone and then when his wife was present
said he consulted her; and in another, the husband claimed to consult his wife while
she denied this when alone with the interviewer.3 Three out of the four female heads
consulted with their adult sons or other male relatives before deciding which seed
variety to plant, especially where maize was concerned. In the fourth female headed
household there was no real consultation as the grandson who worked in Harare just
bought whatever seed variety and fertiliser he managed to secure for her. Although
sometimes the grandmother would have preferred some other variety, she was still
thankful for the seed that she got and she never complained to her grandson. On the
other hand five male heads maintained that they consulted with their families.
Women in all households were involved in decisions affecting the choices of
peripheral crops such as groundnuts, roundnuts, rapoko and open pollinated varieties
of maize, which are regarded as women’s crops. This was a recurrent theme
throughout interviews with the different households, indicating that knowledge has
gender. The following excerpt illustrates this:
Netsayi: Do you think men and women have the same knowledge or that they
know differently?
Mr Arumando: (Laughing) Some women have more knowledge than men, but
some women have no knowledge at all.
Wife: Both men and women know different things. For example, groundnuts,
round nuts, and cow-peas, those are a woman’s crop. Beans and sunflower
belong to both men and women so they have almost the same knowledge on
those crops. Soya beans are a man’s crop.
Netsayi: Why do you say that beans are a crop for both men and women?
Mr Arumando Because if there is plenty of it, let’s say you get a lot of tonnes,
the beans could be sold to the GMB. So it is a man’s crop.
Mr Arumando: In case of surplus the man and woman share. The woman would
get her share for domestic consumption whilst the man would get his share for
sale.
Netsayi: What about when it comes to cotton?
Mr Arumando: Women normally do not know about cotton. We are the owners
of cotton so we know more. If it refuses to germinate we will know what to do.
Wife: Aah, but I have a lot of knowledge on cotton. I know everything. Cotton is
very difficult. If it refuses to germinate you will have to sow more seed.
Mr Arumando: Like this time, for cotton, we should have tilled the land already.
By the time you send a bale of cotton to the CMB you will have worked. Maize is
very easy. For beans if you do not spray when it starts to flower, pests will eat it.
Soya beans for bread is difficult at sowing, but, once it germinates you are
home and dry.
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It can be argued that knowledge was gendered to the extent that female expertise was
rarely questioned in areas that were traditionally considered their domain. However,
when it came to farming crops like maize, cotton and tobacco men generally regarded
themselves as more knowledgeable. Men’s advice was also more actively sought on
these crops. In all interviews, both women and men pointed out that crops like cowpeas, round nuts, and ground nuts were women’s crops and women had more
knowledge where those crops were concerned. What is interesting however is that
women also claimed expertise on the male crops whilst males always deferred
questions on female crops to their wives, professing complete ignorance where these
crops were concerned. This can bring to the fore the fact that knowledge claims are
not simply knowledge claims but can indicate a fight over resources. Women were
said to have knowledge where non-commercial crop varieties were concerned. As a
result they could not rightfully claim full ownership over proceeds from the
commercial crop varieties over which they were said to have no knowledge on how to
produce.
On occasions when women were consulted on cash crops it was not usually because
their knowledge on these crops was highly valued. All women in the sample
concurred that their husbands would ask them for their opinions but when their
opinions did not agree with those of their husbands they ended up doing what the
husband wanted. When he started to cultivate flue-cured tobacco instead of the air
cured varieties, one farmer did not consult his wife because he thought she had no
knowledge of tobacco farming. However, at first the wife resisted this crop because it
was very labour intensive and she withdrew her labour by pretending to be sick for
part of the farming season. Although the husband strongly suspected her of feigning
illness, he could not force her to work without seeming like a villain in the village.
She later agreed to cultivate flu cured tobacco because it paid well, but the husband
now consults his wife before adopting any new technology because he does not want
his wife to withdraw her labour.
Women who were pointed out as knowledgeable about crops like tobacco and cotton
were usually widowed women. Especially concerning tobacco, people agreed that
these women were usually free to attend training courses held by AREX and their
success could not be easily attributed to male presence. Especially in one case a
woman had successfully adopted tobacco farming after her husband’s death. People
claimed that it was because she had attended tobacco-training courses and gained the
requisite knowledge. However, where the widow had adult sons any success she
might achieve as a cash crop farmer or indeed in farming in general was quickly
explained in terms of her adult sons.
To prove that women had less knowledge than men, one farmer pointed out that it
could be seen by the yield that women got when they farmed alone. Even in the
traditionally female crops like groundnuts, women still got less than men when men
decided to venture into groundnut farming because men could access knowledge from
AREX and employ it in their farming ventures. However one woman maintained that
this was not because women knew less than men but simply that since men allocated
the farming land they naturally allocate the most fertile land for male crops. In
explaining why she had harvested a few ground nuts, one woman in Mudzinge village
explained:

223

I think it’s because of the soil. When I got enough to sell, I had been given the
shapa soil…Baba (father meaning husband) is the one who gives me a piece of
land to plant my crops. So I just plant wherever I am given.
The man who blamed the low productivity of women on their perceived lack of
knowledge conveniently did not mention, as he had earlier mentioned for farming in
general, that sometimes lack of access to resources like money to purchase inputs,
might also explain low productivity among women.
However, although women feel they can do better if given good soil, they are
generally not bitter about the way land is designated. This is because women’s crops
are not grown for commercial reasons, and although these crops allow for diversity in
people’s diets, they cannot afford people food security in the way of maize.
Women were partial to open pollinated varieties of maize whilst men expressed
preference for the certified seed. All questions relating to open pollinated varieties
were usually deferred to the wives of household heads during interviews. It was also
the women who named open pollinated varieties because they were the ones that dealt
most with open pollinated varieties and could name them after their characteristics.
The issue of open pollinated varieties was gendered because they were usually not
cultivated for commercial reasons; hence fell under the control of women.
Poverty and the Poverty of Knowledge
Female-headed households predominated among the poor households in the village.
Out of the four female headed households in a total sample of fourteen households,
two were in the poor category, one in the very poor category while the fourth was in
the medium wealth category. The very poor woman had no children and had thus no
access to labour, while the two poor households had all their children resident at home
and had no other sources of income. The woman who was in the medium wealth
category had sons and grandsons who were well educated and worked in the urban
centres.
These women explained their poverty in different ways. One of the poor households
maintained that they were poor because the male household head had been ill before
he finally passed away and could not do much field work. The second household
maintained that it was because the husband had many wives and many children and
everything he worked for went towards family consumption. The other poor
household attributed its poverty to the lack of labour. One of the good male farmers
pointed out that the poor households were very poor because they did not have the
required knowledge to farm profitably. A similarity among these households was
their lack of access to resources when they came into the resettlement scheme. They
owned no cattle and only one household owned a plough. Most of the medium wealth
households came into the village with a few resources of their own that gave them a
head start over other households.
Women might also have predominated among the poor households because of their
lack of mobility. In the sample only one female household head had regularly
attended meetings. None of these female household heads had ever gone to the GMB
depot or to Cottco in Bindura where some respondents claimed to get information on
new developments in farming by talking to farmers from other areas or the employees
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of these organisations. A highly mobile woman headed one of the progressive femaleheaded households. The household head was a traditional healer and almost everyone
in both Mudzinge and Muringamombe claimed some sort of relationship with this
woman. This woman attended most of the agricultural meetings, which other women
shied away from, and in 2001 she diversified into tobacco cultivation a crop which
she had not cultivated when her husband was alive. Although other factors might
explain her success one factor that stands out is that compared to other women she
was very highly mobile and could access information that other women could not. In
the same village there was another female traditional healer who did not have a
husband to limit her movements but was not a successful farmer and barely managed
enough to eat. Although she was confident and most people in the village
affectionately referred to her as grandmother or aunt she did not actively seek
information on how to access resources and loans from outside and did not attend
lessons to learn about new crops. Mobility was a critical factor especially in those
houses that did not have grown male children to take over this function of gathering
information from other sources.
Conclusion
It has been made clear that women are not simply victims of gender discrimination
and gender inequality. Women use a variety of strategies to challenge the males
within their families sometimes resulting in conflicts and contradictions. It has also
emerged that independence does not necessarily imply freedom and equality for all
but that others may lose so that others may gain. As in this case women were not
regarded as people who could be resettled in their own right despite the fact of their
participation in the liberation struggle. Even in those few homes were women were
resettled in their own right it is necessary to investigate decision making as it has been
highlighted in this paper that what land the women received from the government
was a mere legality because decision making powers over that land was usually taken
over by their male relatives and ‘guardians’. Economic, cultural and social
considerations might make it difficult for women to exercise full rights on land, and to
take advantage of opportunities to better themselves.
The paper also discussed conflict, decision making and poverty as concepts and
practises that can illuminate the gendering and gendered nature of knowledge within
resettlement schemes. Claims of knowledge by both men and women are in the final
analysis claims over the ownership of household and family resources.
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Abstract

The paper first describes multiculturalism as an aspect of educational globalisation in counsellor
training in Zimbabwe, detailing how this counsellor training is conducted. It further examines the
psychometric properties of the Multicultural Counselling Inventory (MCI) on a Zimbabwean sample (n
= 70) drawn from the final fourth year the Bachelor of Science Counselling degree students, Intakes 1
and II, at the Zimbabwe Open University. The results indicated that the 4 subscales of the MCI are not
appropriate for an African context, suggesting further research and development of measurement
instruments on multicultural counselling competencies of counsellor trainees outside of the USA. It is
recommended that the MCI be edited using local Zimbabwean language experts to determine the
relevance of the content and the appropriateness of the language to the context, and examine the
pertinence of the original scale domains of multicultural awareness, skill, relationship and knowledge.
Further research should use larger samples of 300 or more for better results. Concepts of ethnicity and
culture were described as perceived in an African context.

Introduction
The concept of multiculturalism as perceived in the western cultural context, differs
from the way it is understood in an African context. The context of the study is
outlined in order to illustrate how this Afrocentric perception is possible in
Zimbabwe. Paul B. Pedersen (2000, p. ix) noted that “No matter how skilled, trained
or intelligent one is as a counsellor, if counsellors are making wrong or culturally
inappropriate assumptions, he or she will not be accurate in assessment, [meaningful
in] understanding, or [appropriate in their] interventions.” There is need to find out if
counsellors are developing culturally appropriate skills, knowledge and relationships
with clients, hence the focus on the psychometric properties of the Multicultural
Counselling Inventory.
Multiculturalism
Multiculturalism is a complex philosophical stance that acknowledges other cultures,
disparages using stereotypes in counselling, and supports understanding of one’s and
the other’s worldviews. Pedersen (1999) defines includes age, sex, place of residence,
education, socioeconomic factors, affiliations, nationality, ethnicity, language, and
religion. A narrower definition focuses on ethnicity and race (Locke, 1990), but does
not accept the exclusionist politics of group identity based on race, but advocates for
social justice within demographic and cultural differences through cultural awareness,
knowledge and understanding of the client by the counsellor. Multiculturalism also
embraces gender, sexual orientation, socio-economic status and age (APA, 2002). In
this paper, ethnicity rather than race is the preferred focus of multiculturalism since
“race” has social meaning often accompanied by stereotyping; whereas, according to
the APA Monitor (1998) “ethnicity” connotes common culture and shared meaning
for group members. Ethnicity includes feelings, thoughts, perceptions, expectations
and actions of a group resulting from shared historical experiences. Because of
colonialism, nationalism, industrialization and urbanization that forced geographic
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and social translocation of extended families, Zimbabwe is a plural society, thus
difficult to discuss on “race” lines, but “ethnic” lines, which are demarcated by
linguistic similarities and differences through history and geography. The principal
community attachments which define people with their identities are ‘ethnic’; ethnic
communities are defined by their cultures (Parekh, 2000:154); and such attachments,
identities and cultures are ‘historic’, ‘rooted’, ‘authentic’ and ‘traditional’ (Grillo,
2003:160). The term ‘ethnicity’ has been used in the colonial era to refer to ‘natives’
or indigenous peoples, thus denoting belongingness to a ‘primitive’ group when used
by the European colonizers of Africa such as by the British in Africa. For this study,
ethnicity is used in a positive sense to refer to those various groups held together by
history, language and geography, claiming a common ancestry and sharing a common
sense of being a member of an African cultural heritage. This paper, however,
suggests that the multiculturalism of the counsellors in training is one that recognizes
the cultural pluralism of communities in Zimbabwe, not about separation, but of
learning about the similarities and differences of a diverse country that shuns the
stereotypes of race and racism.
Counsellor training in Zimbabwe
Counsellor training in Zimbabwe is multicultural and a product of globalisation in
higher education for several reasons. The counsellors in training are instructed in
English, resulting in linguistic acculturation that modifies or transforms their values
and beliefs about their culture and that of their prospective clients. Most of the
counsellors in training in the B Sc Counselling programmes at a Zimbabwean open
and distance university have, at entry, a diploma or certificate in some professional
training, such as in teaching, nursing, police, or army, and with two or more years of
professional experience. They must have at least 5 Ordinary Level subjects including
English at entry, unless they enter through the Accreditation of Prior Learning option.
The language assumption is that they are able to learn the training content in English
more proficiently.
Counselling practice in Zimbabwe is in the client’s preferred language, which often is
not English. This often creates possible problems at co-construction of meaning
between the client and counsellor. When the counsellors-in-training in Zimbabwe
interact with clients, they assume that they understand their clients’ cultural context
on the basis that they are also participants in that culture, particularly through their
mother languages, which are either Shona(71%), or Ndebele(16%) (population of
12.8 million, Government of Zimbabwe, 1992), to build any meaningful relationship
with the majority of their clients who are non English-speakers, or, if these speak
English, may be less proficient in it (Mpofu, Myambo, Mogaji, Mashego, & Khaleefa,
2005). The counsellors-in-training must therefore adopt multicultural approaches in
practice, confirming Patterson’s (2004: 67) contention that ‘All counselling is
multicultural.’
The ethical guidelines the counsellors-in-training in Zimbabwe follow are adapted, or
adopted, from a combination of guidelines of the American Counselling Association
(ACA), the American Psychological Association (APA), the British Psychological
Association, the Zimbabwe Psychological Association and the South African
Psychological Association’s guidelines. There is no professional accrediting
counsellor association in Zimbabwe, but the emphasised maxim taught is to ‘do no
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harm’, they learn this principle of beneficence, and are intensively inducted in ethics
to ensure the prospective client is protected.
Another aspect of multicultural competencies acquired by the Zimbabwean
counsellors in training is through the Euro-American centric counselling theories,
principles, and practices they learn from the interactive modules, books, and lectures,
which may have some culture-relevant information, for example, some of the case
descriptions and activities in the modules are drawn from local situations. To date, no
one has determined through research how culturally relevant these principles and
practices are, suggesting an area for future research. The following examples illustrate
some of the Eurocentric and different values acquired through the learned principles
and theories, which are considered necessary for effective counselling in any context:
•

•

The concept of confidentiality: In Western contexts, confidentiality is between
counsellor and client whereas in Zimbabwean cultural context, it is between the
individual and the extended family, wherein information about one’s health is
treated much as ‘secrecy’ within and between members of the extended family.
Even within that extended family, some members are not privy to the full extent
of the client’s or patient’s illness, particularly if that problem/illness is not
understood. Usually, there is mystery surrounding serious illness because of the
cause-effect relationships created when someone is ill. The preference is to
consider the client as a ‘patient’ and any ‘problem’ as an ‘illness’. How the
professionally trained counsellor achieves that confidentiality with a client is
tricky, risking offending the family when the counsellor in training prefers to
strictly adhere to how confidentiality is understood in Euro-American contexts. In
an open discussion on the issue of confidentiality with members of the public and
counsellors in training and the writer, it was apparent that the choice for holding
confidential information would lie within the family and not the professional
counsellor, who is a total stranger. As noted by Fuertes, Bartolomew and Nichols
(2001), it is important to recognize how the client, and in this case, the counsellor,
perceive the concept of confidentiality.
Measurement tools: Counsellors in training are taught about measurement
instruments developed in western cultures, e.g., the Minnesota Multiphasic
Personality which may have no cultural relevance or compatibility to the context
they work in. Inventory (MMPI). Efforts to make them culture relevant to
Zimbabwe stalled because of the expense, although the expertise is there.
Counsellor trainees are taught how to develop culture relevant psychometric tools,
but they would need more systems support within the country. Most instruments
to measure Multicultural Counselling Competencies (MCC) (Ponterotto, J.G.,
Fuertes, J.N., & Chen, E.C., 2000) were developed in the USA, for example the
MCI. The MCC is not always about race, but also about differences in
socioeconomic status, which creates a number of problems with applying US
measures of MCC, because of the culturally based meanings of the content in
these instruments. It is recommended that before using the instruments, as part of
ongoing research, a content analysis be conducted on each item, to assess if clients
in an African context share the same semantic meaning of the key words, and to
check whether the items would bear any contextual relevance. For example,
‘green card’ referred to in the MCI would be irrelevant to a Zimbabwean
scenario. The word minority would have a different meaning in Zimbabwe
because it refers to those who have economic superiority, whereas ‘majority’
230

•

•

refers to those who are economically poorer, the povo. It would be better to
replace minority by ‘dominant’ although fewer in number but more economically
powerful and majority is restricted to superior numbers and less economic power.
More research is needed in this area to establish which measurement tools apply
cross-culturally or particularly to Zimbabwe. Studying the psychometric
properties of the MCI on a Zimbabwean sample is one such effort.
Counselling goals: The ability to set counselling goals is an important counselling
skill. Setting goals that are based on an individualistic society may not be
compatible to those of a communalistic societal value system such as that of the
majority Zimbabweans. The possibility that the Euro-American theoretical
frameworks may contradict Zimbabwean cultural values is there. For example, the
counsellor in training learns that the client’s goals are paramount, yet culturally,
the client expects a more directive approach because the counsellor is perceived as
the authority, much as the doctor and the traditional healer is perceived (Mpofu,
2002). When the counsellor presents several options to the client and helps the
client identify his/her goals, the client may view that counsellor as confused,
incompetent or inept. That may interfere with the therapeutic relationship the
Counsellor in Training or CIT intends to establish. Thus the role of counsellor in
indigenous systems are more directive wherein the authority lies with the
counsellor as expert, similar to Freudian [directive] perspectives, which have been
explored and adapted with some success e.g., in South Africa by Perls in the
1970s, or by Mpofu (2002) in Zimbabwe. CITs learn Rogers’ person-centred
approach, but it is not clear if they are able to practice as he recommended in a
cultural context that prefers the counsellor to be in charge.
Communication: In Zimbabwe, communication skills are taught in English, the
language of instruction and official language for business, although in practice
these communication skills are evidenced in the vernacular. When the vernacular
non-verbal and verbal language is used, some information is either lost or
misrepresented in translation or adaptation e.g., in Zimbabwean local culture,
tears are not a show of weakness, and a smile may mean anything. For example, a
Shona proverb sums up succinctly the role of a smile in communication which
states: ‘zino rinosekerera warinovenga’ (literally ‘a tooth can smile at its
enemy’).

Zimbabwe’s schooled persons (i.e. those with more than 12 years of school education)
hold more diverse cultural perspectives that they adopt as a result of that educational
enculturation. This means that CITs must be keenly aware of their own cultural views
and beliefs to be effective counsellors. There is need for further research to find out
how well they are able to adapt the theories, principles and practices learnt in higher
education to counselling practice.
The next section describes the concept of multicultural counselling competencies and
some of the problems of using it in a non-USA context. Thereafter, the paper outlines
the purpose, justification and rationale for the MCI study.
Multicultural Counselling Competencies (MCC)
The counsellors in training are expected to demonstrate multicultural counselling
competencies (MCC) in practice. These multicultural counselling competencies as
defined in the USA assume that racial/ethnic beliefs and attitudes are nurtured within
the various demographic groups, which are similar or different. Counsellors in the
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USA are urged to be aware of their racial/ethnic attitudes and beliefs for effective
counselling of other non-White Americans. Counsellors in training are expected to
demonstrate specific knowledge of their culture and heritage, to recognize cultural
influence on counselling practice at identifying the presenting problem, setting
treatment goals, monitoring progress, and for understanding the client. These
multicultural counselling competencies are also about developing multicultural
counselling skills such as communication skills that accurately interpret both verbal
and nonverbal language of the client
The MCC is also about ‘culture’, which in Zimbabwe or Southern Africa is
sometimes juxtaposed to ethnicity. According to Hugo (2002), “Culture can be
defined as "the shared patterns of behaviours and interactions, cognitive constructs,
behavioural norms, expectations and affective understanding that are learned through
a process of socialisation. These shared patterns identify the members of a culture
group while also distinguishing those of another group" (Hugo’s italics).
The shared patterns of behaviours then become the lens through which experiences
are filtered. For the counsellor in training to communicate with the client, he/she and
the client use their cultural heritage as the backdrop for understanding each other.
Although the counsellors in training learn about the Western cultural heritage, beliefs
and values that is bound to colour their worldviews, contrary to or similar to the
client’s worldview, they must understand and be aware of their own cultural values
and beliefs in the context of Zimbabwe to be competent counsellors, hence this study.
Multiculturalism is sometimes confused with the word ‘diversity’ and has been
challenged as undesirable if it is an excuse for dividing people and concentrating on
differences, at the expense of similarities between people (Pedersen, 2002). In sum,
Roysircar, Gard, and Hubbell (2003) state that multicultural counselling competencies
are the counsellor’s awareness of his/her “attitudes and values, knowledge, and
skills”, that is:
• having good awareness of the attitudes or worldviews into which the counsellor is
socialized;
• recognizing and being sensitive [relationship to client] of the client’s worldviews
and attitudes;
• having knowledge of the cultural environment;
• understanding the effects of racial [and] ethnic identity; and
• possessing proficiencies [skills] to work with culturally different persons.
Purpose of the study
The study on the psychometric properties of the Multicultural Counselling Inventory
(MCI) stemmed from the writer’s interest in its appropriateness as a measure of the
multiculturalism of the Zimbabwean counsellors in training, and in globalization of
African higher education. There was no known study of the MCI as used in an
African setting. The MCI was chosen because it purported to measure multicultural
counselling competencies of ‘any counsellor working with a minority or culturally
diverse clients’ (Sodowsky et al 1994: 140). The mean Cronbach alpha coefficient for
the MCI is .87, and the mean coefficients of the awareness, knowledge, skills and
relationship subscales were .78, .77., .80, and .68 (Sodowsky et al., 1994)
respectively. The MCI asks questions behaviourally. The expectation was that the
MCI is suited to African cultural contexts, and to extend research on development of
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the MCI, or alternatively, to develop other culture specific measures of MCC within
an African context. The aim was to find answers to the following question: What are
the psychometric properties of the Multicultural Counselling Inventory (MCI)?
The following were the sub-questions developed:
• Are the MCI’s four subscales valid and reliable as a measure of multicultural
counselling competencies in an African context?
• Do the sub-scales of the MCI on a Zimbabwean sample evidence comparable
reliability values as the US sample after factorization (Sodowsky et al 1994)?
• Using MCI, does the factor structure replicate with the Zimbabwean data?
Rationale for the study
The concern with multicultural counselling in an African context is just as important
as it has become in the Euro-American context. The definition of multicultural as
known in the Americas has so far focused on how it pertains to the whites and nonwhite groups that comprise the diverse demographic American panorama based on
race, or being a member of a minority or majority group in the USA. Unfortunately,
multiculturalism in Africa has largely been ignored, or at best, not been as
emphasised. There is need to examine the impact of educational globalisation in
counsellor-training in Africa, and to research on how counselling practice is
metamorphosed when the counsellor co-constructs meaning with the client. It is
hoped that the study extends our understanding of multiculturalism beyond EuroAmerica, as well as develop further multicultural counselling and measurement, and
thus help improve counsellor training and programme development in Africa. As
underlined by Guido-DiBrito and Chávez (2003, citing Chávez, 1995: 15) when
quoting a Mexican doctoral student who states: "Relational knowing is the most
foundational aspect of my knowing. If I do not examine everything through the lens
of my community, my people, my self, how am I truly to understand or determine its
relevance?"’
Method
The MCI was used as the survey instrument to measure the multicultural counselling
awareness, knowledge, skills, and relationship of counsellors in training in a
Zimbabwean context (Africa). The MCI has 40 self-report statements that are spread
across four factors i.e., 11 items in Factor 1 on multicultural counselling skills; 10
items in Factor 2 on multicultural awareness; 8 items in Factor 3 on multicultural
counselling relationship; and 11 items in Factor 4 on multicultural counselling
knowledge. Earlier studies on the reliability of the MCI was as high as Cronbach
alpha of above .8, for USA samples, which is considered as high or adequate
reliability (Murphy, 1999) for measuring multiculturalism, hence it was chosen for
this study. The MCI focus was on awareness of interpersonal and intrapersonal
racial/ethnic beliefs, values, stereotypes, and worldviews of counsellors, variables that
are known to influence counselling practice (Sue, Arredondo, & McDavis (1992). In
future research, results of a study of clients’ perceptions of multiculturalism of their
counsellors could be compared to the self-reported levels of multiculturalism of the
counsellors.
Participants
All 70 participants selected were at the Zimbabwe Open University (ZOU), in the
Bachelor of Science Counselling 4th year students in Intakes I and II in 2004 from 5
233

of the 10 ZOU academic Regions. The sample was drawn from an outgoing group,
which was the first cohort graduating with the B Sc Counselling degree. These were
randomly selected from among all (150) who had completed 28 courses, and had
compiled 2 portfolios, including an audiotape of counselling of at least 5 clients, as
evidence of their practical work required for graduation. It was possible some of the
students already worked for counselling agencies because they were recruited from
various work contexts including schools and hospitals. No other demographic details
were collected except that at selection into the B Sc Counselling program, all students
in the sample had a minimum of 5 Zimbabwe “O” level passes, including English,
with a human service qualification such as teaching, nursing, policing, at
undergraduate diploma or certificate level an advantage. All the participants belonged
to either the Shona or Ndebele ethnic groups.
Measures
The MCI is a self-report measure that had a social desirability level of 7%, whose
psychometric properties were identified through Exploratory Factor analysis
[Sodowsky et al., 1994), using college participants and not ‘clients’. Multicultural
social desirability is when a respondent gives answers that are aimed to make a good
impression on others to suggest he/she is responsive and attentive to other ethnic
groups (Roysircar, et al., 2003).
Procedure
There were 100 MCI questionnaires distributed to ZOU students in 5 of the 10
academic regions. Of the questionnaires that were distributed, after verbally
explaining the purpose of the study, only 70 (70%) were completed and returned.
Although the Principal Components Analysis results were significant, the
factorization was performed on the data because it was considered conceptually valid
to establish the MCI’s psychometric properties. The MCI has self-report statements
rated on a Likert scale (4 = very accurate, 3 = somewhat accurate, 2 = somewhat
inaccurate, and 1 = very inaccurate). A score of 1 means low multicultural
competence, and a 4 is high multicultural competence. The MCI expresses items
behaviourally, e.g. ‘I am able to’, or ‘I am comfortable’. The items indicate the
attitudes or sensitivity of the trainee counsellor to multiculturalism.
Results
Multivariate statistical analysis, using principal components analysis [PCA] and
exploratory factor analysis [EFA] was conducted through the Statistical Package for
Social Sciences (SPSS) to confirm whether or not the four constructs in the MCI
suited the African context. To explore MCI factor structure, a mathematical solution
through the Principal Components Analysis followed by an Exploratory Factor
Analysis was conducted. Although the Kaiser-Meyer-Olkin (KMO) for the MCI was
rather low [.4], the Bartlett’s test was significant, but for purposes of EFA, the
analysis was conducted in order for the results to guide us on which items could be
reliably adopted for investigating multiculturalism in an African context. For this
study, the Cronbach'
s alpha was .796, and the KMO, a measure of sampling adequacy,
was at .350, and significant at .000, which is considered too low for sampling
adequacy according to Tabatchnik and Fidell (2001), who recommend that values of
.6 and above are required for sampling adequacy.
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Descriptive statistics: The mean was 116.9, the standard deviation was 12.526,
(n=40). Reliability: Cronbach alpha was .8 on standardized items.
After the initial Principal Components Analysis (PCA), 13 items were selected for use
because they had eigenvalues larger than 1, between 1.084 and 6.925, with total
variance explained by the 4 subscales at 41.449 %. The screeplot indicated that about
4 subscales could be extracted. The analysis using the Extraction method called
Maximum Likelihood [with Varimax] was then performed so as to select items in
each subscale, although distribution changed from the prescribed order. There were
8/11 (73%) items in Factor 1, with 4/11 (36%) original retained; Factor 2 had 5/10
(50%) with only 1/10 (10%) retained from original set; Factor 3 had 7/8 (86%) with
2/8 (25%) from original set; and Factor 4 had 4/11 (36%) with 1/11 (9%) from
original set. The following results obtained:
• The factor structure was first examined by using a principal components
analysis of the MCI data. On the basis of the screeplot of the eigenvalues
(Tabachnik et al., 2001), 2, 3, and 4 factors were further examined using EFA
(maximum likelihood extraction with varimax rotation). The 2 Factor solution
was the best of the competing models; although it was a poor fit of the data.
• Factor 1 was labelled Multicultural Counselling Knowledge & Skills, and
Factor 2 was labelled Awareness & Relationship, based on item distributions
from the original MCI. Table 1 gives the means, standard deviations and
reliability for each factor.
Table 1: Descriptive Statistics by Factor
Factor

Means

1 Multicultural Counselling Skills
2 Multicultural Counselling Awareness
3 Multicultural Counselling Relationship
4 Multicultural Counselling Knowledge

3.2
2.67
2.40
3.15

Standard
deviation
.64
1.11
1.16
.82

Cronbach
Alpha
.71
.71
.39
.57

Interpretation of Analyses
Factors 1 and 2 (Skills and Awareness) had acceptable reliability estimates because
they had Cronbach alphas of .71; Factors 3 and 4 (Relationship and Knowledge)
demonstrated poor reliability estimates with alphas of .39 and .57
After Exploratory Factor Analysis - yielded 2 Factors
• Factor 1= Knowledge/Skills: 18 items.
• Factor 2 = Awareness/Relationship: = 10 items
• Alpha coefficients for Factor 1: .819, considered to be excellent
• Alpha coefficients for Factor 2: .671,considered to be very good
• Original items retained = 28/40 =70% for Zimbabwean sample, which was
encouraging for future research with a larger sample (300+).
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Factor 1
16: I monitor and correct my defensiveness
36: I use varied counselling techniques
38: I am comfortable with exploring sexual
issues
21: I use several methods of assessment (free
response etc.)
39: I am skilled at getting a client to be
specific in defining and clarifying problems
3: I am confident my conceptualization of
client problems does not consist of
stereotypes and value oriented biases

Factor 2
15: I feel my confidence is shaken by the
self – examination of my personal limitation
10: I tend to compare client behaviours with
those of majority group members
5: I have difficulties communicating with
clients who use a perceptual reasoning, or
decision –making style that is different from
mine
34: In order to be able to work with
minority clients, I frequently seek
consultation with multicultural experts and
attend workshops and training sessions
28: My professional or collegial interactions
with minority individuals are extensive
27: When working with international
students or immigrants, I understand the
importance of legalities of visa, passport,
green card, and naturalization
35: I am effective at crisis interventions
(suicide attempts)

13: I consider the range of values,
behaviours, and individual differences in a
minority group
24: I understand my own philosophical 29: In the past year, I have had a 50%
preferences.
increase in my multicultural case load
Figure 1: Examples of Zimbabwean Two factor Items
Discussion
The principal components analysis of the MCI’s psychometric properties indicated
that it did not fit the data but, when the exploratory factor analysis was performed,
two factors resulted, suggesting that it had some validity although not reliable. Since
28 items are usable, if language of the items is checked for relevance, new items
could be added. That two factors resulted also requires further investigation to
ascertain whether it is the naming that needs changing, or the problem of overlap
between the words ‘understanding’ and ‘awareness’, and the terms ‘skill’ and
‘knowledge’. Mpofu (2005 personal communication), a psychology expert who is also
Shona, states that, as a result of his studies on creativity in Africa, terms that are
appropriate in English tend to cause difficulty in substituting in the Zimbabwean
vernacular languages. There is no single word in Shona for ‘multiculturalism’.
Perhaps that accounts for the unreliability of the MCI as a measure of MCC for the
study. Perhaps it was the size of the sample – this needs verification in another study.
From the Results, Factor 1 of Knowledge/Skills combined and Factor 2, of
Awareness/Relationship combined can be used but renamed. The process of naming
should be after local researchers conduct an inter-rater reliability process that places
the instrument in a Zimbabwean context.
Limitations of the study
The size of sample of 70 in self-report studies may not provide reliable information,
but a larger one is recommended with at least 300 or more, may explain outcome of
current study. There was not enough demographic information about the sample
collected, thus the study focused on the psychometric properties of the MCI as the
236

study only. Study is about counsellors in training of a specific cohort, restricting its
generalizability. The Kaiser-Meyer-Olkin measure of sampling adequacy was lower
than recommended (.352 instead of .7 and above), and the Bartlett’s test was
significant, suggesting that there was no normal distribution, although the conceptual
reasons for the analysis was valid. A content analysis to customise the language of the
items might improve, for example, the item that refers to green card can be changed
to, or added to, passport, or work permit. The results cannot be generalized to all
counsellors in training. Therefore, this study was a preliminary study whose results
are tentative, and not conclusive.
Conclusion
The paper addressed the psychometric properties of the MCI and placed this in the
Zimbabwean context. The paper indicated some of the problems associated with its
use in a different context, such as the language used in the instrument which, in
further studies must be content analysed. More research on the MCC is also pertinent.
A pre and post test study on participants that have deliberately been taught
multicultural counselling competencies, can be compared against those without, then
re-administered the MCC with a larger sample size to see if the MCI is reliable.
References
1. Guido-DiBrito, F. & Chávez, A. F. (2003). Understanding the Ethnic
Self: Learning and Teaching in a Multicultural World.
www.colostate.edu/Depts/SAHE/JOURNAL2/2003/DiBritoChavez.ht
m
2. Government of Zimbabwe. (1992). Central Statistics Office. Harare.
3. Helms, J.E. & Richardson, T. (1997). How “multiculturalism”
obscures race and culture as differential aspects of counselling
competency. Pope-Davis D. B. & Coleman H. L. K. Multicultural
Counselling Competencies Thousand Oaks: SAGE
4. Hugo, J. (2002). HCI and Multiculturalism in Southern Africa.
Computer – Human Interaction in South Africa. Development
Consortium. Retrieved 14 November, 2006 http://www.chisa.org.za/Devcon/MultiCult.htm
5. Jay, G. (2002) What is Multiculturalism? Retrieved 14 November
2006 http://www.uwm.edu/~gjay/Multicult/Multiculturalism.html.
6. Locke, Don C. (1993). Multicultural Counseling. ERIC Digest
www.ericdigests.org/1993/counseling.htm
7. Mpofu, E. (2002a). Indigenization of the psychology of human
intelligence in Sub-Saharan Africa. In W. J. Lonner, D. L. Dinnel, S.
A. Hayes, & D. N. Sattler (Eds.), Online Readings in Psychology and
Culture (Unit 5, Chapter 2), (http://www.wwu.edu/~culture), Center
for Cross-Cultural Research, Western Washington University,
Bellingham, Washington USA.
8. Mpofu, E. (2002b). Psychology in sub-Saharan Africa: Challenges,
prospects, and promises. International Journal of Psychology, 37, 179186.
9. Mpofu, E., Myambo, K., Mogaji, A. A., Mashego, T. & Khaleefa, O.
H. (2005) African Perspectives on Creativity 456 – 489. In J.C.
237

Kaufman & . J. Sternberg (Editors) The International Handbook of
Creativity. Cambridge, New York: Cambridge University Press
10. Parekh, B. (2000). Rethinking Multiculturalism: Cultural Diversity and
Political Theory, Cambridge, Massachusetts: Harvard University
Press.
11. Patterson, C.H. (2004). Do we need multicultural competencies?
Journal of Mental Health Counselling, 26, 67-73.
12. Pedersen, P. (Ed.). (1999). Multiculturalism as a fourth force.
Philadelphia: Brunner/Mazel.
13. Pedersen, P. (2000). A handbook for developing multicultural
awareness. Alexandria, VA: American Counselling Association.
14. Pedersen, P. B. (2002). The making of a culturally competent
counsellor. In W. J. Lonner, D. L. Dinnel, S. A. Hayes, & D. N.
Sattler (Eds.), Online Readings in Psychology and Culture (Unit 10,
Chapter 2), (http://www.wwu.edu/~culture), Center for Cross-Cultural
Research, Western Washington University, Bellingham, Washington
USA.
15. Ponterotto, J.G., Fuertes, J.N., & Chen, E.C. (2000). Models of
multicultural counselling. In Steven D. Brown & Robert Lent,
Handbook of counselling psychology.3rd Edition. New York: John
Wiley and Sons.
16. Pope-Davis, D.B., Reynolds, A.A., Dings, J.G., & Ottavi, T.M. (1994).
Multicultural competencies of doctoral interns at University
counselling centres: An exploratory investigation. Professional
Psychology: Research and Practice, 25(4), 466-470.
17. Pope-Davis, D. B., & Dings, J. G. (1994). An empirical comparison of
two self-report multicultural counseling competency inventories.
Measurement and Evaluation in Counseling and Development, 27, 93102.Grillo, R.D. (2003). '
Cultural Essentialism and Cultural Anxiety'
.
Anthropological Theory. 3(2): 157-173. SAGE Publications
18. Roysircar, G., Hubbell, R., & Gard, G. (2003) Multicultural research
on counsellor and client. Pope-Davis, D., Coleman, H.L.K., Liu, W.M.,
& Toporek, R.L. Handbook of Multicultural Competencies.
19. Sodowsky, G. R., Taffe, R. C., Gutkin, T. B., & Wise, S. L. (1994).
Development of the multicultural counseling inventory: A self-report
measure of multicultural competencies. Journal of Counseling
Psychology, 41, 137-148.
20. Sue, D., Arredondo, P., & McDavis, R. (1992). Multicultural
counselling competencies and standards: A call to the profession.
Journal of Multicultural Counselling and Development, 20, 64-88.
21. Sue, D. W., Ivey, A. E., & Pedersen, P. B. (1996). A theory of
multicultural counselling and therapy. Pacific Grove, CA:
Brooks/Cole.
22. Sue, D. W., & Sue, D. (1999). Counselling the culturally different:
Theory and practice (3rd ed.). New York: John Wiley.
23. Vontress, C. E. (1991). Traditional healing in Africa: Implications for
cross-cultural counselling. Journal of Counselling & Development, 70,
242-249.

238

24. Vontress, C. E. (1999). Cross-cultural counselling: a case book. American
Counselling Association
25. Vontress, C. E. (2002). Culture and counselling. In W. J. Lonner, D. L.
Dinnel, S. A. Hayes, & D. N. Sattler (Eds.), Online Readings in Psychology
and Culture (Unit 10, Chapter 1), (http://www.wwu.edu/~culture), Center for
Cross-Cultural Research, Western Washington University, Bellingham,
Washington USA..

239

Appendix
Total Variance Explained
Component

Extraction Sums of Squared Loadings
Total
% of Variance
Cumulative %
1
6.925
17.312
17.312
2
3.791
9.478
26.790
3
3.185
7.964
34.754
4
2.678
6.695
41.449
Extraction Method: Principal Component Analysis.
Scale Statistics of MCI
Mean
116.90

Variance
156.904

Std. Deviation
12.526

N of Items
40

Rotated Factor Matrix (a)

*Q36
*Q21
*Q6
Q16
Q38
*Q40
Q30
*Q9
*Q37
*Q20
*Q17
Q33
*Q14
Q7
*Q24
*Q39
*Q26
*Q22
*Q23
Q1
*Q35
*Q34
Q25
*Q29
*Q11
*Q31
*Q15

Factor
1
.912
.699
.625
.621
.584
.555
.548
.535
.515
.456
.455
.399
.367
.274
.190
.268
.191
-.044
.071
-.068
-.039
.026
.319
-.074
.228
-.003
-.053

2
.192
.238
-.151
.322
.500
-.023
-.079
.088
.001
.262
.193
-.108
.096
.054
.759
.752
.601
.590
.462
-.153
.257
-.141
.246
.012
.045
.136
-.063

3
.028
-.049
-.174
.181
-.009
-.250
.072
.168
-.003
-.281
.009
.353
.132
-.008
-.064
.036
.281
.085
.052
-.013
.675
.643
.513
.489
.468
.437
.389
240

4
-.050
-.109
-.066
-.059
-.115
.089
.321
.239
.274
.015
-.007
.165
.032
.031
.131
.063
-.003
.243
.260
.148
-.154
-.074
-.043
-.013
.249
-.078
-.084

*Q28
-.014
.140
.387
.194
*Q10
.072
-.056
.383
.128
Q18
.195
.176
-.279
.268
Q2
-.158
.122
.194
-.081
Q3
.336
.092
.234
.743
Q12
-.037
.407
-.073
.645
*Q5
-.159
.184
.242
-.594
*Q4
.027
-.160
.076
-.561
Q27
-.168
.026
.314
.354
*Q13
.242
.219
-.088
.352
Q32
.106
.162
.015
.313
*Q19
.041
.048
-.044
-.305
Q8
.216
.184
-.052
.264
Extraction Method: Maximum Likelihood.
Rotation Method: Varimax with Kaiser Normalization.
a) Rotation converged in 7 iterations.
Component Matrix (a)

Q36
*Q16
Q38
Q21
Q39
*Q9
Q3
Q24
Q30
Q37
Q20
*Q17
Q40
Q6
Q13
Q23
*Q14
*Q8
Q7
*Q35
*Q34
*Q31
*Q29
Q25
*Q15
Q11
Q10
*Q28
*Q2

Component
1
.798
.691
.689
.661
.622
.599
.584
.579
.535
.514
.494
.485
.460
.409
.406
.403
.395
.349
.297
.144
.021
.092
.007
.449
-.083
.350
.121
.209
-.087

2
-.161
.054
-.087
-.169
.153
-.024
.122
.063
-.098
-.129
-.335
-.061
-.440
-.407
-.074
.135
.038
-.107
-.161
.704
.580
.577
.521
.465
.452
.423
.403
.381
.318

3
.375
.279
.246
.344
-.163
.080
-.420
-.207
.058
-.062
.036
.257
.182
.391
-.378
-.343
.193
-.164
.231
.195
.281
.050
.129
.210
.192
-.052
.007
-.100
-.053
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4
.089
-.139
-.372
-.039
-.432
.190
.339
-.478
.481
.368
-.149
.066
.190
.237
.117
-.237
.184
-.136
-.024
-.122
.234
.063
.065
-.063
.284
.218
.311
-.043
-.029

Q18
.312
-.312
-.263
Q12
.392
.041
-.653
*Q4
-.236
.067
.611
Q5
-.193
.378
.467
Q27
.020
.425
-.447
Q22
.347
.271
-.367
*Q32
.299
.080
-.340
Q19
-.042
-.014
.280
Q26
.501
.328
.011
Q33
.370
.248
.198
*Q1
-.068
.013
-.095
Extraction Method: Principal Component Analysis.
a 4 components extracted.
NB: * items that were selected.

-.015
.047
-.069
-.326
.265
-.321
.186
-.075
-.521
.485
.439

Total Variance Explained
Factor

Initial Eigenvalues
Total
% of Variance
1
4.261
28.407
2
1.491
9.942
3
1.395
9.302
4
1.253
8.353
5
1.030
6.865
6
.948
6.322
7
.854
5.691
8
.699
4.657
9
.658
4.388
10
.531
3.539
11
.509
3.392
12
.413
2.753
13
.402
2.682
14
.321
2.143
15
.235
1.566
Extraction Method: Maximum Likelihood.
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Cumulative %
28.407
38.349
47.651
56.004
62.868
69.190
74.881
79.538
83.925
87.464
90.856
93.609
96.291
98.434
100.000
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Abstract

This paper addresses the role of traditional indigenous knowledge in the university curricula of
developing countries such as Zimbabwe. It applies Howard Gardner’s (1993) theory of multiple
intelligences, using the example of traditional healers in Zimbabwean society (Chavunduka, 1994) as a
case study. The theory of multiple intelligences proposes that human intelligence is not a single entity,
measurable in only one way, but a range of varying types of abilities to solve problems and create
products within specific cultural contexts, fully manifest only within the contexts in which they are
used. Such intelligences are the basis of domains and fields, which are culturally defined disciplines,
crafts and skills, within which the competence of individuals is judged by the wider society. Domains
and fields may be recognized readily in traditional, indigenous disciplines such as hunting, divination
and healing, which are given little status in the university model inherited from Europe which has
become standard in developing countries. Such traditional indigenous knowledge reflects the use of a
number of Gardner’s intelligences, which do not emerge in the more narrowly construed university
curriculum. Seen in this light, the inclusion of traditional, indigenous domains and fields in the
university curriculum may be seen as enriching it. It is precisely indigenous knowledge systems that
have the potential to widen the range of intelligences developed in universities. The paper further
proposes that the integration of indigenous knowledge and traditional methods of transmitting such
knowledge within the internationalizing and globalizing environment of the modern university may
have at least two mutually beneficiary effects. First, indigenous knowledge may be preserved, and its
continuity ensured, by harnessing its evolution to the dynamic pursuit of knowledge, which is the ideal
of modern universities. As a result, the inclusion of indigenous knowledge and teaching methodologies
may contribute to the resolution of a longstanding problem confronting higher education worldwide,
namely how to ensure that the knowledge it produces and the workers it trains meet the challenges of
development.

1. Introduction
The topic of the role of traditional indigenous knowledge in the university curricula of
developing countries, such as Zimbabwe, addresses an issue which is critical for
higher education in Zimbabwe and in any other country whose indigenous cultures are
under challenge. The issue is how to effect an appropriate symbiosis between
traditional culture and the internationalizing and globalizing environment of the
university. There are two ways to meet the challenge to indigenous cultures. One way
is to react defensively and regard indigenous cultures as fighting a rearguard action
against annihilation by encroaching dominant cultures. The other way takes a more
affirmative approach by attempting to harness the strengths of these dominant cultures
to aid in the preservation and evolution of indigenous cultures. This latter affirmative
approach requires an understanding that human cultures, like human languages,
change and evolve as they are reproduced by their possessors in everyday life and
across generations. Contact with other human cultures inevitably influences the
direction of this evolution. This is a natural process that can produce great
enrichment, and has done so many times in the history of humanity. It also produces
great anguish, as people witness rapid change in their cultures, which they love
intensely as embodying their deepest emotions and attachments. Beyond this anguish,
however, lies the insight that such change represents growth and flowering, even
though such development may only come to be fully recognized in the long run.
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2. International and Indigenous Cultures in the University
We can ask, then, how an international culture may support and nurture an indigenous
culture. One possibility is a university whose curriculum and teaching methodologies
draw on indigenous knowledge, skills and educational practices in synthesis with the
international culture embodied in 21st Century universities. The indigenous culture
provides the ideas which are innovative in the context of the Western-based
university, and the international culture provides the world-linking opportunities that
enable the indigenous culture to survive and thrive. On this approach, the values and
insights of traditional culture may be brought to bear on the university curriculum to
produce a unique and innovative university culture, which then becomes a unique
brand among the university cultures of the world. What is envisioned, then, is a
university which can build on its roots in one or more cultures and expand its concept
of its mission and methodologies by absorbing relevant elements of other cultures.
The result would be a university graduate who is both grounded in a traditional
culture or cultures of the society in which the university is based and is an active
participant in the wider globalized society, where there is a chain connecting the
traditional and the current, the indigenous and the exotic, with no weak links.
Universities then expand their mission by becoming training grounds for the dynamic
perpetuation of traditional, indigenous cultures.
This is an ambitious goal, and it requires certain paradigm shifts to carry it out. We
note first that the values, knowledge and skills prized by indigenous traditional
cultures are not always those of the dominant international university culture, which is
based on the rational and scientific values which have formed the underpinning of
European and European-based universities since the European Renaissance and
Enlightenment. These values have given rise to a certain cultural chauvinism,
embodied most explicitly in the idea that rational and scientific thinking, using the
European methodology of explicit hypothesis testing by experimentation, is the only
valid way of acquiring knowledge about the universe, that knowledge constructed in
any other way is invalid. Another idea, closely related to this one, is the notion that
aptitude for scientific and rational thinking is the only human mental attribute worthy
to be identified as “intelligence”, with all the implications about human worth that
come with that word.
This perspective has come under challenge, from both within and without European
cultures, with the result that this view of knowledge and intelligence is not as firmly
entrenched as it once was. Once this idea has been knocked off its perch, as it were, it
is easier to see that non-European cultures also display the attributes of scientific
thinking and rationalism, although they have been harder to identify without European
cultural trappings such as scientific experimental methodology. (For a comparison of
African traditional modes of thought and Western scientific rationalism which
emphasizes similarities over differences, see Horton, 1993). Scientific rationalism, in
the stripped down sense of constructing models about the world that are replicable,
and therefore reliable, is a universal human attribute, without which it would be
impossible to survive. In other words, survival for any human group depends on
finding reliable ways to manipulate the environment. Nevertheless, the point of this
paper is not that indigenous cultures are scientific and rational in the same way and to
the same degree as the dominant European model, but that the European emphasis on
scientific rationalism can lead us to neglect other models of cognition and methods of
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acquiring knowledge that have not been devalued as much in indigenous cultures as
they have in modern European cultures.
The bias which privileges scientific rationalism as the only form of human mental
activity that produces valid knowledge can stand in the way of creative change in
universities by blocking recognition of the value of other modes of human mental
creation and transmission. Somewhat ironically, it might be the case that the true
value of scientific rationalism may be appreciated only when it is situated within a
perspective that encompasses all forms of human knowledge and expertise, as one of
a number of ways in which knowledge that is vital for survival and cultural evolution
in human societies may be constructed.
3. Gardner’s Theory of Multiple Intelligences
As an example of this sort of all-encompassing perspective, we draw on views
propounded by Howard Gardner in his path-breaking theory of multiple intelligences
(Gardner, 1993). Gardner argues for a new conception of intelligence, taking as his
starting point the idea that every culture values certain types of achievement, and that
we can see a small core group of intelligences operating in the achievements valued
by cultures across the world. His goal is to construct a model of human mental
activity that is truly universal, that recognizes the achievements valued by each
culture without privileging the values of one culture over those of another.
In order to accomplish this goal, Gardner defines what he refers to as an
“intelligence” as “the ability to solve problems, or create products, that are valued
within one or more cultural settings” (ibid, p. xiv). There are various types of abilities,
but Gardner goes beyond simply making a list of things that people are good at.
Drawing on evidence from a wide range of research fields, including studies of
prodigies and brain-damaged persons as well as more normal persons from diverse
cultures (ibid, pp. 8-9), he identifies a tentative list of seven intelligences, while
acknowledging that there may be more. He lists them as follows: linguistic
intelligence, musical intelligence, logical-mathematical intelligence, spatial
intelligence, bodily-kinesthetic intelligence and interpersonal intelligence. It is
logical-mathematical intelligence, the ability to understand the abstractions associated
with logic and mathematics, which finds the most natural alliance with Western
scientific rationalism, but all of the intelligences, separately or in combination,
underpin areas of endeavor socially recognized as significant in cultures throughout
the world, the competencies that human beings use for their survival skills, their
creative impulses, and for cultural construction and reproduction.
Gardner’s definition of an intelligence does not stop at an identification of something
going on in the head of a human being. He advocates, rather, the concept of
“distributed intelligences”, the idea that an intelligence cannot be said to have an
existence independent of the context in which it is used. According to the concept of
distributed intelligence, an intelligence can be said to reside in the relationship
between the individual manifesting it and the individual’s tools and environment.
(ibid, p. xvii).4 This relationship, this intelligence, then, is used in the development of
4

Gardner does not say so, but his entire approach to human intelligences is reminiscent of the piece of
folk wisdom in the Eastern European Jewish joke in which a young man goes to a matchmaker to find a
wife and is directed to a certain young woman. “HER?” exclaims the young man indignantly, “Why,
she LIMPS!” “Only when she walks!” cries the matchmaker (Rosten, 1968).
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competencies that belong to “domains”, which are culturally defined disciplines,
crafts and skills within which the competences of individuals may be assessed (ibid,
p. xx). Gardner further extends this line of thought to the concept of a “field”, which
is the wider society which judges the quality of individual performances within
domains (ibid, p. xxi). Seen in this light, the competencies developed in non-literate
and technologically less complex societies are just as much the product of human
intelligences as those of their literate and technologically more advanced counterparts,
in the sense that they are taught, studied, practiced, codified and judged. Gardner’s
idea is that all humans possess the intelligences to one extent or another, but the
proclivities of individuals interact with the values and specific needs of the societies
to which they belong to determine which ones are manifested. Cultures tend to place a
high premium on certain intelligences and, consequently, they encourage individuals
to strive to develop them, while, perhaps, ignoring others.
In addition, Gardner pursues his investigation of diverse cultures by examining their
educational processes, how the intelligences and competencies required in various
domains are developed across diverse societies. He finds a wide range of practices,
from an apprentice watching a master craftsman at work, to students studying highly
specialized bodies of knowledge and skills within contexts remote from the day-today activities of the society at large. Here again, his investigation highlights how the
values and practices of diverse cultures may be placed side by side without exalting
some at the expense of others.
4. Multiple Intelligences in the Zimbabwean Context
So, how can we apply these ideas to the Zimbabwean higher educational context?
Gardner’s theory of multiple intelligences suggests that universities should design
their curricula with an eye towards developing a wider range of human intelligences
and workable combinations of intelligences than have hitherto fallen within the
purview of traditional European universities. This would produce university
programmes whose content and methodologies are broader than those conceived of
within the standard international model of the university. The point is not that
Western-based curricula are incompatible with traditional domains and fields, only
that Western and non-Western knowledge systems may complement and enrich each
other. Here is where we may consider the indigenous cultures of Zimbabwe. We can
imagine turning to these cultures, not just for ideas on how to solve current problems,
but also for ideas on domains, the indigenous disciplines, crafts and skills, with their
methodologies and teaching techniques, that might contribute to the education of a
participant in society that nurtures and develops its traditional cultures as well as
participating vigorously in the international system of the globalizing world.
When we consider indigenous cultures, we can identify a number of areas of expertise
that Gardner would classify as domains and fields, based on combinations of
intelligences. Among these are hunting, metalworking, basketry, pottery, the various
aspects of agriculture, storytelling, and herbalism, areas attested in cultures
worldwide, as well as in Zimbabwe. We may take traditional healing as an example,
as described in Chavunduka (1994). Traditional healing comprises methods of
psychological healing carried out within the context of belief systems that include
divining, ancestor veneration and the systems of totemism, a cluster of competencies
that was given substantial recognition in indigenous cultures. These competencies
were transmitted using the “master craftsman” model, among others, in which the
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neophyte healer learned by observation and practice under the supervision of a master
of the domain, with oral transmission of information (ibid, p. 47).
Traditional healing involves a complex of Gardner’s intelligences, in particular, two
that he links as being closely related: intrapersonal intelligence and interpersonal
intelligence. Intrapersonal intelligence is the capacity to understand one’s own
feelings, discriminate among them, and base one’s actions on them. Interpersonal
intelligence includes the ability to detect the feelings and intentions of other
individuals and act upon the knowledge gained (ibid, pp. 239-40). Intrapersonal and
interpersonal intelligence feed on each other: development of one enhances
development of the other. Chavunduka’s descriptions of traditional healing suggest
that it critically involves these two intelligences. Intrapersonal intelligence is essential
for the traditional healer: s/he must understand him/herself in order to behave in a way
that inspires trust from the community in which s/he serves. At the same time,
interpersonal intelligence is vital for the traditional healer to fulfill his/her role, which,
as Chavunduka emphasizes, includes a broader range of functions than that largely
envisioned for the modern doctor, such as addressing social, psychological and
community problems as well as strictly medical ones (ibid, pp. 1-2; see Turner, 1964,
for similar points about traditional healing in a non-Zimbabwean African culture).
Gardner emphasizes the role of culture in providing forms of expression for these two
types of intelligence: raw feelings by themselves cannot be interpreted; they must be
articulated by means of cultural forms, more so than for the other intelligences (ibid,
p. 240). Part of the development of these two intelligences involves devising ways to
express feelings in a culturally recognizable manner, which enables the individual to
express them to himself as well as to others. Accordingly, as pointed out by Gardner,
since cultures vary widely across the world, ways of expressing the personal
intelligences vary widely as well. It is therefore particularly important for the
understanding of these intelligences to consider a wide variety of cultural expressions
of them. It is only by considering them from a wide variety of cultural angles that
humans can come to understand these intimate aspects of themselves as well as
possible. Here is where the importance of studying traditional indigenous cultures is
re-emphasized, precisely because they provide unique ways of viewing human nature,
which can be compared with other ways. The point is not that indigenous cultures
understand the intra- and inter-personal intelligences better than Western cultures,
only that they encode this understanding differently, and the comparative perspective
that they may provide is invaluable. Universities in developing countries can take the
lead in utilizing this knowledge, not only by studying and recording it, but also by
actively incorporating its insights into the curriculum and teaching methodologies. A
similar point is made for the European practice of psychoanalysis in Mowszowski
(1998).
Note now that this complex of intelligences is not one whose development has been
valued in traditional university cultures. However, it is one that can be seen to have
great value in the workplace. It has been a long-standing complaint that what is taught
in universities is irrelevant to the demands of the workplace. Seen in the light of
Gardner’s theory of multiple intelligences, it is now possible to gain a deeper
understanding of this objection. Traditional universities, following the model which
dates from the European medieval period, have largely emphasized a narrow range of
intelligences, most particularly linguistic intelligence, which underpins literacy, and
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logical-mathematical intelligence, which flourishes in the practice of the scientific
method. In Gardner’s terms, what we are seeing is a demand from society that
universities develop a far wider range of intelligences than they have done
traditionally. The personal intelligences in particular, are increasingly recognized as
essential to the smooth operation of the complex organizations underpinning the
globalized world.
We also see universities attempting to respond. A notable example is the concept of
industrial attachment, or work-related learning, which has been developed in other
countries and pioneered in Zimbabwe by Midlands State University. Work-related
learning is a teaching methodology very much akin to the mentoring relationship seen
in the transmission of healing skills, with the master craftsman playing his familiar
role as the work-related learning supervisor. The intelligences required in the
workplace are not only the linguistic and logical-mathematical intelligences nurtured
at universities but also the spatial, bodily-kinesthetic, personal, and other intelligences
that emerge in the development of other domains and fields. We see in this case that
cognitive models and teaching methodologies that are being introduced into
European-based educational institutions have parallels found in traditional indigenous
cultures. Work-related learning, then, represents a natural widening of concepts of the
value and purpose of higher education, in ways that can be related directly to the
achievements of traditional, indigenous cultures.
The value of work-related learning goes beyond enhancing the capacity of students to
adapt to the demands of the workplace. The master craftsman model is not merely an
alternative teaching methodology: it offers the student a chance to reproduce more
closely the process by which the knowledge was acquired by the teacher in the first
place. The value of understanding the process, not just the result, is emphasized by
Anderson (1983), in a discussion of the poetry of the medieval Italian poet Dante:
As the standards of our civilization depend for their maintenance and
revivification on such art, then it should be a matter of universal and practical
importance to study the creative processes of the makers of our civilization.
(Anderson, 1983, p. 4)
These words may be applied equally well to the custodians of traditional, indigenous
knowledge as to European artists.
What we see, then, is two apparently separate imperatives dovetailing to produce a
new paradigm for university education. The first imperative is the need for the
preservation and evolution of university cultures. The second imperative is the need to
increase the relevance of university education to the needs of the society at large.
These two can interact to produce a new innovation in university branding, unique in
that it draws inspiration from the cultural wealth of the country in which it is located,
but also universal in finding common ground with universities pursuing the same
paradigm around the world. This innovation should certainly include the development
of intelligences valued in indigenous cultures, which provide models for development
in the university. Our core proposal, then, is that the trend described in this paper be
recognized and encouraged.
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5. Conclusion
We conclude by emphasizing the desirability of a link between traditional, indigenous
cultures and international globalizing cultures. This link may be forged by the
university, which is naturally positioned to take the leading role in expanding the
concepts of how university graduates should be prepared for their creative working
lives. The key assumption underpinning this link is the idea that cultural contact and
influence need not entail cultural degradation, but can lead to a creative fusion,
enriching both sides.
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Abstract

The conventional sciences and indigenous knowledge systems share the common objective of
negotiating nature, trying to make the universe comprehensible to man.
The two however differ in their ways of comprehending nature and on their points of emphasis.
Whilst conventional sciences, on one hand, emphasize gaining knowledge of that which is objective,
physical and material, that which is accessible through our senses; indigenous knowledge systems, on
the other hand, in addition to doing the same, are equally preoccupied with the subjective, metaphysical
and non-material reality.
And where conventional sciences rely heavily on empirical experimentation to generate cognitive
knowledge, indigenous knowledge puts as much emphasis on experiential generation of affective
knowledge, attaching as much importance to "revelation" as it does to "reason".
However both approaches, at a high enough level of abstraction, resort to the use of symbols and
symbolization. And therein can be discovered the unity of all knowledge, true and complete
knowledge, which conventional sciences, on their own, are not capable of producing.
A close study of Bantu oral narrative performance systems, in their natural cultural context, their
symbols and symbolization processes, will show, both, the differences between the two approaches, as
well as the underlying unity of the two methodologies.
Precisely the study will demonstrate the unity between the sciences and the arts, the need for tolerating
a measure of "subjectivity" in the sciences, and the complementarity of the "scientific" and "theistic"
pictures of the world.

Introduction
Contemporary theory and philosophy of science suggests that we have reached or are
approaching the limits of science and technology as we know them today. Yet there is
also a recognition that humanity’s most vexing problems; poverty, hunger and the
related human suffering, particularly in Africa remain unresolved.
Some scholars suggest that this paradox is attributable to the nature of knowledge and
science that drive human civilisation in this age. A closer scrutiny of ancient
knowledge and indigenous knowledge systems, predating the current modern age may
give indications of how we could overcome current challenges.
Bantu indigenous knowledge systems need to be further researched. We believe they
can contribute to humanity’s quest to more fully comprehend reality and the universe.
In spite of Science & Technology
Homo sapiens has, since his appearance on planet earth, sought to understand himself
and the rest of nature around him. He has done this for purposes of ensuring his own
welfare, and the continuity of his species. There is no question that man* has come a
long way in this quest to cognize nature and the universe. Through science and
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technology, as we know them today, man has done a great deal to ensure that his
existence on earth can be characterized by maximum comfort and ease of existence.
Most notably, man has mastered the means to conquer the limitations originally
placed on him by the elements of time and space. He can travel over great distances
within short periods of time. He can communicate and see over great distances. He
can even "see" in the dark.
Man can alter the temperature, the humidity and the airflow around him to suit his
preferences. He can travel through space, and hope from one planet to another.
Indeed he can even alter the course of the earth as it revolves around the sun. Today
man can, through science and technology, do a great deal more, in spite of nature,
than he could when he first walked on this earth.
However, and in spite of all these achievements, the mystery of life, its great variety
and incomprehensible expediency, remains as unresolved today as it has been since
time immemorial.
Closer to contemporary reality, ecological disasters terrorize man now and again. A
good example was the recent Cyclone Katrina, which ravaged the south coast of the
United States. All this goes to show that whilst man sometimes imagines that he has
subdued nature, the latter remains unstoppable, as and when it chooses.
Indeed, and very paradoxically, mankind'
s own continued survival on this planet
stands threatened by science and technology in the form of nuclear bombs and other
weapons of mass destruction that some superpowers now possess.
Some scholars have put it more graphically and less kindly. The Egyptian scholar
Tarek Hassan (1985) has been most graphic in his condemnation of our modern
scientific age and mankind’s growing risk to self-destruct. He sees man’s relatively
brief modern era as a decisive disaster.
On a twenty-four hour scale all recorded history is but a mere quarter of a second at
the tail end of human history. There is NO reason why we should not acknowledge
that in that quarter of a second we have made disastrous conceptual mistakes. There is
NO need to blow up ourselves, our planet and all of life with our perverse atomic
bombs for the sake of the systems. Institutions, edifices, prejudices and fears etc. born
out of this infinitesimally short period of development down a blind alley of sanctified
misconceptions (1).

Man’s earliest efforts at cognizing reality
As pointed out earlier, man did not commence his quest for knowledge with the
advent of science and technology, as we know them today. His efforts at cognizing
the world started as soon as he appeared on this planet.
It is noted that man'
s earliest efforts to cognize reality were at two levels. At one level
was the preoccupation with physical objective reality that can be accessed through the
senses. On the other level was the preoccupation with the metaphysical and
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subjective reality, the spiritual dimension. At this second level, man was also
preoccupied with the mystery of life, its first appearance and its great variety and
expediency. Indeed some cultures, like the Bantu culture, in their earliest indigenous
forms did not distinguish between the two realities, the physical and the metaphysical.
Thus ancient man, wherever he found himself on this globe, sought to understand the
objective physical world that he perceived out there. But he also sought to understand
those phenomena of reality not easily accessible through our senses. He sought to
understand the reality and meaning of the joy and sorrow, that he felt; just as much as
he sought to understand the reality of the “rocks” and the “trees” that he saw.
The second feature of man'
s earliest efforts at cognizing reality was that he quickly
resorted to the use of symbols for purposes of both comprehending, as well as
expressing his comprehension of, the nature of reality. His use of symbols and signs
was most pronounced in his efforts to comprehend particularly the nature of
metaphysical and subjective reality.
Thus, man, at the most local level, that is within his immediate environment,
generated and shared an understanding of himself and the universe. This kind of local
and culture-bound understanding is what we now refer to as “indigenous knowledge”,
(IK). This knowledge was constituted of various specific areas of interests, hence the
contemporary reference to "indigenous knowledge systems" (IKS).
We find that wherever this indigenous knowledge appeared, or still appears today, it
is characterized by several major features. First we find, as stated before, that it was as
much preoccupied with the metaphysical non-material reality, as it was with the
physical material reality.
Secondly, in its generation and sharing of knowledge regarding reality, it put more
emphasis on experience and practice, than on conceptualization and interpretation. It
emphasized the doing of something, rather than the pondering, or worse still,
agonizing over something. However, and, as we shall demonstrate, indigenous
knowledge was, and still is reflective and contemplative, in its own way.
Thirdly it is predominantly communicated orally. Fourthly, and as stated above, it is
“culture-specific”, it is realizable only within its culture. Fifthly, there is, in its
associated cultures, a preponderance of myth and myth-making, or stories and
storytelling.
This is the universal nature of indigenous knowledge, which, in its preoccupation with
specific areas of concern, generated various indigenous knowledge systems, which,
we shall insist, are sciences in their own right.
These indigenous knowledge systems, we posit, are not only the precursors of the
conventional sciences, as we know them today. To writers like Anthony Mansueto
(1999), they represent:
"the road not taken" when Aristotelian science entered a crisis at the end of the
medieval period: generalizing the concept of teleology so that it can accommodate
both the physical (especially astronomical) evidence which created problems for
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Aristotelian science long before Galileo and Kepler, and account for such phenomena
as chaos and disintegration.
….a more explicit option for teleology is necessary if the evidence (for cosmic
teleology gathered to date) is to be accommodated and the internal contradictions of
the existing (scientific) paradigm are to be resolved. (2)
Thus, man, at the beginning, was equally seized by both the physical and the
metaphysical dimensions of reality.
However, at some point, as man gained increasingly greater understanding of his
physical and material reality, which knowledge brought him greater comfort and an
easier existence, he gradually abandoned, or relegated to the realm of the
"superstitious" and the "petty", his preoccupation with the metaphysical and nonmaterial reality.
In that way were born the modern conventional sciences as we know them today;
fully preoccupied, as they are, with that which is observable, measurable and
describable.
Yury Kulakov (1999), a Russian scientist, puts it more graphically and defines science
as that form of knowledge which manages without the assumption of the existence of
God as a mystical, other worldly, incomprehensible origin.
He writes:
From the point of view of traditional science, the universe presents itself as a
secluded, self-organizing, self-regulating system in which all processes taking place
have a totally algorithmic character, flowing "by themselves" without any external
interference, and describable by dynamic and static laws ... (it) is fundamentally
deprived of anything external in relation to itself; it is a world of which we are also
particles, the world which we in principle can cognize. (3)
Clearly finding fault with such a theory Kulakov (1999) proceeds to highlight its
inadequacies:
"This world creates itself by virtue of some yet indistinct laws, and no external being
interferes with it nor watches over it either compassionately or indifferently. And
man, being the "organ of self-cognition of the world", by virtue of only one thing that he is a particle of this world, realizes his role as creator and set before himself the
goal of reconstructing and perfecting the world. Traditional science considers as its
primary task of cognition the discovery of the laws that rule the universe. The final
goal of the historical process is for man to conquer nature by unraveling its laws."(4)
Although mainstream conventional science purports to aim at conquering and
subduing nature, we find plausible the argument by some scholars, that the general
thrust of mainstream science is “to explain regularity and to deliberately exclude the
unique and intractable.”(5)
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The point is also made by Hassan (1985). He sees the modern scientific approach as
"the gradual expropriation of the sensonium as well as the gradual expropriation of
expression potential" He writes that in medicine, as in all modern sciences,
A multidimensional crisis situation is almost always reduced to some small
component of the whole - a component that appears (or is eligible for appearance) in
the text books under one of the customary labels. A good diagnosis. Contemporary
scientists and doctors see this gross and glaring anomaly as perfectly '
normal'
procedure.
In the absence of faith and loyalty to the creative there is a manifest lack of
imagination concerning the potential. From that stance growth giving resolution
inherent in crisis and/or in transition is a "load of idealistic or poetic nonsense". The
only available model is what was before i.e. developmental resolution is shunned
while amputative, denying and regressive resolutions are encouraged……….When
the a priori available model of normality cannot be achieved and in the absence of
consciousness of developmental and development potential those who fail to achieve
the model must be branded as handicapped.(6)
For him the tragedy of science is that it has replaced the centrality of "man" with that
of the "system". The several breakthroughs that the sciences have made have seen the
subtle rise of the edifice, of the rules, of the system.
A vision so remarkable becomes the system. The system becomes larger and larger,
more powerful and more rigid. A static edifice whose function is to destroy new
vision and new wisdom. The human being, the very thing that gave birth to this
greatness, becomes so insignificant. (7)
It is, therefore, at the point that science became singularly preoccupied with that
which can be accessed through the senses and can be measured; that which man can
control and gain from, that man "lost direction", so to speak.
This materialistic epistemology of the modern conventional sciences has also recently
been lamented by Augustine Shutte, a South African philosopher:
"Our attitude to nature has changed. We see it as something to use, to manipulate,
and to dominate. We transfer these attitudes to human nature too. And because
science is at its best when dealing with what is observable and measurable we can
come to believe that what is not observable and measurable is not real… This is the
view that only what is measurable is real, and only what is controllable is valuable."
(8)
Fortunately, and as Kulakov (1999) also observes, it is now accepted amongst the
generality of philosophers of science that "science is not the only source of our
knowledge of the world, and that experienced knowledge, spiritual discernment, and
spiritual experience compose (constitute) the unified process of cognizing the world".
(9)
Kulakov proposes a new form of cognition which accepts all the informative
achievements of contemporary science, but it transfers them from the increasingly
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shaky materialistic foundation onto a new formulation. It is more universal and
abstract and, for that reason, less objective.
Two different approaches to cognizing nature
The major point we wish to make here is that, although the conventional sciences on
one hand, and indigenous knowledge systems (or indigenous sciences), on the other,
differ in the ways indicated above, they share the common objective of seeking to
negotiate nature.
However the two different science systems vary in their approach to the common task
of negotiating nature.
Whilst the conventional sciences aim at formulating laws, principles, formulae, and
theories that describe nature; indigenous knowledge systems aim at evolving values,
beliefs, interdicts, customs, as well as rituals and ceremonies that purport to be based
on an understanding of reality, that is nature and the universe.
Whilst, on one hand, the time taken in the conventional sciences to move from
hypotheses to theory or law can be quite brief, the evolution of customs, beliefs, and
ritual, under indigenous knowledge systems are, on the other hand, very slow, and can
take decades or even centuries.
Where the conventional sciences are closed and formal, indigenous knowledge
systems are ordinarily open and non-formal. Where the conventional sciences are
exclusivist, privileging and elitist, indigenous knowledge systems are inclusivist,
equalizing, and populist.
The two different forms of knowledge, the different ways of knowing, are actually
based on two different world-views, or ways of perceiving and conceptualizing
nature and the universe, One places emphasis on objectivity and “positivism”, and
de-emphasizes the subjective and the spiritual, whilst the other does the opposite.
It is very notable though that, in the last analysis, both resort to the use of “symbols”
and “symbolization”, in order to capture, comprehend and share the “truth” about
reality.
Amongst the still existing bodies of indigenous knowledge in the world today is that
of the Bantu people of sub-Saharan Africa.
The African Bantu
The Bantu are a linguistic group made up of people who speak over 600 different
languages which all derived from a common proto-Bantu language, according to
Malcolm Guthrie (1971).
Today Bantu languages are spoken in the following countries:
Cameroon, Togo, Gabon, Congo-Brazzaville, Democratic Republic of Congo, Central
African Republic, Kenya, Uganda, Rwanda, Burundi, Tanzania, Malawi, Zambia,
Zimbabwe, Mozambique, Comoro Islands, Angola, Namibia, Botswana, Swaziland,
Lesotho, South Africa. All in all, there are more than 250 million speakers of Bantu
languages in these countries.
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The Bantu are said to have originated around the Benue-Cross rivers area in
southeastern Nigeria from where they were forced to expand over most of eastern and
southern Africa in three phases. The first was during the second millennium BC and
was probably triggered by the drying up of the Sahara and subsequent pressure from
people who were migrating from the Sahara into the region. This forced the Bantu to
expand into the rainforests of central Africa.
About 1000 years later they began a more rapid second phase of expansion beyond
the forests into southern and eastern Africa. Sometime during the first millennium
they developed iron agricultural implements and weapons, as well as improved their
farming techniques.
These improvements facilitated the third phase of their expansion, and by about
AD1000 it had reached modern day Zimbabwe and South Africa.
In Bantu language, mu-ntu means "a person" or "human being, and its plural is ba-ntu
meaning "people" or "human beings".
When European colonizers came to Africa, they found the term bantu, meaning
"human beings" widely, in use. In their bid to denigrate the locals, and strip them of
their humanity, they attached to the term, bantu, connotations of backwardness and
lacking in full human status and dignity. All this, amongst other more coercive
methods, was aimed at brainwashing the Bantu into self-negating and self-despising
themselves, and at making them accept the status of lower class global citizens, as a
prelude to enslaving, colonizing and exploiting them.
The term "native" was used in the same pejorative sense throughout east and southern
Africa.
But here we use the term, Bantu, proudly, as what we have always referred to
ourselves as. It is a reminder of our common history, oneness, and greatness, as a
people, the Bantu.
The use of the term here is an affirmation of our humanity, in the face of its denial in
the past, and, perhaps, even in the present. As one South African writer, Ramose, put
it, there is a certain "liberative" dimension to U-BUNTU. U-buntu, which in Bantu
thought stands for "the best way for a human being to be a human being", the WAY,
the ideal way to be a human being, the ultimate truth, and the end- quest for man.
Bantu Cosmovision
All the Bantu share a common view or vision of the universe, in addition to sharing
the common proto-language.
We now know, after Janheinz Jahn (1961), Alexis Kagame (1956), and others that in
Bantu thought and cosmovision, all reality, all existence, is NTU, which in English
approximately translates as BEING. NTU falls into four major categories: mu-ntu/
human being, ci-ntu/ thing, pa-ntu/ place, and ku-ntu/ modality.
NTU is constituted by three elements, which the Bantu conceive, not as objects or
material entities, but as "forces". These three vital forces are nature, man, and spirit.
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Graphically, the three forces and their relationships may, after one Ugandan writer, be
represented thus:
NTU - 'Bantu Cosmovision'

"A" is the space where the spiritual and the human beings meet. Here are found the
religious leaders, the soothsayers, the prophets, and the like.
"B'is where the natural and the spiritual come together. Here we have the sacred
forests holy places, sacred caves, sacred rivers, sacred trees, and the like."C" is the
area where the human and the natural meet. This is the area of culture and technology.
Here man confronts nature and transforms it into culture, here the earth is turned into
a world. Here man "dares" nature, and makes his mark on it.
"O" is the centre, the source of everything there is, whence every force emanates, and
derives its vitality from. It is GOD Himself.
At its most "natural" or "acceptable" the relationship between the three, is, and should
be, characterized by total harmony and balance.
All being, and all beings, are, in Bantu thought, endowed with varying degrees of
spirituality, or closeness to God. In addition all nouns in the Bantu languages are
grouped into classes under a system that ensures that all nouns seen as bearing, or
sharing, a similar core-quality are grouped together, and so are those that are
"equidistant" from God.
Spirituality therefore pervades all aspects of Bantu life.
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Another major feature of all Bantu languages is the manner in which, through the use
of prefixes, all items in a sentence are in agreement with one another. It follows that
whatever degree of spirituality or sanctity is attached to a noun item, that quality is
borne and transmitted in the whole structure and construction of any sentence it is part
of.
Thus, simply by encountering and comprehending the universe through a Bantu
language, and experiencing Bantu-life-styles, all Bantu inculcate in themselves,
almost involuntarily, a specific sense of "NTU".
Therein lies a certain core identical quintessence that defines and characterizes all
Bantu, be they from western, eastern, central, or southern Africa. Be they urban or
rural. Be they indigenous or diasporan. That quintessence might occasionally be
suppressed, but its essence has persisted throughout the ages, through all generations,
throughout slavery, throughout colonialism, through all their "christianization", and
"islamization."
This sense of NTU is in the music of the Bantu, in their language, their dance, their
drama, their religiosity and their faith. It determines and dominates all their
indigenous knowledge systems, all their "sciences", all their ways of negotiating
nature and the universe, and all their ways of cognizing reality.
Bantu oral literature and art theory
One of the more prominent and pivotal Bantu indigenous knowledge systems, or
“sciences”, is its oral narrative performance system, referred to in contemporary
literature as stories and story-telling, or myths and myth-making.
As indicated above, an important differentiating feature between Bantu oral narrative
performance, as a knowledge system or science, and its counterparts in the
conventional natural or human sciences is that whilst the latter are elitist and
privileging, the former is populist and equalizing. The knowledge to be found in the
Bantu oral narrative performances is not only open to all members of the society, it is
almost unavoidable as one grows up in a Bantu culture.
In an intensive study of the oral narratives of the Nsenga, a Bantu group in Zambia,
we found that any member of the community can perform a narrative. Infact, they are
encouraged to do so, whether they are male or female, child or adult. The occasion for
performing arises casually and spontaneously. It is never planned or formally
organized.
It is as Ruth Finnegan (1970) observed amongst the Limba:
Story-telling sessions do not take place on set occasions but spontaneously from
informal groups gathered together in leisure in the evenings. The form of art is a
conventional one, it is true, but it is not expressed in formal set situations. The
storytelling session could be regarded in essence as a kind of act of sociability rather
than an organized artistic ceremony. (10)
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Bantu oral narrative performance has to date been studied within the context of theory
from various disciplines including art, culture, anthropology, and ethnography.
Theories from art, going as far back as Aristotle, have been most illuminative.
Butcher (1951) discusses how, Aristotle, dealing with the problem of the relationship
between art and physical reality, introduced the notion of mimesis, imitation. The
imitation that Aristotle perceived as the concern of art, was however, not a simple
reflection of reality. He wrote:
Imitation is a creative act. It is the expression of the concrete thing under an image,
which answers to a true idea. To seize the universal, and reproduce it in simple and
sensuous form, is not to reflect a reality already familiar through sense perceptions,
rather it is a rivalry of nature, a completion of her unfulfilled purposes, a correction of
her failures.(11)
The above notions have remained at the center of the philosophy of art as it has
evolved down to our present age. Especially pertinent to an understanding of Bantu
narratives is Aristotle’s emphasis that the purpose of art is not to reflect a reality
already known to man, and his point that art answers to a true idea.
The repeated use of the same content in the numerous different Bantu stories makes it
fairly obvious that the purposes and function of the performances cannot be limited to
what is directly expressed by their content.
Susan Langer (1957) takes this point further by distinguishing between the materials
used in artistic creation and the elements of the creation, which latter are so related in
the artistic creation that they denote the vital import of that work of art.
She uses the example of a dancer, who uses gravity, body, muscular strength, and
muscular control. All these physical realities are given in the same way that brushes,
paint, and canvas are given for a painter, and words are given for the poet or storyteller.
But what we see in a dance, for instance, are not people running around and twisting
their bodies. What we see is a display of interacting forms, by which the dance seems
to be lifted and drawn.
The forces that seem to operate in a dance are a display of interacting forms, by which
a dance seems to be lifted, driven and drawn. Langer observes:
The forces that operate in a dance are not the physical forces of the dancer’s muscles
which actually cause the movements taking place. The forces we seem to perceive
most directly and convincingly are created for our perception and they exist only for
it. The physical realities are given; place, gravity, body, muscles, strength, secondary
assets such as light and sound. All these are actual. But in the dance they disappear;
the more perfect the dance, the less we see of its actualities. (12)
All works of art are expressive but differ in the materials they use and in the created
entities, the elements, of which its forms are made. For Langer, all artists are involved
in the expression of human feeling, its rhythms, tensions, conflicts, and resolutions. A
work of art expresses a conception of life, emotion, and inward reality.
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Every work of art is therefore an expressive, logical form which results from relation
of mutually dependant factors and how they are put together. Her characterization of
art as basically, metaphors is very significant to what happens in Bantu narrative
performance. According to her, a work of art is a perceptible or imagined whole that
exhibits relationships of parts, or points, or even qualities or aspects within the whole
whose elements have analogous relations.
The reason for using such a symbol is usually that what it represents is not
perceivable or readily imaginable. She refers to this in art, variably as the life of
feeling, inner life, the subjective aspect of experience.
This inner life resists projection into the discursive form of language, is hard to hold
in conception, and almost impossible to communicate, in the strictest sense of
“communication”. But fortunately our logical intuition, or form perception is really
more powerful than we commonly believe, and our knowledge, understanding, is
considerably wider than our discourse. Artistic forms are capable of expressing this
inner life.
The various units of Bantu narratives become, in the performance, symbolic elements
in whose relationships, they metaphorically express, and at the same time, constitute
UBUNTU.
Art also acts to stabilize culture. This function is the converse and complement of the
objectification of feeling: it is the education of vision that we receive in seeing,
hearing, reading works of art that assimilates ordinary sights (or sounds, motions, or
events) to inward vision and lends expressiveness and emotional import to the world.
This is the subjectification of nature, that makes reality itself a symbol of life and
feeling. The arts objectify subjective reality, and subjectify outward experience of
nature.
Another art philosopher, Liberato Santoro (1978), also sees this subjectification of
nature as a major aim of art, but in his definition of art adds a few other variables that
make his theory the one closest to what we perceive in Bantu narrative performance.
For Santoro, art is a “practical modality”, a mode of doing, a manner of making:
Art is a way and a manner of bridging the interval between spirit and matter, the soul
and the world, the rational/intelligible and the sensual/sense perceptible. Art is a mode
and horizon of human encounters with a previously alien reality, “the earth”, which
thanks to the order-giving and informing power of art- is brought inward, is
subjectivized and spiritualized, thus becoming a “world.” In art and through art man
encounters nature and transforms it into culture. Consequently art is an existential
modality which specifies man’s existence as such. (13)
However, Santoro adds another factor to the process of creation in art, which I find
present in the creative process of Bantu narrative performance. For him, the
making/doing, especially the artistic informative making which is intentional,
presupposesn a categorical consciousness, a way of addressing oneself to:
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The most analytically useful unit in approaching the content of Bantu narratives, we
find, after Fischer, is the “event-image”. An event-image is a distinctive, continuous
series of actions, with a clear beginning and ending, involving a character in his
interaction with another/other characters.
The event-images, which are very limited in number in the whole narrative system of
any specific Bantu culture, are used again and again, in varying combinations in
different stories.
However the event-images assume the relevant symbolic import only once they are
deployed within a specific narrative, and that import is determined by the other
images with which it is juxtaposed.
We have found, in our intensive study of the oral narrative performance system of the
Nsenga, a Bantu group found in Zambia, that, in their relationships with one another
in a story, the event-images form an internal logical structure.
The number of logical structures in the whole narrative system is extremely limited.
Several different narratives will have an identical logical structure.
Because the event-images assume specific import in their relationships within an
internal logical structure, the structures themselves, of necessity, come to embody and
express specific ideas or even “rules” and “laws” within the specific Bantu culture.
Fischer (1963) has discussed this notion of “logical structure” and how it operates in
narratives:
The logical structure of a tale is independent of the particular meaning of its parts. It
is possible for two entirely different tales with different subject matter to have the
same logical structure, just as two sentences with entirely different meanings may
have the same linguistic structure.(16)
The notions of event-image and logical structure are important in the definition of,
and distinction between, versions, variants, and equivalents of a particular story,
which together form a “group”.
The distinction between them is very crucial to the understanding of how the
symbolism of the Bantu narrative system works.
All participants in any given Bantu narrative performance already know the story
being told. If it is one of the popular ones they have heard it many times. However
each actualization of the story in performance, each narrative, is a unique experience
for all involved. Several factors vary with every performance of a story. These
variations are determined by the talent and past experiences of the performer, the past
experiences and identities of members of the audience, and how participants are
related to one another in the real social world.
No matter how faithfully a performer tries to stick to the story as they heard it before,
they always end up with their own version.
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Different versions vary in detail, in emphasis, and substitute different but equivalent
symbols. Thus, whilst sticking to the basic story as it is known in the tradition,
performers can shift emphasis, and cut out details, in order to exploit to the fullest
their own performing talent and the composition of their audience.
All versions of a story share the same “skeletal” event-images and only differ in
attendant details. One very popular Bantu Nsenga narrative has the following skeleton
event-images:
As should be observable from the above, all Bantu thematic logical structures are
typified by the understanding of all life as cyclical. Hence all the structures can be
collapsed into the one main structure:
LIFE--------------------------MEDIATION------------------------DEATH
DEATH-----------------------MEDIATION------------------------LIFE
The failure to recognize this "cyclicality" of life is decried by Hassan (1985) in his
assessment of the efficacy of modern medicine:
In its neglect of understanding of the life cycle and cyclicality, in its disdain of the
possible contributions in preventive or therapeutic goals of alternative approaches
including music and arts, in it disassociation from social and environmental
commitment, in all these postures and many more, modern medicine is making health
an unattainably expensive dream for the majority. (19)
It is important to realize that the Bantu experience each and every narrative within the
context of their community’s whole repertory of stories. For them, therefore, the
symbolization and metaphorical transformations we have referred to here, as taking
place amongst versions and variants of a group, actually takes place within the context
of all the narratives they have experienced in the past. It is therefore not difficult to
imagine the intense and high level of abstraction at play in this context.
It is by looking closely at equivalent narratives, that is, narratives that do not share
any event images at all, but have a common logical structure, that we begin to identify
the critical notions, concepts, and issues that constitute Bantu thought. We need to do
this not only with narratives within individual Bantu groups but across various Bantu
groups throughout Africa.
The following are synopses of the three narratives from three different Bantu groups
in Southern Africa. The Nsenga, the Shona, and the Xhosa, of Zambia, Zimbabwe,
and South Africa, respectively.
Narrative 1
Once upon a time there lived an old couple that had no children. They were very
miserable because they had to do all the house chores by themselves.
They had no one to fetch firewood or water for them. No one came to help them clean
their house and wash their dishes. They had to do everything themselves.
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One day the goats got together and decided to do all the house chores for this old
couple, whilst they were out working in the fields. The goats made sure that they
cleaned up the whole place and left no trace of their visit.
When the old couple came from working in the fields, they were pleasantly surprised
to find that all the house chores had been taken care of. They attributed the good work
to the kindness of the people of the village. Little did they know that it was goats, and
not people, who were doing the chores for them!
This happened over several days. One day after doing all the work, including brewing
beer for the old couple, the goats decided to taste the very beer they had brewed.
They drank the beer and found it very sweet. They liked it! They drank and drank, till
they were all drunk.The chief goat got so drunk that he decided to climb up to the roof
of the house. He started singing and dancing from there. Everyone, including the
women, got drunk. They were all singing and dancing
The chief goat defecated there on the roof, and the women goats did the same on the
ground, all over the courtyard. The place was a proper mess!
The old couple returned home in the midst of all this chaos. They were shocked to
find that it was not people but goats, which had done the house chores for them. They
were furious. They were not going to drink beer that had been brewed by goats. They
threw away the beer, and chased away the goats.
The chief goat came tumbling down the roof in a drunken stupor. All the goats ran
away into the forest.
Narrative 2
One day a woman went hoeing in the field. Before she started hoeing she put her baby
under the shade of a tree.
Whilst she was working in the field some baboons came and stole her baby. When she
finished hoeing she looked for her baby everywhere but could not find it. So she had
to go home without her baby. She waited for a long time expecting whoever had taken
her baby to return it to her, but nobody did.
The baboons that had taken the baby decided to look after it. They fed the human
baby on their own baboon-food.
Years later the baboons decided to bring back the baby. The woman was very
grateful. The woman then lived with her baby who became a fully-grown beautiful
girl. The woman however was never happy because her daughter did not like the
cooked food she gave her. Instead the girl preferred uncooked food, baboon food!
Eventually, the child had to leave. She went and joined the baboons permanently.
Narrative 3
Once upon a time there was a woman who lived with her daughter. The daughter got
married and went to live at her husband’s homestead.
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At one time the girl came to visit her mother. After her visit she traveled back to her
husband’s home.
On the way she stopped by a river to take a bath. Whilst she was bathing a mbulu (a
human-like but hideous creature with a tail) came by and took away her clothes. It
insisted that she wore the mbulu’s own dirty rags. The girl did that and the two
traveled together to the girl’s in-laws’ home.
They lived together at the mother-in-law’s house, with the mbulu insisting that it was
the girl and the girl was somebody she had met on the way and decided to bring home
as a servant.
The mother-in-law suspected that something was wrong and sent her son to go and
tell the girl’s mother what she suspected had happened.
The girl’s mother traveled and came to this household. She brought two chickens with
her and gave one to each of the “two” girls.
The girl who was her real child boiled some water, plucked the chicken, cut it into
pieces, and cooked it. The girl who was infact the mbulu simply took the chicken, put
it into to a pot, whole and unplucked as it was, and cooked it.
The two women immediately knew which one of the two was the real human girl.
They chased away the mbulu.
Any non-Bantu person reading or even listening to these stories and seeking to
interpret them, an exercise which the Bantu themselves are never preoccupied with,
could give them various “meanings”.
The first narrative could, on the surface of it, be said to be cautioning people against
taking “windfalls” for granted, because they could turn out to something quite
different from what they seemed at first. The old childless old couple thought that
someone in the village had taken pity on them and decided to help them, only to find
that it was not people but goats helping them.
Some “smarter” interpreters might even hazard that it is all to do with the relationship
between the Bantu and their goats!
The Shona narrative about the baboons could be taken as a warning to mothers about
where they leave their children. They risk losing them to wild animals if they do not
take enough care.
The Xhosa story could be said to be about the dangers that lurk in the bush and the
inadvisability of young solitary girls stripping and taking a river-bath in the middle of
nowhere.
All these would, at various levels, be seen as plausible “explanations” or
“interpretations” of the stories. Indeed some performers might tag such “lessons” at
the end of their performances of these stories.
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However the stories have much greater and substantive import within the narrative
system, but even more so within the Bantu tradition as a thought. This is at the level
where the surface event images all transform into, and function as, symbolic units,
within specific logical structures.
Infact the three narratives are equivalents within the Bantu narrative system. They all
share the same logical structure. Their ultimate impact or affectivity on the Bantu
participants is identical.
The logical structure of the three narratives is as follows:
Human being--------------------------Uncultured behaviour----------------Non-Human
being
Or
Non-Human being---------------------Cultured behaviour-------------------Human being
All the above narratives address for the Bantu the deep philosophical question of
human nature. What is it that distinguishes human from non human beings? And one
of the answers provided by the narrative system is that it is culture and cultured
behaviour that distinguishes man from non-humans. This “truth” is thereby hammered
home into the psyche of all Bantu form a tender age. It is a truth they affectively
inculcate into themselves without having to go to school to “learn” it.
In the second and third event-images of the first narrative the goats behave in a
cultured way. So when these beings, the goats, behave in a cultured way people see
them as human. Their humanity is in their behaviour. As long as they behave in a
certain way there is no problem with their assumed humanity.
However as soon as these “kind-hearted” people behave in an unspeakably uncultured
manner, they are immediately recognized as non-humans.
It is important to note that the goats are no longer merely goats but symbolic
elements. Their non-human beingness, indeed the goatiness, is not simply in their
being four-legged animals, it is in their actions, their lack of culture..
The chief goat sits on top of the roof and sings drunkenly. The other goats dance and
defecate all over the courtyard. Even the “women” also do the same right there!
The same point about culture being the defining feature of man is also made in the
narrative about the girl brought up by baboons. For all her human physical features,
the fact that she could only appreciate uncooked food, was not cultured, immediately
made her “non-human”, as physically human as she was. So she had to go and live
permanently with the baboons.
So we see three different narratives from three different Bantu language groups, with
totally different event-images sharing the same structure and having equivalent
symbols. The diversity of materials that go into the narratives of this group illustrates
our point that the narratives embody certain cardinal ideas of Bantu thought, its rules,
its laws.
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Through the narrative performance system the Bantu come to appreciate and “know”
nature and the universe in a way that cannot be expressed through ordinary language.
There arises from the structures and the symbols together with a whole host of
transformational processes, a new language.
At the foundation and core of this language are the notions of “structure”, “symbol”
and “metaphor”, all greatly akin to those to be found in the language of the laws of the
physical sciences and in abstract mathematical structures.
The difference between the two is that the construction of the literary structures and
symbolization processes involved bear a certain subjective, emotional, if not spiritual
quality, which is totally lacking in the construction of mathematical structures. Thus
there is a teleological dimension to indigenous knowledge systems and epistemologies
(and associated pedagogies) that cannot be found in the conventional physical
sciences. This is what distinguishes the two.
There is currently on going work within the physical sciences which argues for the
emergence of a new paradigm, a new epistemology, capable of unifying all the
sciences, conventional and indigenous, and demonstrating the ultimate
meaningfulness of the universe.
However, some philosophers of science, like Anthony Mansuetto (1999), would see
indigenous knowledge systems as having an upper hand in the ability to demonstrate
the ultimate truth, by virtue of their explanatory potential. He writes:
As Aristotle demonstrated, only teleological argumentation offers a complete
scientific explanation, and authentic teleology is effectively ruled out by the
hegemonic scientific paradigm which gives first place to mathematical formalism –
something which makes possible rigorous description but not authentic explanation.
This does not mean returning to Aristotelian science, but rather exploring the “road
not taken” when Aristotelian science entered a crisis at the end of the medieval
period: generalizing the concept of teleology so that it can accommodate both the
physical (especially astronomical) evidence which creates problems for Aristotelian
science long before Galaleo and Kepler, and account teleologically for such
phenomena as chaos and disintegration
…….a more explicit option for teleology is necessary if evidence is to be
accommodated and the internal contradictions of the existing paradigm (are) to be
resolved. (20)
Conclusion and way forward
The great advances made by Science & Technology by the turn of the millenium have
been very striking. However humanity’s progress has lagged far behind in critical
areas like: the alleviation of human poverty and suffering, finding lasting peace
amongst all the world’s people, eliminating all forms of injustice, maintaining the
ecological balance and preventing natural and man-made disasters.
On the contrary there is a growing risk for mankind to self-destruct, there are
ceaseless wars in some parts of the world and growing human poverty and suffering
in some parts of the world, particularly in Africa.
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It is with this “dead end”scientific picture of the world that aspects of ancient
knowledge and approaches are looking increasingly attractive.
In the circumstances, a return to, and a rediscovery of ubuntu and a closer
examination of our African indigenous knowledge systems offers possibilities for our
continent to break out of the vicious grip of poverty and suffering that characterizes it.
At the epistemological level, a greater understanding of Bantu indigenous knowledge
systems, as exemplified here by the Nsenga oral narrative system, would be
beneficial. It would contribute to the new paradigm unifying all sciences and
demonstrating the ultimate meaningfulness of the universe.
We can achieve this through multi-disciplinary and inter-disciplinary collaborative
research with the repositories of indigenous knowledge, the "traditional experts", by
investigating (through experiencing) Bantu cultures in situ, as participant observers.
The whole process can be enhanced to the extent that the "researchers" can actually
adopt Bantu life-styles.
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Abstract

The Nyanga terraces and pit structures of the Eastern Highlands of Zimbabwe connote a form of land
use that marks a critical stage in human relationship with its environment. The most dominant
interpretation put forward for the construction of these structures is in the realm of agriculture, but
there are anomalies inherent in the agricultural theory. While acknowledging the supportive role of
mining to an agricultural activity, evidence gathered suggests mining as the predominant activity.
Evidence of the existence of mineral resources is overwhelming, particularly in the assay values of gold
from quartz veins in terraces, and in the waste of a mining process, the slag. Numerous remains of
furnaces and hearths were also found. This paper makes an attempt to understand the terraces and pit
structures from a mining origin as samples collected point to this perspective. The pit structures and the
existence of slag heaps in mountains suggest the management of the mining activity from the viewpoint
of the processing and security of the won metal.

Introduction
The Nyanga terrace complex in Zimbabwe is the largest known terracing in subSaharan Africa, spanning an area of about 7 000 sq. km on hillsides (Soper 2002). The
terraces are found from Penhalonga Gold Belt to the Ruangwe Hills. The ingenuity of
the community also resulted in the construction of pit structures, numbering several
thousand and measuring on average 4 m in diameter and 2-3 m deep. These labourintensive land modifications connote early land management and utilisation.
There is a mysterious lack of testimony as to the origin or function of the terraces and
pit-structures in oral tradition. The terrace complex has not evaded the attention of
early prospectors; Peters (1902) pioneered the thought that mining was the main
activity. His theory was discarded as more archaeological work on the area was done.
Summers (1958), Sutton (1983) and Soper (2002) concluded that the terraces
represent intensive cereal cultivation between the 14th and 19th centuries.
In the realm of agriculture, Summers (1958) subscribed to the fact that the pit
structures were pens for livestock, probably goats or pigs. He found no evidence of
cattle beyond very few bones of oxen not directly connected with the pit structures
themselves. Livestock penned in the pit structures is strategic to an agricultural
interpretation of the Nyanga archaeology because of the necessity to collect manure to
raise the fertility of the terraced ‘fields’. The stock have to be of diminutive stature
because of the restrictive dimensions of stone-built tunnels leading into the pitstructures, believed to have been entrance passages. However, the geographical
locations of terraces and pit structures would have made the transportation of fodder
to pits and manure to fields an onerous task.
In the late 1990s middens excavated on Mount Muozi yielded a few bone fragments
of bos taurus. While not being ‘good predictors of height’ it is possible that they
represent a small breed of cattle (Soper 2002). Considered against the 22,000 hectares
of terracing in the Eastern Highlands the small assemblage of Muozi bones is only
marginally definitive. Moreover no sign of dung has yet been found in or around the
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pit structures or on the terraces. Beach (1996) compares ‘tiny kasiri cattle’ with
Dexter cattle that ‘could fit into pit structure tunnels’ but neither the Shona nor the
Scottish breed could pass through many sections of the tunnels. The stone walls and
paved floors of tunnels are not worn in a manner expected from the frequent
movement of cattle. Unlike the imprint of visitors in the smoothing of walls and
paving in the pit structure open to the public in the Nyanga National Park (Soper
2002), the dwarf cattle have left no trace in the pit structures, nor have they passed on
their genes. There are two possibilities: either they are extinct or they did not exist.
Mining activity is well known for permanently changing the landscape, but there
seems to be little information on this as an occupation of the inhabitants. In most
published work by archaeologists (Chirikure et al 2004; Soper 2002; Summers 1958),
mineral exploitation apart from iron ores does not appear to have been an important
feature of the complex. The occurrence of gold is seldom mentioned except in relation
to trade. They ignore the fact that rivers in the terraced region of the Eastern
Highlands are being widely panned for alluvial gold today, and that the terracing and
stone ruins occur between the Penhalonga and Makaha Gold Belts, where most
colonial mines were pegged on early workings.
The objective of the present work is to explain the origin of the terraced complex in
the context of mining. It refutes the agricultural hypothesis. It builds on anomalies
questioned in the publication Nyanga: ancient fields, settlements and agricultural
history in Zimbabwe (Soper 2002). This study argues that there are inconsistencies in
agricultural theories best explained by placing emphasis on the mining perspective of
the landscape and environmental usages.
Methodology
The bulk of the work presented in this paper was gathered in an area, 32º35'
E 18º22'
S
of 20 km radius, through the process of landscape archaeology, which is the study and
interpretation of past landscapes through the recovery of physical and historical
evidence. Its concept of multidisciplinary investigation of the ‘relationship between
people and their environment at a regional scale’ (Barker 1992) enables the emphasis
to shift from archaeological excavation to extensive field walking, associated with
practical geology and historical geography. Landscape archaeology is a more holistic
form of archaeological study than site-specific archaeology.
In this endeavour, the local people who are more knowledgeable about the area than
the researchers provided information about sites thus making a valuable contribution
to the study. In addition, the study places emphasis on ‘proof-of-principle’
experiments, for example, establishing the maximum size of cattle for the pit
structures by taking measurements inside entrance tunnels; basic crop trials; analysing
slag, soil and rock samples for gold and associated constituents. Geological
information was used to identify and delineate the mineral zones in the Nyanga
terrace complex. Secondary enrichment in the form of ‘placer’ deposits commonly
formed on hillslopes were a subject for particular attention, and the location of rivers
panned for gold noted. In the identification process a site reference collection is being
established in an attempt to reconstruct the mining perspective.
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Figure 1: Formation of Placer and Alluvial Gold

Results and Discussion
Alluvial gold cannot occur in isolation. Geologically, it results from erosion and the
weathering of a primary-source gold contained in rocks (Figure 1). ‘Placers’ (eluvial
or secondary enrichment) commonly form downslope from a bedrock gold deposit. In
a continued process of weathering, the gold can migrate further to enrich gravel banks
of rivers. The authors observed artisan gold panners active in the rivers today who are
living testimony to the existence of gold in the Eastern Highlands.
In a typical terraced hillslope in the research area, primary gold in the form of parallel
quartz veins was discovered in mid-2005 by a Zimbabwean artisan miner combing the
hillside to seek the source for alluvial gold being panned in the nearby river. The
primary-source quartz reefs are narrow, approximately 25 cm wide, indicating highgrade gold deposits (see Figure 2). It is a classic example of primary gold found above
a river exploited for gold. To date a block of four gold claims has been registered with
the relevant authorities.

outcrop
7.54 g/t

SHAFT No 2:
15.48-17.42 g/t
SHAFT No 1:
14.21-19.30 g/t

ALLUVIAL
RIVER

‘pit structures’ or
HYDRAULIC TANKS

Figure 2: Vein-hosted gold deposits in a typical Nyanga terraced hill. October 2006 assay
results from develoment work in mining claims registered Aug 2005
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Soper (2002) acknowledged that soil layers in most terraces appear to have been
‘transported and deposited’; a geomorphologic issue requiring a mineralogical study.
This accords with the mining theory involving bench mining, a method known in past
ages. Most terraces have an absence of vegetation revealed in the landscape, by
aerial photography, and identified on large-scale road maps as ‘ancient terraces’. (See
Figure 2, 1:50,000 topographical map, revised 1987 from aerial photography 1982).
The author of the geological bulletins for Nyanga and Nyanga North (Stocklmayer
1978, 1980) failed to observe that the terraced zones are weathered dolerites bounding
certain types of altered granite. ‘The most prospective ground in Zimbabwe’,
according to a recent University of Witswatersrand report (Kalbskopf and Nutt,
2003), ‘lies immediately adjacent to a greenstone belt—in the diabase* itself or in
tonalitic granites and gneisses, including adamellite and granodiorite.’ These are the
horizons favoured by the terrace builders.
Weathered dolerite soil can be productive for farming, perhaps a reason for the origin
of the agricultural theory (Summers 1958; Soper 2002; Chirikure et al 2004).
However, the soil of the highland terraces is very acidic and stony, an unusual
selection for intensive farming. The explanation that the terraces were sited not from
choice but from ‘land pressure’ (Soper 2002) conflicts with the fact that the fertility of
the soil improves as the terrain flattens out into stream valleys, generally only a few
minutes’ descent away.
It is debatable that this comparative ease of access weakens a second argument that
the terrace builders fled to the hills from Ngoni and Gaza raids. If this were the case,
it limits the period of terrace farming to the mid 1800s. On a wider scale this ‘Refuge’
theory is being challenged on historical issues (Beach 1988; Mazarire 2005).
The study found puzzling the theory of intensive terrace farming involving much hard
labour. In addition, the scarcity of settlement middens or burials sustains a mining
model. Summers (1958) and Soper (2002) theorise on the probability that the vast
extent of terracing is the result of shifting agriculture, particularly in explaining the
anomaly of ‘single phase occupation’. Moving from place to place within single phase
occupation is the normal action for mining activity as deposits are progressively
worked out and then abandoned.
The study tested the soil fertility of the terraced areas on three experimental plots: one
fenced and manured with cattle dung, the second manured but left unfenced, and the
third neither fenced nor manured. The experiments revealed interesting results. None
of the plants reached an expected height and the few heads that matured were
composed more of chaff than of seed. Weeds overtook all plots and well before
harvest buck had inflicted serious damage in grazing the two fenceless plots. The
position of fencing in the third plot was found to be insufficiently distant from the
planted area to keep the crop beyond antelope reach. Resolving this problem could
only be effected on the widest terraces. This shows that protecting the fields from
wildlife would have been a herculean task (Thomas 1872). No protective measures
would have been necessary for mining, except for the security of the processed end
product.
*

Diabase: weathered dolerite. Dolerite is the contemporary name for ‘greenstone’
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The ‘pit-structures’ do not resemble pits as the term would imply but, built up from
bedrock inside massive rock and rubble platforms, they are precision-built stone-lined
tanks (see Figure 3). They have stone-roofed and paved inlets (tunnels) and outlets
(drains) for each tank. Both features, like the bottom of the tank, are inclined to the
slope of the hillside which dictates the height and drop of the stone walls of the tanks.
Internal tunnel measurements dictate that if animals were herded through the tunnels
they would have to be less than 54 cm high. To explain these structures in the
agricultural model, it is deemed that cattle dung was washed away as slurry through
the drains in a ‘sewage farm’ effect (Soper 2002; Sutton 1988), a style of livestock
management from the continent of Europe that is alien to the continent of Africa.
In a mining context, the remarkably standard and skilfully engineered plan of these
tanks suggests a method of gravity concentration for recovery of a heavy metal. It
supports the theory that treatment of ore in the tanks involved a controlled stream of
water and a sloping surface in the manner of a sluice. Small ‘dams’ often present at
drain exits suggest collection of tailings. Soil from two exit dams yielded gold values
of 0.2-2 g/t. Observations that the inlet tunnels are invariably curved, often at 90
degrees that would be a serious obstacle to cattle movement, suggest a critical flaw in
the cattle theory.
wall

rubble-filled

wall

TANK
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earth fill
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BEDROCK
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’
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DRAIN

Figure 3: A typical tank showing standardised hydraulic engineering. Stone walls or channels
frequently extend uphill from the tunnels, suggesting the trapping of hilltop run-off.

Assays of samples of slag recovered from the research area show gold values of 3.6426g/t from Site A, and 46 g/t from Site B (Figure 4). More slag is located at Site C
with reports of slag at Site D (both untested). Tuyere (blowpipe) fragments are
frequent in two extensive slag heaps at the first site (A1 and A2), with an assemblage
of more complete specimens found in an adjacent rock shelter (Figure 4.)

274

GOLD PANNING

GOLD PANNING

GOLD PANNING

site B
slag

site D
slag

RUSAPE
60km

site A
1&2
slag

site C
slag

JULIASDALE

PIT STRUCTURE SITES
approx positions of 2-4
tanks

Figure 4: Plan of slag heaps in relation to tanks (‘pit structures’)

Heavy hammerstones more suitable for
crushing quartz than grain are common finds in
the research area. Occasional grinding sites in
rock outcrops and boulders (Figure 5) are
typical of the mineral milling sites seen in early
mining areas of the Zimbabwe plateau (Swan
1994; Burchett 1965). Examples of well worn
grinding stones are frequently found. Many
piles of washed and sorted quartz, crucibles,
two iron ‘spades’ and an iron gad add to the
evidence of mining activity in the research area,
previously unknown for an industrial past.
Figure 5: Shallow hollow (guyo) worn in an
outcrop by pulverising quartz with a grinding

stone (huyo). (Picture, courtesy of Stephen Fisk)
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Contribution of the Study
This paper proposes that the crop harvested from the terraces of Zimbabwe’s Eastern
Highlands was gold not corn. The paradigm eliminates the need to raise the fertility of
the terraces for intensive cultivation, and releases the pit structures from the
conjectured function of penning ‘dwarf cattle’. Study of ‘pit structures’ as tanks can
focus on their hydraulic character, and the method of concentrating crushed ore for
metal established.
From geological maps, aerial surveys, and ground fieldwork it is seen that the terraced
areas occur in the type of country rock conducive to hosting gold-bearing ores
(Stocklmayer 1978, 1980). This potentially auriferous region is on the eastern fringe
of the largest area of medieval deep rock gold mining yet found in the world the
central plateau of Zimbabwe (Swan, 1994; Summers, 1969).
The discovery of source gold in hillslope terraces and geomorphological signs that the
terraces have been stripped of associated ‘placer’ gold suggest early exploitation
extended to the Eastern Highlands lying between the central plateau and the age-old
trading centre of Sofala on the Indian Ocean. In contrast to silence in historical record
or oral legend about terrace farming and miniature stall-fed cattle, it is well known
that mention of the export of gold from the hinterland of Sofala dates back to the 10th
century (Summers, 1969). In the 16th century the Portuguese sought to snatch this
trade from Arab control and published a list of mines between the Limpopo and the
Zambezi ‘discovered in 1500’ (Pereira 1857).
The largest holding in the list was the thirty-two mines of the legendary gold baron
Manyika. Most of the names, too high a percentage to be coincidental, can be traced
in the rivers and hills of the Eastern Highlands. They range between ‘Mukaza’
(Makosa) in the Makaha Gold Belt in the northern extremity of the terraced landscape
to ‘Ziuire’ (Zuira) east of Vumba below the Mozambican extension of the Penhalonga
Gold Belt in the south, where the Chimanimani Mountains eluvial gold rush
commenced in 2003. There is distinct correlation between names of ancient mining
locations with modern names in Nyanga and neighbouring districts. In accord with the
landscape archaeology perspective of the research, a map of the Mines of Manyika is
to be released on first public presentation of this paper.
Conclusion
Preliminary findings of this research point out that mining activity was the dominant
basis of the landscape development and environmental use in the Eastern Highlands.
This is in sharp contrast to existing assumptions that agricultural activity was the
point of departure for the development of pit structures and terraces in the region.
However, this is part of ongoing research on the extent of the mining activities in the
areas and the possible linkages with the rest of the economic and social structures and
systems.
The ‘re-discovery of gold’ in the Nyanga district has wider economic implications to
the local community as the exploitation of this resource will bring employment and
infrastructure development to the region. However, the national heritage of the
structures must be respected.
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Recommendations
To date no dating technique has been employed. To further the study an expansive
programme of sampling and geochemical analysis is needed. This will also evaluate
the economic importance of the ‘re-discovered Zimbabwe mineral resource’, and the
potential of mining for communities in the terraced regions. It is believed that the
terraces could not sustain agriculture today even at subsistence level. Zimbabwe’s
Eastern Highlands form part of the southern extremity of the Great African Rift that
stretches north north east to the Dead Sea in Jordon. Findings of the study have
implications on research in other terraced complexes of the Rift system, all presently
ascribed to intensive cultivation, and particularly its auriferous greenstone belts from
northern Gauteng through Tanzania, Kenya and Ethiopia.
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Abstract

The need for tourism promotion in Zimbabwe has become more important with the drastic plunge in
tourist numbers in the last 6 years Studies done by the ZTA(2005), have shown that tourism grew
rapidly between 1980 and 1999.. During the decade 1989 – 1999, tourist arrivals grew at an average
growth rate of 17.5% whilst tourism receipts increased at an average annual growth rate of 18% and
25% in US$ and Z$ terms respectively. However, the prevailing economic, social and political
environment has seen the sector experiencing the worst performance since independence. The country
has experienced an 11% drop in tourist arrivals and a 38% drop in US$ receipts between 1999 and
2000.The period 2004/5 saw a notable increase in tourists due to the look east policy tapping into the
Asian market. .
The decline in tourist arrivals provoked the Zimbabwe Tourism Authority and its partners to initiate the
development of an electronic multimedia tourist atlas. This atlas project is being implemented by
partners that include the Zimbabwe Tourism Authority (ZTA), Surveyor General’s office (SG) and
Chinhoyi University of Technology (CUT). This paper describes the relational databases with
integrated picture and sound components that are being created using ArcView 3.3, ArcGIS 9.1 and
Microimages TNT Mps softwares. The final product will include aspatial queries, analogue and
electronic atlases, encyclopedia and a digital library. The final product will be made available at
Airports and all tourism related organisations so that accurate information about the tourism sector is
available at the click of a button

1.Introduction
Zimbabwe’s economy is dependent on agriculture, mining and tourism. However, the
earnings from mining are declining due to the decreasing demand for most metals.
Similarly agriculture related earnings have declined due to the decrease in cropping
and productivity. The need for tourism promotion in Zimbabwe has become more
important with the drastic plunge in tourist numbers in the last 6 years Studies done
by the ZTA (ZTA, 2005) have shown that tourism grew rapidly between 1980 and
1999. During the decade 1989 – 1999, tourist arrivals grew at an average growth rate
of 17.5% whilst tourism receipts increased at an average annual growth rate of 18%
and 25% in US$ and Z$ terms respectively. However, the prevailing economic, social
and political environment has seen the sector experiencing the worst performance
since independence. The country has experienced an 11% drop in tourist arrivals and
a 38% drop in US$ receipts (between 1999 and 2000), a notable increase of
approximately 5% in tourist arrivals and a resultant 8% increase in US$ receipts
between the period 2004/5 (ZTA, 2005).
The decline in tourist arrivals provoked the Zimbabwe Tourism Authority and its
partners to initiate the development of an electronic multimedia tourist atlas. This
database is designed to be a marketing and information sharing tool for the tourism
sector. It will be used to market Zimbabwe as a prime tourist destination in subSaharan Africa and will enable the tourism sector to become one of the leading
foreign currency earning sectors.
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Zimbabwe boasts co-hosts the Victoria Falls, one of the world’s seven wonders. It is
also host to many other spectacles of nature that have potential to attract droves of
tourists into the country. With a well-strategised and planned marketing policy this is
possible. To achieve this there is need for dependable and accurate means of
disseminating information to the prospective local and international tourists. As a
result of the Look-East policy, Zimbabwe has already started receiving increased
number of tourists from the east mainly Asia.
2.0
Objectives
The project aims to develop a GIS database and to provide accurate information
across a spatio-temporal scale to tourists. The specific objectives of the project are:
2.1 To develop a multimedia GIS database and an electronic information atlas

for use by all stakeholders in Zimbabwe’s tourism sector.

2.2 To collect descriptive data on the country’s tourism related places.
2.3 To develop an electronic atlas with the capability of running aspatial and
spatial querying.
2.4 To make the multimedia GIS database available to all information kiosks
within the country.
3.0
Methodology
The project has three data collection phases, which are data collection, data
classification and data layering in the database.
Data Collection
The various sources of data included maps, plans and charts, textbooks, Internet
websites, newspapers, magazines, brochures and travel guides. GPS surveys are being
used to update existing maps. Questionnaires are also being used to collect data from
key respondents in the tourism sector. Digital cameras and digital videos capture data
at the tourism sites while analogue graphics and maps are being digitized and
scanned. One of the most important sources of data mainly Layers and base GIS
layers and maps was the Surveyor general’s office.
Classification of Tourism Data
The collected data were classified into traditional cultural tourism data, ecological
tourism and data on notable modern features and facilities.
3.2.1

Traditional Cultural Tourism data includes data on museums, art galleries,
cultural, religious and national festivals, historical monuments and natural
features such as sites and buildings, arts and crafts.

3.2.2

Ecological Tourism data includes data on Geological or geophysical and or
geomorphologic features, (i.e. mountains, waters falls, springs, beaches,
national parks, games/forest reserves, and botanical/zoological gardens etc.)
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3.2.3

Notable Modern Features and Facilities data includes data on hydroelectric
power, dams, sporting facilities and other notable engineering structure. It also
includes travel and tourism centers and agents and any other tourists-related
data.

3.3
Data Layering
The softwares used in the project to create a relational GIS database included
Microsoft access and excel, ArcView 3.3, Photo link, ArcGIS 9.1, Arcpad 6.0 and
TNT MIPS. Microsoft Excel and Access platforms were used for inputting and
editing tabular data. Microsoft word was used for processing, editing and displaying
textual data while Gamin map source, DNR Garmin and Arcpad were used for
downloading GPS waypoints and routes. The tabular and textual data was transferred
into ArcGIS and TNT MIPS to work in a GS environment. Photo suite 8.1, Photoshop
cs and windows media player were used to convert recorded pictures, video and audio
materials respectively for their incorporation into the multimedia atlas. Audiovisual
materials and pictures were hotlinked to the GIS database created. The data
(Photographic, video and audio) that were collected under these classes was related to
the geographical location using GPS recordings that are done on site when collecting
information about any feature.
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3.4

Project implementation plan

Table 1: Implementation plan for the multimedia project (2005 – 2007)

2005

2006

May-Aug
1

2

3

Sep-Dec
4

1

2

3

Jan-Apr
4

Project Initiation
MOUs and Partnerships
Data collection in Harare
Data collection in Provinces
Data input
Progress report 1
Data collection in Provinces
Data input
Creation of Atlas and multimedia
Progress report 2
Final preparations of multimedia atlas
Submission of first full draft
Presentation of Multimedia atlas
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1

2

3

2007

May-Sept
4

1

2

3

Sept-Dec
4

1

2

3

Jan-Apr
4

1

2

3

May-Sept
4

1

2

3

4

4.0
Progress and achievements to date
The project was initiated in august 2005 by the Zimbabwe tourism authority. To date
the ZTA and its partners have successfully captured data for Harare, Victoria falls,
Bulawayo, Chinhoyi, and with the collaboration of operators more information is
coming in daily. It is our desire that by August 2007 the atlas will be complete and
have taken shape
Discussion
Progress on the data collection, inputting and compilation of the atlas has been
relatively slower than anticipated mainly because of the periodic fuel shortages,
logistical problems and lack personnel to concentrate on the project. This problems
where not only confined to the ZTA but were even worse in partner institutions which
could not fulfill most of their obligations, whether it be data collection, provision of
expertise and infrastructure as agreed in most of the memoranda of agreements. It
should be noted that even confronted with a barrage of problem the ZTA as managed
to maintain steady progress having lost slightly close to four months of time as
initially suggested on inception of the project. It’s however interesting to note tat even
with the drag in activities the ZAT and its partners have managed to overcome some
of the obstacles and are still on course aiming to complete the project by August 2007.
This delay has also come with its advantaged as we have managed to access more
refined techniques and software in GIS which make the final product of better quality.
5.0
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Abstract

A holistic appreciation of the performance of a composite drainage network is an essential input into
storm water runoff management. Engineers can improve storm water runoff management by
recognizing and making better use of the complimentary roles and synergy between monitoring and
modeling. This study used a model to conduct experiments to improve understanding of the behavior
of flows in the catchment area by demonstrating what happens when changes are made to the
catchment area land uses. The study shows that computational models are very flexible and valuable
tools for evaluating options, and for developing and implementing strategies to attenuate flows in a
composite catchment area. The study also shows that models can be used to plan for structural and
land-use changes in a catchment area and to predict the effects of those changes on present
performance. Successful, efficient and effective management of a composite urban and rural catchment
area depends on making optimum use of generated data from monitoring and modeling.
The study compared the estimated runoff depth from three land use scenarios to demonstrate that
conservative and preservative land use practices significantly reduce runoff volume and to conclude
that procedural land use options are therefore, sustainable low cost interventions offering immense
environmental, economic and social benefits from integrated storm water management.

1.0 Introduction
Urban developments in composite catchment areas draining both urban and rural
areas have two major impacts on the rainfall runoff relationship. Urbanization
increases the proportion of runoff generated from incident precipitation and facilitates
rapid conveyance of large volumes of polluted urban storm water into rivers and
reservoirs downstream causing ecological damage and impairing receiving water
quality. Sustainable urban storm water management must therefore, aim to reduce
runoff volumes, attenuate flow and treat storm water before discharge.
The loss of the water retaining function of the soil in the urban landscape may be
absolute if the loose upper soil layers are stripped away during construction works. The
loss may also be functional if the soil remains but paving or rooftops block absorption of
precipitation. In either case, a significant proportion of the capacity to store storm water
is lost. Water that may have lingered in this natural reservoir for a few hours, days or
weeks now flows rapidly across the land surface and arrives at the stream channel in
short concentrated bursts of high discharge (Booth, 1991).
The problems with management of urban runoff originate from the concentration of
people on relatively small urban areas with large impervious areas constructed to
make living and transportation possible. Consequently, the contribution of impervious
surfaces to the disrupted runoff processes in an urban watershed is overwhelming.
Nearly all the problems ultimately result from the loss of the water retaining function
of the soil in the urban landscape (Booth, & Leavitt, 1999). Radical alteration of the
movement of water across the landscape occurs wherever roads and rooftops replace
grasslands and forests. These changes can have severe consequences resulting from
disrupted runoff processes (eg Hollis, 1975; Klein, 1979; Saver et al, 1983; Steedman,
1988; Limburg & Schmidt, 1990; Booth & Reinelt, 1993). Such effects as floods,
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channel erosion, landslides and destruction of aquatic habitat have occurred for
decades. Storm water facilities are often overwhelmed by frequent flows far beyond
their design capacities. Infiltration and groundwater recharge is reduced, the pattern of
surface and river runoff is changed imposing high peak flows, large runoff volumes
and increased transportation of pollutants and sediment from urban areas. Increased
water quantity causes more environmental and ecological damage than impaired water
quality from chemical constituents carried by runoff in small streams that drain
moderately urbanized watersheds (Horner et al., 1996). Thus the city influences the
runoff pattern and the state of the ecological systems not only within the city area but
also in and around a whole river system downstream (Niemczynowicz, 1997). Urban
storm water runoff acts as a transport medium for a variety of pollutants. This
phenomenon can cause water quality problems in the absence of corrective measures.
Moreover, in Zimbabwe and elsewhere, there is need for more knowledge of the
environmental, economic and social effects of the general use of source control
methods, the extent to which preservation of indigenous vegetation, urban agriculture
with and without conservation practices, will influence the total river basin by, for
example, changing groundwater recharge and reducing runoff yield. Generally, in
Zimbabwe, there is need for foresight on the impact of the planned and unplanned
urban developments on the local and downstream hydrology of the sub-catchment.
There is therefore, need to develop general guidelines, design manuals, and modelling
principles (Niemczynowicz, 1997) for use by composite catchment area managers.
1.1 Objectives
The major objective of this project was to assess the potential impact of changing land
management practices on storm flow. The specific objectives of the project were:
1.1.1 To use the Soil Conservation Service (SCS) Model designed for both rural
and urban catchments to compare the performance of strategies to reduce
storm water runoff from Mufakose, an urban residential area.
1.1.2 To demonstrate the potential impact of alternative land uses on storm
water management in Mufakose and promote those land uses that
significantly reduces runoff at low cost.
2.0 The Study Area
Mufakose, is a high-density suburban area located in the western end about 15 km
from the center of the city of Harare in Zimbabwe (figure 1). The suburbs (of
Mufakose and Marimba) were established in the early 60’s. Like many suburbs in
Harare, Mufakose has experienced profound densification due to urban-rural
migration over the last 20 years (Gumbo, 2000). These residential areas have
expanded in sections until the early 90’s and have experienced a high degree of
impermeabilisation due to construction of backyard rooms to accommodate the
increased population per stand.
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Figure 1; Topographic map of Mufakose
The average built up area is 50-70m2 and 100-150m2 in Mufakose and Marimba
respectively. The long-term average annual rainfall measured at Belvedere
Meteorological Station (within greater Harare) is 820 mm/annum. From aerial
photographs taken in 1997 and the street map, the estimated total impervious area is
about 2.1 km2 or 32% of the total area. The impervious area, mainly surfaced and unsurfaced streets make up at least 15% and 2% of the area respectively. Off-street
impervious areas (pavements and surfaced areas within plots) cover another 15% of
the area. Roofs cover at least 68% of the impervious area.
The total pervious area covers about 68% (4.4 km2) of the total area. On-plot garden
areas and open public spaces cover at least 0.8 km2 and 3.6 km2 of the pervious
respectively. Open spaces, vleis, prime land, footpaths, and stream-banks are reserves
for future development. About 60% (2.9 km 2) of this land area is cultivated.
According to the Harare City by-laws, on-plot and off-plot cultivation is legal and
illegal land use respectively (Gumbo, 2000). Table 1 is a summary of the land uses in
Mufakose and Marimba park suburbs.
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Table 1: Land uses in Mufakose
Land use or surface type
Pervious fraction of catchment area
Impervious fraction of catchment area
Total Mufakose catchment area
Pervious area
Open public spaces, (parks, cemeteries etc)
On plot gardening area
Total pervious area
Rain-fed cultivated crop area
Open spaces parks and cemeteries (uncultivated land)
Total (open public spaces)
Impervious area
Paved parking areas
Roof area
Streets or roads;
tarred with storm drains,
gravel, hard surface

Area
(x 106 m2)
4.42
2.08
6.5

%
68
32
100

3.624
0.796
4.42
2.9
0.724
3.624

82
18
100
80
20
100

0.312
1.414

15
68

0.312
0.042

15
2

2.1 Soils in Mufakose
The area has reddish fine sand clay loam soils on the hill terraces and upper slopes
and heavily leached brownish and pale colored sand loam soils. The stream bank soils
are grayish sandy clay loamy soils. Fine clay sand loam and fine sand loam cover
67% and 33% of the catchment area in Mufakose respectively. The soils are stone
free. Table 2 details the distribution and water-holding characteristics of the soils in
Mufakose based on laboratory analysis of representative soil samples taken from the
study area.
Table 2: Soil classes in Mufakose
Soil texture

AWC
(mm/m
)

Final
Infiltration
rate (mm/h)

Permeabilit
y rate (mm
/h)

Soil
grou
p

Distribution (location)

Fine sandy
clay loam
Fine sandy
clay loam
Fine sandy
loam
Fine sandy
loam

150

6

1.3 to 3.8

C

Stream bank

150

6

1.3 to 3.8

C

150

13

3.8 to 7.6

B

150

13

3.8 to7.7

B

Cultivated areas along the stream
up to 100m away
Well drained (leached) cultivated
soils in open spaces
Typical on plot soils used for
gardens

Source; Adapted from Mukonoweshuro, (2000) and SCS Manual

3.0 Methods
Field investigations were conducted to obtain information about drainage areas,
pertinent features, and survey the land uses in the study area. Historical rainfall-runoff
data for the study area was used in the model. Precipitation data required for this
urban storm water management study included rainfall intensity, duration and
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frequency, temporal distribution, area extent, storm movement and annual and
seasonal precipitation.
Catchment area characteristics such as size, shape, length, width, slope, drainage
density, land use, soil types, cover types and surface conditions or depressions
provided data required to account for runoff flow losses through interception,
depression storage, evaporation and infiltration. These data, obtained from maps were
discussed. Stakeholders provided valuable information and data. Projections for future
development and population estimates helped gauge the catchment’s susceptibility to
changes in storm flow patterns. The theoretical concepts for assessing the potential
impact of urban agriculture related intervention were based on rainfall as the major
input for storm flow generation.
The basic formulation in the rainfall runoff model is as given in equations 1 and 2.
Input – Losses = Output ---------------------------------------------------------------eq. 1
Input – Losses (x mitigation to reduce /increase) = Output -------------------eq. 2
The rainfall input that does not become runoff is lost through interception,
evaporation, transpiration, depression storage and infiltration. Mitigation represents
the land use change scenarios designed to reduce runoff yield. This study used land
cultivation practices that promote infiltration to demonstrate the impact of changes
and discusses their application to attenuate storm flow.
The quantity of storm water runoff from the urban drainage area in this study was
determined as the runoff depth with and without mitigation. This implied determining
the depth of flow under variously tried “what if” scenarios that include routing the
incident rainfall on to land treated severally for agricultural purposes.
The Soil Conservation Service (SCS) in the USA, has developed a widely used curve
number procedure for estimating runoff. Although the method was developed from
studies of small agricultural watersheds, it can be used in composite catchments
because the effects of land use and treatment and infiltration are embodied in the
method (Viessman and Lewis, 1996). However, the SCS method does not directly
estimate infiltration. The SCS procedure consists of selecting a storm and computing
the direct runoff by use of curve numbers. The selection of the runoff curve numbers
is dependant on antecedent moisture conditions and soil types and types of cover. The
model is ideal for composite ctachments because it has developed curve numbers for
pervious and impervious catchment components.
Storm flows are highly sensitive to the hydrological soil group selected and every
effort was made to determine accurately the appropriate soil group on the basis of the
currently prevailing soil classification procedures for Zimbabwe. Soil maps and land
use maps were studied. Field exercises to inspect soils were conducted in the study
area to capture the variations of the soil group locations and estimate the areas
covered by each soil type. The results of these studies and laboratory soil test were
used to further classify soils according to land-use and distribution in the study area as
shown in table 3.
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Table 3

Adjusted soil type distribution and land use in Mufakose.

Catchment component

Soil
group

%
area Area covered Weighting
covered
(x106m2)
factor

On plot garden row crop

B

12.25

0.796

0.1225

Rain-fed row crop

B/C

44.61

2.9

0.4461

Open spaces, parks, cemeteries

B

11.14

0.724

0.1114

Paved parking areas

D

4.8

0.312

0.048

Roofs

D

21.75

1.414

0.2175

Tarred streets with storm drains

D

4.8

0.312

0.048

Gravel roads

C/D

0.65

0.042

0.0065

100

6.5

1.0

Pervious

Impervious

Total

The soil groups for the study area were associated with the SCS model hydrological
soil groups to select the initial curve numbers for average antecedent soil moisture
conditions for each land-use and cover type, and for each land treatment to include
agricultural land uses and all mechanical practices such as conservation structures and
management practice.
The initial curve numbers selected were then standardised by applying the weighting
factor to account for the areas covered by the soil types, cover and land use in the
study area. The sum of the products of these weighted initial curve numbers is the
initial composite curve number for the catchment area. Then the initial composite
curve numbers for the catchment area were adjusted to reflect the influence of either
dry, average or wet antecedent soil moisture conditions on the storm flow potential of
a rainfall event. Dryer conditions will increase the amount of available storage
effectively reducing the storm flow depth, while wetter conditions will use up some of
the available storage resulting in higher curve numbers for any given storm event.
The equations 3 and 4 below were used to adjust the initial/ average curve numbers to
wet and dry curve numbers to account for antecedent moisture conditions.
CN d =

CN a
− − − − − − − − − − − − − − − − − − − − − − − − − eq.3
(2.334 − 0.01334CN a )

CN w =

CN a
− − − − − − − − − − − − − − − − − − − − − − − − − eq.4
(0.4036 + 0.0059CN a )

Where;
d= dry, a = average and w = wet
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Source; Schulze, (2001) as quoted from Hawins (1978)
The dry, average and wet antecedent soil moisture conditions are when the total
rainfall for the 5-day (pentad) previous to a given storm is less than 35mm; exceeds
35mm but is less than 52.5mm; and exceeds 52.5mm, respectively. The potential
maximum soil water retention (S), is related to the hydrological soil properties, land
cover and land management conditions and to the soil moisture status of the
catchment prior to a rainfall event. This soil water retention potential is expressed
through a dimensionless response index termed the catchment’s Curve Number (CN).
The relationship between CN and S is shown in equation 5 below.

S=

25400
− 254 − − − − − − − − − − − − − − − − − − − − − − − − − − − −eq.5
CN

Where CN is the final curve number adjusted for antecedent soil moisture conditions.
This equation 5 was/ is used to determine the losses due to soil water retention and
interception from the rainfall event. The loss due to interception was taken to be equal
to 10% of soil water retention. The runoff depth was calculated using the SCS storm
flow equation to determine the direct runoff response to a given rainfall event, to
include surface runoff and subsurface flows, but excluding base flow or delayed
subsurface response. The storm flow depth is calculated in the SCS model using the
equation 6.

Q=

( P − I a )2

forP > I a − − − − − − − − − − − − − − − − − − − − − − − −eq.6
P − Ia + S
Where
Q= storm flow depth (mm) which can be converted to volume by introducing
catchment area
P = daily rainfall depth (mm), usually refers to a one day design rainfall for a
given return period
Ia= initial losses (abstractions) prior to the commencement of storm flow,
comprising of depression storage, interception and initial infiltration (mm)
=0.1S
S= potential maximum soil water retention (mm) = index of the wetness of the
catchment’s soil prior to a rainfall event

The storm flow depth was computed from the SCS storm flow equation 6 for daily
rainfall totals that exceed net losses from interception (Ia). The computations were
done using automated spreadsheets. The Storm flow depth for Mufakose was
calculated using rainfall data for the period October 1999 to April 2000 for high and
for low storm flow potential conditions with current and varying land uses and land
treatments. The first baseline scenario estimated runoff in Mufakose, from current
land-use practices without conservation measures. The second scenario estimated
runoff from the residential area when urban farmers practiced conservation tillage
with contour ridges on the rain-fed cultivated plots. The third scenario estimated
runoff from the residential area when the municipality preserved the indigenous
savanna woodland in place of row crop cultivation.
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The vegetative cover and soil conditions on the pervious component of the area vary
seasonally and monthly such that it is necessary to determine initial curve numbers
that reflect the relative storm flow generation potential. The agricultural practices are
generally that land is prepared in September and October. The cultivated land is
usually cleared of all crop residues by burning. Most urban farmers practice zero
tillage except for a few who can afford tractor tillage. Conservation structures are
generally absent. The land tenure system does not promote long-term investment on
the urban rain-fed plot. The table 4 is an extract of the initial curve numbers
reflecting monthly land use, land preparation and cover variation in the runoff season
with and without mitigation. The composite initial average curve number for each
month is the weighted sum (table 4) of the product of the proportion of the area
covered by the land use and soil surface condition.

Table 4; Initial curve number in the runoff months without and with mitigation
Land use and cover types

Month / Initial Average CN

(a) Without mitigation (Current land use practices)
Oct

Nov

Dec

Jan

Feb

Mar

Pervious
On plot garden row crop (high storm flow 75 75
66
66 66
66
potential)
Rain-fed row crop (bare soil)
89 89
85
82 82
82
Open spaces parks and cemeteries
79 79
69
61 61
61
Impervious
Paved parking areas
98 98
98
98 98
98
Roofs
98 98
98
98 98
98
Tarred streets with storm drains
98 98
98
98 98
98
Gravel roads
90 90
90
90 90
90
89 89
86
83 83
83
Initial composite curve numbers
(b) With Conservation tillage & contours on rain-fed row crop cultivated urban plots
Pervious
On plot garden row crop (low storm flow potential) 66 66
66 66 66
66
Rain-fed row crop & C/ tillage contoured
78 78
78 78 78
78
Open spaces parks and cemeteries
79 79
69 61 61
61
Impervious
Paved parking areas
98 98
98 98 98
98
Roofs
98 98
98 98 98
98
Tarred streets with storm drains
98 98
98 98 98
98
Gravel roads
90 90
90 90 90
90
83 83
82 81 81
81
Initial composite curve numbers
(c) When original Savanna woodlands & scrub are conserved in place of rain-fed
cultivation
Pervious
On plot garden row crop (low storm flow potential) 66 66
66 66 66 66
Conserved Savanna Woodland & scrub
72 68
64 64 64 64
Open spaces parks and cemeteries
79 79
69 61 61 61
Impervious
Paved parking areas
98 98
98 98 98 98
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Ap
r
66
82
61
98
98
98
90
83
66
78
61
98
98
98
90
81
crop
66
64
61
98

Roofs
Tarred streets with storm drains
Gravel roads
Initial composite curve numbers

98
98
90
80

98
98
90
79

98
98
90
76

98
98
90
75

98
98
90
75

98
98
90
75

98
98
90
75

4.0 Findings
4.1 The potential impact of urban agriculture-related mitigation on runoff yield in
Mufakose
Table 5 is an example of one of the three SCS calculation spreadsheets developed to
assess the potential impact of different land use strategies on storm water generation
in Mufakose. Table 5 indicates the high storm flow potential estimate of runoff from
Mufakose under current land use practices that are deficient with respect to soil water
conservation. Similar spreadsheets were used to determine the runoff from Mufakose
when land-use practices included either conservation tillage with contour ridges or
conservation of indigenous savanna woodland and scrub on the pervious rain-fed
plots.

Table 5; Extract of the Mufakose storm flow depth estimate without mitigation
Date

P(daily)

27/12/89
28/12/89
29/12/89
30/12/89
31/12/89
1-Jan
2-Jan
3-Jan
4-Jan
5-Jan
6-Jan
7-Jan
8-Jan
9-Jan
10-Jan

3.5
0
0
0
0
1
3
0
13
70
0
4
0
8
32

5d
total

3.5
1
4
4
17
87
86
87
87
82
44

Year ;1990 to 1999 SCS runoff (without mitigation)
AMC Comp CNi CNf
S
Ia
Q (mm) Q(m3)

dry
dry

83
83

67
67

125.11
125.11

12.5
12.5

dry
dry

83
83

67
67

125.11
125.11

12.5
12.5

0.001908 12.40345
18.10053 117653.4

wet

83

93

19.12

1.92

0.20562 1336.528

wet
wet

83
83

93
93

19.12
19.12

1.92
1.92

1.47049 9558.186
18.39796 119586.7

The potential impact of urban agriculture related mitigation on runoff generation in
Mufakose is shown in figure 2(a & b). These figures compare the storm flows
computed when land-use and treatment vary but the incident rainfall and antecedent
soil moisture conditions remain the same.
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Figure 2a: Potential runoff from Mufakose as land-use and treatment varies

Runoff reduction (%)

Figure 2a shows that conservation tillage with contour ridges (CT & C) and
conservation of the indigenous Savanna woodlands and scrub (SW & S) have
potential to yield less runoff from incident precipitation than the current land uses
(CLU) in Mufakose. Conservation of the indigenous Savanna woodland and scrub has
the potential to produce the least runoff. Therefore, alternative land use strategies
have potential to reduce runoff from Mufakose.

80
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40
30
20
10
0

Ct &c
Sw&s
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Jan

Feb

Mar

Apr

Runoff months
Figure 2b: Potential average runoff reduction resulting from alternative land-use.
Figure 2b highlights the potential storm flow depth reduction resulting from the
alternative land use. Conservation of the indigenous Savanna woodland and scrub has
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more potential to reduce runoff than conservation tillage with contour ridges. As
much as 60% and 45% of the potential storm flow depth can be retained in the soil in
October and November. This reduction in runoff yield at the onset of the rain season
is indicative of a corresponding reduction in storm water related soil erosion and
consequently sediment and other pollutant transportation into downstream reservoirs.
The lowest reductions of storm water flow generation of at least 30% and 10% occur
in January. This is largely due to wet antecedent soil moisture condition that prevails
during this period of the year. December and January and to a lesser extent in
February are the runoff months that can produce the highest peak discharges. Hence,
alternative land uses emphasizing conservation mitigation measures are appropriate
and effective in attaining significant storm flow attenuation levels and retaining
critical soil moisture for plant and crop requirements. These findings reinforce the
conclusion reached by Niemczynowicz (1997), that mere rapid conveyance of storm
water from urban areas is unsatisfactory. The integration of water conservation
strategies with storm water drainage techniques makes available moisture for plant
and crop requirements and reduces the magnitude of adverse impacts on the receiving
watercourses and reservoirs.

4.2 Discussion
The purpose of storm water management is to keep people from the water, to keep the
water from people and to protect or enhance the environment while doing so (Debo
and Reese, 1995). Keeping people from the water involves employing non-structural
damage mitigation measures such as zoning, flood plain management, home building
and flood proofing. Keeping water from people involves direct interference with the
water by using flow amount reduction measures such as detention or retention
facilities. The three main options to be considered in the control of urban runoff are;
reducing the flows entering the drainage system; increasing the capacity of the
drainage system; and attenuating flows within the drainage system (Beale, 1992).
Methods that increase the drainage capacity have been widely adopted. However,
with increasing urbanization of catchment areas and the resulting increase in
catchment impermeability, this option has become increasingly expensive. It has
become evident that this policy cannot continue, due to the high economic and social
costs of upgrading existing drains to accept the flows and the more frequent flooding
in urban areas and watercourses (Beale, 1992). Furthermore, the adoption of
integrated catchment plans by regulatory authorities will no longer allow the simple
transfer of the flooding problem downstream.
The provision of attenuation and storage within the drainage system should be
adopted in order to provide a cost-effective solution to existing and potential flooding.
There is need to employ engineering innovation and trials using unconventional
methods such as demonstrated by this study to achieve sustainable urban storm water
management.
There are indications of frequent neglect of functions for storm water management in
Mufakose. The municipality has limited resources for the operation and maintenance
of the current dense network of storm drains in Mufakose. The residents do not
participate directly in the operation and maintenance of the storm drain network, but
on the contrary are responsible for the numerous catch pit and storm drain blockages.
The reduction in storm flow depth accruing from alternative land uses emphasizing
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conservation implies a reduction in both storm drain size and density. Conservation of
the indigenous Savanna woodlands and scrub vegetation has social and environmental
benefits. Agricultural mitigation is in a way an indirect positive participation of the
residents in the storm water management function. Even then, the several positive
benefits of urban agriculture will guarantee long-term community participation with
other income returns to both the community and the local authority.

4.3 Conclusion
The hydrologic models presented in this project are day-to-day management tools for
assessing the impact of planned structural and non-structural management
interventions on stormwater generation and flow magnitude for existing and ultimate
development conditions. This project demonstrates the impact of more sustainable
options of managing storm water in Mufakose and similar urban settlements. An
integrated storm water management planning approach is inevitable for the gains
demonstrated in this project to be realized. There should be storm water concept plans
that discuss the long-term potential storm water generation and attenuation from each
urban development project. Storm flow and pollution control requirements should be
considered prior to huge investment on site. Therefore, local planning authorities are
encouraged to include reference to sustainable urban drainage systems in strategic
development plans.
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THE POTENTIAL IMPACT OF ALTERNATIVE LAND USES ON RUNOFF
PEAK DISCHARGE FROM MUFAKOSE, AN URBAN RESIDENTIAL AREA
Chidavaenzi M.
Scientific & Industrial Research & Development Centre, Environment &
Remote Sensing Institute, P.O. Box 6640, Harare, Zimbabwe
Abstract

It is essential to estimate runoff volumes and flood magnitudes that result from precipitation. The
estimation of runoff volume is of fundamental importance to the design of drainage facilities. Errors in
the estimates will result in a structure that is either undersized and causes storm water management
problems or oversized and costs more than necessary. Suffice to mention that any hydrologic analysis
is only an approximation. The relationship between the amount of precipitation on, and runoff from a
catchment area is complex. The study demonstrates the impact of agriculture related mitigation on peak
discharge from Mufakose into the Marimba River.

1.0 Introduction
The lag time is the weighted time of concentration for each segment of the watershed.
In hydrograph analysis it is the time from the center of the mass of the rainfall to the
peak of the outflow. The time of concentration is the time of travel for water falling
on the hydraulically most distant point in the catchment to the outlet (Debo and
Reese, 1995). The average slope of the catchment area, and the overall length and
frictional resistance to overland flow are the major factors affecting the runoff rate
through the catchment area. However, differing storage characteristics for different
storm events, seasonal changes, and urbanization will affect time of concentration and
the lag time. Nevertheless, without adequate rainfall runoff information, basin lag
time can be estimated using regression or synthetic methods. In urban areas with area
less than 9.8km2, the curve number method and derived equations can be used to
estimate the time of concentration from catchment lag.
The Manning equation can be used to calculate travel time and time of concentration
in a catchment area. The travel time is the time it takes water to travel from one
location to another within a catchment through the various components or land uses of
the catchment area. The time of concentration is computed by summing all the travel
times for consecutive components of the drainage conveyance system from the
hydraulically most distant point of the catchment area to the point of design interest in
the catchment area.
Tc = Tt1 + Tt 2 + .....Tm − − − − − − − − − − − − − − − − − − − − − − − − − eq.1
Where;
Tc = time of concentration (hours)
Tt = travel time in a segment of the flow in a land use component (hours)
m = number of segments or land use components
Water moves through a watershed as sheet flow, shallow concentrated flow, open
channel flow or sometimes a combination of these. The type of flow through a
catchment area is a function of the conveyance system and is best determined by field
inspection. On generally flat land, sheet flow over plane surfaces usually occurs in
headwater streams. Therefore, the friction value (Manning’s n) is an effective
roughness coefficient to use. The coefficients include the effect of raindrop impact,
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drag over plane surfaces, obstacles (such as litter, crop ridges, and rocks) and erosion
and transportation of sediment. However, these n-values are for very shallow flow
depths of about 30mm or less. The Manning equation 2 can be used to compute travel
time for sheet flow over catchment length less than 100m and 30m in rural and urban
areas respectively.

Tt =

5.46(nL )

0.8

(P2 )0.5 (S )0.4

− − − − − − − − − − − − − − − − − − − − − − − − − eq.2

Where;
Tt = travel time in minutes
n =Manning’s roughness coefficient
L= flow length (m)
P2 = design 24-hour rainfall depth (mm)
S = slope of the hydraulic grade line or land slope (m/m)
Source; Adapted from Overton and Meadows, 1976 as quoted by Debo and Reese,
1995)
This simplified equation can be used on the assumption that there is shallow steady
uniform flow from constant intensity 24-hour rainfall excess available for runoff, and
that the effect of infiltration on travel time is negligible. The height of plants that
obstructs sheet flow is up to 30mm. Cover to this height is considered when selecting
n-values using table 1

Table 1; Roughness coefficients (Manning’s n) for sheet flow.
Surface description
Smooth surfaces (concrete, asphalt, gravel or bare soil)
Fallow land with no crop residue
Cultivated soils with residue cover = 20%
Cultivated soils with residue cover > 20%
Short grass (prairie)
Dense grass (lawns)
Bermuda grass (and other grass types and mixtures)
Range (natural)
Woods (light underbrush)
Woods (dense underbrush)
Source; SCS, TR-55, 1986

n-value
0.011
0.05
0.06
0.17
0.15
0.24
0.41
0.13
0.4
0.8

Sheet flow usually becomes shallow concentrated flow after 100m and 30m in rural
and urban areas respectively. The average velocity of shallow concentrated flow can
be determined using equations 3 and 4 for unpaved and paved areas respectively.
Conventional charts are also available.

Vunpaved = 4.89 S 0.5 − − − − − − − − − − − − − − − − − − − − − −eq.3

Where;
V paved = 6.16S 0.5 − − − − − − − − − − − − − − − − − − − − − −eq.4
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V = average velocity (m/sec)
S = slope of the hydraulic grade line (m/m).
Source; Adapted from Debo and Reese, (1995)
The calculated average velocity for shallow concentrated flow determines the travel
time through the length of the component of the catchment area. Open channel flow is
determined using either Manning’s equation 5 or using flow charts developed from
the equation. Equation 5 is commonly used for designing storm drains.
V =

0.45r 2 / 3 s 0.5
− − − − − − − − − − − − − − − − − − − − − − − − − − − −eq.5
n
Where;
V = average velocity (m/sec)
r= hydraulic radius (equal to a/pw), (m)
a= cross sectional flow area (m2)
pw = wetted perimeter (m)
S = slope of the watercourse or stream (m/m).

The total travel time or time of concentration (Tc) is the sum of the travel times (see
equation 1). (Tc) is used to estimate the lag time (L) for the catchment area from the
relationship given in equation 6. The total travel time is used to determine the
intensity and depth of the design 24-hour rainfall.
L = 0.6Tc − − − − − − − − − − − − − − − − − − − − − − − − − eq.6
Where the time of concentration has not been determined, the average lag time can be
estimated from the SCS lag equation 7.

l 0.8 (S + 25.4)
L=
7069 y 0.5

0.7

− − − − − − − − − − − − − − − − − − − eq.7

Where;
L= the catchment lag time (hours)
l= hydraulic length of catchment along the main channel (m)
S = the average potential soil water retention (mm) calculated from the initial
curve number before adjusting for antecedent soil moisture conditions.
y = average catchment slope (%) determined from contours on topographical maps
The US Soil Conservation Service developed procedures for estimating runoff volume
and peak rates of discharge from urban areas. These are known as TR –55 comprising
of the graphical chart and tabular methods. These methods adjust rural procedures
into urban conditions by increasing the curve number (CN) for impervious areas and
reducing the lag time (t) for imperviousness and channel improvements. Allowances
are also made for various watershed shapes, slopes and times of concentration
(Viessman and Lewis, 1996). All these methods are applicable to land areas less than
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2000 acres and for up to 24 hour storms. The SCS method of estimating runoff is
designed for use to estimate runoff from 24 hour duration thunderstorms.
It is essential to incorporate all adjustments for soil types, peaking factors, percent
imperviousness, channel improvements, ponding or swampy areas, length and width
ratio variations and slope. The adjustments were made with reference to the US soil
Conservation Services soil slopes classification and the adjustment factors (Fp) for
pond and swamp area, and to the ASCE Manual for Engineering Practice No. 28’s
typical cover factors for land uses
The peak discharge rate can be calculated using the new SCS graphical method. This
method entails selecting an urban curve number and the 24-hour design rainfall depth
estimated from intensity duration frequency curves. The rainfall intensity has a
marked effect on the timing and magnitude of peak discharge. Catchment response
time will determine storm duration and hence, rainfall intensity that is likely to
produce the critical design peak discharge or flood. Usually small catchments with
short response times have critical flood peaks produced by short, high intensity storms
while large catchments with long response times have critical flood peaks produced
by longer duration storms of lower intensity. The time of concentration (and the lag
time) of a catchment represent the duration of the 24-hour design rainfall depth the
intensity of which can be derived from local intensity duration frequency curves. The
design rainfall amount is distributed over time during the day. This time distribution
depends on the conditions and rainfall type prevailing in the catchment area. The SCS
has established four rainfall distribution types for which there are synthetic time
distribution curves (on logarithmic scale) termed types I, IA, II and III. The value of
the unit peak discharge qu can be read from a graphical chart for the time of
concentration and the ratio of Ia/P for the given composite catchment area curve
number for average antecedent soil moisture conditions. The curve number for wet
conditions can be used for peak flood discharge. The value of Ia for runoff curve
numbers between 40 to 98 was calculated from equation 4.08 by substituting Ia =
0.1S. The peak discharged from a catchment such as Mufakose was calculated by
substituting the value of qu into equation 8.

Q p = qu AQF p − − − − − − − − − − − − − − − − − − − − − − − − − − − eq.8
Where;
Qp = peak discharge (m3/sec)
qu = unit peak discharge, (m3/s/km2/mm (when tables give values in
cfs/mi2/inch multiply value by a conversion factor of 4.4 x10-4).
Source; SCS Type I, IA, II, & III Unit Peak Discharge Graphs.
A = catchment area (km2)
Q = runoff depth from 24-hour rainfall (mm)
Fp = adjustment factor for pond or swamp areas spread throughout the
catchment area.

1.1 Objectives
The aim was to demonstrate the impact of agriculture related activities on peak
discharge from Mufakose into the Marimba River.
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2.0 The Study Area
Although Marimba Park suburb has no storm drain layout or subsurface storm drains,
the suburb of Mufakose has a dense network of storm drains. The storm drain
coverage is estimated to be about 60% in the urban residential component of the study
area. There are five (5) open and closed subsurface storm drain networks. The largest
of storm drain networks covers over 50% of Mufakose excluding Marimba Park. This
network with one major out fall has been digitized. The other four storm water drain
networks have several and or as many as seven out-falls. Generally, the out-falls
discharge into open earth channels that drain into the Marimba River.
The subsurface storm drains vary in diameter and range from 375 to 1200mm. Intake
pipes are generally 275mm in diameter. Drains increase in diameter with increasing
hinterland drained area. The largest out fall consists of two pipes 1200mm in diameter
running parallel to each other. The intakes or catch pits are situated across the roads or
adjacent to the storm drain. There are sometimes double intakes. The storm drains
follow the major road network. Therefore, the storm drain coverage is closely linked
to the road network development and maintenance (Gumbo, 2000). The largest
diameter pipes are in Crowbrough Way and in other streets such as Murara Avenue,
Mukarati road, Musasa Avenue and in Ngamera road. The storm drain network design
is based on the Township roads and stormwater drainage Manual 6, 1990. A major
feature in the high-density residential areas is the presence of humps at short interval
to limit speed on the services roads. These humps are in fact embankments promoting
depression storage. Potholes are increasingly becoming common in Mufakose and
other urban residential areas. The contribution of humps and potholes to depression
storage can be significant.
The land in Mufakose and Marimba Park suburbs generally drains runoff from the
east to the west and then from the south to the north towards Marimba River. The
land drops from 1440m at the Aspindale divide to 1400m above sea level in the
Marimba River over a stretch of 5.6km. The land in Mufakose is generally flat with
an average slope ranging from 0.6% to 0.7%.
The mean annual rainfall for the Marimba catchment is about 800mm/year. The
rainfall is measured at Belvedere Meteorological Station, and at three other smaller
stations in the catchment area. These stations are Warren Hills, Aspindale (Mufakose)
and Harare Agricultural Research Station. Rainfall data for the catchment area are
available for the last 28 years.
There are two distinct seasons. A hot wet summer period from October to April with
average temperatures of 250C and a cold dry period for the remainder of the year with
average temperatures around 150C. The catchment area has sporadic precipitation in
the dry season. Hence, the runoff months coincide with the wet season months of the
year. It has been observed that for both the wet season and the whole year, rainfall can
be split into nearly equal six (6) intensity categories, each accounting for about 15%
to 20% of the total rainfall. The exact proportions vary a little from station to station.
This equality is true regardless of the mean annual rainfall at the station. It follows
therefore that a station has high rainfall not because of proportionately more heavy
falls, but because it rains longer or more often than at a low rainfall station.
(Department of Meteorological Services, 1975).
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Figure 1; Topographic map of Mufakose

3.0 Methods
The peak discharge for Mufakose was calculated for each 24-hour storm using
equation 8. The assumption was that runoff in Mufakose flows through three main
catchment area components (Table 1). These are rain-fed row crop fields; open spaces
parks and cemeteries; and impervious residential areas including gardens, paved
parking areas, roofs, roads and storm drains.
Table 1; Mufakose drainage components and travel time estimates
Catchment component

Area
covered
(x106m2)

Total
lengt
h of
flow
(m)

Sheet
flow
length
(m)

Shallow
concentr
ated
flow
length
(m)

Open/
chann
el
flow

Total
travel
time
(min)

Pervious
Rain-fed row crop

2.9

1000

100

900

38

Open spaces, parks, cemeteries

0.724

100

30

70

3

Residential areas (with storm 2.876
drains)

1400

30

Total

2500

160

Impervious

6.5

970

1370

19

1370

60

Design P =56 mm (duration 60minutes and intensity 56mm/h, return 5yrs (figure 3.2)
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The maximum design velocity for residential stormwater drains ranges between 0.6 to
1.2m/sec (Ministry of Local Government and National Housing, 1997). These
theoretical design values were used. The demonstration used the example, of a type
IA rainfall distribution and design return periods of 1, 5, 10, 20 and 30 years. Storm
drain design rainfall depths for return periods of 1, 5, 10, 20 and 30 years were used to
depict the impact of the simulated scenarios of conservation tillage with contours and
conservation of Savanna woodlands.
The design flood recurrence interval for the residential areas in the catchment area is
between 1 to 5 years. The Intensity-duration-frequency curves developed by the
Department of Meteorological Services for areas with 800mm/annum precipitation
are used for the design of storm drains (figure 2).
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Figure 2; Rainfall intensity-duration-frequency standard for areas receiving
800mm/year
Source; Department of Meteorological Services
The literature review provided insight into the Best Management Practices (BMP’s)
that can be adopted to ensure sustained storm water management. There were
preliminary site visits to know the area and set up data collection points and routine
periodic visits (field trips) to estimate flow distances, measure flow rates, collect
relevant discharge data and observe the performance of the drainage system. Field
visits also include visits to the municipal offices to collect specific information such
as drain layouts and to collect data from the relevant government departments.

4.0 Findings
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Peak discharge (Qp) (m^3/ s)

4.1 Impact of agriculture related mitigation on runoff peak discharge from
Mufakose
Figures 4.1(a & b) show the potential variation of runoff peak discharge from
Mufakose wit varying land use scenarios.
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Figure 3a; Potential runoff peak discharge from Mufakose as land-use and
treatment varies
Figure 3a shows that conservation tillage (CT & C) and conservation of the
indigenous Savanna woodland and scrub (SW & S) has greater potential to reduce the
magnitudes of runoff peak discharge than the current land uses (CLU) in Mufakose.
Conservation of the indigenous Savanna woodland and scrub has the potential to
produce the least peak discharge. Therefore, alternative land use strategies have
potential reduce runoff peak discharge. Figure 3b highlights the percent runoff peak
discharge reduction resulting from alternative land uses.
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Figure 3b; Potential reduction of peak runoff discharge resulting from alternative
land uses
Figure 3b shows that conservation of the indigenous Savanna woodland and scrub
(SW&S) has twice as much potential to reduce runoff peak discharge than
conservation tillage with contour ridges (CT&C). The greatest reduction of at least
80% to 70% and 40% to 25% (for SW&S and CT&C respectively) are for the shorter
design return period of between one year to five years respectively. This significant
reduction implies an even more significant reduction in the overall cost of installing
storm drain networks in urban residential areas when conservation mitigation
measures are employed. Great savings in investment capital and in operation and
maintenance costs can be realized through the promotion of alternative land uses
emphasizing conservation measures and practices. In fact, the International
Association on Water Quality (IAWQ, 1996), concluded that procedural and
structural best management practices are almost always cheaper than conventional
systems and usually lower costs by between 10% to 50%. These procedural
techniques of managing storm water slow down the speed of runoff to allow
settlement, filtering and infiltration, and reduce the quantity of runoff collected. The
application of procedural techniques can be complemented by structural technologies
such as detention ponds, retention ponds, wetlands, porous surfaces and infiltration
basins that provide natural ways of treating collected storm water before discharge
into Marimba River.

4.2 Discussion
Structural measures for controlling urban runoff can result in substantial cost savings
if the specific runoff controls integrate with site, urban sub-catchment and overall
development plans for the parent catchment area. Several factors inhibit the
optimisation of infiltration, storage, conveyance and treatment methods at different
levels. These factors include the lack of models and of clear guidance on the
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acceptability and suitability of the various flow and quality control methods. The nontechnical constraints to optimisation include mixed responsibilities for the planning
and management of surface water drainage at the various catchment levels and
prejudices encountered in the interpretation and implementation of legislation,
regulations and procedures are (Ellis, 1989).
On-site infiltration methods and treatment techniques in wetlands incorporated into the
urban drainage system before discharge into the river system are potentially the most
effective means of source flow and quality control for storm runoff. However, there is
considerable skepticism over the use of these options. There is little evidence to support
these optional interventions in terms of cost, operation and maintenance, durability or
groundwater contamination mitigation. The introduction of flow and pollution reduction
strategies demonstrated will contribute to sustainable storm water management and to
improve environmental management.

4.3 Conclusion
Those municipalities that have successful storm water programs have given the
program focus through organizational change. In such municipalities, the drainage
system is seen as a “public system” in much the same way as the water supply or
wastewater systems (Debo and Reese, 1995). Just as most municipalities now
consider both water and wastewater public systems, the drainage system should be
considered a public system and a public responsibility. After all, public water makes
up a large portion of flow through the system. Further to that, the system rapidly
grows to such a size that a single property owner has neither the technical nor the
financial wherewithal to manage the system (Debo and Reese, 1995). Even then, a
piecemeal (individual) management of the system is as bad as none at all. Hence, the
stormwater function is a “utility”. Administrative procedures should be clearly
defined and efficient. Effective stormwater management usually requires that a single
staff position be identified as the central figure in storm water control. This person
should have primary control of all stormwater management functions for quantity and
quality control in collaboration with development agencies and catchment area
managers.
Storm water fees are similar to the fees charged for water and wastewater. The
charges are based on how much water an individual property owner puts through the
system, and or on the proportion of the system used. Often total impervious area or
some combination of total impervious area and total land area is used as a surrogate
for developing the fee structure. When a person paves over a field or woods, that
person is exerting an additional demand over the design capacity of the drainage
system. The user (who paves) should bear the cost incurred from this demand.
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Abstract

A reliable accurate estimate of the quantity of runoff from a composite catchment area is a fundamental
step in the quest for better management of storm water. Models developed for both rural and urban
catchments require an array of input data for both rainfall and catchment area attributes. Such extensive
data is often not readily available.
A lumped multiple linear regression model was developed for a composite Marimba river catchment
area. The model is specific for the individual catchment area and requires only readily available daily
rainfall data as input to estimate runoff depth. This paper presents a calibrated, rapid, simple and userfriendly management tool and method for estimating runoff depth and the immediate moisture
feedback in a composite catchment area. The study demonstrates a cost-effective use of information
collected from the monitoring process to develop models that support decision-making. This approach
can be used to develop models for similar micro-catchments where only daily rainfall records are
available.

1.0 Introduction
Proper quantification of runoff is essential for storm water management. Models such
as that developed by the Soil Conservation Service (SCS) designed for both rural and
urban catchments can be used provided there is sufficient input data for both rainfall
and catchment area attributes. Hence there is need to develop lumped models for
composite catchment areas. Such models require only rainfall data inputs and are
specific for individual catchment areas. Furthermore, there is still not enough
knowledge about the environmental, economic and social effects of the general use of
relatively new practices of managing storm water. Therefore, it is essential to develop
general guidelines, and modelling principles for urban stormwater management in
composite catchment areas.
However, there are particular problems and limitations with modeling. Models depend
on the quality of input data and tend to down play the less important physical
processes that may on occasion, have greater importance than expected. Good quality
monitored data are essential for calibration and the confirmation of any model. This
emphasizes the essential complementary roles between monitoring and modeling
(Price and Catterson, 1997). Every model has inherent assumptions in the
conceptualization of the physics, the drainage network, the catchment area boundary,
and the reliability and computational speed of the software (Price and Catterson,
1997). Other problems relate to the high cost of data acquisition, and the shortage of
skills to build, confirm, understand and interpret results and apply them in decisionmaking. Modeling requires a short-term surveys and long term monitoring to improve
the accuracy of predictions and ensure ongoing compliance.
Models attempt to describe three basic processes within any catchment system. They
describe the storage of water (within the soil, vegetation, aquifers and water bodies):
the loss of water from storage (by evaporation, percolation and lateral flows):-, and
the routing of water (over the surface through the soil, aquifer, channels, reservoirs
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and wetlands). The fundamental objective of hydrological modeling is to gain an
understanding of the hydrological system in order to provide reliable information for
managing water resources in a sustained manner to increase human welfare and
protect the environment. Consequently, hydrological models are a collection of
physical laws, equations and empirical relationships written and combined
mathematically to produce a set of results or outputs on the basis of known and or
assumed conditions or inputs. They are a way of transferring knowledge from studied
areas to areas where objective hydrological decisions and information are needed
(Branson et al., 1981), and provide quantitative mathematical expressions of the
observations, analyses and predictions, of the time variant interactions of various
hydrological processes.
Prescriptive models, developed using either the rational, or the unit hydrograph, or the
Stanford Watershed (SWM) method, make predictions of the catchment’s behavior to
solve specific problems of practical relevancy in engineering, planning, regulation,
monitoring and assessment of water resource structures. The SCS Curve Number
Method and its regional variations is an example of prescriptive models (USDA-SCS,
1985; Schulze et al., 1993; and Pitman, 1973).
Structural models are grouped into three broad groups, ie. “white box”, “black box”,
and “grey box” models. White box deterministic models attempt to understand and
account for all processes of storage, feedback and or feed-forward using many partial
differential equations, governing various physical processes and equations of
continuity for surface and soil water flows. Black box stochastic models use inputs
(such as rainfall), which are transformed to outputs (such as runoff) with no
understanding of the processes involved in the transformation. Thus, only the input
and output have physical meaning. Simple mathematical equations and time series
analyses fall into this category. Gray box models represent a partial understanding of
processes. Parametric and conceptual models are gray box models.
Much remains unknown about the complexity of the hydrological system in
composite catchments such that it is common practice to use lumped conceptual
models that average the inputs or outputs over an area and integrate several
hydrological processes and their variability. The catchment area considered as
consisting of one or more moisture storages through which rainfall inputs are routed
by a process of soil water accounting. The process is expressed by relatively simple
mathematical functions to produce storm flow output as shown in figure 1 (Adapted
from RAINRU). Each major process in a conceptual model is a simplified identifiable
function and an idealization. Processes are often expressed empirically (eg. storm
flow by SCS equation), then linked intuitively as a sequence of empiricisms, with
coefficients for linked relationships varying per catchment area. The coefficients often
require calibration (Schulze, 1987).
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LOSSES

INPUT
Evaporation

Precipitation

Evapo-transpiration

Interception

Storage
(unsaturated zone)
Overland flow
Perched water table
(return flow, interflow)

Main groundwater system

Direct runoff
Base flow

Channel flow

Total runoff

Figure 1; Conceptual flow chart or schematic description of a conceptual model of a
composite cacthment area

(Adapted from RAINRU)
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1.1 Objectives
The project was carried out to develop a rainfall-runoff model for a composite urban
and rural Marimba river catchment area. The specific objectives were:
1.1.1 To apply a rainfall runoff model for the composite catchment area of the
Marimba River based on the RAINRU model.
1.1.2 To use rainfall and flow data to develop a simple user-friendly lumped model
for estimating runoff from a composite catchment area.
1.1.3 To calibrate and validate the model.
3.0 The Study Area
3.1 The Marimba River catchment area
The 189km2 Marimba river catchment area on the western side of Harare is a subcatchment of the Manyame catchment. The Marimba River and its tributaries
(including Avondale stream) drain part of the Harare City center. The catchment area
includes Groombridge, the University of Zimbabwe, Mount Pleasant, Avondale,
Malborough, Mabelreign, Bluff Hill, Tynwald, Dzivarasekwa, Kuwadzana, Warren
Park, Warren Hills, Kambuzuma, Workington industrial areas, Mufakose,
Crowborough and Crowborough sewage treatment plant and rural farmland. The river
and its tributaries drain south-westward to Lake Chivero. The river has only one
gauging station (C24) located just before it discharges into the lake. The longest
stretch of the river meanders for a total distance of about 50km to the lake. Flow data
for the catchment area are available for the last 47 years.
The Avondale stream is the southern most tributary that originates from the
University of Zimbabwe grounds at an altitude of 1500m. The Marimba River
originates from Avondale west at an altitude of 1470m above sea level to drain to
Lake Chivero at an altitude of 1380m. Tynwald stream, a tributary to the west of
Marimba river originates from Haig Park in Mabelreign at an altitude of 1470m. The
western most tributary (Marimba west stream) originates from Bluff Hill and
Mabelreign at an altitude of 1480m. Marimba west drains past the western side of
Dzivaresekwa and east of Kuwadzana Extension before it joins the main Marimba
River just before the Crowborough Sewage treatment works. The White Cliff stream
west of Kuwadzana Extension is a tributary of Marimba west stream (figure 2).
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Figure 2; Sketch map of Marimba river catchment area
(Scanned tracing of topographic series maps 1730D4 & 1731C3).
Most of the elevated terrain is found in the low-density residential areas in the
northern part of the Marimba river catchment area. Examples are Emarald Hill,
Hartman Hill, Kensington Hills and Mount Pleasant at 1522m, 1515m, 1500m and
1487m respectively. Other hills found in the west include the highest peaks Warren
Hills and Marimba Park hills at 1544m, and Aspindale and Kuwadzana hills at 1478m
and 1440m respectively. The land in the catchment area generally slopes north and
southwards then southwestwards towards Lake Chivero on the Manyame River. The
general drainage is from the urban area through rural lands to Lake Chivero, the water
supply reservoir. The contribution of external flow from adjacent areas into the
Marimba river catchment is negligible. Hence, the Marimba river catchment area is an
independent catchment. The land slope in the catchment area is generally flat and
ranges between 0.3% to 0.98%. Hence, the flow rate in the Marimba River system can
be expected to be initially slow becoming rather sluggish as the river meanders
towards the lake.
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2.0 Methods
The theoretical concepts for developing the model for the Marimba River catchment
are based on rainfall as the major input for storm flow generation. Rainfall and flow
data were used to develop the model for estimating runoff from the composite
catchment. The basic formulation in the rainfall runoff model is as given in equations
1 and 2 below read in conjunction with the model flow chart in figure 1.
Input – Losses = Output ---------------------------------------------------------------eq. 1
Input – Losses (x mitigation to reduce /increase) = Output -------------------eq. 2
The rainfall input that does not appear as runoff represents the losses through
interception, evaporation, transpiration, depression storage and infiltration.
The runoff in a particular month depends not only on the rainfall for that month, but
(through storage) also on the rainfall for the preceding months. Therefore, a linear
transfer function can be used to describe the relationship between monthly
precipitation and monthly runoff. Savenije (1997), presented the transfer function
(equations 3) presented below.

Qt =

n
i =0

bi ×Max[P(t − i ) − D,0] − − − − − − − − − − − − − − − − − − − − − −eq.3

Where;
Q = average runoff (mm/month)
bi = the regression coefficients, hydrograph coefficients
i = the counter of time in the hydrograph (zero to n months)
n = the number of time steps in the hydrograph (month)
P = average rainfall (mm/month)
t = the time counter, (month or part thereof)
D = the threshold rainfall, maximum amount of immediate moisture feedback
or potential interception (mm/month)
The regression coefficients bi are hydrograph coefficients resulting from a net rainfall
that enters into the rainfall runoff process after subtracting the moisture immediately
recycled to the atmosphere within the monthly time step. The net rainfall is that
portion of the incident rainfall in excess of a threshold value D. The threshold value
consists of interception, evaporation and other immediate moisture feedback to the
atmosphere during the time step considered. The coefficient bi determines the
contribution of the net rainfall in the previous month, or previous ten days or other
time step to the surface runoff and base flow in the next time step.
Multiple linear regression is based on the assumption that there is a straight-line
relationship between monthly rainfall (independent variable) and monthly runoff
(dependent variable) or more specifically between daily or ten-day rainfall and
monthly runoff. The precipitation of the previous, day or days influences the runoff in
the next month. The multiple linear regression method was used to develop a rainfall
runoff model for the Marimba River catchment area on the basis of the water balance
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approach. The emphasis was on estimating the runoff rather than on estimating the
threshold losses although the results obtained can be used for both purposes.
Initially charts were developed from monthly data to show the runoff response to
rainfall over 10 year consecutive periods from 1953 to 2000. Then scatter diagrams
were developed to screen the data and show the runoff response to rainfall in the
catchment area for each month. By plotting the monthly rainfall versus monthly
runoff on a scatter diagram with a trend line, it was possible to determine whether
there was correlation between rainfall and runoff during that particular month. Those
months in which there was correlation between rainfall and runoff were suitable for
regression modelling. Flows in those months showing no significant correlation to
rainfall were considered to have arisen from sources other than rainfall. The
regression method does not predict extreme events accurately
The model was developed using ten-day time steps to estimate total runoff at the end
of a two-month period. The modeling procedure considered the effects of antecedent
soil moisture conditions contributed by rainfall in the previous month and within the
preceding ten days on the runoff at the end of a runoff month. The input data for each
runoff month consisted of rainfall totals for the first to the sixth ten-day periods of
two months and the total bi-monthly flow. The number of days in the third time step
of the month varies from 8 to 11 days depending on the calendar month. The choice
of the 10-day period instead of the 5-day period was taken to guard against over–
parameterization, whereby a model requires input that is not justified by the resulting
small increase in improvement in model output. The regression coefficients and
constants obtained build the model equations for estimating monthly runoff from
daily precipitation.
The regression tool used provided results at a 95% confidence interval. It provided the
standard errors of the estimates of runoff and the determination coefficient that
compares the computed and the actual values of runoff. The regression tool also
provided the F-statistic used to determine whether the observed rainfall-runoff
relationship is statistically valid or occurs by chance. If the F-observed statistic is
greater than F-critical value, then the relationship is valid and the regression
coefficients can be used to estimate runoff. The coefficients were rejected when the Fobserved value is less than the F-critical value. The F–critical value is read from
statistical tables (or text books) for a given degrees of freedom (df), alpha value (0.05
for 95%confidence), and,(V2). The degrees of freedom for the denominator mean
square, (V2) is given by equation 4 below.
V2 = n − (k + 1) − − − − − − − − − − − − − − − − − − − − − − − − − − − − − − − −eq.4.

Where;
n. = the number of data entries in each variable column
k. = the number of variables = 3 in this case.
The comparison of F-distribution values tests the significance of the results and
determines the confidence of the model. The results are presented in table 1.
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The model was calibrated using rainfall and discharge measurements obtained after
the regression period. The regression procedure was repeated several times to improve
the estimated values as compared to the measured values (Debo and Reese, 1995).
The set of coefficients were used to compare the fitness of the computed to the
observed flow values for each month. The use of more than ten-year rainfall data is
naturally more reliable whereas three-year data is the shortest period, which could be
considered acceptable for model calibration (Department of Meteorological Services,
1975).

4.0 Findings
4.1 Regression results for the Marimba catchment
A multiple linear regression rainfall-runoff model was developed for the composite
Marimba River catchment. The model predicts the monthly runoff from monthly
rainfall for those months that showed correlation between rainfall and runoff. Figure
4.1 is an example of a month when there is correlation between rainfall and runoff
while figure 3 depicts a typical month when there is no correlation between rainfall
and runoff.
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Figure 3: When there is correlation between rainfall and runoff in the Marimba River
catchment; the example of January 1972 to 1999
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Figure 4; When there is no correlation between rainfall and runoff in the Marimba
river catchment; the example of June 1972 to 1999.
It is essential to test for correlation between rainfall and runoff first before multiple
linear regression analysis. Not all flows in a river draining a composite catchment area
originate from rainfall. The city of Harare sits on the watershed drained by the
Marimba River (Natsa et al, 2000). Therefore, return flows contribute a significant
proportion of the dry weather flow in the Marimba River. Hence, it is advisable to
develop multiple linear regression models for only those months that show correlation
between rainfall and runoff. The regression results for Marimba River catchment are
summarized in table 1 and presented as a linear equations of the order of equation 5
below.
Y = b0 + b1 x1 + b2 x 2 + ..... + b6 x 6 − − − − − − − − − − − − − − − − − − − − − eq.5
Where;
Y = runoff depth at the end of two consecutive months (mm)
b0 = regression constant
b1-6 = regression coefficients for the first to the sixth ten-day rainfall period
x1-6 = rainfall totals for the first to the sixth ten-day period of a month (mm)
The dependent variable is runoff and the independent variables are the six 10-day
periods in two consecutive calendar months. The runoff for an individual month is
obtained by subtraction. The model was developed for the Marimba River catchment
and is specific for that catchment. The model may be used in other catchments
provided there are close similarities in land uses and the proportions thereof. The
model gives negative flow values from rainfall amounts below the immediate losses
or threshold values for interception and surface storage.
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Table 1; A summary of the results of the multiple linear regression
Month Decade
Oct
Oct
Nov
Nov
Nov
Dec
Dec
Dec
Jan
Jan
Jan
Feb
Feb
Feb
Mar
Mar
Mar
Apr
Apr
Apr
May
May
May

1983 -92
Se
1993-99
1973-82
Se
1983-92
Se
1993-99
1973-82
Se
1983-92
Se
1993-99
1973-82
Se
1983-92
Se
1993-99
1973-82
Se
1983-92
Se
1993-99
1973-82
Se
1983-92
Se
1993-99
1973-82
Se
1983-92
Se
1993-99
1973-82
Se
1983-92
Se
1993-99

b0
3.736
0.416
5.744
-3.971
3.661
2.058
0.876
5.148
-34.525
22.023
-14.418
22.023
-13.907
-29.254
22.023
-43.586
15.709
-16.212
-126.19
40.575
-39.188
16.428
-54.072
-50.591
38.001
-26.597
13.263
0.413
-50.033
20.632
-19.472
9.836
-9.920
-0.512
3.760
2.810
0.379
3.000

Coefficients / Standard error of estimate
b1
b2
b3
b4
b5
0.525 -0.370 -0.138 -0.211 -0.077
0.879 0.130 0.214 0.086
0.029
2.077 0.348 -0.168 -0.076 -0.009
0.170 0.046 0.037 0.092
0.075
0.087 0.063 0.044 0.029
0.023
-0.130 -0.009 0.035 0.078
0.022
0.132 0.046 0.039 0.018
0.017
0.164 -0.013 0.045 -0.161 0.104
0.079 -0.168 0.173 0.226
0.334
0.302 0.160 0.125 0.213
0.202
0.075 0.075 0.028 0.135
0.198
0.302 0.160 0.125 0.213
0.202
-1.174 0.692 0.029 0.429 -0.129
-0.045 0.399 0.062 0.051
0.348
0.302 0.160 0.125 0.213
0.202
0.437 -0.097 0.275 0.185
0.482
0.173 0.262 0.126 0.277
0.209
0.130 -0.581 -0.010 0.225
0.719
0.533 0.461 0.722 0.621
0.338
0.375 0.315 0.308 0.161
0.170
0.322 0.054 0.499 0.677 -0.066
0.4133 0.2841 0.2067 0.365 0.35623
0.875 0.234 -0.161 0.526
0.862
0.565 0.162 0.456 0.784
0.808
0.205 0.162 0.585 0.555
0.523
0.485 -0.254 1.063 0.385
0.306
0.077 0.197 0.138 0.142
0.093
-0.319 0.471 -0.035 1.410 -0.326
0.099 0.938 -0.038 2.477
1.251
0.540 0.350 0.348 1.412
0.881
0.465 0.302 0.454 0.325
1.099
0.116 0.078 0.170 0.287
0.676
0.350 0.390 0.005 0.882
0.409
0.566 0.102 0.110 0.233
1.022
0.228 0.111 0.103 0.265
1.175
0.431 0.426 -0.020 -0.081 1.269
0.024 0.058 0.019 0.239
0.769
0.175 0.034 0.202 0.922 -412.280

b6
0.080
0.023
0.001
0.104
0.044
0.030
0.022
-0.023
0.342
0.206
0.218
0.206
0.218
0.480
0.206
0.292
0.108
0.436
0.727
0.347
0.453
0.3302
-0.284
-0.340
0.815
0.178
0.185
0.834
0.502
0.289
-0.115
0.125
-0.006
0.387
1.539
2.398

r2

Fo

Fc

0.870

3.34

0.175

1.000 0.00
0.957 11.00 0.038
0.931

6.79

0.072

1.000 0.00
0.983 29.35 0.009
0.998 302.0 0.000
1.000
0.935

0.00
7.16

0.067

0.958 11.35 0.036
1.000 0.00
0.976 20.54 0.016
0.978 22.05 0.014
1.000
0.944

0.00
8.40

0.054

0.984 30.23 0.009
1.000 0.00
0.979 23.24 0.013
0.927

6.32

0.079

1.000
0.858

0.00
3.01

0.197

0.997 157.28 0.001

117.452 1.000

0.00

In Table 1, the constant b0 and coefficients b1, b2, and b3 are for the respective first to
third ten-day rainfall totals in the previous month. The coefficients b4, b5 and b6 are
for the respective first to third ten-day rainfall totals for the runoff month in question.
These coefficients are used in the model to calculate runoff at the end of two
consecutive months. The coefficients are shown together with the corresponding
standard errors of the estimates except when there is perfect correlation (when r2 =1).
These statistics show the error of the predicted runoff depth (to the nearest mm) for
each 10-day period rainfall depth in the catchment. There is perfect correlation in the
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third decade 1993 to 1999. The standard error of estimates are in the order with those
presented by Savenije (1997), for the homogenous Bani catchment covered mostly
with savanna vegetation. The observed F-distribution values (F0) were greater than the
critical values (Fc) showing that the linear relationship between 10-day rainfall and
monthly precipitation is a natural phenomenon that does not occur by chance.
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Figure 5a; A comparison of computed and observed runoff for December in Marimba
River catchment
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Figure 5b; A comparison of computed and observed runoff for January in Marimba
River catchment
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Figures 5(a & b) show that each regression equation provides the closest estimate for
runoff in the decade from which it was developed. Figures 5(c & d) further highlight
that an almost perfect to a perfect fit was obtained between computed and observed
runoff using equations for the respective parent regression periods. Therefore the
effects urbanization and other changes in land use on runoff yield are not clearly
reflected but implied in the regression equations.
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Figure 5c; The goodness-of-fit between computed and observed runoff for the
respective regression periods for December
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Figure 5d; The goodness-of-fit between computed and observed runoff for the
respective regression periods for January
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The comparison of the computed and observed runoff flows presented in figures 5(a
to d) generally simulated the dynamics of the rainfall runoff relationship in the
catchment area.

Time (years)
Qob-Dec

Qco 73 -82

Qco 83-92

Figure 5e; The goodness-of-fit between computed and observed runoff for December
for consecutive periods after regression
Figure 5e shows an imperfect fit between computed and observed runoff for the
period after the parent regression data. There are reasons for this scenario. There
could be error in flow rating, reading and recording at the one and only gauging
station. There are no complimentary flow recording stations in the catchment area
such that it is not practical to correct any errors in the raw flow data before processing
and analysis. Therefore, increasing the number of flow gauging stations and
strategically locating them in the catchment area would improve the quality of the
output data. It would also enable assessment of the individual runoff contribution per
land use in the catchment area. Such an improvement would then make it possible to
develop a regression model that simulates the potential impact of various changes to
land use scenarios in the catchment area. Suffice to mention that a model is only as
good as its input data (Price and Catterson, 1997).
Figure 5e also shows that the imperfect fit between computed and observed runoff
becomes more pronounced four years after the end of the regression period. This is
indicative of the effects of changes in land use in this rather unstable composite
catchment area. It can therefore be deduced that these regression equations should be
used to estimate runoff for up to four years from the end of the regression period.

5.0 Conclusion
Nevertheless, the results show that the regression equations developed are adequate
linear transfer functions that are applicable for the analysis of the rainfall-runoff
process in the catchment area. This rainfall–runoff model has immense potential and
practical application to the rainfall runoff processes and in water resources
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management. The use of this simple linear transfer model can isolate immediate
moisture feedback from decade (10 day) or monthly precipitation and can be used to
estimate runoff from the catchment area. This rainfall runoff model can be used to
derive a combined estimate of interception and subsurface storage. It can also be used
to verify flow readings where there is reason to doubt the records, especially in a
catchment without complimentary gauging stations.
The advantage, strength and usefulness of the conceptual regression model presented
is that it can be used without much real understanding of the modeled phenomena.
The operation or application of conceptual models such as regression models is easily
understood by and user friendly to non-experts. The model is catchment oriented and
uses relatively simple input because it lumps spatial or temporal heterogeneity and
short circuits or simplifies complex causal chains. The regression model therefore, has
limited data input demand. It uses collected data or information with a high cost
effectiveness, is easy to use and computationally fast. The model is a useful
engineering tool that gives reasonable answers to practical problems. This model and
its variation and or improvements have to be used.
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Abstract

The city of Harare sits on the watershed of the Manyame Catchmnt area, from which it extracts its
water. The 189km2 Marimba River and its tributaries is a sub-catchment of the Manyame catchment
that drains part of the Harare City centre. The Marimba River catchment is largely urban and has
experienced drastic increases in population and urbanization in the last 15 years. It was therefore
necessary to determine the magnitude of urban return flows in stream flow as a basic input to the
management of the composite catchments area.
This study quantified the contribution of urban return flows to stream flow in the Marimba river and
discusses the consequent contribution of urban return flows from point and non-point sources to water
pollution in Lake Chivero and to the cost of treating drinking water from the reservoir. The study
highlights the need for preventive measures to reduce, attenuate and treat return flows.

1.0 Introduction
The conveyance approach, adopted since the beginning of the 19th century,
emphasizes rapid evacuation of storm water from urban areas. This has been achieved
by construction of storm water drainage systems conveying runoff generated in built
up areas of the city. Consequently, the contribution of impervious surfaces to the
disrupted runoff processes in an urban watershed is overwhelming. Nearly all the
problems with management of urban runoff ultimately result from the loss of the
water retaining function of the soil in the urban landscape (Booth, & Leavitt, 1999).
Radical alteration of the movement of water across the landscape occurs wherever
roads and rooftops replace grasslands and forests. These changes can have severe
consequences resulting from disrupted runoff processes (Hollis, 1975; Klein, 1979;
Saver et al, 1983; Steedman, 1988; Limburg & Schmidt, 1990; Booth & Reinelt,
1993). Such effects as floods, channel erosion, landslides and destruction of aquatic
habitat have occurred for decades. In the process the hydrological cycle changes.
Infiltration and groundwater recharge is reduced, the pattern of surface and river
runoff is changed imposing high peak flows, large runoff volumes and increased
transportation of pollutants and sediment from urban areas. Thus the city influences
the runoff pattern and the state of the ecological systems not only within the city area
but also in and around a whole river system downstream (Niemczynowicz, 1997).
Urban storm water runoff acts as a transport medium for a variety of pollutants. This
phenomenon can cause water quality problems in the absence of corrective measures.
A survey of the causes of poor river water quality in Scotland found that 20% of the
poor quality waters resulted from runoff from urban areas (SEPA, 1996).
Urbanization, causes stream channels to expand catastrophically to consume adjacent
land never before affected by either flooding or erosion. Sediment inundates lowlying areas seemingly far away from active channels. Storm water facilities are
overwhelmed by frequent flows far beyond their design capacities, and populations of
aquatic organisms are decimated (Horner et al., 1996). Increased water quantity and
impaired water quality from chemical constituents carried by runoff causes
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environmental and ecological damage in small streams that drain moderately
urbanized watersheds (Horner et al., 1996). The Marimba River catchment area is an
interesting typical example of this scenario.
1.1 Objectives
1.1.1 To demonstrate the contribution of urban return flows to stream flow in the
Marimba River from point and non-point sources.
1.1.2 To advocate for the introduction of strategies for the reduction of urban
return flows and the pollution there-from.
1.1.3 To discuss the challenges of managing composite catchments.

2.0 The Study Area
The 189km2 Marimba river catchment area is a sub-catchment of the Manyame
catchment. It lies on the western side of Harare. The Marimba River and its tributaries
(including Avondale stream) drain part of the Harare City center. The catchment area
includes Groombridge, the University of Zimbabwe, Mount Pleasant, Avondale,
Malborough, Mabelreign, Bluff Hill, Tynwald, Dzivarasekwa, Kuwadzana, Warren
Park, Warren Hills, Kambuzuma, Workington industrial areas, Mufakose,
Crowborough and Crowborough sewage treatment plant and rural farmland. The river
and its tributaries drain south-westward to Lake Chivero. The river has only one
gauging station (C24) located just before it discharges into the lake. The longest
stretch of the river meanders for a total distance of about 50km to the lake. Flow data
for the catchment area are available for the last 47 years.
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Figure 1 Sketch map of Marimba river catchment area
(Scanned tracing of topographic Surveyor General series maps 1730D4 & 1731C3).
The Avondale stream is the southern most tributary that originates from the
University of Zimbabwe grounds at an altitude of 1500m. The Marimba river
originates from Avondale west at an altitude of 1470m above sea level to drain to
Lake Chivero at an altitude of 1380m. Tynwald stream, a tributary to the west of
Marimba river originates from Haig Park in Mabelreign at an altitude of 1470m. The
western most tributary (Marimba west stream) originates from Bluff Hill and
Mabelreign at an altitude of 1480m. Marimba west drains past the western side of
Dzivaresekwa and east of Kuwadzana Extension before it joins the main Marimba
River just before the Crowborough Sewage treatment works. The White Cliff stream
west of Kuwadzana Extension is a tributary of Marimba west stream (figure 1).
Most of the elevated terrain is found in the low-density residential areas in the
northern part of the Marimba river catchment area. Examples are Emerald Hill,
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Hartman Hill, Kensington Hills and Mount Pleasant at 1522m, 1515m, 1500m and
1487m respectively. Other hills found in the west include the highest peaks Warren
Hills and Marimba Park hills at 1544m, Aspindale and Kuwadzana hills at 1478m and
1440m respectively. The land in the catchment area generally slopes north and
southwards then in a south-westerly directions towards Lake Chivero on the
Manyame River. The general drainage is from the urban area through rural lands to
Lake Chivero, one of the major water supply reservoirs for Greater Harare. The
contribution of external flow from adjacent areas into the Marimba river catchment is
negligible. Hence, the Marimba river catchment area is an independent catchment.
The land slope in the catchment area is generally flat and ranges between 0.3% to
0.98%. Hence, the flow rate in the Marimba River system can be expected to be
initially slow becoming rather sluggish as the river meanders towards the lake.
The major land uses in the Marimba river catchment are industrial, urban residential,
urban and rural agricultural and nature reserves. Tropical Savanna woodland
vegetation is the predominant cover in the parks. About two-thirds (126km2) and a
third (63km2) of the land is municipal and rural farming land respectively. The urban
related land uses continue to spread westwards replacing rural land uses. The
catchment area is therefore, susceptible to flooding as urban impermeabilisation
continues at rates that are unparalleled by the installation of stormwater attenuating
structures. Table 1 summarizes the spatial distribution of land uses in the catchment.
Table 1; Land use in the Marimba Catchment
Area (km2)
126
63
189

% of total area
67
33
100

Industrial parks
Central Business District
Low density residential
High density residential
Open spaces (parks, cemeteries, gardens, golf
courses)

5
3
49
39
30

2.6
1.6
26
20.6
15.9

Cultivated farm land
Bush /forests and woodlands

29
34

15.3
18

Land use
Urban/ municipal
Rural
Total

Urban

Rural

Table derived from topographic series maps 1730D4 and 1731C3.

3.0 Methods
Data relevant to storm water management in the Marimba catchment was collected to
include published data on precipitation, land use, topography, stream-flow, and flood
history (Debo and Reese 1995). The historical data was used to study flow patterns
and to evaluate the contribution of storm water to runoff and flooding conditions and
of urban return flows to stream flow. Field investigations were carried out to
determine drainage areas, identify pertinent features, obtain information, and survey
channel sections. (Debo and Reese 1995). Historical rainfall-runoff data for the
catchment area was collected. The precipitation data analysed included annual and
seasonal precipitation required for urban storm water management include rainfall
intensity, duration and frequency. The data was required to account for losses through
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interception, depression storage, evaporation, infiltration and runoff flows at gauging
centers. Catchment area characteristics such as size, shape, length, width, slope, and
drainage density that affect the rainfall- runoff response in a catchment area were
studied. Maps provided useful data. Stakeholder consultations provided valuable
information and data. It was necessary to collect and analyze data on storm flow and
base flow water quantity in the stream. This gave insight to the contribution of urban
return flow in the river. The flow data is indicative of the contribution of urban return
flows from point and non-point sources of pollution.

4.0 Findings
Although the Marimba and its tributaries are supposed to be naturally ephemeral, the
rivers flow throughout the year because of the urban return flows that include effluent
discharges.
70
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Figure 2; Catchment area response to rainfall: ten year mean monthly runoff
depth in Marimba river
Figure 2 shows that runoff in the catchment area responds to precipitation occurring
during the period October to April of each year. There was an increase in runoff from
the catchment area for the period 1993 to 2000 for both wet and dry weather flows.
This is probably due to urban housing developments in Kuwadzana and Crowbrough
and a general increase in return flow from the sewage treatment plant and other
industrial processes. There were generally low flows during the period 1983 to 1992.
This period included the severe drought of the 1991 / 1992 rainfall season. Figure 3.1
also shows that the memory of the rainfall–runoff system in the catchment area is one
month. Therefore, the effect of rainfall on the river discharge is felt in the river at the
gauging station and in Lake Chivero until one month after the end of the rain season
in April.
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The contribution of urban return flows (effluent) to flow in the Marimba River can be
estimated from the average discharge in the river during the period June to October of
each year. This is the period (as shown on figure 2) when the contribution of rainfall
to river discharge is negligible. Therefore, return flows contribute a significant
proportion of the dry weather flow in the Marimba River. Urban return flows
consistently contributed at least 2.5mm of monthly flow in the Marimba River in the
years up to 1992. The severe drought experienced in 1991/92 caused a significant
reduction in the runoff in the rainy months but did not have any impact on the urban
return flows in the dry season. The urban return flows significantly increased to about
5mm monthly between 1993 and 2000. This most likely reflects the increase in
urbanisation and or the deterioration in wastewater management practices.
The city of Harare sits on the watershed from which it extracts its water (Natsa, et al.,
2000). Since the catchment of Marimba River is largely urban (67% table 1) the
increases in population and urbanization (eg new Westerly, Kuwadzanna, Tynwald
and Crowborough housing developments) in the last 15 years has meant an increase in
effluents discharges into the river. Consequently, there is constant overloading of the
Crowborough sewage treatment plant to the extent that raw effluent is nearly always
discharged into the Marimba River. Therefore, the pollution along the river and in
Lake Chivero reservoir has reached very high levels that have often resulted in
eutrophication, fish deaths and colonization by dense mats of toxic blue green algae
(Moyo, 1997; Environment 2000, 1996).

4.1 Discussion
The principles of storm water management must target solutions that are source
oriented, small-scale local solutions mitigating pollution from return flows. Although
the study did not identify the exact location of specific point and non-point sources of
urban return flows and or pollution, it quantified the contribution to stream flow and
consequently to the water pollution problems in Lake Chivero. The findings provide a
baseline for monitoring the impact of improvements in wastewater management
upstream if any. Suffice to mention that community participation is necessary to attain
significant reductions in storm water flow at very low cost.
4.2 Conclusion
Therefore, local planning authorities are encouraged to engage those generating return
flows as part of a sustainable urban development system that entails structural and
procedural options to particularly improve the quality of urban return flows.
Preventive measures are required to reduce, attenuate and treat return flows. It is
necessary to review and evaluate urban return flow management practices and adopt
those that are best for controlling return flow-related pollution from point and nonpoint sources. This is the ultimate challenge of managing a composite catchment area.
Suffice to mention that on-site treatment techniques incorporated into the urban drainage
system before discharge into the river system is potentially the most effective means of
source flow and quality control for urban return flow.
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Abstract

Shelter and housing have history, as long as mankind’s existence itself. Adequate shelter is thus a basic
human need. In spite of this provision, housing has remained elusive especially amongst the poor in
developing countries. In Zimbabwe the problem is further exuberated by the difficulties that the
economy is currently going through. The gap between the cost of shelter and income of those to be
housed can be bridged by provision of low cost housing. This could be through the imaginative and
scientific use of appropriate indigenous construction materials.
Zimbabwe’s economy is agro-based with great potential in terms of resources for the development of
appropriate construction materials from agricultural wastes especially for rural areas where the
majority of the population resides. The housing landscape is generally poor in the countryside because
of high poverty levels amongst the rural dwellers as well as the use of natural, local, non-durable
materials like mud as the main construction materials. Agricultural waste i.e. both field and process
wastes have the potential to produce building materials that will substitute or reduce the use of
traditional materials. However there is no inventory on these and the public is not aware of this
economic capability of agricultural waste as a lot of this waste which could be put to valuable use is
being burnt or left to rot.
An on going research seeks to investigate the location and abundance of the identified waste and how it
can be utilized in housing construction as a substitute or in special purpose applications.
Agricultural waste can substitute natural raw material for producing material and components for the
housing sector. This will help in the provision of affordable housing to the poor as well as preserving
the environment, reducing the dependence on imported materials, employment generation, preserve
non-renewable resources and augment supply of materials for housing at affordable prices. There is a
need for further co-coordinated research, especially on properties and performances of the identified
materials.
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1.0
Introduction
The right to adequate housing as a basic human right is enshrined in the Universal
Declaration of Human Rights and the International Covenant on Economics, Social
and Cultural Rights. The SADC Regional Conference on Social Development in 1996
highlighted that housing is a basic social need after food and clothing [1]. But with
more than a decade after the 1992 United Nations (UN) Conference on Sustainable
Development in Rio de Janeiro, Brazil, the world is still struggling to meet its
ambitious targets as housing scarcity is acute, complex and still a universal problem,
especially in the developing world, where more than a billion people still live in
substandard houses or places not fit for human habitation.
The main reasons why the shelter problem has remained elusive are the growing
population, rapid urbanization in towns, rising costs of construction materials and the
large gap between supply and demand, low affordability among the majority and
recurrent droughts which have lead to the diversion of funds to relief operations.
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The housing crisis facing Zimbabwe is acknowledged but the various interventions
and strategies adopted in the past to alleviate the problem have achieved little success.
The programs have focused mainly on financing low-income housing projects. These
have largely failed because of the fragmented approach being adopted by various
stakeholders. The more emphasis has been on adopting technologies developed in
other countries with the view of commercializing them locally. Above all the systems
that have been tried are aimed at providing housing units using conventional building
materials, skills and equipment. The reality though is that Zimbabwe, like most
developing countries does not have adequate capital resources to construct houses
using the conventional materials. If funds to complete housing projects are not
available, then strategies and technologies that will allow prospective householders to
build within the limitations of their own resources must be adopted. Thus to improve
housing in Zimbabwe within the existing economic frame- work, low cost housing
should be looked at.

2.0
Low cost housing
The housing crisis facing numerous countries has led to introduction of low cost
housing. The definition of low cost housing varies from country to country. For
developed countries, cost effectiveness is related to the additional comforts, whereas
for the developing countries, where we have expanding unplanned settlements in
urban areas and an ever deteriorating housing quality in both rural and urban areas, a
cost effective dwelling is seen as a necessity [2]. In Zimbabwe the best that has been
done in this regard, although not sufficient was when the Government and the United
States Agency for International Development (USAID) through the Private Sector
Housing Program, embarked on mass production of housing units in urban areas in a
five year program that began in 1992 [3]. Approximately US$150 million was
mobilized, making it the largest single shelter project in the history of Zimbabwe [3].
These units had reduced dimensions to reduce the overall costs. Although the project
managed to increase affordability levels from 23% to 70% of the total urban dwellers,
Muchawonweyi [4] argues that low cost housing should not be about reduced size,
quality, and standards to ensure affordability, but should be about efficient design, use
of appropriate construction materials and techniques to reduce the overall cost but
retain all the comforts of the conventional building systems [5]. In essence, low cost
does not mean low value, it means affordable. Low cost really means high value in
terms of money [6]. The term should not be confused with low value or quality [6].
In a normal housing unit, building materials account for about 60% of the basic input,
and the cost component often goes up to between 70 and 75% for low-income group
houses [7]. Therefore the costs of building materials will render the construction of
house of adequate size and quality well beyond the poor/low income earners [8].
Therefore, to provide low cost housing in rural areas, given that construction materials
contribute a greater fraction of the total cost, it is ardently necessary to develop and
promote appropriate materials from locally resources.

3.0
Why Rural?
Until the recent establishment of the Ministry of Rural of Rural Housing and Social
Amenities in 2005, there was no Government arm that dealt specifically with rural
housing. Government housing policies or programmes adopted the basic institutional
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approach of skewed-ness towards urban housing. Ekern [9] argues that for the world
to develop, it needs to devote greater attention to the needs of the rural poor since the
majority of the world’s poor live in the countryside. In 2002, 65% of Zimbabwe’s
total population of 11 631 657 million lived in rural areas [10]. Moreover those in
urban areas also tend to have a second home in the rural areas. They regard these rural
houses ‘as their real homes while urban dwelling units in towns/cities are regarded as
houses for carrying out economic activity’ [11].
The poor housing conditions in rural areas are a manifestation of poverty. There are
often other more pressing needs than shelter and quality of building that enjoy
priority. These include, clothing, transport and food, as these ensure the daily
livelihood of the poor. This is a cause for concern.
The traditional building materials in rural areas have been mud, wood and thatch.
However these are used with little or no scientific input, which leads to faster
deterioration. In addition they are not adequate to solve the current building needs for
the rural people. With the permanent type of villages in Zimbabwe, building materials
formerly obtained at or near building sites are now being transported over long
distances. In some instances, villagers travel up to 15km to fetch grass and poles. A
lot of man-hours are spent on gathering the materials the amount of energy spent on
transportation of these materials, although not quantified is enormous. Hence there
has been a shift from the common building materials to cement blocks, asbestos
cement and galvanized iron corrugated sheets. Door and window frames are
increasingly being used in expensive designs. These housing components or
constituents are ‘imported’, their prices are beyond the reach of many, their
manufacturing plants and transportation consumes lots of energy. The other draw
back about corrugated iron sheets is that they give an unpleasant indoor climate in
tropical areas. Furthermore a worldwide ban on asbestos cement is looming after its
classification as a harmful material by the UN Habitat because of its presumed
harmful effects to both humans and the environment. Tanzania closed its Asbestos
Cement factory due to financial issues but more so because of the suspected health
hazards [12]. With this in mind, the research into alternative materials from local
resources is both urgent and relevant. This will greatly avoid draining of the hard
earned and scarce foreign currency. A study carried out in South Africa showed that
traditional construction materials and methods were more cost effective than
conventional methods in rural areas [13]. This provides a good starting point for a
search of acceptable appropriate construction materials. One potential source of the
alternatives is the natural fibres. Zimbabwe, like most tropical and Sub-Saharan
countries boasts an abundance of a wide range of plant/vegetable fibre materials.

4.0
Plant fibres as building materials
Natural fibres can be of vegetable/plant origin or animal origin. Those considered
here are vegetable fibres. These are rich in cellulose. Within the group of vegetable
fibres, distinction is normally made between leaf fibres, bast fibres, seed and fruit
fibres and wood fibres [14]. The nature of the plant fibre has very little significance
where other physical and mechanical properties are concerned. They have similarities
in both the positive and negative features [14].
The concept of using natural plant fibres for various types of applications including
building materials is not new. The most extensively used natural resource rich in
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cellulose is perhaps wood. Elephant grass (hyparrhenia) is used mainly as thatching
grass, and bark fibre ropes are as tying materials. Sisal rope is also a common
building material in most parts of the country. Cotton fibre is one of the major export
crops in Zimbabwe. Due to its aesthetic properties it is produced primarily for textiles.
But it also has great potential for the production of composites for certain special
purpose applications [15]. However in addition to being used as a construction
material, wood is also used in furniture manufacturing and also as a major fuel source
in rural areas. Wood accounts for 85% of the house hold energy consumption and
about 40% of all energy consumption in Zimbabwe [16]. The high demand for wood,
its scarcity and vast application (which has now created localized wood scarcity in
some areas) necessitates the need to make alternative non-wood plant fibre building
materials available to the struggling rural people.
In most countries users have explored the possibilities of using vegetable fibre from
different plants, coconut, palm leaves, banana leaves and straw are commonly used as
roofing material in Tanzania and other African countries [15], [12], [17]. Sisal fibre
has found applications in reinforcement of gypsum for construction and as
reinforcement in fibre reinforced roofing sheets [17]. Sisal cement roofing tile
projects have been existence in Tanzania and Kenya since 1978 and 1983 respectively
[12]. Jute, sisal, banana and coir (coconut fibre) are major sources of natural fibre and
are grown in many parts of India. Banana leaves and stalk has been used in
manufacture of building boards and fire resistance fibre boards. Bamboo, one of the
fastest growing plants in the world offers good potential for processing into
composites. In India, bamboo composites have many applications such as in furniture,
partitions, wardrobes, cabinets and flooring such that bamboo is now termed a ‘green
gold’. In building it has found applications in partition walls and ceilings, door and
window shutters, bamboo trusses or rafters supporting bamboo purlins and non-load
bearing wall infill panels. Bamboo columns set in concrete footing are used as the
main load bearing elements and the corrugated bamboo mat as roof covering [18].
In short, due to its light weight, high strength to weight ratio, corrosion resistance and
other advantages, plant fibre based materials, especially composites, are becoming
important composite materials in building and civil engineering fields [19], with a
great potential to serve as low cost green building materials in low cost housing [18].

Waste based materials
With the advent of modern materials such as concrete, plastics, high performance
metals, ceramics and other synthetics, problems of depletion of resources, filling up of
landfills, and pollution began to mount globally. Thus, research carried out in the last
20 – 30 years by Building Research Institutes worldwide has led to development of a
range of alternative building materials [19]. Waste based materials are among these
new innovative materials. The International Centre for Science and High Technology
(ICS) of the United Nations Industrial Development Organisation (UNIDO)
encourages the use of waste as a valid alternative to traditional and conventional
materials. Waste disposal and utilization is now a major environmental problem
worldwide. Developed countries have adopted a ‘no waste concept’, terming the
wastes ‘new resources’ for new material development including building materials.
This type of waste management has made it possible to change certain residues and
give them high commercial value as secondary raw materials. Zimbabwe, which
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possesses abundant agricultural, domestic, mining, mineral and industrial wastes can
also follow this recourse.
Agricultural wastes are a valuable secondary source of raw material. This paper looks
at the agricultural waste as part of the natural fibres. It gives the different types of
agricultural waste produced in Zimbabwe and their potential use and development
into building material.

6.0
Agricultural waste potential in construction/building materials
Agriculture is the predominant sector of the Zimbabwean economy, with
approximately 80% of the population dependent on it for their livelihood. In 1991,
agriculture contributed 20% of the GDP (about one-third coming from the subsistence
farmers on communal lands) and employed 67% of the labour force. [20].
The agricultural sector produces a lot of waste, which is classified under two major
categories; field waste and process waste. Presently and in the past most of the
agricultural waste produced has been utilized as animal feed, organic fertilizers, or has
been discarded or burnt during farm preparation for the next planting season. Other
current practices include burial, stockpiling and land filling. These practices
contribute adversely to water, soil and air quality as well as the survival of living
organisms in the surrounding ecosystems. Although agriculturists recommend that at
least 50% of the crop residue should be retained [15] for provision of pasture for
animals, soil conservation and erosion prevention and use as compost, there is a
considerable amount, which could be collected for other uses. In addition to field
wastes, there are significant wastes and by-products generated by factories that
process agricultural products. These include bagasse, coffee husks and other waste
from cotton ginneries, textile factories and oil refineries.
Any attempts to utilize agricultural waste as a building material has been at a small
and localized scale and mostly at a rudimentary level. But there exist a great potential
in terms of resources for development of materials from agricultural waste. Thus new
methods of utilizing agro-waste to achieve sustainable management of waste and add
more economic value to the crop should be explored. This will in no doubt benefit the
farmers themselves as they now have an added incentive of growing the crop, as they
now sell the crop and the residue (more income per unit of land cultivated), clean
environment and quality health. The use of agricultural wastes also comes along with
the following benefits,
• Cheap and readily available in most tropical countries
• They have no disposal problems due to their biodegradability
• Less energy input required for their production
• Cultural acceptability. Their products offer traditional materials in a more
modern engineering context.
• Non-toxic and have no hazards
• They come from renewable sources; hence their supply is sustainable.
• Increased employment opportunities for locals – reduction in rural- urban
migration
• Increased agricultural activities and increased family income
• Boost in economic activities due to flourishing of industry based on these
materials.
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•
•

Increased family income
Decent affordable houses.

In spite of the advantages of the use of agricultural waste, their use as engineering
materials especially in housing construction has been limited by a number of factors
like:
• Non durability – as biological material they decay with time
• Prone to attack by biological organisms
• High flammability or low fire resistance
• Low esteem of natural plant fibre used as they are. They are viewed as a poor
man’s material.
• Handling of wastes can be dangerous e.g. inhaling of the fine particles
• Although the total amount of available waste is large, it may be produced in
numerous decentralized points, making collection extremely difficult
• Little documentation on their performance. Fear of future problems that may
arise due to inferior quality of materials may make builders reluctant to use
them.
• Cellulose and other vegetable fibres have a disadvantage of being hygroscopic
and thus their dimensions vary with moisture content.
• The cellulose matter is easily affected by UV radiation when exposed to
sunlight, causing photo-degradation.
Despite the above limitations, the development of building materials from these
wastes is possible. However there is no inventory on their availability in Zimbabwe
and their annual production to facilitate research and development work. A survey
into non- wood agricultural products whose waste that can be turned into useful
building materials is being undertaken by the author. Table 1 shows the identified
material and their potential application on building material.
Table 1: Potential application of agricultural wastes in building materials
Agricultural waste Source
Primary Product
Possible application in building
Production
Baggase
Sugar mills
Sugar
• Manufacture of
insulation boards, wall
panels and bagassepolymer-bonded boards
Wheat straw
Agricultural farm
Wheat
• Manufacture of roofing
units and wall
panel/boards
• Manufacture of
compressed and paper
covered boards.
• Baled straw used for
wall construction
Groundnut shells

Groundnut oil mills

Groundnuts

•
•
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For manufacture of
building panels, blocks
For making chip
boards, roofing sheets,
particle boards

Corn Cobs

Corn mill

Maize

•

For making corn cobcement-bonded boards

Corn /Sorghum/
Millet stalk

Agricultural farm

Maize,
/Sorghum
/Millet

•

For making
particleboard,
fibreboards.

Coffee husks

Coffee mills

Coffee

•

Production of particle
board

Cotton stalk

Cotton plantation

Cotton

•

For making fibre
boards, panel, door
shutters, roofing sheets,
autoclaved cement
composite, paper,
plastering walls,
hardboard.

Globally, almost every conceivable type of plant fibre based agricultural waste has
been considered for some type of building material. Development centers, research
centers and programs have been set up to examine the utilization of agricultural fibres
in production of building components. The following examples of bagasse were
selected from literature. Although sugar industry players make better use of bagasse
in the provision of process heat and to generate electricity for self-consumption, the
first bagasse composite panel plant was built in 1920 [21]. In 1996 more than 20
bagasse particleboard plants had been built around the world [21]. Bagasse has also
been used in Tanzania [12], [15], Nigeria [22], Peru, Mexico [21], Sweden [15], [21]
and India [7], [8].

7.0
Prospects on use of agricultural waste
The use of agricultural wastes augurs well for the ICS – UNIDO initiative of
promoting building materials produced from locally available renewable sources.
Identification and evaluation of agricultural waste is the first step in considering their
use in housing construction. There is now a need to undertake more research work on
their quantities, properties, development and standardization, techno-feasibility and
performance. Many of the properties can be obtained from literature on what has been
done in other countries. The other advantage is that there are great similarities
between various plant fibres of vegetable origin, which facilitates easy transferability
of research results from one type to another [14]. The results of further studies will
form national guidelines and specifications on use of agricultural waste. The database
should also include construction technologies, equipment and skills required.
8.0
Conclusion
Some agricultural wastes produced in Zimbabwe are not just valueless byproducts. A
significant amount can be used for economic gain and more so for low cost rural
housing. Zimbabwe has limited alternatives for roofing materials in low cost rural
housing. This sub-sector will benefit immensely from the development of agricultural
waste as they find most applications in the fore mentioned application. Roofing is one
of the principal components of a building. It constitutes between 20% and 30% [23]
of the cost of construction. The products can also be used as cladding as well as
ceiling boards.
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The emerging secondary raw materials in the form of waste based and plant fibre
materials have an important role to play in the provision of low cost housing in rural
areas
It is hoped that this paper will have some contribution in stimulating activity in
promoting increased and more rational use of natural fibres as building materials for
low cost rural housing.
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AN APPRAISAL OF SELECTED
HERITAGES OF ZIMBABWE

DISTINCTIVE

GEOLOGICAL
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Abstract

Few people appreciate products of geological processes as natural heritages. It has always been
customary to consider national parks, wild life, and cultural sites as the definite national heritages.
However the value of some natural geological features worth recognition as heritages as a result of
their aesthetic and scientific value is increasingly becoming apparent. Zimbabwe’s geological
environment with rocks ranging in age from more than 3500 million years to recent times hosts some
of the best exposed and information-packed rocks in the world, which have helped to elevate parts of
the country into virtual natural geological laboratories in which early earth processes can be observed.
Archaean rocks in the central part of the country contain rock assemblages and structures that facilitate
elucidation of the tectonic systems by which the foundation of the earth was constructed as well as
details of the origin of life and evolution of the atmosphere. Some of the most curious rocks in this
environment include komatiites, pillow lavas, banded iron formation, and stromatolites. Other
geological structures of monumental importance include the Limpopo Mobile Belt, one of the oldest
such belts in the world, and the Great Dyke, a geological wonder hosting huge resources of mineral
deposits. Several other features including fossils are exhibited throughout Zimbabwe’s geological
record, and these give a testimony of the past life forms, past geography, climate, and local
environment, the knowledge of which is important for mankind’s survival since the past is the key to
the future. In addition to these geological environments of both scientific and economic significances,
Zimbabwe has a profusion of varied topographical features including river gorges, waterfalls, rifts and
escarpments, mountains, castle kopjes, balancing rocks, and caves, some of which are renowned tourist
destinations. This paper is an analysis of information on some of these geological environments to
create an awareness of their importance so as to stimulate further research as well as promoting their
preservation.

1. Introduction

Except in few instances, products of geological processes have not been seriously considered
as natural heritages in the same manner as other heritages, for instance national parks, wild
life, and cultural sites. As a result, few people enjoy the aesthetic value of these natural gifts.
However the importance of some products of geological processes such as rocks, minerals,
fossils, soils, landforms and landscapes as an integral part of the natural world is increasingly
becoming apparent. Geological structures are not only potential economic mineral
repositories and sources of information on the history of the evolution of the Earth, but have a
capability to become significant tourist attractions.
Zimbabwe’s 3 800 million year old geological history has produced a profusion of interesting
geological features including awe-inspiring landscapes and topography. The country’s
geology also boasts some of the oldest rocks in the world that preserve information on how
the earth’s crust evolved. These unique geological features, which should not only be of
interest to geologists, but to the general public as well, have attracted much research over the
years.
This paper is an appraisal of information on selected geological environments to highlight
some attributes that make these geological structures distinctive. As this work is basically
meant to introduce the subject of geological heritages in Zimbabwe, the paper focuses on
describing regional geological structures rather than individual local sites. The intention is to
raise an awareness of the rich and varied geological marvels in Zimbabwe to instill a sense of
appreciation on the value of such features in order to promote preservation of typical sites for
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the present and future generations to enjoy and to study for better understanding of our

dynamic Earth.

2. Distinctive Geological Environments
2.1. Archaean Granite Greenstone Terrain
Zambezi Rift Valley

Zambezi Rift Valley

Zambezi Mobile
belt
Greenstone
belts

Magondi Mobile
Belt
Magondi Mobile
Belt

Great Dyke

Umkondo
Group

Belingwe
Greenstone
belt
Limpopo
Mobile
Belt

Figure 1. Simplified Geological Map of Zimbabwe.
The Archaean, the period before 2 500 million years, is the earliest and longest part of
the Earth’s history. About 30% of the Earth’s history is recorded in Archaean rocks.
It is during this time that the foundations of the Earth were laid down and early forms
of life appeared. Despite these important statistics, little is known about this part of
the earth’s history because there are few areas in the world where rocks of this period
are well preserved.
Zimbabwe can be considered to be blessed because about 60% of its land surface is
covered by Archaean rocks that form what is known as the Zimbabwe craton (Fig. 1).
The craton is made up of 3.8 to 2.5 billion year old rocks including gneisses,
granitoids, igneous complexes, and greenstone belts. These rocks are renowned for
rich and varied deposits of gold, base metals and industrial minerals.
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The diversity and exposure of Archaean rocks in Zimbabwe is unmatched anywhere
else in the world. The rocks represent a natural geological laboratory in which early
processes that led to the evolution of the Earth’s crust can be observed. It is no
surprise therefore, that Zimbabwe’s Archaean geology has been the cornerstone to the
understanding of the early history of the Earth. Several of the famous researchers in
Archaean geology have worked in Zimbabwe and contributed immensely to the
present state of the knowledge of the early Earth (Nisbet 1987 and references therein;
Bickle and Nisbet, 1993 and references therein).
Although the rock types comprising this period are now well known, greenstone belts
that form an integral part of the Archaean still present debatable problems on their
evolution, and thus growth of the crust (see De Wit and Ashwal, 1997). Also details
of the origin of life and evolution of the atmosphere as recorded in Archaean rocks are
still contentious. Greenstone belts contain some of the most curious rock assemblages
that have a lot of significance on understanding the evolution of the early Earth. Some
of these fascinating rocks for which Zimbabwe is blessed with abundance include
komatiites, banded iron formation, and stromatolites, which have no present day
equivalencies, and thus their origin is a subject of interesting discussion.
The main area of disagreement on the origin and development of Archean greenstone
belts revolves around whether these intriguing rock assemblages were formed in
oceanic environments and tectonically emplaced on their present day crustal setting or
they were laid down directly onto continental crust in rifts. The Belingwe Greenstone
Belt (Fig. 1), one of the most intensely studied greenstone belts in the world provides
a good example of how controversial this subject of evolution of greenstone belts
remains. The greenstone belt lying in the southern part of the country is one of the
most complex and the most well-preserved in the world. Stratigraphic relationships in
the area, which include a well preserved unconformity, have not only led to the
revision of the Archaean stratigraphy of Zimbabwe, but to the better understanding of
the Archaean worldwide.
One school of thought uses the unconformity between a Formation in the greenstone
belt and basement gneisses as proof for deposition of the greenstone belt in a
continental environment (Blenkinsop et al., 1993). The unconformity is now a
national monument. Other researchers argue that part of the Belingwe greenstone belt
is an exotic oceanic crust remnant that was tectonically emplaced onto older gneisses
and older greenstone belts during alpine-type closure of sea during continental drift
(Hoffman and Kusky 2004).
The subject of Archaean crustal growth thus remains controversial, and the granitegreenstone terrains of which Zimbabwe boasts a large area therefore present unique
opportunities for further studies on the early stages in the evolution of the Earth.
Some of the rare Archaean rocks such as pillow lavas, komatiites, banded ironstones
and stromatolites that tell a lot of stories about the nature of the early crust, the
beginning of life, and the evolution the atmosphere, present opportunities for
packaging them as tourist attractions.

2.2. Mobile Belts
The Zimbabwe craton is flanked to the southeast, northwest, north and east by mobile
belts. These are linear well defined zones characterized by high grade metamorphism,
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migmatization, granitization and deformation. The belts are respectively the Archaean
Limpopo Mobile Belt (LMB), the early Proterozoic Magondi belt, the late Proterozoic
Zambezi and Mozambique belts.
Mobile belts are of great geological significance, and thus Zimbabwe is fortunate in
having such well-exposed geological spectacles. The belts do not only include some
of the most fascinating rocks in various metamorphic rocks for instance granulites and
migmatites, but also preserve records of various geological processes that are of great
interest to geologists. A lot of research has as a result occurred in these areas, but still
a lot of questions remain unanswered, thus providing a lot of opportunities for further
research.
The evolution of the mobile belts is controversial with no consensus on the
interpretation of their nature and evolutionary history. For instance, the evolution of
the LMB, one of the oldest and well-preserved of its type in the world, is explained in
terms of simple collision between the Zimbabwe and Kaapvaal cratons in response to
Himalayan-style tectonics with a full Wilson Cycle of sea closure and associated
subduction of oceanic crust (Kampunzu et al., 2001), although no convincing
evidences for ophiolites and subduction have been found. However data to suggest a
more complex history of the belt than simple collision tectonics have been presented
(Treloar and Blenkinsop 1995).
The Zimbabwe craton surrounded by these mobile belts also locally include areas of
high grade metamorphic rocks and migmatites similar to those found in the mobile
belts. For instance, the Tokwe Segment, the oldest part of the Zimbabwe craton
(Wilson, et al., 1995) includes gneisses, migmatites and deformation styles similar to
those in mobile belts. Such parts of the cratons probably evolved in the same way as
the mobile belts, but have now largely been destroyed by younger intrusive rocks.
Thus mobile belts could be part of the same process that led to the evolution of the
cratons. Mobile belts surrounding the Zimbabwe craton are therefore important not
only in the understanding of the evolution of the tectonic framework of Zimbabwe,
but the whole subject of evolution of the continental crust. The mobile belts also help
geoscientists to understand a whole range of subjects including metamorphism,
migmatization, granitization, deformation, and mineralization.
In addition to providing important information of tectonics as part of the process of
crustal evolution, mobile belts in Zimbabwe are important mineral provinces. For
instance, although unusual in this environment, gold occurrences in the LMB around
Nyajena, including Renco, one of the largest mines in the country, are important.
Mobile belts are also important sources of various metamorphic and pegmatite
mineral deposits, and dimension stones in marbles and migmatitic gneisses. The LMB
has produced chromite from ultramafic bodies south of Mweza Greenstone Belt, and
is considered to have a high potential for dimond occurrences. The thick crust
characteristic of this terrane is regarded as being a good geological environment for
diamond mineralization in kimberlites, for instance at River Ranch near Beitbridge.

2.3. Great Dyke
The 2 575 million year old Great Dyke (Oberthür et al., 2002) intruding nearly the
whole of the north-south length of the Zimbabwe craton (Fig.1) is the longest igneous
complex in the world that has attracted many researchers and mineral explorers. This
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unique layered geological feature (Worst, 1960), occurs as a narrow linear NNEtrending body of mafic and ultramafic rocks 550km in length and between 4 and
11km wide.
The Great Dyke is not, as its name implies a true dyke at present erosional surface,
but the remains of four lopolithic complexes arranged in a straight line and downfaulted in a graben-like structure. Each of the four complexes comprises layered
igneous cumulates that define both in cross section and longitudinal section a
synclinal structure that can be subdivided into an upper mafic zone and a lower
ultramafic zone.
Like other monumental geological structures, the evolution of the Great Dyke has not
been easy to decipher. Some awed by its size suggested that it was caused by a huge
meteorite impact (Dietz, 1962) while others have attempted to relate it to the
Bushveld Igneous Complex in South Africa (Hall, 1932), although these are now
known to be of different ages. The coincidental alignment of the Great Dyke and the
Great East Africa Rift Valley has led some scientists to suggest that the Great Dyke
occupies structures which in later years were reactivated to produce the Rift Valley
(McConnel, 1972). The Great Dyke together with associated satellite dykes are now
believed to have been emplaced as a result of fracturing caused by collision between
the Kaapvaal and Zimbabwe cratons (Wilson, 1990).
The Great Dyke is not only interesting from the point of view of its sheer size,
evolutionary history and varied topography, but also for its enormous chromite and
platinum resources. Chromitite seams in the Great Dyke represent a chromite resource
of over 10 billion tonnes. Platinum represents the second largest resource in the world
after the Bushveld Complex in South Africa.

2.4. Umkondo System
The 1 100 million year old Umkondo Group on the east of Zimbabwe, together with
the Magondi Supergroup on the west of the country were deposited in basins
developed by extensive extension on the edges of the stabilized craton. The Umkondo
Group comprising about 1 250m thick of limestones overlain by clastic sediments and
basalts shows a progression in which continental lakes and sabkhas were drowned by
marine transgression from the east, after which fan deltas prograded across the basin.
Some of the most interesting aspects of the Umkondo geology are the dolerite sills
and dykes that appear to have intruded the sequence before the sediments had
lithified. These dolerites have an age, geochemical, and palaeomagnetic signatures
that suggest that they may be part of a continental flood basalt province covering a
large area of Southern Africa and Antarctica (Hanson et al., 1998). Umkondo
volcanics thus help to put the magmatism in the whole of this region within a regional
time-space framework, and are important in the reconstruction of the supercontinent
of Rodinia.
The Umkondo in Zimbabwe which was slightly affected by the Pan African
orogenesis of the Mozambique belt was however folded and thrusted into great slices
of rock lying upon one another to form the so-called fold mountains of which the
Chimanimani Mountains are good examples.
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In terms of economic geology, the Umkondo is important for copper mineralization in
the Lower Save Valley. There are also important kyanite deposits in the Nyanga area
where the grade of metamorphism is high. A recent discovery of a diamond rich
conglomerate horizon of the Umkondo Group near Marange (De Beers, 2006) is most
interesting. This and a supergene and alluvial gold deposit recently discovered around
Chimanimani (Mupaya and Mangezi, 2004) beg for more research on this Group.

2.5. Karoo System
Is the earth warming up? Has the climate changed over time? What can be learnt from
these phenomena? Since climate influences all aspects of the earth’s environment,
there has been a great deal of interest on these and many other questions, as these may
help to understand where our planet is going and what could be done to prevent
catastrophs associated with climatic changes. Zimbabwe’s Karoo rocks deposited
during the Mesozoic Era in the Zambezi and Save-Limpopo basins, like similar rocks
in other Southern African countries, preserve information suggesting a variety of
climatic conditions varying from Arctic glacial conditions through Tropical rain
forests to hot desert conditions. Karoo rocks thus tell a long story about the evolution
of the geology of Zimbabwe.
Apart from the interesting rocks that preserve a history of drastic climatic changes,
including a period of glaciers, Karoo rocks are important repositories of coal
generated from ancient swampy forests. Karoo rocks in Zimbabwe have also yielded
some astonishing fossils, including huge dinosaurs and trace fossils such as dinosaur
footprints. Karoo rocks in Southern Africa, including those in Zimbabwe are thus
important in understanding the development of life on Earth.

2.6. Zambezi Rift Valley
The mention of the term rift valley probably brings into mind the famous East African
Rift Valley, one of the geological wonders of the world. This country is fortunate in
having an arm of the East African Rift in the form of the Zambezi Rift Valley (ZRV).
Anyone who has traveled to Muzarabani will probably have noticed a sudden drop in
height from the rugged east-west trending Mavuradonha Mountains to the flat and
monotonous plains that stretch northwards to beyond the Zambezi River. This is the
ZRV stretching along the northern part of the country. Rift valleys basically represent
areas where the earth’s crust was subjected to tension that caused cracks or faults to
develop, and some blocks of rock to drop along these fractures relative to the ground
on either side.
The East African Rift Valley system, of which the ZRV is part, stretches from the Red
Sea in the north to Beira in the South. The fractures that culminated in the formation
of the rift are thought to be ancient ones. Thus although the rift was developed in the
Mesozoic-Cenozoic times, the rifting occurred on ancient fractures. For instance, the
Kariba trough lies parallel to the Irumide belt, the Middle Zambezi to the east-west
trending Zambezi belt, and the eastern trough to the north-south trending
Mozambique belt. Attempts to relate the Rift system to the Great Dyke and the
Bushveld have been made (McConnell, 1972), although the latter structures are very
ancient.
The East African Rift Valley, and hence the ZRV, has some global tectonic
significance. Development of the Rift system was initiated by break up of the
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Gondwanaland. The Rifts represent areas of failed continental spreading centres.
Some faults associated with these rifts are still active as indicated by occasional
earthquakes occurring along these areas.
The ZRV has been considered to be Zimbabwe’s energy storehouse (Broderick,
1990). This is because of the occurrences of coal in Lower Karoo rocks, uranium at
Kanyemba and other areas, and the potential for generating hydro-electric power
along the Zambezi River, geothermal energy in hot springs areas, and hydrocarbons.
Potential for hydrocarbons is high, as the sedimentary thickness is considered to be
attractive for hydrocarbon occurrences. However, although no drilling has been
carried out, interpretation of exploration by Mobil (1989) classified the area as high
risk gas prone, with estimated gas resources of 614.5 x 109 cubic metres of
recoverable gas (Hiller and Shoko, 1995).

2.7. Products of Denudation
Weathering and erosion are the most important factors in the development of
landscape. Over a millennia, these processes have sculptured Zimbabwe’s rocks into
spectacular landscapes including some currently popular as tourist attractions, for
example the famous Victoria Falls and associated gorges, and karstic structures near
Chinhoyi.
Some of the most inspiring landscapes are the granite topography comprising
bornhardts, castle kojes and balancing rocks, and caves. Examples of these are the
famous Epworth Balancing Rocks near Harare, Domboshawa 30km north of Harare,
and the castle kopjes of Matobo Hills south of Bulawayo. A number of caves and rock
shelters in granite areas contain ancient San paintings. Granite topography is typically
well developed in many parts of the country, notably the area stretching from
Rushinga in the north of the country through Mutoko, Murehwa, Nyanga, Makoni,
Buhera, Gutu, Ndanga, Chivi, and Matobo to Umzingwane. Granites in these and
many areas present stunning sceneries.

3. Suggestions for Preservation of Geological Heritages
Preceding information suggests that some of Zimbabwe’s geological environments
must not only be seen in their importance as economic mineral repositories, but also
as heritages worth preservation for scientific and aesthetic value. Preservation of
important geological sites is urgently required as there are disturbing cases of
degradation of some sites. For instance, the first site where traces of earliest form of
life where identified at Huntsman limestone quarry near Bulawayo (Macgregor, 1940)
has been completely destroyed by mining. Currently except where few geological
sites have been recognized for recreation as a result of landscape beauty, for instance
the Victoria Falls and Chinhoyi caves, most important geological sites are vulnerable
to destruction. There is an urgent need for integrated efforts to come up with
strategies to protect selected geological sites. Protection of important geological sites
should be an integral part of landuse planning. All stakeholders including geological
community, environmentalists, tourism authorities and local government should be
involved in identification of symbolic geological sites worth protecting because such
an important activity should not be left to an individual’s subjective classification, but
should be based on consus. It is therefore proposed that a working group under a
recognized body such as the Geological Society of Zimbabwe be formed to spearhead
identification of important geological sites and lobby for legislation to protect such
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sites. While there are legal instruments in place for the conservation of the biological
resources such as national parks, forest reserves and wildlife sanctuaries, there are no
provisions for the conservation of geological resources. Experiences of countries that
are undertaking such initiatives should be learned, and guidance of international
organizations including UNESCO that initiated the concept of protecting geological
heritages should be sought.

4. Conclusions
With well-exposed rocks ranging in age from 3.8 billion years to the Recent times,
and diverse mineral deposits and mineralization styles, Zimbabwe can be considered
to be a geological paradise. The country’s Precambrian geology, which is one of the
best in the world in terms of exposure and the information it preserves, has attracted
scientists from all over the world to research on the inexhaustible subjects of early
earth processes and metallogenesis (see Blenkinsop, 1999). Eminent earth scientists
such as A.M. Macgregor, perhaps the greatest of all Archaean field geologists (Arndt
and Nisbet, 1981), and J.F. Wilson, became prominent through working on
Zimbabwe’s Precambrian geology and consequential contributions they made towards
understanding the evolution of the early Earth.
This paper is not only meant to create an awareness of some of the country’s rich and
varied geological heritage, but also to excite further research and promote protection
of selected important geological sites. As the country has a wide range of important
geological environments, there is a need for systematic characterization and
identification typical and representative sites for preservation not only for their
economic and aesthetic value, but for scientific significance. The Geological Society
of Zimbabwe that has embarked on a project to produce an atlas of important
geological features, especially along the country’s main highways could play a pivotal
role on this effort.
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Abstract

Biodiesel is produced from a transesterification reaction of vegetable oil and methanol /ethanol in the presence of a
potassium hydroxide catalyst. A tall continuous flow reactive distillation reactor vessel fitted with a central stirrer
was designed for biodiesel production using fresh vegetable oil. Thus it is a deep reactor rather than the more
conventional shallow ones. The methoxide/ethoxide (at room temperature) is fed from the bottom into the oil-filled
reactor at 65 oC, with the stirrer operating at 100-rpm impeller speed, to achieve maximum interface of the reactants.
Because methanol has a lower density than vegetable oil, feeding from the bottom maximizes the chance of methanol
capture as it rises through the warm vegetable oil. The reactor incorporates a methanol condenser at the top so that
the unreacted methanol can be recycled. The results obtained indicate an increase from 2.48 moles of biodiesel to
2.59 moles by raising the temperature of reaction from 60 oC to 65 oC. This represents an increase in percentage
conversion from 82.7 % to 86.4 %. There is also a corresponding time reduction to achieve equilibrium from 2000
secs to 1200 secs, which would greatly affect the design of a reactor to produce biodiesel. An increase in the molar
proportion of methanol to oil from 6 to 9 causes an increase in biodiesel yield from 2.59 moles to 2.86 moles at 65
o
C. This corresponds to an increase in percentage conversion from 86.4 % to 95.5 %. There is a corresponding drop
in the time required to achieve equilibrium from 1200 secs to 600 secs which would, in effect, lead to the doubling in
the capacity of an existing reactor. The reaction time was found to be about 3 times shorter than for the conventional
batch system reactors that work at ambient temperature and arbitrary agitation rates and with the methoxide feed
from top of the oil.

Keywords: Jatropha Curcas seed oil, Transesterification, Reactive Distillation, Biodiesel
1 Introduction
Jatropha curcas biodiesel is one of a series of "biodiesels" formed from natural oils. It has been
tested in vehicles in Europe, the United States and, more recently, in Thailand. It is reported to
produce little sulphur dioxide, less carcinogenic fumes and less black smoke9. The lack of
sulphur in the fuel means that it can meet international standards for fuels suitable for use with
catalytic afterburners. It has already been extensively used to dilute conventional petro-diesel and
been shown to be biodegradable. Indeed, it has been used to assist in cleaning up "petro-oil"
spills. Environmentalists also like it because the carbon dioxide it produces on burning will be
absorbed naturally and recycled without an overall net increase in the atmospheric CO2
inventory. In addition, the exhaust fumes from an engine running on Jatropha curcas biodiesel
have a smell comparable with pleasant cooking smells. Several countries (France and Germany in
particular) have encouraged the widespread use of "biodiesel" blends with conventional "petrodiesel". Indeed it is doubtful that most countries will be able to grow sufficient oil-producing
plants to meet the expected demand. In this respect, Zimbabwe has some well-established
Jatropha curcas plants in its rural and farming communities. The Jatropha curcas plant produces
more than three times as much oil per hectare as any other oil-producing crop.
There are many forms of reactors to produce biodiesel from vegetable oils. Most of them, are not
cost effective, the reaction time is too long, and they make use of plastic containers, steel drums
etc. To meet the expected domestic and international demand of biodiesel, it is necessary to
develop efficient and clean chemical reactors to process the Jatropha curcas seed oil into
biodiesel. In this paper we report the design of a continuous-flow reactor using a reactive
distillation technique for economical biodiesel production. The design of a reactor for the
production of biodiesel from Jatropha curcas seed required the modeling of a complex series of
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reversible reactions, which are known to take place. Rate equations were derived which could be
solved by a number of mathematical techniques. In this case, a finite-difference technique was
used based on simple spreadsheet functions. The resulting model was compared with results
published in the literature as well as with results obtained in the department of Fuels and Energy
at Chinhoyi University of Technology (CUT). Applying this model made possible several
recommendations to enhance biodiesel production from Jatropha curcas seed oil in a reactor of
the form currently operated by the Department of Fuels and Energy at CUT.

2.Theoretical Review
Chemical Reaction Kinetics
The complicated chemistry of the transesterification reaction result from the various groups
attached to the glycerol molecule. We can use R1, R2, R3 etc to denote that these groups can all
have different molecular lengths. Thus a triglyceride can be shown to react with methanol/ethanol
to produce diglycerides, the diglycerides react with another methanol/ethanol molecule to
produce monoglycerides and then these react with a third methanol molecule to produce
glycerol2,6,7,11. (See Figure 1)

Fig. 1 Three-stage
conversion
of
triglyceride
into
glycerol
and
methylester
At each of these three stages, a molecule of fatty acid methyl ester is produced so that, overall,
three molecules of methanol are needed to produce three molecules of ester and one molecule of
glycerol (see Figure 2)
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Fig. 2 3 molecules of methanol are needed to produce 3 molecules of ester and one molecule of
glycerol
Each of the reactions indicated in Fig.1 is reversible with a different rate constant (kn) denoting
that
the
forward
and
reverse
reactions
take
place
at
different
rates.
The reactions are all known to be second order (or pseudo-second order) so that we can express
the rate of disappearance/appearance of the various components in a series of differential
equations (see Figure 3)

Fig. 3 Rate equations controlling the transesterification reactor
Several techniques are available for the solution of these differential equations including the use
of proprietary software and simulation packages. If a value of
can be chosen that is suitably
small, a spreadsheet can be used to predict the molar concentration of each of the major
before. Thus we set the
components in terms of their separate concentrations at a time interval
initial concentrations at time 0 and estimate the concentration one second later using the
equations presented in Figure 3 as if
were equivalent to
.
In this present work on the transesterification of Jatropha curcas seed oil, an interval of
second was found to give reasonable results. The spreadsheet programme used was Microsoft
Excel. No attempt was made in this present study to "fit" experimental curves to the model so that
values of k1, k2 etc. could be estimated. Instead, published values of the various rate constants
were used. Thus Noureddini and Zhu 2 have published values of k for the transesterification of
soybean oil while Darnoko and Cheryan 1 give a more restricted set for the transesterification of
palm-oil. Both these authors [1,2] present activation energies so that values of the rate constant
can be estimated at different temperatures using the Arrhenius equation k = Ae-E/RT. In addition,
Noureddini has determined the effect of varying agitation on both the rate constants k and the
energy of activation E. These k and E values for 50 oC are presented in Table 1.

Table 1 Activation Energies and rate constants at 500C in cal.(mole.K)-1 and (mole.min)-1
respectively
Rate
constant/ Noureddini & Zhu Darnoko & Cheryan
Activation Energy
[2]
[1]
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0.050
13145
0.11
9932
0.215
19860
1.228
14639
0.242
6421
0.007
9588

k1
E1
k2
E2
k3
E3
k4
E4
k5
E5
k6
E6

0.018
14700
0
0
0.036
14200
0
0
0.112
6400
0
0

It should be remembered that the values of k provided by Darnoko & Cheryan [1] are for a
different reaction than the values presented by Noureddini & Zhu [2]. For this reason, exact
comparisons are not possible.
Using these values of the activation energy, it was however possible to predict the effect of
temperature on the various chemical reactions taking place.

3.Materials and Methods
3.1 Reactants
The reactants for the transesterification process are used in the following previously determined
proportions.
Table 2 Proportions of reactants for the transesterification process
Jatropha curcas seed oil

100 L

100 kg

Anhydrous Ethanol

27.4 L

23.74 kg

Potassium Hydroxide

1.30 kg

1.43 kg

The input amount of raw jatropha curcas seed oil determines the batch size, and the other
components are calculated from the following equations:
EtOH = 0.2738 x RO
(1)
KOH = 0.013 x RO
(2)
where: EtOH is the amount of ethanol required, in liters, RO is the desired amount of oil to be
processed, in liters, and KOH the amount of KOH required, in kg. According to Eq. (1) and Eq.
(2) ethanol is added at a 65% stoichiometric excess, or a molar ratio of 5.0: 1 EtOH to oil. The
KOH is added at 1.43% of the weight of input oil.

3.1.1 Jatropha Curcas Seed Oil
A screw type oil expeller was used for extracting oil from Jatropha Curcas seeds. Jatropha
Curcas seed oil consists of the glycerides of long-chain fatty acids. The carbon chain in these
fatty acid residues are comprised of an even number of carbon atoms (typically from 12 atoms
(lauric acid) to 22 atoms (Behenic acid) in length) with roughly half of the oil molecules showing
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some unsaturated carbon-to-carbon bonds. Typically ten major fatty acid residues are found in the
glycerides, which make up Jatropha curcas seed oil (see Table 3). Because glycerol is a trihydric
alcohol, up to three of these fatty acid residues can be attached to the glycerol structure. There is,
however, no reason to suppose that the three attached to any one molecule are identical.

Table 3 Fatty acid molecules in Jatropha Curcas seed oil3
Fatty Acid Molecule

(%) wt / wt

Lauric acid (12:0)
Myristic acid (14:0)
Palmitic acid (16:0)
Palmitoleic acid (16:1)
Stearic acid (18:0)
Oleic acid (18:1)
Linoleic acid (18:2)
Arachidic acid (20:0)
Arachidoleic acid (20:1)
Behenic acid(22.0)

1.35
2.08
11.30
1.15
17.00
12.8
47.3
4.7
1.8
0.6

There are therefore many different molecules available for the reaction with methanol/ethanol in
the transesterification reaction that produces Jatropha curcas biodiesel. And it can be anticipated
that due to variable saturation, variable chain length and stearic hindrance within the glyceride
molecule that each reacts at a slightly different rate. In applying methods more usually applied to
the design of chemical reactors to synthesize pure chemicals from similarly pure chemicals, it is
immediately apparent that there is a lack of certainty as to which reaction is proceeding and what
precisely is controlling it. This has not, however, discouraged the production of Jatropha curcas
biodiesel: This is because Jatropha curcas biodiesel is one of the most successful sustainable and
bio-degradable fuel oils ever synthesized from a natural product.

Jatropha curcas seed oil is best when clear (filtered) because excess sediment collects at the
bottom of the reaction vessel during glycerol settling and at the liquid interface during washing.
This sediment interferes with the separation of liquid phases and with the washout of catalyst, and
may tend to promote stable emulsion formation. Slight haziness of the oil probably does no harm.
The original oil must be water-free, because every molecule of water destroys a molecule of
catalyst, thus decreasing its concentration.
3.1.2 Ethanol.
Ethanol nearest to absolute (200 proof) is used. Any gasoline present in the alcohol as a
denaturant appears to do no harm. The reaction proceeds satisfactorily in mixtures of 200-proof
ethanol with 10%(v/v) or more gasoline present. However, even small quantities of water (less
than 1%) can decrease the extent of the conversion reaction enough to prevent the separation of
glycerol from the reaction mixture.
3.1.3 Potassium Hydroxide Catalyst.
The catalyst is best if it has > 85% KOH. However, even the best grades of KOH have 14 to 15%
water (which cannot be removed). It should be low in carbonate, because potassium carbonate
does not serve as a satisfactory catalyst, and may cause cloudiness in the final ester. Other
catalysts which may be used are potassium ethoxide and sodium ethoxide, but they are
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prohibitively expensive. Sodium hydroxide was not found a suitable catalyst because it is not
sufficiently soluble in ethanol and it tends to promote undesirable gel and emulsion formation
during transesterification.

3.2 Reactor Design
Initially this research started with a batch reactor to produce 5 liters of biodiesel. The reactor used
an electrical water bath. This was later scaled up to a 20 liters squat tank fitted with a stirrer
where the methanol/catalyst was poured in from above and modified to use electrical immersion
heaters and an electrically driven stirrer. The long-term objective was to provide a reliable design
for use by small scale Jatropha curcas oil extraction units or cooperatives of small-scale farm
holders in Zimbabwe.
The scaled-up 20 liter batch reactor was designed and fabricated from 5 mm thick 304 stainless
steel sheet, with ancillary gear, glycerol-biodiesel separating tank, oil expressing machine,
controls, etc. The design cost less than US$5000 and operated in August 2003. It has been in use
(on and off) since then.
The reactor was found not to be an efficient device for biodiesel production with respect to
methanol utilization. A bigger volume (3500 liters), a tall vessel fitted with a central stirrer and
fed with methanol from below was designed. Because methanol/ethanol has a lower density than
Jatropha curcas seed-oil, this second geometry maximizes the chance of methanol capture as it
rises through the warm jatropha -oil. This geometry also provides a sharper cut-off between the
glycerol and the biodiesel after the batch reaction was terminated and so facilitates separation.
Thus it is a deep reactor rather than the more conventional shallow ones.
Another feature of the design was the provision of a condenser on the vapor outlet from the
reactor. This ensured that the reactor was not pressurized and that most of the vapor was
condensed and returned to the feed drum. The condensed methanol could be made to return
directly to the reactor but it was decided to measure it and pump it back with the feed methanol.
This condenser also meant that the reactor could be heated in a separate operation to recover
excess methanol from ester or from glycerol. 6kW immersion heaters were provided for this
purpose and for drying the raw oil. Such power for the immersion heaters was excessive for just
the reactor duty, which can manage on 3kW. The oil and the glycerol would capture most of the
methanol when the reactor was operated at 60 oC. This was indicated by very little methanol that
was condensed out of the vapor during normal operation. The whole transesterification process
took 1½ hours excluding the sedimentation stage.
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Fig. 3 Designed transesterification reactor
3.3 Operation of the reactor
Oil was pumped into the reactor using a gear pump. The reactor took up to 3500 litres unless
frothing was a problem. (There were ball valves to seal the inlet and the product lines). The
minimum volume was about 20 litres otherwise the heaters were exposed to the air and there was
then a risk of explosion. The stirrer was switched on and set to about 100 rpm to help heat
transfer. The heaters (provided they were submerged!) were then switched on and the temperature
of the oil was raised to 120oC. It was then left to cool to about 90 oC with the stirrer running. The
heater elements were covered with oil before switching them on.
Meanwhile, the required amount of methoxide dissolved in the required amount of methanol was
mixed up. When the desired reaction temperature had been reached, the cooling water to the
condenser was turned on and the methanol feed-pump started. It was ensured that the outlet pipe
from the condenser reached the feed-tank or some other closed container. The end of the pipe was
not submerged below the methanol liquid level otherwise the reactor and condenser was going to
be pressurized.
When the entire methanol had been added (over at least 20 minutes), the methanol feed pipe was
isolated by the ball valve and the feed pump was shut down. At least 40 minutes were allowed for
the reaction to complete before turning off the heater. It was found best to discharge the glycerol
while it was still warm to keep it liquid so we waited for about 30 - 60 minutes for settling to
occur.
The outlet valve was used to gravity-discharge the products. The reactor was not cleaned before
the next transesterification: there was evidence that small amounts of glycerol and ester could
reduce the initial lag period by altering the surface tension and "wetting" the fresh oil/methanol
mix.
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Kinetic models on the rate of the reaction showed that there are three key stages in the overall
reaction:
1. Mixing the methanol/methoxide with the palm oil,
2. A fairly rapid reaction to about 80% conversion which needs sufficient
methanol but not an excess,
3. A slow reaction to about 87% conversion at equilibrium, which can be increased to
around 97% conversion if sufficient excess methanol is present.
The first mixing constraint can produce a "lag-time" while methanol and jatropha-oil are pushed
into contact. To speed up this process, a stirrer was placed in the lower half of the reactor. It was
predicted that:
1.
Not much mixing was needed if the methanol/ethanol was squirted into the
hot oil through small holes because the solubility of methanol in oil rises
rapidly as the boiling point of methanol is approached.
2.
If the oil happened to be a slightly above the boiling point of methanol
(64.8 oC), the hydrostatic pressure in the reactor would keep the methanol
liquid up to about 70 oC.
The second stage, which was fairly rapid, produced the peak concentrations of di-glycerides and
mono-glycerides within about 10 minutes. If the 6:1 molar ratio (25% v/v) was used, there was no
great advantage to dumping the methanol in one big addition.
It was observed that there was a good chance that some of the methanol by-passed the oil phase
altogether and vaporise into the space above the reactor. To minimise this methanol was added
slowly over the initial period, to ensure that just about all of it is contacted. A 12-volt electric
petrol pump was used to push in the methanol/methoxide into the feed pipe against the
hydrostatic pressure of the reactor contents. The feed pipe had five small holes (2 mm diameter)
drilled in it to break down the stream of methanol and increase interfacial area between the
liquids. The use of a holed feed pipe also meant that there was no need of violent agitation; just
gentle mixing inside the reactor. It was found that a half horsepower motor was more than
sufficient to allow the small paddles to revolve at the 100 rpm that is needed. The third stage of
the reaction proved to be the slowest of the three and takes up to 40 minutes at 65oC. This stage
required excess methanol so, ideally, the entire methanol was fed in after about 15 minutes.
It was found that our 12-volt petrol pump had an output that depends on suction head as well as
delivery head so there was some control over feed rate. Glycerol and ester were removed from the
reactor by gravity. To provide access to the drain at the base, the whole reactor was supported on
three legs fabricated from 50 mm diameter tubes which were welded to the shell.
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(a) Back view

(b) Front view

Fig 4 Continuous Flow Biodiesel Reactor

4 Results and Discussion
Figure 5 (a) shows the predicted composition during the transesterification of Jatropha Curcas
seed oil at 60 oC using the k values provided by Noureddini [1] while Fig. 5 (b) shows the
comparable values at 65 oC. Both of these results are for a molar ratio of 6:1 for methanol: oil.
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Fig. 5(a) Transesterification of jatropha curcas seed oil with a molar ratio of 6:1 for
ethanol: oil at (a) 65 oC, and (b) 60 oC.
Comparison between Figures 5 (a) and (b) show that the model predicts an increase from 2.48
moles of methyl ester to 2.59 moles by raising the temperature at which the reaction is carried out
from 60 oC to 65 oC. This represents an increase in percentage conversion from 82.7 % to 86.4 %.
There is also a corresponding time reduction to achieve equilibrium from 2000 secs to 1200 secs,
which would greatly affect the design of a reactor to produce methyl ester.
Figure 6 shows the effect of increasing this molar ratio of methanol: oil to 9:1.
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Fig. 6 Transesterification of Jatropha curcas seed oil at 65 deg C with a molar ratio of
9:1 for methanol: oil

Comparison between Figures 5 and 6 indicates that an increase in the molar proportion of
methanol to oil from 6 to 9 could cause an increase in ester yield from 2.59 moles to 2.86 moles
at 65 oC. This corresponds to an increase in percentage conversion from 86.4 to 95.5. There is a
corresponding drop in the time required to achieve equilibrium from 1200 secs to 600 secs which
would, in effect, lead to the doubling in the capacity of an existing reactor.
Figures 7 (a) and (b) show comparable results using the Darnoko & Cheryan k data derived from
their work with palm oil [1]. (The molar values for the mono- & di-glycerides should be read
from the secondary y axis on the right of the figure).
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Palm Oil Reaction:TG-DG-MG-Gly
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Fig 7 Transesterification of palm oil with a molar ratio of 6:1 for methanol : oil
at (a) 60 oC, and (b) at 65 oC
Darnoko & Cheryan [1], provide data for only the forward reactions (k1, k2,and k3) and suggest
that they are only valid for the first 1200 secs at 50 oC. They presumed that thereafter the reaction
would be pseudo 1st or even zero order. Figures 7 and 8 reflect this assumption in that they
indicate that 100% conversion can eventually be achieved. This is unlikely because the chemical
reactions reported are essentially identical with those reported by Nouredinni and Zhu [2], even
though the mix of glycerides is different in jatropha curcas seed oil. Comparison of Figs 7 (a)
and (b) shows that an increased methanol concentration is predicted to reduce the time required to
achieve any degree of conversion just as it does in the results presented in Figs 5 (a) and (b).
Another difference is that the model using Darnoko & Cheryan'
s k values predicts a higher peak
concentration of the di- and mono-glyceride than is predicted by the comparable model using
Nouredinni and Zhu'
s values.
The effect of temperature however, was not as predicted by the spreadsheet model. Experimental
work actually shows a decreased methyl ester yield at temperatures above 60 oC. One possible
explanation for this is the loss of excess methanol as a liquid in the reacting mass as its boiling
point (64.8 deg C at 1 bar) is approached. Even though there is an efficient condenser fitted to the
20-litre reactor, which captures and recycles methanol vapour, there could still be liquid methanol
depletion in the reacting liquid mass.
Another alternative is that the "least squares" method of extracting k values from experimental
work is in error in the non-linear system of equations presented in Fig. 3. Thus it is possible that
several alternative sets of k values could "fit" the observed data. Nouredinni and Zhu made this
point in their paper [2]. More experimental work must be done before the reason for this apparent
anomaly can be found.

6 Conclusions
A transesterification reactor has been designed and tested. The reaction time was found to be
about 3 times shorter than for the conventional batch system reactors that work at ambient
temperature and arbitrary agitation rates, with the methoxide feed on top of the oil. A model to
study the effect of varying initial concentrations, continuous removal of products, dynamic
separation of glycerol, temperatures, etc., has been proposed and conveniently tested. However,
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the complete validation of such a model requires further experimental work to understand the
nature and origin of apparent anomalies.
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Abstract

In order to assess the potential markets for processed fruits and vegetables produced by small-scale processors in
Zimbabwe, focus group discussions and a consumer survey were conducted with consumers in Harare. Focus group
discussions with high, middle and low-income consumer groups in Harare showed that dried fruits, dried vegetables,
and jams / jellies produced by small-scale processors had the potential to penetrate the formal market (e.g.
supermarkets, general dealer shops). Preferences for specific types of processed fruits and vegetables were class
related. Although price was the most important determinant of the preferences of low-income consumers, it was
apparently not a significant consideration among the high-income group. Results from a consumer survey conducted
with 500 high-, middle-, and low-income urban consumers, suggests that low–income consumers in particular buy
from small-scale processors. The consumer survey also showed that of the households that purchase processed fruit,
92.8% (n=346) would actually buy dried fruit. Of those that purchase dried fruit, 65.2%, 36.1% and 7.1% of the low-,
middle- and high-income consumers, respectively, would buy from the local market. Most of the consumers that
purchased dried vegetables (n=255) tended to do so at the supermarkets (70.2%), and about half made their purchases
at the local markets (43.1%), and one fifth of households made purchases of dried vegetables with street traders
(21.6%). High income consumers were more likely to make purchases of both dried fruit and vegetables at the
supermarket than low income consumers. For example, low-income households (32%) were more likely to make
purchases of dried vegetables from street traders than upper-income households (10%). Therefore the supermarket
and the local market were the most common sources of the dried vegetables. This study suggests that a large potential
market exists in Harare for dried fruits and dried vegetables produced by small-scale processors.
Key words: Fruits and Vegetables, Food Processing, Preservation

1. Introduction
Agriculture drives the economies of many developing countries, contributing substantially to the
Gross Domestic Product (GDP). However, the sale of raw commodities alone is no longer able to
provide a reliable livelihood for the growing populations in these countries. Alternative sources of
income are needed to support the millions of poor families who can no longer support their
livelihoods from the land alone. In many parts of the world, including sub-Saharan Africa, food
processing has been touted as having the potential to reduce poverty and improve the quality of
life of the poor through improved incomes, employment, food availability and nutrition.
Furthermore, food processing has other benefits such as the reduction of post harvest losses, the
preservation of food, providing consumers with convenience food items and improving
distribution potential (Price Waterhouse, 1994). In Zimbabwe, there is evidence to show that
there is a growing urban population that needs processed food items (CSO, 1994). Over the years,
these consumers have relied on large scale processors to provide them with essential food items.
Large-scale urban-based companies control over 90% of commercially marketed agro-industrial
produce in Zimbabwe - which includes products such as maize meal, edible oils, canned and
preserved meat and fish, canned fruits and vegetables and other products (Price Waterhouse,
1994). This predominance of large-scale players could represent a barrier to small-scale players.
However, many small and medium scale food processing enterprises have emerged in Zimbabwe
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over the past 10 years, as people diversified their sources of income. These enterprises may
benefit from the potential increase in (largely urban) demand for processed foods, especially
fruits and vegetables. However, these enterprises face a number of problems that may have
hindered their progress. One of the most common problems has been the lack of appropriate
markets.
One of the objectives under a study funded by the Department for International Development
(DFID), entitled, ‘Facilitating the effective production and marketing of processed food products
by small-scale producers in Zimbabwe’, was to assess the potential market for processed food
products produced by small-scale processors in order to enhance their capacity and thereby
helping in improving their incomes. The study focused on processed fruits and vegetables as
these had been found to represent a substantial amount of raw material that is usually produced in
excess by small-scale producers.

2. Materials and Methods
2.1
Focus Groups as a Qualitative Method
Focus groups can be defined as “a small, temporary community, formed for the purposes of the
collaborative enterprise of discovery. The assembly is based on some interest shared by the panel
members, and the effort is reinforced because panelists are paid for the work” (Templeton, 1994)
Focus groups act as a method of data collection for qualitative research, providing in-depth
information relating to the way people feel, think or act in a specific manner, i.e. consumer’s
perceptions, feeling and attitudes. It is a flexible research method as probing aids in the
exploration of unanticipated issues. Moreover, due to the fact that focus groups place people in
real- life situations, the dynamic nature of group interaction is captured (Makatouni, 1999 citing
Krueger, 1988).
The focus group methodology has been adopted in a wide variety of research fields – such as
public health, marketing and participatory agricultural research, or has simply used as an
educational tool. Focus groups have proved a valuable research method in terms of obtaining
impressions on new product or concepts and furthermore in terms of generating information for
the development of new products or concepts (Abundis, Abernathy, Ghee, Durazo and Luna,
1990). The technique allows for in-depth probing of people’s knowledge, attitudes, practices and
problems. The technique is designed to focus on a limited range of topics, with participants
discussing their ideas under the guidance of a moderator. For active dialogue, Mettrick (1993)
recommends that the number of participants in a focus group may range between four and 10
individuals. As Kreuger points out, the group should be homogeneous in order to avoid
inhibitions (e.g. due to very differing circumstances of individuals) and by contrast capture the
dynamic interaction of participants (Makatouni, 1999 citing Krueger, 1988).

2.2. Recruitment and Selection of Focus Group Participants
A questionnaire was designed for the purpose of recruiting participants for the focus group
discussion. Third year, Bachelor of Science (Food Science and Technology) undergraduate
students conducted 500 questionnaires with consumers at different (largely retail) points
throughout Harare. The points were largely retail in origin in that they consisted of shopping
centres or high streets for example. The points were dispersed across high-, medium-, and lowdensity areas (Table 1). The questionnaire targeted female heads of households in particular,
given that these individuals are essential those responsible for the purchase and preparation of
foodstuffs consumed at the household level. The questionnaire captured information relating to
the socio-economic status, ethnic group and age group of the respondent. The questionnaires were
completed over a five – day period.
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Table 1. Sites in Harare Where Questionnaires were Distributed
Name

Classification (Population Density)

Arcadia

Middle

Avondale

Middle/low

Belvedere

Low

Borrowdale (Sam Levy)

Low

Eastgate

CBD

First Street Mail

CBD

Hatcliffe

High

Hatfield

Middle/Low

High Glen (Glen view, Glen Norah and Budiriro)

High

Highfield (Machipisa)

High

Highlands (Chisipiti)

Low

Kambuzuma

High

Mabelreign

Middle

Masasa Park and Queensdale

Middle

Mbare (Musika and Ardbennie)

High

Mount Pleasant (Bond Street, Arundel

Low

Rezende Street

CBD

Tafara

High

University of Zimbabwe Campus

N/A

Warren Park

High

Westgate

Low

Note: CBD – Central Business District
Of the 500 completed questionnaires, 398 respondents tentatively agreed to participate in focus
group discussions. The 398 positive responses were subsequently divided into three groups –
high-, medium- and –income, according to the socio-economic group of the respondent’s
household, based on gross household earnings per month. Only 42 of these positive responses
coincided with respondents from high- and middle-income households – 356 related to
individuals from low-income households.
Those who indicated that they could not participate in the focus group discussions cited several
reasons including lack of time and indecision due to social constraints (such as the need to consult
their husband). Unfortunately no focus group could be constructed to represent Harare’s Asian
community due to the difficulties in recruiting females, due to religious and cultural constraints.
Focus group participants were randomly selected from each socio-economic group and
subsequently contacted and asked to participate in a focus group session. Seven focus groups
were held in all. Each session was planned in advance with a potential group of eight participants.
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However, on the actual day the session was due to take place, some participants pulled out at the
last minute and hence there was some variation in group size. For example, although a sizeable
number of females from Zimbabwe’s white community indicated an initial interest in
participating in the focus group discussions, many cancelled on the last minute due to time
constraints.

2.3. Structure of the Groups
Table 2 presents the focus groups that were constructed based on income group and ethnicity. The
focus groups were primarily based on income group, i.e. constructed according to the socioeconomic status of the respondent’s household. This was considered the key criteria upon which
to base the focus groups, given the different degrees of purchasing power among Harare’s urban
population and ultimately the impact this may have upon household consumption patterns of
largely high-value such as processed fruits and vegetables. In general information on income
status was fairly transparent.
Although ethnicity was also given consideration (given the importance of cultural specificity and
its influence upon household consumption patterns), socio-economic status was given priority. As
already highlighted, the research team experienced difficulties recruiting female participants from
Harare’s Asian and white communities. Although consumption patterns may also be
differentiated by generation (i.e. the eating habits of older and younger generations may differ),
the focus group participants were not differentiated by life cycle, although an effort was made to
include this issue within the discussions.

Table 2. Composition of the Focus Groups
Focus Group

Income group

Ethnic group

Number of participants

1

Middle

African

7

2

High

African

6

3

Low

African

7

4

High

African

8

5

Low

African

7

6

Low

African

8

7

High

European/African

4(3E/1A)*

*Various individuals cancelled at the last minute and hence this group had significantly fewer
participants.

2.4 Focus Group Discussions
In order to assess consumer perceptions and establish the types of horticultural products
manufactured by micro- and small-scale processors and the consumer demands for such products
in Zimbabwe, a series of focus group discussions were held. A total of seven focus groups were
held. Each session was planned in advance with a potential of eight participants. However, on the
actual day the session was due to take place, some participants pulled out at the last minute and
hence there was some variation in group size. The groups were structured according to socioeconomic status of the consumer’s household. They consisted of relatively homogenous groups of
high-, middle- and low-income urban consumers. The information from these group discussions
was then used to develop a formal consumer survey.
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2.5. Consumer Survey
A consumer survey was conducted with high-, middle-, and low-income groups in Harare. A total
of 500 questionnaires which focused on the types of processed fruits and vegetables purchased
and consumed and the approximate amounts of money spent per month or per week, were
distributed. The questionnaire also gave consideration to differing consumption patterns based on
ethnic groups. The target group was female heads of households. For the purpose of this
discussion, the objective was to extract data that could indicate the potential markets for smallscale producers.
Results analysis for the consumer survey was done using the SPSS software package.
3. Results
3.1 Focus group discussions
The focus group discussions showed that consumer preferences were class related. For example,
although price was the most important determinant of the preferences of low-income consumers,
it was apparently not a significant consideration among high-income consumers. Product quality
and consistency were seemingly the main factors that influenced purchasing patterns among the
latter group. Imported products from South Africa for example, were considered by some highincome consumers to be of superior quality than locally processed products. Low-income
consumers tended to rely on hearsay for information on product quality in particular. During
these focus group discussions, consumers indicated the types of products they consumed (Tables
3 and 4). It emerged that dried fruits and vegetables, as well as jams and marmalades were
considered as potential horticultural processed products that the consumers would buy.
Indigenous fruits and vegetables featured prominently among the low-income consumers. Some
of these observations were used to develop a questionnaire that was conducted across the three
income groups in Harare.
Table 3. Processed Fruits Consumed by Households
Category of Processed Fruits
Dried fruits

Fruit
Mangoes
Masau (Ziziphus Mauritiana)
Sultanas
Matohwe (Azanza garckeana)

Fruit juices

Mauyu (Adansonia digitata)
Granadilla
Guava
Orange

Fruit jam/jelly/marmalade

Pineapple
Apricot jam
Marmalade jam

Canned/bottled fruits in juice/water

Mixed fruit jam
Guava halves
Mangoes
Peach halves
Pears

Frozen fruit
Other preserves (relish/chutney/pickles)

Pineapple pieces
Fruit flavoured yoghurt
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Table 4. Processed Vegetables Consumed by Households
Category of Processed Vegetable

Vegetable

Dried vegetables

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Juices made from vegetables
Jam made from vegetables
Canned/bottled vegetables in juice/water/brine
Frozen vegetables
Other preserves (relish/chutney/pickles)

Beans
Nyemba Leaves (Vigna unguiculata)
Nyevhe Leaves
Nyimo (bambara groundnut)
Okra
Pumpkin leaves
Rape
Tomatoes
Tsunga (Indian Mustard)
Nyemba (Cow peas))
Baked beans
Peas
Whole tomatoes
Peas
Tomatoes
Tomato puree

3.2 Consumer Survey
The target group of female heads of households was chosen because usually it is the females who
make the decisions on what to purchase. However, in the absence of a female head of the
household, the men’s views were taken into consideration.
The majority of the respondents to the consumer survey (n=500), were between 20-49 years
(87%) and female (89%). Forty five percent (45%) of these households spent between Z$1500 –
Z$5000 per month on processed food. However, these figures may now have doubled due to
inflation. Of the 500 interviewees, 437 (87.4%) consumed dried vegetables, 255 (51%) purchased
dried vegetables, 346 (69.2%) consumed dried fruits and 321 (64.2%) purchased dried fruits.

3.2.1 Purchase and Consumption of Dried Vegetables
Dried vegetable consumption was more pronounced among low-income households. For
example, 65.6%, 47.9% and 44.5% of low, middle and high-incomes households consume dried
vegetables at least once a month. A larger proportion of the surveyed households who consume
dried vegetables actually process the dried vegetables at home (66%) rather than purchase them
(58%) (Table 5). However, the majority of high-income households (76.3%) rely on purchasing
the product. Just over a third of households (36.8%) receive gifts of dried vegetables from family
members, mainly in rural areas. Most of the consumers that purchased dried vegetables (n=255)
tended to do so at the supermarkets (70.2%). About half made their purchases at the local markets
(43.1%), and one fifth of households made purchases of dried vegetables with street traders
(21.6%). Place of purchase varied between household income groups. Approximately 90% of
high-income households made purchases of dried vegetables at supermarkets compared to 60% of
low-income households. Low-income households (32%) were more likely to make purchases of
dried vegetables from street traders than upper-income households (10%). Thefore the
supermarket and the local market were the most common sources of the dried vegetables.
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Table 5. Sources of Dried Vegetables Consumed by Different Income Groups in Zimbabwe
Income group

Total

High
Count

Middle
% Row

Source

%

Count

Low
% Row

%

Count

% Row

%

Income

Income

Income

Group

Group

Group

Count

%

%

Row

Total

Purchase

28

15.6%

75.7%

64

35.8%

54.2%

87

48.6%

31.1%

179

100%

41.1%

Process at

7

3.6%

18.9%

33

16.8%

28.0%

156

79.6%

55.7%

196

100%

45.1%

Gift

2

3.3%

5.4%

21

35.0%

17.8%

37

61.7%

13.2%

60

100%

13.8%

Total

37

8.5%

100%

118

27.1%

100%

280

64.4%

100%

435

100%

100%

home

Some of the consumers bought their dried products direct from the small-scale processors. This
group of consumers were of the impression that small-scale processors made their products
available in varying (packaging) quantities, which were cheaper. In addition the consumers
indicated that small-scale processors were better in terms of pricing and therefore had a
competitive advantage over the large-scale processors. However, these small-scale producers
were rated as performing very badly on presentation of their products especially labelling and
quality of packaging materials. This was a common observation across all income groups. The
‘nutritional benefit’ of the product was rated highly by the middle-income group.
In order to meet consumer demands, these consumers suggested that the small-scale processors
should improve on food safety. However, accreditation to standards bodies such as Standards
Association of Zimbabwe was not interpreted to mean guaranteed safety of the product. Actual
presentation, consistency and shelf life were considered to be more important.

3.2.2 Consumption and purchase of dried fruit
The survey revealed that of the 500 surveyed households, a large number (30.8%) have never
consumed dried fruit. However among the households who consume dried fruit (346; 69.2%)
consumption patterns were similar across the income groups, where about 32.3%, 35.4% and
32.1% of low-, middle-, and high-income consumers, respectively, consume dried fruit a few
times a year, especially when these were readily available. About 92.8% (n=346) of the
households who consume dried fruit, would actually buy it. Other households obtain their dried
fruits from other sources such as from other family members as gifts (7%), or process their own at
home (0.2%).
The most common source for purchase was the local market although again there were class
differences. For example, of the consumers who purchase dried fruits, 65.2%, 36.1% and 7.1% of
the low-, middle- and high-income consumers, repectively, would buy from the local market. If
the supermarket is considered, 89.3%, 27.8% and 5.9% of the high-, middle-, and low-income
consumers, respectively, would buy dried fruit from the supermarket (Table 6). Considering that
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most households purchase from the local,, it may may be reasonable to suggest that the local
market is a good place to market these products. However, if the price and safety concerns are
addressed, it would seem that these products could also find a place in the supermarkets and other
outlets.

Table 6. The Most Frequent Source for Purchase of Dried Fruits by the Different Income
Groups in Zimbabwe
Source
Supermarket
Grocer/general
store or dealers
Specialty
shop/tourist
outlet
Local market
From
trader

street

Direct
from
processor
Direct
from
processor
Total

Count
% Of Total
Count

Income group
High
Middle
25
20
7.8%
6.2%
1

% Of Total
Count

1

% Of Total
Count
% Of Total
Count

.3%

Total
58
18.1%
1
.3%
1

26
8.1%
24

144
44.9%
61

.3%
172
53.6%
85

% Of Total
Count

7.5%
1

19.0%
3

26.5%
4

% Of Total
Count

.3%
1

.9%
3

1.2%
4

.3%
72
22.4%

.9%
221
68.8%

1.2%
321
100.0%

% Of Total
Count
% Of Total

.3%
2
.6%

Low
13
4.0%

28
8.7%

The most frequently bought dried fruits were masau (Ziziphus mauritiana) (83.2%), matohwe
(Azanza garckeana) (54.2%) and mawuyu (Adansonia digitata) (69.8%). More of the low-income
consumers indicated that they do buy each of these fruits. For example,out of the total 321
households that consume masau, 65%, 16.8% and 1.2% represent low-, middle-, and high-income
households, respectively. These indigenous fruits are not processed by the large-scale processors
but are widely found on the local market when in season. This could provide a niche for the
small-scale producers who may need to employ better methods of packaging and handling these
fruits.The current practice is to sell these fruits in piles on the roadside and in small polythene
bags.
As with the the case of dried vegetables, the consumers rated the small-scale producers of dried
fruit products very low on product safety. This aspect was considered to be very important by all
households who consume processed fruit. However, this could be explained by the fact that there
is very little reliable information about the quality of the products of small-scale producers and
consumers (especially low-income) and mainly rely on hearsay. The lack of market could
therefore be a product of this negative perception. However this group of processors have a great
potential given that consumers believe they produce more user-friendly sizes of packages and
have a pricing advantage.
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3.2.3 Consumption and purchase of jams and jellies
Of the 500 households surveyed, 458 indicated that they consume fruit preserves (jams/jellies).
About 22% of these households consume the preserves almost every day while a similar
proportion consumes them a few times a year. Most of the households actually purchased their
fruit preserves, with the majority (438) making their purchases from the supermarket (Table 7).
Only 12 of the 458 households procured fruit preserves directly from processors.
Table 7. The Most Frequent Sources of Fruits and Vegetables across Income Groups.
Income group
High
Supermarket
Grocer/general store
Specialty shop/tourist
Local market
Processor

56
2
1
1
2

% High Middle
income
100.0
127
3.6
15
1.8
1.8
1
3.6
1

Other

2

3.6

1

% Middle Low
income
99.2
255
11.7
74
3
.8
6
.8
9

%
Low Total
income
98.5
438
28.6
91
1.2
4
2.3
8
3.5
12

Valid
%
98.9
20.5
.9
1.8
2.7

.8

1.9

1.8

5

8

4. Conclusion and Recommendations
There is a great potential market for processed fruits and vegetables produced by small-scale
processors in Zimbabwe. Consumers across all income groups indicated that they consume and
purchase processed fruits and vegetables. If food processing activities by small-scale procducers
are to make substantial contribution to household incomes, greater attention needs to be given to
market information, packaging, labelling, and food safety requirements. The processors must be
more receptive to consumer concerns and could target particular consumers, (e.g. poor urban
consumers). Dried fruits and vegetables present an opportunity for small-scale processors to take
the lead in the market as these usually do not require sophisticated equipment to process. Training
programmes for (potential) small-scale agro-processors could also focus on the marketing of end
products in order for the food processing activities to remain viable and therefore self-sustaining.
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Abstract
The use of coal pyrolysis distillates to produce a petrol substitute has been investigated with the objective of
illuminating the salient features of petrol and identifying coal pyrolysis derivatives that exhibit these key attributes.
Identification of the principal hydrocarbon components that make up conventional petrol was achieved using Gas
Chromatographic technique. In a parallel exercise, coal pyrolysis derivatives namely benzene, toluene, xylene
(BTX), fronts and light solvent naphtha were isolated by fractional distillation of crude benzole and analysed for their
physico-chemical properties. The results showed that conventional petrol comprised mainly non-aromatic
hydrocarbons (61%), BTX (25%) and higher aromatics making the balance.
An imitation blend of coal pyrolysis derivates was successfully used as a fuel in a spark ignition internal combustion
engine. Additional blends incorporating varying proportions of ethanol, another locally available energy resource
were also included. The physico-chemical properties of the synthetic blends were subsequently compared with those
of conventional petrol currently on market. Volatility of the synthetic blend was very much comparable to that of
conventional petrol. In addition, the fuels had almost the same specific fuel consumption, a phenomenon which was
attributed to their energy values. The synthetic blend was found to be denser and contains more gum than
conventional petrol. Material compatibility of the synthetic blend matches that of conventional petrol as indicated by
corrosion tests results. Generally, the results support the use of coal pyrolysis derivatives and ethanol as building
blocks for synthetic petrol production.
Keywords: Coal pyrolysis derivatives, petrol, ethanol, gas chromatography

1.0 Introduction
Petroleum derived fuels (petrol/gasoline and diesel) have been used as an energy source for the
internal combustion engine since the beginning of the last century. With the general increase in
the number of automobiles that use these fuels, petroleum oil reserves continue to dwindle by the
day. At the same time the price of this precious resource continue to increase, especially in the
last decade. The world price of crude petroleum skyrocketed from about US$10/bbl in year 2000
to the current average of US$72/bbl[1] in 2005 and is showing no signs of easing in the wake of
sustained Middle East crises.
Other than petroleum, coal and methane gas are alternative fossil fuels that have been exploited to
produce substitutes for conventional liquid fuels though on relatively smaller scales. Bio-fuels,
and in particular ethanol, have also been used either as stand-alone fuels or in blends with the
petroleum-derived fuels, albeit with some adjustments to the engine. In spite of the diversity of
alternative fuel resources, coal appears most prominent as technology for its conversion has been
extensively developed [2-6]. For some time there has been an awareness of the importance of coal
derivatives as substitutes for crude petroleum. Technologies for coal gasification, liquefaction and
subsequent conversion into liquid fuel chemical feedstock have been developed. As early as
1911, Bergius [2, 3] demonstrated the non-catalytic conversion of coal to heavy crude oil by using a
solvent under hydrogen pressure. This direct liquefaction technology attracted further research
resulting in a series of industrial developments in Germany, Japan, United Kingdom and the
United States of America[2, 4]. In separate developments, Franz Fischer and Hans Tropsch first
reported indirect liquefaction of coal to liquid fuels in 1923[2, 5]. Their work involved gasification
of coal and subsequent hydrogenation of the gases over alkaline iron catalyst. The product, a
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mixture of oxygenates and hydrocarbons, was referred to as “synthol”. The process is known
today as the Fischer-Tropsch synthesis and is commercially used in South Africa where Sasol
operates 3 synthetic fuel plants, producing about 44% of the country’s liquid fuel requirements
[6,7]
.
In Zimbabwe some efforts to set-up technologies that convert coal to liquid fuels and fertilisers
have been made. The driving force behind such initiatives was the abundant coal reserves, which
are currently estimated at about 26 billion tonnes in some 25 coalfields stashed around the
country [7, 8]. An estimated 2.6 billion tonnes of the coal is suitable for coking, while about 22.8
billion tonnes of the remainder can be beneficiated to produce coking coal [8, 9]. At the dawn of
independence T.A. Holdings Limited carried out a technical and economic feasibility study on the
energy conversion of Zimbabwean coals [9]. The proposal describes how coal from Sengwa
coalfields can be gasified and converted to methanol and subsequently to synthetic gasoline.
Around the same time (1978) Rio Tinto Zimbabwe (Ltd) carried out another feasibility study on
the possible conversion of coal into gasoline and diesel using Fischer-Tropsch synthesis [10]. Both
projects failed to take off because of prohibitively high costs of buying the technologies and
setting up plants. T.A holdings estimated the total capital costs at Z$830.50 Million in 1980,
which converted to about US$1.340 Billion with Rio Tinto putting it at Z$1Billion, equivalent to
US$1.613 Billion.
With the current fuel shortages and the uncertainty over the future of crude petroleum
availability, the need to explore alternative coal conversion technologies hardly requires
justification. Ideally, the technology should complement the existing set-up in the country. Coal is
currently converted to coke in horizontal coke ovens at the Zimbabwe Iron and Steel Company
(Ziscosteel) and Hwange Colliery Company (HCC), at Redcliff and Hwange, respectively. The
by-products of the process include coal tar and benzole whose deportment as alternative fuels has
not been fully investigated.
This paper gives an account of the work that has been conducted to assess the aptness of coal
pyrolysis derivatives and ethanol for synthetic petrol production. The synthetic fuel should not
only be compatible with already existing engine designs, but be environmentally friendly and
cheaper than conventional petrol. In order to achieve this, it will be necessary to characterise coal
pyrolysis derivatives and illuminate the pertinent features to the constitution of petrol.

2. Materials Experimental Procedures
2.1 Materials
Authentic pump petrol/gasoline was used as the baseline sample in the currently reported research
work. Although no concrete information was obtained from the manufacturer regarding its
composition, some elementary data was collected from a characterisation exercise that included
Gas Chromatography (GC). Crude benzole from high temperature coal pyrolysis processes at
Ziscosteel and HCC was used as the hydrocarbon feedstock. Products of fractional distillation of
the crude benzole at Zimchem Refiners Limited (ZCR) plant at Redcliff, namely benzene, toluene
and xylene (BTX) and fronts were analysed to determine whether they showed any resemblance
to conventional petrol. Figure 1 is a simplified flow diagram of the BTX Plant at the Zimchem
Refiners Limited.

2.2 Experimental procedure
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2.2.1 Hydrocarbon Analysis
In order to identify the different hydrocarbon groups inherent in the baseline control sample,
authentic pump petrol was run through a GC column in a 610 series machine, conforming to
ASTM D 5134 (Standard Test Method for Detailed Analysis of Petroleum Naphthas by Capillary
Gas Chromatography). The GC machine using a flame ionisation detector (FID) and hydrogen
and helium as fuel and the carrier gas, respectively, was coupled to a Unicam 4815 computing
integrator.
An amount measuring 0.1 to 0.2 µl of sample to be analysed was injected using a thoroughly
rinsed syringe. Time was allowed until all the components had been eluted. A known quantity of
an internal standard was added first to a benzene sample for impurity determination before
introducing an aliquot of the sample to be tested. Under these conditions the impurities were
identified using their relative retention times and were quantitatively determined from their peak
areas relative to the standard. Apart from benzene, the hydrocarbons toluene, xylene, indene and
styrene were also identifiable on the chromatogram.

2.2.2 Mass Density
The densities were measured using the Institute of Petroleum (IP) 160 hydrometer method. A
sample was placed in cylinder in a vertical position and free from air currents. The hydrometer
was then lowered into the liquid and released on attaining a semi-equilibrium position. The
procedure was conducted carefully to avoid wetting the stem above the level at which the
hydrometer floats freely, since unnecessary liquid on the stem would affect the reading. Sufficient
time was allowed for the hydrometer to come to rest and float freely. Readings were taken when
the hydrometer became steady, after a few oscillations.
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LSN Light Solvent Naphtha
HSN Heavy Solvent Naphtha

Fronts to tar plant
(distillation heating)

Crude Benzole Defronting
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TX Distillation
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Figure 1. Simplified benzene, toluene and xylene (BTX) Plant flow diagram at ZCR

2.2.3 Distillation profile
The experiment was conducted in accordance with the Standard Method for Distillation Profiles
of Gasoline, ASTM D86-02. A 100ml sample of the liquid whose distillation profile was to be
determined was placed in a 200ml distillation flask connected to the condenser with a port into
which a thermometer was inserted. A 100ml cylinder was placed at the outlet of the condenser
tube covering at least the last 25mm of the discharge pipe, but above the 100ml mark of the

375

measuring cylinder. The heating rate was adjusted so that distillation proceeded at a rate of 4 to 5
ml per minute (approximately 2 drops per second). The temperature reading was taken when the
first drop of distillate fell into the receiving cylinder and was recorded as the initial boiling point
(IBP). Thereafter readings on the thermometer were recorded after 5, 10, 20, 30, 40, 50, 60, 70,
80 and 95 ml of distillate had collected. The appearance of heavy fumes in the flask was taken to
signify the decomposition point of the liquid fuel.

2.2.4 Calorific Value Determination
The test was carried out according to the international standard IP12/79. A 1.000g fuel sample
was weighed out in a stainless steel fuel cup. The fuel cup was then placed in a bomb. A platinum
firing wire, measuring 10cm was connected tautly across the terminals of the bomb. Some 20cm3
of distilled water was pipetted into the bomb, after which it was assembled and charged slowly
with oxygen to a pressure of 30bars. The prepared bomb was then placed in the calorimeter vessel
to which sufficient water was added to cover its flat upper surface.
The stirrer and thermometer were then arranged and covers were placed in position. The
temperature was regulated for about 10 minutes to attain equilibrium between the bomb and the
water jacket. The charge was then fired by closing the firing circuit for a period less than 20
seconds.
Temperature reading on the thermometer was recorded to the nearest 0.01oC at 1 minute intervals
until the same reading was recorded for 3 successive readings. That value was taken as the final
temperature. The assembly was left for about 10 minutes to stabilise the bath and thereafter the
outside of the bomb was dried prior to uniform pressure release. The bomb was dismantled and
examined for traces of unburnt oil or soot.

2.2.5 Copper Strip Corrosion Test
The test was carried out according to ASTM D 130-88 or IP 154/86; the Standard Test Method
for Detection of Copper Corrosion from Petroleum Products by the Copper Strip Tarnish Test.
The test method covers the detection of the corrosiveness to copper of aviation gasoline,
automotive gasoline, natural gasoline or other hydrocarbons such as kerosene, diesel fuel,
lubricating fuel and other petroleum products.
About 30mL of sample was placed into a clean 150mm copper strip corrosion bomb. A freshly
polished copper strip was slid into the sample tube. The bomb was then closed with a vented cork
and placed in a bath maintained at 85 +/- 1oC. After 2h+/-5min in the bath the strip was withdrawn
and examined. This was done by inspecting for evidences of tarnishing or corrosion by
comparison with the Copper Strip Corrosion Standards. The test strip was compared to standard
strips and reported on a scale ranging from one to four (one being best). Standard strip plaque is
graduated in order of increasing corrosiveness, from 1a and 1b (slight tarnish) 2a, 2b, 2c, 2d and
2e (moderate tarnish) 3a and 3b (dark tarnish), 4a, 4b and 4c (Corrosion).

3. Results and Discussion
Gas chromatography (GC) analyses revealed a very high non-aromatic hydrocarbon content in
baseline gasoline. This contrasted with benzole composition, which was characterised by a high
aromatic content (Table 1). Conventional gasoline was found to contain about 61% open chain
hydrocarbons compared to only 2.5% of the same in crude benzole. Nearly 79% of the
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hydrocarbons in crude benzole were aromatic compared with 25% in conventional gasoline. The
benzole composition is typical of high temperature coal distillates, emanating as it were from
secondary reactions that convert naphthenic hydrocarbons to aromatics [11].

Table 1.

Chemical composition of the liquid fuels: petrol and benzole

Component

Quantity in Petrol (%)

Quantity in Benzole (%)

Benzene
Toluene
Xylene
Styrene
Naphthalene
Non-Aromatics
Others/Heavies

5.46
9.76
10.01
0.88
60.55
14.30

52.5
22.3
6.4
8.2
2.5
2.8

The GC profiles of the fronts, the first fractions that distil off from benzole (Figure 3) showed that
they contain a significant amount of low boiling and presumably short aliphatic hydrocarbons.
The chromatogram of baseline petrol is shown in Figure 4. It is characterised by numerous peaks,
and that translates to the large number of different low carbon aliphatic hydrocarbons that are
present in most conventional gasoline or petrol blends available on the open market. The
compositional differences between petrol and benzole would seem to point to a difference in
combustion behaviour when both fuels are tested in the same spark ignition (SI) engine. Nonaromatic hydrocarbons easily burn and should be available in fairly large quantities for a liquid
fuel to burn smoothly.
In view of the inaptness of crude benzole when used as a petrol substitute in its own right, a
combination of its individual constituents in appropriate proportions was made to come up with
an imitation blend. Ethanol which is readily available in Zimbabwe confers high octane rating, a
characteristic to gasoline, was incorporated in the imitation blend. The percentage of ethanol in
the blend was 15% by volume.
Distillation profiles of the imitation blend and baseline gasoline are shown in Figure 2. In general,
the imitation blend exhibits distillation profile that is similar to that of the baseline gasoline.
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Fig. 2. Distillation profiles of the imitation blend and petrol
This trend as shown would seem to imply similarity in behaviour when the blend and
conventional gasoline are tested in the same spark ignition engine.

Figure 3.

A gas chromatogram of fronts after separation from the BTX mainstream
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Figure 4.

A gas chromatogram of the base gasoline/petrol with no ethanol addition

Figure 5.

A gas chromatogram of the synthetic blend used in subsequent tests

The GC profile shown in Figure 3 is for fronts that are usually present in the low boiling fraction
of the coal pyrolysis distillates. Non-aromatics are present in considerable amounts. Gas
chromatographic profiles for conventional petrol and a typical formulation blend are shown in
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Figures 4 and 5, respectively. The results indicated some degree of similarity between the two
fuels, although the later was marked by a larger number of higher boiling hydrocarbons. The
blend was subsequently subjected to additional physical tests in petroleum laboratories in order to
make better the comparison with baseline petrol, and the results are as shown in Table 2.

Table 2. Key properties of a typical formulation gasoline blend.
Property

Method

Density
kg/l
o
Distillation: IBP*
C
o
10% C
50% oC
90% oC
o
FBP*
C
Potential Gum mg/100ml
Copper strip 3hrs@ 85oC
Lead Content
gPb/l
Gross C.V
MJ/kg
General Appearance
Colour, visual

IP 160
ASTM D86

ASTM 381
ASTM 130
ASTM 3341
IP12/79

Synthetic
Blend
0.8605
48
58
74
149
176
57.19
1a
Nd*
42.57
Clear
Orange

Petrol

Specification

0.735
35
54
91
168
211
1.0
1a
Nd
43.35
Clear
Red

0.80 max
38 min
65 max
115 max
185 max
215 max
70 max
1 max
0.40 max
41.75
Clear
Red

The results demonstrated some degree of conformity of the synthetic blend to the guideline
specifications. Although the density was slightly off the expected value, it was not deemed very
crucial as it mainly gives an indication of energy density, and not combustion characteristics. The
large amount of gum in the blend was presumably caused by the presence of styrene, which
naturally has a tendency to form resins at ambient temperatures [11,12]. That could also have a
bearing on the excessively high density of the blend. Drivability, which is one of the most vital
features of petrol, was enhanced as evident from comparably high boiling points. The corrosion
behaviour of the synthetic blend was also found very modest. Consequently, the blend was
deemed suitable for trial runs in an SI engine. As expected, the trial run was successfully carried
out in a 2 cylinder 4HP SI (Honda GX120) engine.
Fuel combustion was found to be smooth even when the engine was coupled to a water pump. An
assessment of the pumping rate when using synthetic blend and baseline gasoline was undertaken
and the results obtained are shown in Table 3.

Table 3. Comparison of pumping rate: Synthetic blend versus petrol.
Fuel

Synthetic

Petrol

Pumping Rate (m3/hr)

0.67

0.66

The result revealed striking resemblance in performance between the two fuels. Heating value of
the fuels was perhaps the determining factor in engine power. The calorific values of the two
fuels were quite comparable and that could have directly translated to the observed pumping
rates. Although the composition of the synthetic blend was different from that of petrol, as shown
by their respective chromatograms, some of their properties were fairly akin. It therefore proves
that petrol specifications define only the boundaries of acceptable properties, and not the
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compositions used to achieve them. Similar observations were made from previous research work
.

[13]

4. Conclusions
1. Most of the hydrocarbon groups constituting conventional gasoline are present in
crude
benzole, a coal pyrolysis liquid derivative.
2. It is not possible to match the chemical composition of petrol by merely blending the currently
available crude benzole distillates at ZCR.
3. A blend of coal pyrolysis derivatives and ethanol can successfully be used to run an SI engine.
The properties of this synthetic blend generally match those of conventional gasoline.
4. Coal pyrolysis derivatives blend is denser and contains more gum than conventional gasoline.
5. Material compatibility of the synthetic blend matches that of conventional gasoline.
6. Fuels of different make-up may meet a given specification and perform equally in internal
combustion engines.
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MODELLING OF A JOB SHOP USING QUEUEING THEORY
Chiromo F
Harare Institute of Technology, Industrial and manufacturing Engineering Department, P.
O. Box BE 277, Belvedere, Harare, Zimbabwe
ABSTRACT

In this paper the theory of waiting lines was applied to a simple job shop. The network consists of the most common
elements of a discrete, stochastic, pure dynamic, and open network job shop with one level of control (at
workstation). A model for the job shop was done in QuickBasic and in developing the model no; alternate
manufacturing routes were provided, jobs were rejected or recycled. Throughput time obtained was compared with
those obtained from models set up using Manual, ProModelPC, and Parsifal simulation techniques. The simulations
were done over 1 week but the actual time of arrival for the jobs in the system was not known. An analysis of the
operating characteristics; i.e. average queue length, average number of customers in the system, average waiting
time in the queue, average total time in the system and service facility utilization was done using the analytical
approach. QuickBasic approach gave throughput time that was significantly different from those obtained from
other the simulation techniques. The QuickBasic result is exact whereas those from simulation techniques are
estimates. Lessons from the two techniques show that simulation techniques are very useful to people with little
programming experience. Analytical models are difficult to set up from general programming languages, but once
done, solutions are obtained very fast.
Key Words
Modelling, Simulation, Queuing theory, behavioral queuing problem, discrete, stochastic, pure dynamic, open
network

1. INTRODUCTION
A queue is a waiting line of units demanding service at a service facility. The unit demanding service
is called the customer and the device at which it gets served is known as the server.[1] This
terminology is used in a wide context, but this survey is biased towards queuing problems
associated with job shops. Researchers and scientists have identified three classes of Queuing theory
problems. They are behavioral, statistical or operational problems. Behavioral queuing problems
emphasize on determining queuing characteristics. The determination of the characteristics is
dependent on the input processes, service mechanisms and the queue discipline being employed.
Much of the research work on queuing theory problems has been on the behavioral problems and
queuing theory analysts argue that behavioral studies produce theoretical results which are of little
benefit to applied researchers. However Narayan Bhat [4] insists that behaviour studies have
contributed to a better understanding of the queuing situations and have influenced solutions of some
of the design and control problems.
Statistical queuing problems arise when studies are carried out using empirical data.
Chronologically this study precedes behavioral study.[1] The types of problems that arise from
this study are:
i.
Identification of the appropriate model for a practical situation
ii. Estimation of parameters from the empirical data, and
iii. Drawing inferences regarding future operations.
A statistical investigation is an essential feature if the behavioral results are to be applied to real
world situations. Operational queuing problems are associated with the performance of a system.
Studies of such problems focus on improving the system design, control, and effectiveness. The
overall goal of the studies is to optimize the performance of the system. Some of these problems
are statistical in nature.The job shop in this paper presents a behavioral queuing problem in which
job arrivals follow Poisson probability distribution and the processing rate follows an exponential
probability distribution.
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2. LITERATURE REVIEW
Queuing problems have the following basic elements:
i.
Input Source is the population of potential customers for the service centres, and is
characterized by size, distribution of customer arrivals and disposition of customers.
a. Size of Source – This can be either finite or infinite. It is infinite when the number of
customers in the system does not affect the rate at which the input source generates new
customers. The reverse is true for a finite input source.
b. Distribution of Customer Arrivals - Arrivals may occur at scheduled times or at random
times. When at random, the inter arrival times are usually characterized by a probability
distribution. Moreover, customers may arrive one at a time or in batches. The batches may
be of constant size or of random size. The distribution for arrival rate which is generally
applied is the Poisson probability distribution, and this is a discrete distribution, i.e. the
probabilities are for a specific number of arrivals per unit of time. The probability that there
will be “n” arrivals in the time interval “0” to “t” time is given by equation 1.
P( At = n ) = (( λ t )n / n! ) e-λt )
(1)
where: n = 0, 1, 2, ............................
λ = average arrival rate
At = arrivals in time
c. Disposition of Customers - describes the way the next customer is chosen from the queue for
processing. The criteria of choosing customers are many, and the most popular ones are; first
come first served (FCFS), shortest processing time, (SPT) and earliest due date, (EDD)
ii.

Service Facilities they consist of the personnel and/or equipment necessary to perform the
service for the customer. They are characterized by their arrangement and service time
distribution. Typical facility arrangements are:
a. Single channel, single phase
b. Single channel, multiple phase
c. Multiple channel, single phase
d. Multiple channel, multiple phase
e. Mixed
Service Time Distribution- the service rate is generally described by the exponential probability
distribution which is defined by equation 2.
f (x) = µ e - µ x
for x ≥ 0
(2)
where x = service time
µ = average or expected number of units that the service facility can handle in a
specific period of time.
e = 2.71828.
The probability of a service being completed within a specific period of time is given by equation
3:
P ( service time ≤ t ) = 1 - e - µ t
(3)

iii. Operating Characteristics and Decision Variable
Operating characteristics are properties of queuing models. When studying the behaviour of
models, modelers change or introduce variables to the system and their effect on the
characteristics is recorded. Characteristics which are commonly of interest to modelers studying
queuing models are:
a. Average queue length
b. Average number of customers in the system
c. Average waiting time in the queue (before processing starts)
d. Average total time spend in the system (throughput time)
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e. Service facility utilization
Corresponding variables which are manipulated by modelers are customer arrival rate,
number of service facilities, number of phases, number of servers per facility, service
efficiency, job priorities and queue arrangements.

2.1 Queuing Networks
The networks are either open or closed.
2.1.1 Open Networks
In an open network an external arrival process generates jobs that arrive at one or more
workstations and enter the network. The existence of external arrivals is what makes the network
“open”. Jackson (1963) pioneered the use of open queuing network models to analyze dynamic
job shops. He showed that models with exponentially distributed service times and first come first
served (FCFS) queue discipline at each workstation can be decomposed and analyzed separately.
The defining equation for the effective arrival rate λj to a workstation j is:
λ‘j = λj +

M

K =1

λ'k p kj , j = 1, 2, .......,M

(4).

where λj = external arrivals per unit time
M

k =1

λ'k p kj = summation of internal arrivals per unit time

Internal arrivals to “j” in equation 1 may come from any station k and occur with
probability pkj for each job completed at k. The truthfulness of equation 4 is based on the
following assumptions:
i.
Workstation j = 1.......M has cj servers.
ii. External arrivals to workstation j are Poisson with mean rate λj. External arrivals are new
jobs from outside the system of “M” workstations.
iii. Workstations are first come first served (FCFS).
iv.
Service rates are exponential with mean service times, µ −1
j .
[2]
v.
Queue sizes are unlimited ( no blocking).
However this decomposition is not exact when the service discipline is shortest processing time
(SPT) or when the service time distributions are general [3]. J. G. Shanthikumar and J. A. Buzacott
[3]
argue that obtaining analytical results for open networks with general service time distribution
and FCFS or SPT service discipline is extremely difficult if not impossible. The lack of success in
attempts to solve such queuing network models led to the development and use of simulation
models of pure dynamic job shops with a wide variety of scheduling rules at machines. However
in spite of many hours of computer time which such simulation models have used, the amount of
insight into the relative merits of different scheduling rules obtained through their use has been
limited. As a result, there has been increasing interest in the use of approximate methods.
According to J. G. Shanthikumar and J. A. Buzacott [4], there are four broad classes of
approximate methods for pure dynamic and pseudo-dynamic non-Jacksonian job shop networks.
They are:
i.
Diffusion approximation attempts to overcome the limitations of exponential server queuing
models by considering both the mean and variance of the service time. It is based on the
assumption that queues are almost always non-empty. The central limit theorem is applied
to characterize the fluctuations in the queue lengths, and the discrete valued queuing process
is replaced by a continuous-path Markov process (diffusion process) with a similar
distribution of the infinitesimal increments.
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ii.
iii.

iv.

Complete decomposition - The total network is broken up into subsystems; e.g. queuing
stations of the type GI/GI or subnets. The subsystems are analyzed individually by
assuming renewal and departure process.
Partial decomposition - is used to study and compare a large variety of models. It
complements complete decomposition in that it can be used to study and compare a large
variety of models before complete decomposition can be used to study more carefully a
small subset of the original group of models, and
Mean value analysis (Bard 1979, Cavaille and Dubois 1982, Hildebrant 1980, Reiser 1979).

2.1.2 Closed Network
The number of jobs in process is kept at the fixed level “N”. When a job finishes all its operations
and leaves the system, a new job is dispatched to replace it. Work in process is an output statistic
in open networks, but is a control parameter for closed networks. As “N” is increased, both
production rate and expected throughput time will increase. Workstations are no longer
independent. If station “j” is idle it means more jobs are at the other stations. If station “j” has all
“N” jobs, then all other stations must be empty. All stations are solved jointly. Only recently has
attention been focused on using closed queuing network models for automated production
systems (Cavaille and Dubois 1982, Gershwin, Ward and Athans 1980, Hilderbrant 1980,
Kimemia and Gershwin 1979, Koenigsberg and Mamer 1983, Secco - Suardo 1979,
Shanthikumar 1982b, Solberg 1977, Suri 1981 ). [4] Such models are primarily used to obtain the
production capacity of an automated job shop under different machine loading conditions and can
also be used to study the effects of job flow control on the production capacity.
However closed queuing network models do not adequately represent job shops with two levels
of control (at dispatch and workstation) and an external arrival stream. These can be classified as
static, pseudo-static, pure-dynamic or pseudo-dynamic. In static queuing systems, customers
arrive all at once to a system which is idle and this makes it possible to:
• Preschedule the customers before dispatching and
• Assign priorities for each customer at each server.
If no conflict arises in the system, with regard to priorities, all processing can be carried out
according to preschedule. However if conflicts arise say due to breakdowns, server vacations, or
uncertain processing times, then some system level scheduling may be necessary. Almost all the
literature on the static job shop problem considers deterministic models and the presence of a
dispatch area would have no effect on the solution.[4] In pseudo-static, all customers in both the
system and dispatch area are prescheduled using static rules. Any customer entering the system
after a review time will be segregated in the dispatch area until the next review time. No system
level scheduling is permitted unless it is required to solve any conflict that may occur due to
prescheduling priorities.
In a pure-dynamic system each customer, on arrival at the system, is immediately released to the
system and thus scheduling only occurs at the servers. When customers are processed in the order
of arrival at the server, the system is typically treated as the classical Jackson type queuing
network model.[4] In pseudo-dynamic case, the decisions at each level are made separately. This
is in contrast to the pseudo-static case in which all jobs are considered in scheduling.[4]
Real life applications of queuing theory vary from simple to highly complex ones. Exact solutions
are obtained when the system has Poisson distributed customer arrivals, exponential service rates
and first come first served priority rule. There are no formulae which give exact values for
generally distributed service times and for other priority rules. In general queuing theory is a
complex subject. Formulas are available for solutions of
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problems when the arrival pattern and service times follow certain theoretical
distributions. Further, these formulas apply only in steady- state conditions, so that there
are many queue situations that have no mathematical solutions. Consequently, simulation
is sometimes used to solve queue problems as well as other types of problems.[5] The simulation
approach is used to capture the essential features and characteristics of the problems that are not
in equilibrium or that do not fit adequately the assumed condition of queuing theory.

3. MODELLING USING SIMULATION
In simulation the modeler experiments with the model in order to get insight and
understanding of the real system. The model takes the form of a set of assumptions that are
expressed in logical and symbolic relationships, between the entities or objects of interest, of the
system.[3] Once developed and validated a model can be used to investigate a wide variety of
question about the real - world system. Adjusting the model parameters allows a range of
operating situations to be examined from which both design information and a deeper
understanding of the system characteristics may be obtained. Many real-world systems are so
complex that models of these systems are virtually impossible to solve mathematically. In these
instances computer-based simulation can be used to imitate the behaviour of the system over
time.
In this paper the concept of simulation is applied to the Generic Job shop system defined in
section 4 to determine the operating characteristics of the system. The job, machine scheduling
policies and job routings adopted in analytical approach were also applied in the simulation
approach. In the analytical approach all that was given of the Job Shop problem was the quantity
of each job family that arrived in one week. The exact day and time of the week when the jobs
arrived was not given. In the simulation techniques, a scheduling plan which gives the job
quantity, quantity per arrival, starting time, and interarrival time was drawn up. In order to get an
insight into the behaviour of the job shop, the schedule was varied five times with each
simulation technique (manual, ProModelPC, and Parsifal). In all the three simulation techniques,
the performance measure that was of interest was the job throughput time. It was the basis of
comparing the simulation techniques with the analytical approach.

4. APPLICATION OF QUEUING THEORY TO A JOB SHOP PROBLEM
In this paper a particular job shop problem has been chosen to be examined through analytical
and simulation approaches (Figure 1). The problem is a discrete, stochastic, pure dynamic and
open network system that has four workstations; Milling, Drilling, Turning and Grinding. Milling
and Drilling workstations each has three machines, and the machines in each workstation are
parallel and identical. Turning and Grinding workstations each has one server. All the
workstations do not have the same capacity. So the queues at the workstations behave differently.
Four job families are processed in the system. Families 1, 2, and 3 get into the system at the
Milling workstation and job family 4 enters at the Drilling workstation. External arrivals, along
with internal routings, are by family type. Jobs 2 and 3 are split into halves after processing at
Drilling and Turning respectively. Half of each exits the system and the other half proceeds to
Grinding for further processing. The workstations are available 40 hours per week. The arrival
rates and processing times of jobs at the four workstations are shown in Tables 1 and 2
respectively.
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λ4 = 3

Milling
λ1 = 2
λ2 = 10
λ3 = 6

Drilling

2

1, 3

4

Turning

2 (50%)

2 (50%)

Grinding

1, 3 (50%), 4

1, 2 (50%), 3 (50%),4

3 (50%)

Figure 1: The job shop system.
Table 1: Weekly arrivals of jobs at the workstations.
PART FAMILY
Arrivals at Milling, λ
Arrivals at Drilling, λ
Arrivals at Turning, λ
Arrivals at Grinding, λ G
'
M
'
D
'
T
'

1
2
0
2
2

2
10
10
0
5

3
6
0
6
3

4
0
3
3
3

Sum of job
Arrivals at
each
workstation
18
13
11
13

The effective arrival rates at the workstations were determined using equation 1.

Table 2: Job processing times at workstations.
PART FAMILY
Processing time at Milling ( Hours)
Processing time at Drilling ( Hours)
Processing time at Turning (Hours)
Processing time at Grinding(Hours)

1
2
0
1
2

2
4
5
0
1
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3
10
0
1
2

4
0
10
2
2

4.1 Objectives of Paper
The objectives of the paper are to:
a. Write queuing software in QuickBasic for a multiple channel, multiple phase job shop.
b. Build a simulation model for the same job shop as in (a) using
i. Manual simulation
ii. ProModelPC simulation and
iii. Parsifal simulation techniques.
c. Define job lists and routing and produce statistics on throughput times for the model built in
(a) and (b).
d. Give an evaluation on the relative merits of the analytical approach versus simulation
approaches in regard to the simple job shop model.
4.2 Job based assumptions
a. The job shop problem has one level of control, i.e. at the workstation only. There is no
control at the dispatch area.
b. The characteristics of each job are statistically independent of those of all other jobs.
c. Each job consists of specified operations, each of which is performed by only one machine.
d. Each part type has a technological order of processing (Figure 2).
e. Each job requires a finite process time for each operation. The average processing times of all
part families at a machine are identically and independently distributed (exponentially
distributed). The average processing time of each job type is known in advance.
f. When a job arrives at a workstation whilst it is busy, it waits in a queue. There is no balking
or reneging.
g. The first batch of jobs to arrive at Milling was assumed to have arrived in the order 1, 2 and 3.
4.3 Machine based assumptions
a. No machine processes more than one job at any one time and once an operation is started it
must be completed before a new job can be loaded on that machine.
b. Each machine in the shop operates independently of the other machines and thus is capable of
operating at its own maximum output rate.
c. Each machine is continuously available for processing jobs and there are no interruptions due
to breakdowns, maintenance, or other such cases.
4.4 Operating Policies
i.
Each job is considered as an indivisible entity even though it may be composed of a number
of individual units.
ii. Each job, once accepted, is processed to completion; i.e. no cancellation of jobs is
permitted.
iii. All operation times include set-up times and are independent of the sequence adopted.
iv. Each job is processed on no more than one machine at a time.
v.
Each machine is provided with adequate waiting space for allowing jobs to wait before
starting their processing.
vi.
The machines are not used for any other purpose during simulation.
vii. Transportation time from centre to centre was excluded from the analysis. Material handling
is quick.
viii. First come first served (FCFS) - i.e. the highest priority at a workstation was given to the
job with the earliest arrival time.
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PART FAMILY

ROUTE

1

Milling
OP = 2

2

Milling
OP = 4

Turning
OP = 1

Grinding
OP = 2

Drilling
OP = 5

Grinding
OP = 1
(50%)

3

4

Milling
OP = 10

Drilling
OP = 10

Turning
OP = 1

Turning
OP = 2

Exit

Exit
Exit

Grinding
OP = 1

Exit

(50%)

Exit

Grinding
OP = 2

Exit

Figure 2: Technological order of processing (Job Routing)
5. RESULTS
5.1 Analytical Approach
The model has two sets of workstations, i.e. single channel, single phase (Turning and Grinding)
workstations and multiple channel, single phase (Milling and Drilling) workstations. The inputs
to the Turning or Grinding are the job arrival rate, λ and the job processing rate, µ . There is an
additional input at the Milling and Drilling workstations, i.e. the number of servers, K.
Computation of the operating characteristics is based on the decomposition approach. Results
obtained at each workstation are average values for the jobs that visit that workstation. The
output obtained from each workstation includes the following performance measures (Table 3):
i.
Probability that all service channels are idle, P0.
ii. Average number of units waiting for service, LQ.
iii. Average number of units at each workstation visited, L
iv.
Average time a unit spends waiting for service, WQ
v.
Average time a unit spends at the workstation (waiting + processing), W
vi.
Probability that an arriving unit waits for service.
vii. The average time that a job spends in the system
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Table 3: Job shop operating characteristics
Characteristic
Milling
Probability that all service 0.0348025
channels are idle, P0
1
Average number of units waiting 4.886477
fro service, LQ
Average number of units in the 7.48388
system, L
Average time a unit spends 0.2714709
waiting for service, WQ (weeks)
Average time a unit spends in the 0.4157711
system, WM (weeks)
Probability that an arriving unit 0.8658009
waits for service, PW

Drilling
0.1111111

Turning
Grinding
0.6500159 0.4749596

0.8888889

0.1884398

0.5804018

2.888889

0.5384239

1.105442

6.837607E02
0.2222222

1.71089E- 4.464629E02
02
4.894762
8.503401EE-02
02
0.3499841 0.5250404

0.6666667

5.2 Simulation Techniques
In the Job Shop models that were set up the variable that was of interest was job input scheduling.
The overall quantity of jobs of each family type that arrived in a one week period was kept
constant. What was varied was the time and quantity of each family type when it entered the
system. The outcome (performance measure) that was recorded for each simulation technique
was the job throughput time (see Figure 3 for the input/output relationship).

Independent Variable
Job Scheduling
(varied 5 times
for each simulation
technique)

Performance Measure
Throughput Time
(recorded)

JOB SHOP

Manual Simulation
ProModelPC Simulation
Parsifal Simulation

Figure 3: Input / Output relationship.
To simplify the analysis, throughput time obtained from running the QuickBASIC software was
used as reference to compare with the results obtained from the other three simulation techniques
(Table 4 and 5 ).
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Table 4: Simulation Schedules on Manual, ProModelPC and Parsifal Techniques
Simulation
Cycle
1
2
3
4
1 2 3 4 1 2 3 4
1 2 3 4 1 2 3 4
Job
2 2 6 1 1 5 2 1
Qty
per 1 5 3 3 1 5 2 1
arrival
1 5 1 3 2 2 3 3
No.
of 2 2 2 1 2 2 3 3
arrivals
Start time 0 2 0 0 0 0 0 5.5 5 0 8 10 3 5 0 2
(hours)
0 2 0 5 5 4 5 8
Interarrival 6 2 5 0 9 11 6 4
time
(hours)

5
1
1

2
5

3
1

4
1

2

2

6

3

4

0

2

0

8

3

2

10

Table 5: Throughput Times from Manual, ProModelPC, Parsifal Simulation Techniques.

SIMULATION
TECHNIQUE
MANUAL

PROMODELPC

PARSIFAL

N0. OF
SIMULATION
CYCLES
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5

TOTAL
THROUGHPUT
TIME PER
CYCLE
(HOURS)
408
396.5
370
397
405
505
397.5
398
415
423
452
435
416
423
420

TOTAL
THROUGHPUT
TIME FOR
THE FIVE
CYCLES

AVERAGE
THROUGHPUT
TIME
(HOURS)

AVERAGE
THROUGHPUT
TIME
(WEEKS)

= 2055.5

= 19.58

= 0.4895

= 2138.5

= 20.37

= 0.509

= 2146

= 20.44

= 0.511

The analytical average throughput time was 21.787 hours = 0.54475 week

6 DISCUSSION OF RESULTS
An analysis of results presented in Table 5 shows some similarities in results obtained from the
simulation techniques, but the analytical approach gave a significantly different result (Table 6).
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Table 6: Comparison of Throughput Times from the Techniques used
SIMULATION TECHNIQUES
COMPARED

THROUGHPUT TIME DIFFERENCE
( MAGNITUDE ) IN HOURS

QuickBASIC and ProModel

1.417

QuickBASIC and Parsifal

1.347

QuickBASIC and Manual

2.207

ProModel and Manual

0.79

Parsifal and Manual

0.86

ProModel and Parsifal

0.07

The advantages of the QuickBASIC approach over simulation techniques is that, the
QuickBASIC Model gives an optimum solution first time, whereas for the simulation
techniques the variables have to be changed many times in order to come up with an
optimum answer. The throughput time results given in Table 5 are, for each simulation technique
an average of 5 cycles. Although there was a significant difference, both approaches do help in
giving an insight into the operating characteristics of a system.

7. RECOMMENTATIONS
i.
To estimate the system measures, a simulation of 1 week (40 hour week) with 21 jobs was
used. A longer simulation time with a large number of jobs is known to give more reliable
and accurate results.
ii. Twenty one jobs were known to arrive in the system in one week, but the actual time of
arrival was not known. Had the actual time of arrival time been known next – event
simulation model (which is more accurate) would have been set up.
iii. Often in real life job shop problems, alternate manufacturing route are available for
individual batches and the scheduler is free to use these in certain circumstances, e.g.
when machine breakdown does occur.
It’s not always that jobs are processed perfectly well first time. Some of the jobs are
iv.
rejected and others are recycled for further processing. If this could be included in the
project it would help make more real.
Other constraints such as quality, cost, etc. can be integrated into the problem.
v.
8. CONCLUSION
In this work quite a number of the objectives were achieved:
• An analytical model in QuickBASIC was set up and was used to test a number of queuing
system operating characteristics.
• Comparable models were set up using manual, ProModel and Parsifal simulation
techniques.
• The average of the throughput times from the simulation techniques was recorded for the
purposes of comparing with the result from the analytical model.
• Analysis of results showed that the simulation models (manual, ProModel and Parsifal)
gave average throughput times which were very much comparable, but they were
significantly different from the results obtained from the analytical model.
• The difference between the simulation techniques and analytical approach could be
attributed to the fact that the analytical approach used the decomposition method to
determine the average throughput time. The time the job took to exit the system was
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•

•

•

•
•
•
•

simply the algebraic sum of the average throughput times at the workstations visited. Jobs
were not treated on individual basis as far as the determination of the throughput time was
concerned. This differs from the simulation models where the average throughput time
was obtained from calculations carried out on the throughput times of individual jobs.
Another reason for the difference between the two approaches is attributed to the fact that
simulation was done over 1 week (40 hour week) with only 21 jobs. Had this been done
over a longer time and with a larger number of jobs, more reliable and closer results could
have been obtained.
Twenty one jobs were known to arrive in the system in one week, but the actual time of
arrival was not known. Had the actual time of arrival been known, next-event simulation
model would have been set up. This is more accurate and would have given a result that is
closer to the one from the analytical approach.
Often in real life job shop problem, alternate manufacturing routes are available for
individual batches and the scheduler is free to use these in certain circumstances, e.g.
when machine breakdown does occur. In this project no alternate routes were provided.
This presents an unrealistic situation.
It is not always that jobs are processed perfectly well first time. Some of the jobs are
rejected and others are recycled for further processing. If this had been included in the
project, it would have made the model more real.
The model could have been improved through the integration into the problem of
constraints such as quality and cost of producing the product.
However, both approaches can still help operation researchers or managers make
decisions in as far as improving the performance of a system is concerned.
People with little programming experience would find simulation techniques useful.
It is difficult to set up analytical models from a general programming language.
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Abstract

The paper sets to publicize the availability of tools such as programming languages that can be used in generating
learning tools for the colleges and universities in the country. Based on survey and paper presented at the S&T
symposium which gave a promise to build a learning tool for students to mimic the machining process on a Computer
Numerical Controlled (CNC) machine. The paper give a literature background on CNC machines then a discussion
on the tool that was developed using Pascal 7.0. Results of the tool are given in the paper.
Keyword: CNC, simulation tool,

1.0 INTRODUCTION
Following a paper presented at the Science and technology Symposium in 1998 it brought the fact
that there was need to develop local tools in the area of CNC. The survey in the paper highlighted
that there were only three centers that have a teaching Computer Aided Manufacturing facility:
namely Masvingo Polytechnic, Harare Polytechnic, and Gweru Polytechnic. The facilities that
available are limited and cannot give fully exposure to the students that are undertaking their
studies in the area. This was the motivation behind the development of a learning tool for the
students.
The other motivation is the difficult to get foreign currency to buy software for teaching, so this
tool serves the purpose of providing import substitution of software. While CNC machines are
expensive tool machines and one would not want them damaged thus the need to develop
software that can simulate the machining operation before one can download the program to the
physical machine
The paper starts by stating briefly the result of a survey undertaken in 1998. This is followed
briefly giving the insight on CNC machine. Discussion on the software side of the CNC machine
systems is made as a platform on which the tool was developed using APT programming. The
tool developed is discussed and some output of the tool is given.

1.1.1 Advantages of CNC milling machine
The expected benefits in fully implementing Computer Aided Design/ Computer Aided
Manufacturing (CAD/CAM) are summarized as follows, [Moriarty, 1996]:
a)
Time from concept to final product is significantly reduced.
• charges to design are faster and easier
• existing design can easily be re-used in new designs and products
b)
Cost Reduction
• Limited reworks due to accuracy of CAD/CAM the amount of wastage
and scrap parts are greatly reduced. First prototype can be final
production.
• Better and more consistent quality product,
• Designs can easily be optimised for weight and ease of manufacturing
there by reducing the material and total cost per product.
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c)

d)

e)
f)

Productivity Increase due:
• Re-using of design and geometry
• Faster changes
• Less rework
• Faster generation of drawings
• Faster generation of toolpaths
CAD/CAM can be used to attract new business
• There is a synergy between subcontractors and original equipment
manufacturer (OEM) can supply geometry design information in digital
format that eliminates errors between drawings and design.
Increasing intellectual capabilities in company
Expanding the Technological Horizon

The operation of a CIM (computer integrated manufacturing) system gives the user substantial
benefits compared with conventional systems. Experience has shown the following typical
benefits (Rembold, Nnaji and Storr, 1996):
Reduction of design costs by 15 – 30 %
Reduction of the in-shop time of a part by 30 –60 %
Increase productivity by 40 – 70 %
Better product quality; reduction of scrap by 20 – 50 %
Improved product design; e.g. the use of the finite elements method in conjunction with a
computer allows for calculating 3 – 30 times as many design variants, compared with
conventional methods.

1.1.2 Application of this tool:
This tool will prove useful in the:
manufacturing departments at universities and colleges in Zimbabwe and other countries in the
region e.g. Zambia, Botswana for the benefit of students.
manufacturing industry of Zimbabwe
2.1 THE MILLING MACHINE
Milling machines are mainly used in the production of flat surfaces. They both, the horizontal and
vertical spindle machines, achieve this by use of a rotary cutter as the basic table motions of the
machines are the same. The block diagram for the vertical milling machine is shown in Fig. 2.1
(Shotbolt, 1983) as is the type upon which the tool was based.
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Fig.2.1 Block diagrams of a Milling machine
2.1.1 The Feed Motions
The feed motions of a milling machine are as shown in Fig. 2 (Shotbolt, 1983):

Fig. 2.2 Feed motions of a milling machine
1. Rotation of cutter: this is the motion through which power is applied because the largest force
applied to a milling machine is tangential.
2. Longitudinal table motion: this motion produces the cutting action when applied
simultaneously with the above motion.
3. Vertical table motion: this determines the depth of cut.
4. Transverse table motion: this is a cross-ward motion of the table that is used for the
positioning of the work under the cutter. It is occasionally used as a cross feed.

These are the essential motions, and the following are additional motions that may at times be
useful:
5. Axial motion of cutter to set depth of cut.
6. Tilting of cutter head for angular surfaces.
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When the cutting process is taking place only the first two motions are used and the rest are only
used for adjustments and are locked when no adjustments are being done.

2.2 NC Machine Fundamentals
Numerical Control (NC) is a technique of controlling machine tools with pre-recorded, coded
information. It is one of the major applications of computers in manufacturing. Automated NC
machines drill, grid, cut, punch, mill and turn raw material into finished parts.
NC machines have the following essential features:
•

controller –also known as machine control unit (MCU). it can read and interpret a
stored program
• actuators – or actuating devices which are controlled by instructions from the MCU
The stored program is stored within the controller, or may be sent to the controller from a remote
computer using communication lines. The MCU gives instructions to the actuators and makes
sure that the response (intend motion) is correct using a feedback system. If the response of the
system to instructions from the MCU is used to modify the new instructions, such an arrangement
is called a “closed-loop control”.

2.3 Types of NC Machine Motions
• point-to-point – involves moving a tool between specified positions, at which some
operation is being carried out. An example of this motion is drilling.
• straight cut – this is where the machine is capable of moving the cutting tool
parallel to only a single machine axis at a controlled rate.
• feed rate – it controls the motion of the tool along a path, and may be specified as
feed per revolution (e.g. mm per revolution) for lathes, or spindles or feed per unit
time (e.g. mm per minute) for milling machine.
• contouring NC – allows point-to-point and straight cut motion simultaneously. It
can also allow precise control of more that one machine axis simultaneously
a straight line contouring move between arbitrary positions is known as linear
interpolation
an arcuate motion generally in a plane of any two machine axes is circular
interpolation. Any path can be approximated by a large number of short linear
segments.
2.4 Computer Numerical Control (CNC) Programming
The instructions for NC systems can be prepared either manually or with the aid of a computer.
In the computer-assisted systems, the use of a programming language allows the user to develop
the NC instructions quicker and with fewer errors.
NC machine tools are a result of putting accurate digital measuring devices on the movements of
machine tools and using electronically controlled motors to position them. Numbers coded into
electronic signals can then position spindle and work-piece precisely without a human operator. If
these signals are recorded on tape with other codes to activate the cutter motor and any auxiliary
devices, clamping devices etc then the entire cycled of the machine can be controlled by a tape.
Which codes achieve what is decided by the designer of the machine tool control circuits and can
be different for different models of machine. Due to the wide use of NC machine tools languages
have been developed for specifying the program of the cycled independently of the particular
codes required for a particular machine. Using these languages NC machine tools are
programmed like a computer, the drawings of the component are studied and a program for the
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machine in the language is written through the use of the knowledge of machining practice and
the machine tool in particular. The program is compiled and the result is a cutter location file,
which is still independent of the particular codes of the machine tool. A program written
specifically for the machine, known as a post-processor, then converts this file, into the particular
codes it requires.

Fig. 2.3 CNC Programming
This process is illustrated in Fig. 2.3 (Jones, 1993):
the cutter location file is literally a sequence of cutting tool positions held in binary numbers.
The logical structure if the file has been standardised but the actual physical format will vary
from one part programming system to another. It is in binary and it therefore cannot be
printed out as such although it is frequently processed onto the screen or printer via a utility
program. The important difference between cutter location code and part program code
(besides one being binary and part program code being in text form) is that the part program
works at a higher level i.e. where the part programmer may have one statement may have one
statement requiring that a pocket be machined out, the corresponding cutter location code will
contain all the positions of the cutter as it goes round and round the pocket.
machine code is the actual sequence of codes read by the machine tool controller. Despite the
standardisation, machines still vary over what they require from the machine code e.g. in the
number of decimal places used for coordinates or the way of doing circular interpolation.
The instructions are generally written in a language such as Automatically Programmed
Tool (APT).
The computer-aided systems perform many activities automatically. The geometric data
can be used as a basis for producing the NC instructions for machining parameters such
as:
•
•
•

feed rates and spindle speeds
establishing the proper sequence of work elements
determining the optimum tool paths to fabricate the part

The geometric information may be accessed through a shared database in the computer.
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After the processor develops the NC instructions the process can be simulated as an animated
colour solid model on the screed of an interactive graphics terminal. The simulated tool paths
may be shown so that the programmer can check the program. A system such as this allows the
programmer to create the NC instructions graphically without requiring a detailed knowledge of
programming languages. Using this display, the programmer can check the validity of the
machining process and then use the terminal to make any necessary changes. Another advantage
of computer-based programming is the speed in which they can generate the NC programs. The
users need not be familiar with the internal generation of the tool-paths. These NC programming
packages can also display the simulated tool paths so that the programmed can check the
program. The system allows the programmer to create the NC instructions graphically without
requiring a detailed knowledge of programming languages.
An advantage of computer-based programming systems is the need not to be familiar with the
intricacies of the tool paths. In a typical computer-aided system the program will start with a
menu on the screen, which indicates the machines available to cut the part. After the machine is
selected, another menu appears to allow selection of such parameters as:
•
•
•
•
•

cutter size
type of material
feeds and speeds
material thickness
clearance above which the tool must rise when not cutting

The screen will display a geometric model of the part on which the user defines the machining
operations using coded lines. A solid line could indicate a rough cut and dashed line a finish cut.
From these inputs the system will generate an NC program tape to machine the part.

2.5 Numerical Control and Design Features of NC Machines
The generation of the data for the automatic machining of a work piece is called NC
programming. Programming produces a series of NC records for a work piece. Every NC record
contains geometric and technological instructions, in other words dimensional data for generating
a part and switching information for operating the machine tool.
The manufacturing information for a work piece is fed to the NC system. It is divided into
geometrical data for the tool or work piece (G, X, Y,…) and technological information (F, S, T,
M) for the control of the machine, and stored as such, as shown in Fig. 2.4 (Rembold, Nnaji and
Storr, 1996):
The dimensional data contains the target positions for the generation of the work piece contour;
according to the machine tool used, this may consist of instructions for XZ, XYZ, XYZC and
possibly additional machine axes. The geometry is generated using point-to-point, straight line or
continuous-path control. The individual axis positioning instructions are generated by an
interpolator and forwarded via and amplifier to the actuator.
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Fig. 2.4 Numerical Control and Design Features of NC Machines
2.6 Computer Numerical Controlling an NC Machine
There are two ways in which part programs may be communicated to a machine from a remote
computer.
•
•

Direct Numerical Control (DNC) – where part program instruction blocks are
communicated to machine tools as required from a remote computer. This works well
if the computer is always available to service the machine tools.
Distributed Numerical Control (DNC/CNC) – in which a central computer downloads
complete programs to CNC machines as required and these recipient computers may
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store one or more programs locally, and hence are independent of the central
computer. It thus depends on CNC controllers to get the acronym DNC/CNC. DNC
systems of all kinds also allow for facilities for the reporting of machine operation
data to central computers for the provision of workshop management purposes.

2.7 The APT (Automatically Programmed Tools) Language
APT is the initial and more universal language that is widely used in the NC industry. It allows
the user to produce NC instructions from English-like statements. An engineering drawing or
sketch is used to define statements identifying the machine parameters, the part shape and the tool
type. The computer uses this input data to make the calculations defining the tool path to produce
the required shapes for most of the curved surfaces. For more complex curved surfaces, control
points and surface equations are defined.
APT intermediate and advanced programs are designed to simplify the preparation of instructions
for numerically controlled machine tools. These products are widely used by industry and
provide a precise method for programming an automated tool. These numerical control (NC)
products are designed to assist manufacturers in preparing the media that are required to use NC
machine tools. Input to the NC is in the form of and English-like language that is representative
of the terminology commonly used in NC applications. The language is based on the widely
accepted APT syntax. Edit functions allow the user to edit the part program files, geometric
definition files, and machinability files. These functions provide the ability to add, replace and
change library entities. The library functions permit a user to establish an NC parts database.
Most of the NC software packages also provide a simulation of the tool paths so that the program
can be checked. The tool motion can be animated to allow the programmer to observe the tool as
it moves on the part. The motion show on the screen can be slowed for more careful observation
and one may zoom in on a specific area for studying details for improved accuracy.
When the programming is completed the computer translates or post processed the tool-path
description into coded instructions tailored to the particular machine. These instructions are
usually stored o punched paper tape or magnetic tape for input to the machine tool. The
instructions may also be transferred directly to a memory in the machine-tool control system or
cell.
Numerical control instructions that are written manually tend to be error-prone because a large
number of calculations are required to define the tool paths. Lengthy trial machining may be
required to refine the program when the required tool motion is complex, such as that needed to
machine composite surfaces with slanted planes or cylinders.
This type of operation can be simulated on a computer system, and then after the operator verifies
the tool path, the system will automatically generate the APT language instructions for producing
the part on the NC machine. The motion of up to a five-axis machine tool may be simulated. The
front, top, side and isometric views of the path can be observed for verification and editing before
the actual NC instructions are produced.
Most NC programming can be done with a minimal knowledge of machining. The original
drawing or sketch must be modified so that only those lines that have meaning in the
manufacturing process remain. If a die or mould is to be made, the inverse image of the original
model must be generated. The draft angles, relief areas, and other expansions must be
considered. In some systems, many of the machining parameters such as cutter types and feed
rates remain constant so that the programmer input beyond the geometric mode is minimal for
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most simple part shapes. In others, the mechanics of the various cutting operations must be
determined including the sequence of the cuts, the type and size of tool, feed rates, and tool-path
centrelines.
In a fully integrated CIM system with a common database, the processor will extract most of the
information required for generating the NC instructions. The part descriptions can be obtained
from the geometric modelling portion of the database, and appropriate machining parameters will
depend on the process planning data.
This type of generative programming will allow the processor to automatically recognise the solid
model of the part, define the material needed to be removed, and perform the tool selection.
The APT program comprises language statements that fall into the following four classes:
•
•
•
•

Geometry statements: which comprises definition of those aspects of the part
geometry relevant to the machining operations.
Motion statements: which define the motion of the cutting tool with respect to the part
geometry.
Post-processor statements: which contain machine instructions that are passed
unchanged into the CLDATA file to be dealt with by the post-processor.
Auxiliary statements which provide additional information to the APT processor
giving part name, tolerances to be applied and so on.

2.7.1 Geometry Statements
The general form of an APT geometry statement is:
'
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The numeric data to describe the entity and references to the names of other entities used n
construction, separated by comma delimiters.

2.7.2 Motion Statements
Once the part geometry has been defined the APT programmer specify how the cutter is to move.
This may be in absolute or incremental terms, using the commands GOTO/ (absolute position) or
GODLTA/(incremental move) respectively (e.g. to move into position to start a cut, or for pointto-point machining). It may also be with respect to the part, which is achieved by defining cutter
moves with respect to geometric entities along paths bound by the drive surface, part surface and
check surface.
2.7.3 Post-processor
Post-processor statements control the operation of the spindle, the feed, and other features of the
machine tool. Some common post-processor statements are (where the ‘/’ indicates that some
descriptive data is needed):
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•
•
•
•
•
•
•
•

COOLNT/
RAPID
END
FROM
SPINDL/
FEDRAT/
TURRET/
MACHIN/

- for coolant control e.g. ON or OFF, MIST or FLOOD
- to select rapid cutter motion
- to indicate the end of a section of program;
- is used to restart
- to select on/off, speed and direction of rotation
- to select feed-rate
- to select cutter number from a turret or perhaps an automatic tool changer
- to specify the machine type, number and post-processor

2.7.4 Auxiliary Statements
Auxiliary statements are used to provide information required by the APT processor in processing
the source. This includes for example the name of the part being processed and the details
necessary for offset calculations including the cutter size and the accuracy to which
approximations should be made when representing curved paths by straight lines. Examples are:
•
•
•
•
•
•

CLPRNT- used to obtain a computer printout of the cutter location sequence on the NC tape
INTOL/- defines the inside tolerance, the allowable deviation from the inside of a curve or surface of
any straight –line segments used to approximate the curve
OUTTOL/ - outside tolerance. As INTOL/ but the outside tolerance outside the curve
CUTTER/- defines the cutter diameter to be used
PARTNO/- used at the start of the program to identify the part program
FINI- the last statement on the APT program

2.8
CAD/CAM SYSTEMS IN ZIMBABWE
It was reported that although several manufacturing companies in Zimbabwe are using CNC
machines and seem to be giving significant satisfaction to these companies there is little or no
data available to justify the value of these investments (Bowen, 1991). To date CNC machine
tools have been imported from South Africa, the United Kingdom, Germany and Taiwan.
2.8.1 Survey on Zimbabwe
Results from the survey of CNC machines in Zimbabwe are shown in Table 1 (Mhlanga and
Mkhwanazi, 1999).
The following questions were considered.
•
•
•
•
•

What models of CNC machines are you using?
What post-processor are you using with each CNC machine?
What operations does each CNC machine perform?
Which software are you using for computer aided design / righting?
Which software are you using for computer-aided manufacturing?
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Fig 2.5: Milling Machines versus Lathe Machines
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Fig 2.5 shows the number of lathe and milling machines in the companies that provided the
information.

Fig 2.6: Number of Lathe and Milling Machines
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Fig 2.6 shows that there are more lathe machines than milling machines. There are seventeen (17)
lathe machines and nine (9) milling machines. From this one can conclude that most of the
market for components manufactured by CNC machines is for the turning operation of either
brushes or shafts.
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Figure 2.7: CAD Software Used
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Fig 2.7 shows the result from the survey of the CAD software that is used: CADKEY and
AutoCAD.
Table 1: Companies/ Organisations using CNC machine Tools and Location
Companies / Organizations
Town
Kaiser Engineering
Bulawayo
ABJ Engineering
ZECO
F Issels and Sons
O’Conolly
Treger Holdings
Toolmaking and Engineering
P&R Engineering
National
Railways
of
Zimbabwe (NRZ)
Toolcraft/ New Products
Harare
Cochrane Engineering
Mukundi Plastics
Load Engineering
Masvingo Technical College
Masvingo
Gweru Technical College
Gweru
National
Railways
of Mutare
Zimbabwe (NRZ)

The survey showed that there were two companies that were using CADKEY software for
draughting or direct link with the CNC machines while there were seven companies that were
using AutoCAD. This could be attributed to the use of AutoCAD besides for drawing in
engineering but in the fields of civil engineering and structural engineering.
The other reason is that AutoCAD is the package that is being trained in the schools, colleges and
universities locally. Thus there is support for AutoCAD in terms of training, Thus training is not
expensive due to the wide market for training for the package.
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The results from the survey of the CAM software that is being used in the companies (Master
CAM / Edge CAM)

2

1

0
MasterCAM

EdgeCAM

Fig 2.8: Types of the CAM software and number of companies
Results from the survey of the general market serviced by the companies are general engineering,
mould making

2.6.2 Training
It was noted that most of the users that implemented CADCAM had to send their staff to South
Africa for training due to lack of availability or of the standard that is required by the companies.
The other reason for training being offered from South Africa is that the vendors offer a full
package which includes the training of member for the customer company. Currently the National
University of Science and Technology, through the Department of Industrial & Manufacturing
Engineering, has established courses in CNC part programming using Simulation which are given
to the final year Industrial Engineering students and are being offered as short courses to the
industry. Thus the fear to train least you will lose the artisan to the next company will be ending
and fear to training least the artisan demand more money will also have to go as artisans are free
to go for training at their own expense. This is aimed also in reducing the cost of training of the
artisan to use the CNC machines.
Besides NUST the colleges such as Masvingo, Gweru have CNC machines although the Gweru
machines are model type of machines while the Masvingo are industrial machines. The market
for training for CNC machines is available and yet to be exploited.

3.0
Simulation using Pascal and APT Inputs
The actual implementation of the CNC system is expensive therefore a simulation package was
developed to mimic the operations of the CNC milling machine. This simulation package is based
on Pascal Programming Language and APT Language importations.
Starting the program is the introductory section. This introduces the user to the program and it is
shown in fig. 3.1 below:
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writeln(‘NATIONAL UNIVERSITY OF SCIENCE & TECHNOLOGY’);
writeln;
writeln(‘FACULTY OF INDUSTRIAL TECHNOLOGY’);
writeln;
writeln(‘Department of Industrial & Manufacturing Engineering’);
writeln;
writeln(‘Development of a learning tool for APT CNC programming for a milling machine’);
writeln;
writeln(‘By: LOICE K MAVENGERE, N990 566X’);

Fig 3.1: Introductory Section
The program is in two parts. The first part helps the user practise by drawing rectangle, square
and circle. Some of the procedures are shown in fig 3.2.
PROCEDURE DrawCircle (X1,Y1,RADIUS:INTEGER);
BEGIN

Gd:=Detect;
InitGraph(Gd,Gm,''
);
IF GraphResult<>grOk THEN Halt(1);
WRITELN('
Enter circle centre coodinates X1,Y1 in
that order'
);
READLN(X1,Y1);
WRITELN('
Enter circle Radius'
);
READLN(RADIUS);
SetLineStyle(SolidLn,0,NormWidth);
CIRCLE(X1,Y1,RADIUS);
READLN;
CloseGraph;
End;
PROCEDURE DrawRectangle(X1,Y1,X2,Y2:INTEGER);
BEGIN
Gd:=Detect;
InitGraph(Gd,Gm,''
);
IF GraphResult<>grOk THEN Halt(1);
WRITELN('
Enter rectangle vertices coordinates X1,Y1,X2,Y2 in that order'
);
READLN(X1,Y1,X2,Y2);
SetLineStyle(SolidLn,0,NormWidth);
RECTANGLE(X1,Y1,X2,Y2);
READLN;
CloseGraph;
End;
PROCEDURE DrawSquare(X1,Y1,X2,Y2:INTEGER);
BEGIN
Gd:=Detect;
InitGraph(Gd,Gm,''
);
IF GraphResult<>grOk THEN Halt(1);
WRITELN('
Enter square vertices coordinates X1,Y1,X2,Y2 in that order'
);
READLN(X1,Y1,X2,Y2);
SETLINESTYLE(SolidLn,0,NormWidth);
RECTANGLE(X1,Y1,X2,Y2);
READLN;
CloseGraph;
End;

Fig 3.2: The First Part of the Program
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The second part of the program starts with the Auxiliary Statements as illustrated in fig
3.3:
writeln('
Initial auxiliary and post-processor statements'
);
writeln('
PartNo'
);
readln(partno);
writeln('
Machine\Mill'
);
readln(machine);
writeln('
intol'
);
readln(intol);
writeln('
outtol'
);
readln(outtol);
writeln('
cutter diameter'
);
readln(cutter);

Fig 3.3: Auxiliary Statements
The geometry statements include the entry of the co-ordinates of the points shown in
procedure called dataentry in Fig 3.4:
procedure dataentry;
begin
clrscr;
for i:=1 to 2 do begin
writeln('
X'
,'
Y'
:5);
READLN( X1,Y1);
for j:=1 to n do
begin
points[i][j]:=x1;
end;
points[i][j]:=y1;
end;

Fig 3.4: Points Geometry Statement”
The motion statements are mimicked as repeating a procedure that draws a line 4 times to come
up with a square i.e. to come up with a square illustrated in fig 3.4 means repeating a procedure
called “pointline” (shown in fig 3.5) to draw the lines P1-P2, P2-P3, P3-P4 and P4-P1. This
mimics the geometry and coordinate systems of a milling machine following the toolpath. The
types of lines can be changed to dotted denoting a rapid transverse motion within contour motion
in milling (Mavengere, 2004)
P4

P3

P1

P2

Fig 3.5: The Square
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Procedure Drawline (x1, y1, x2, y2: integer); {procedure for drawing a Line}
begin
Writeln ('
Enter the x-y values for start and end points for your line'
);
Readln (x1, y1, x2, y2);
INTGR;
GetLineSettings (OldStyle);
SetLineStyle(SolidLn, 1, NormWidth); { New style }
Line(x1, y1, x2, y2);
readln;
end;

Fig 3.6: Procedure “drawline”
4.0
Conclusion
This paper has focused on the development of an APT CNC programming for a milling machine
as a learning tool. This has been achieved by mimicking the movements of a CNC milling
machine through the use of Pascal programming language.
The literature review described tentatively how an APT CNC milling machine would operate. It
started off by describing what a milling machine is and how it functions. Then the applications of
computers in manufacturing i.e. computer applications in the functioning of a milling machine
were discussed including how the computer carries out its duties. The APT language was
described and how it is applied in programming. The report on the survey that was carried out on
CNC machines in use in Zimbabwe industries and colleges was also covered.
The simulation package used to mimic the operations of an APT CNC milling machine is Pascal.
Section 3 describes how this is done and some sections of the program are included within.
Further work will be to refine the system and improve the user interface by the use of Visual
Programming Languages.
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ABSTRACT

The paper reports on a novel application of two well known in-fibre technologies, that is, high-order fibre coupler
and in-fibre Bragg grating in Fibre Optical Low Coherence Imaging, namely for simultaneous spectral reshaping and
bandwidth broadening of primary Gaussian imaging light with an initial 40nm full-width half maximum bandwidth
centred at 1300nm from a super luminescent diode (SLD). When applied for FOLCI, the resultant broadband
reshaped light with a final 51 nm FWHM bandwidth supports (1) a two-fold (rounded) improvement in axial
resolution and (2) inhibits significant sidelobing of the interferometric signal such that system signal-to-noise ratio is
not significantly affected.
KEYWORDS: Diagnostics Imaging, Optical Low Coherence Imaging, Low-Coherence Interferometry

1. INTRODUCTION
Fibre optical low coherence imaging (FOLCI) is an effective optical interferometric technique for
precise and unambiguous diagnostics imaging of both transparent and non-transparent specimens
owing to a superior axial imaging resolution. A major determination of FOLCI theoretical studies
is axial resolution is a function of the optical source spectral shape and full-width at half
maximum bandwidth [1, 2]. Based on this determination, we present a simple but effective
technique to enhance axial resolution, realised by combining high-order fibre coupler technology
and fibre Bragg grating (FBG) technology for simultaneous spectral reshaping and bandwidth
broadening. Axial resolution largely determines image quality or, equivalently diagnostic
sensitivity or specificity of FOLCI and its improvement is an important task. Enhancing axial
resolution will also extend the range of application of FOLCI.
To date different wide bandwidth optical sources ranging from light emitting diodes (LEDs),
super luminescent diodes (SLDs), to femtosecond lasers have been employed in FOLCI
configurations of fibre optical coherence microscopy (OCM), fibre optical coherence tomography
(FOCT) and Doppler FOLCT [3-7]. Super luminescent diodes remain popular and are widely
used in most economic practical FOLCI systems but support a limited axial imaging resolution
[8]. Therefore, the focus of this paper is axial imaging resolution improvement of a FOLCI
system using an SLD as the optical source. A unique feature of the hardware method presented in
this paper is simultaneous enhancement of axial resolution and inhibition of sidelobes (ringing) in
the interferometric signal resulting in an insignificant change in signal-to-noise ratio. It is
envisaged the hardware technique will be adapted for wide application in practical FOLCI with a
single super luminescent diode so at extend their range of applications.

2. FOLCI Axial Imaging Resolution
FOLCI is based on the well known optical low-coherence interferometry phenomenon [9] and
therefore, operates on the principle that two optical fields interfere only if the optical path
difference of the interferometer arms is within the coherence length of the optical source. FOLCI
combines an amplitude-division interferometer such as a Michelson interferometer and an optical
source with a short coherence length, typically a SLD. Axial imaging is achieved through
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detection of the resultant interferometric signal while axially scanning the interferometer
reference arm mirror relative to the fixed position of the specimen under evaluation located in the
interferometer specimen arm. In FOLCI, the power spectrum of the optical source, which is fully
characterised by its shape, its FWHM spectral bandwidth and its center wavelength, determines
the achievable axial imaging resolution. From the theory study by Akcay et al [1] the following
apply:
1. FOLCI axial imaging resolution ( ∆z ) is of the form ∆z ∝ C λ20 ∆λ ; C is a constant whose
value is set by the shape of the optical source power spectrum density; λ0 is the optical
source center wavelength and ∆λ is its FWHM spectral bandwidth. In practise, a good
approximation of ∆z is the FWHM of the main lobe of the interferometric signal.
2. A spectral dip or peak in the source power spectrum generates sidelobes in the interferometric
signal. Depending on the relative position and magnitude of the sidelobes with respect to the
main lobe, sidelobing may degrade image quality by either decreasing axial resolution or by
generating ghost images. Decrease in axial resolution occurs when sidelobes are very close to
the main lobe and have amplitudes that are significantly comparable with that of the main
lobe in the interferometric signal. Ghost images result when the sidelobes are far away from
the main lobe.
From the above presentation, it should be possible to enhance axial imaging resolution in FOLCI
through (1) spectral bandwidth broadening since and, (2) spectral reshaping so to (a) optimise the
value of C ; the power spectrum-shape related constant and (b) deliberately induce spectral peaks
or dips to influence the relative position and/or amplitude of the sidelobes in the interferometric
signal. The focus of this paper is a simple yet effective hardware solution for achieving
simultaneous spectral broadening and reshaping of FOLCI light leading to an improvement in
axial imaging resolution using one optical source as opposed to the common costly approach
involving multiple light sources [10-13]. Software solutions [14, 15] have been proposed by early
researchers but the major advantage of the hardware approach discussed here is that it operates in
real-time and is particularly useful for real-time FOLCI applications.

3. EXPERIMENTAL SET-UP
The experimental set-up is shown in Fig. 1. For a primary light source a super luminescent diode
(SLD) with a measured FWHM spectral bandwidth of 40nm centered at 1300nm was employed.
The SLD output light was coupled to a spectral reshaping and bandwidth broadening unit
(SRBBU) and thereafter the resultant secondary light was channelled to a balanced detector
FOLCI system.
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Balanced Detector (D) FOLCI system

Fig. 1: Balanced Detector FOLCI configuration with a spectral reshaping and bandwidth
broadening unit featuring a 3x3 fibre coupler (FC1) and two fibre Bragg gratings (FBG1, FBG2).
SLD: super luminescent diode; A: fibre collimator; M: linearly translating reference mirror; B:
specimen objective; S: specimen under investigation; FC2: 3x3 fibre coupler; O: Yokogawa
model DL1540CL digital storage oscilloscope.
The SRBBU consisted of a [3x3] fibre coupler to which two fibre Bragg gratings were connected
as shown in Fig. 1. By combining two well-known in-fibre technologies, namely the high-order
fibre coupler and the fibre Bragg gratings, system complexity and cost was significantly reduced.
Fibre coupler technology is well-established as an in-line beam splitter. A fibre Bragg grating is a
resonant structure that serves as an in-line narrow bandwidth reflection or transmission mirror
[16]. First, the fibre coupler accepts SLD light and splits it into three beams for processing by the
FBGs. Second, portions of light that are reflected and/or transmitted from each FBG recollect and
recombine in the fibre coupler and emerge as the secondary light. FBG1 operates at a reflection
center wavelength of 1280nm and a 9nm reflection bandwidth while FBG2 has a 1300nm
reflection center wavelength and a 40nm bandwidth.
A Anritsu optical spectrum analyser was used to monitor the power spectrum of the SLD primary
light (point X on Fig 1) as well as that of the secondary light generated by the SRBBU (point Y
on Fig. 1). The system interferometric signal with a broadband reflection mirror as a specimen
when (1) using the SLD primary light directly and (2) using the secondary beam generated by the
SRBBU was monitored after the balanced detector on a YOKOGAWA Digital oscilloscope
(marked O on Fig. 1).

4. EXPERIMENTAL RESULTS
The experimental results are presented in Fig.2 and 3.
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(a)

(b)

Fig. 2: Measured power spectrum of (a) SLD primary light (measurement point X on Fig. 1), and
(2) non-secondary light generated by the SRBBU (measurement point Y on Fig. 1).

4.1 Spectral Reshaping and Bandwidth Broadening
Fig. 2 presents the power spectrum of the primary light and the secondary light. Indeed the
SRBBU performs spectral reshaping as is clearly evident from the experimental result in Fig. 2.
While the power spectrum of the SLD primary light is a Gaussian distribution function (Fig. 2a)
the SRBBU unit generates a non-Gaussian distribution with three prominent spectral peaks (Fig.
2b). It is also clear from Fig. 2 that the SRBBU also performs spectral broadening. The primary
light of the SLD had a 40nm FWHM spectral bandwidth while the secondary light generated by
the SRBBU has a 51nm FWHM bandwidth assuming a near-Gaussian distribution.
FWHM≈12µm
Interferormetric Signal
Amplitude

Interferormetric Signal
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(b)
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Fig. 3: Resultant Interferometric Signal with (a) Gaussian light in Fig. 2(a) yielding a measured
axial resolution of 21µm and (b) non-Gaussian light in Fig. 2(b) supporting a measured 12µm
axial resolution.

4.2 Enhanced Axial Resolution
Fig. 3 shows the two resultant interferometric signals for the primary and the secondary light. Fig.
3a shows the interferometric signal obtained with the Gaussian primary light while Fig. 3b is
obtained with the non-Gaussian secondary light from the SRBBU. The two fold (rounded)
improvement in axial resolution in FOLCI due to integrating a SRBBU is illustrated clearly in
Fig. 3(b) when compared to Fig. 3(a). Using Fig. 3a the SLD primary light affords a 21µm axial
resolution while the secondary beam from the SRBBU supports a 12µm axial resolution.
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4.3 Inhibition of Significant Sidelobing
As can be clearly seen in Fig. 3(b), the non-Gaussian light from the SRBBU does generate
sidelobes (ringing) but cause a relatively insignificant increase in the noise floor. The sidelobes
are close to the main lobe and it would be expected that the sidelobes would degrade axial
imaging resolution. However, the average amplitude of the sidelobes is significantly less than that
of the main lobe and a decrease in axial imaging resolution is avoided.
5. DISCUSSION
The main objective of our work was to demonstrate a new hardware approach of enhancing axial
resolution of an FOLCI system with one SLD. An SLD-based FOLCI system is relatively
inexpensive to assemble because the purchase price of an SLD is relatively low. It is clear from
Fig. 3(b) that the proposed spectral reshaping and bandwidth broadening unit presented in this
paper does enhance axial resolution without significantly sacrificing signal-to-noise ratio.
As noted earlier on, spectral reshaping and bandwidth broadening to improve axial imaging
resolution in FOLCI have been attempted before. However, a major challenge is how to inhibit
formation of sidelobes (ringing) in the interferometric signal due largely to the non-Gaussian
power spectrum and the new technique adequately addresses this major challenge.
6. CONCLUSION
The main purpose of this paper was to demonstrate axial resolution improvement in FOLCI. The
focus was a FOLCI system with a single SLD. A two fold (rounded) improvement in axial
resolution while at the same avoiding significant decrease in signal-to-noise ratio was realised by
spectral reshaping and bandwidth broadening of SLD primary light. The enabling technology was
a high order fibre coupler coupled to two custom designed fibre Bragg gratings. A distinct
advantage of the hardware technique described in this paper lies in that it is a low-cost technique
and is simple and straightforward. It is envisaged the technique will find immediate application in
SLD-based FOLCI systems.
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SIMULATION AS AN OPTIMISATION TOOL IN INCREASING PRODUCTIVITY OF
A CONTERBOOK ASSEMBLY LINE
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Abstract

This paper presents the use simulation as an optimization tool to increase productivity carried out at a local
stationary manufacturing company in Harare, Zimbabwe. In this paper tools such as value analysis, work-study, work
measurement, closeness rating, redesign and material flow analysis were used as the preliminary system analysis.
The simulation software that was used is extend. After system analysis and redesign it is expected that there will be a
resultant increase in productivity, reduction in labour, material handling and transportation cost.
The productivity labour cost increased by 25%, labour costs were reduced by 12%, material handling improved by
5% and in all productivity increased by 25%.
Key words
Modelling, Simulation, Optimisation

1. Introduction
The dynamics in the economy in the past five years had much impact in the manufacturing sector.
Inflation has risen to beyond the 1000% rate coupled with a significant rise in interest rates.
These developments have had an effect on the manufacturing sector in that investments in
equipment have become unaffordable. Some of the major reasons are that, borrowing becomes
very expensive because of high interest rates and importing equipment becomes expensive
because of the fall of the Zimbabwean dollar against major currencies. It therefore becomes
imperative for Zimbabwean companies to look at alternative methods of improving productivity
using the available equipment and resources.
Simulation is being proposed as a tool that can be used to improve productivity and can be
applied to various production lines. Simulation modelling concerns itself with a mathematical
representation of a real world situation, followed by an analysis of the parametric effect and then
finally drawing conclusions and making decisions using the knowledge gained from the
simulation results.

2. Literature Review
2.1. Simulation
Heizer [1] defines simulation as the attempt to duplicate the features, appearance and
characteristics of the real system, usually via a computerized model.
The mathematical representation of the real world situation can thus be termed a model. One of
the benefits of using a model to replicate a process is that you can begin with a simple
approximation of the process and gradually refine it as your understanding of the process
improves. Furthermore models enable one to test hypotheses without having to carry them out,
saving thousands, even hundreds of thousands of dollars.
2.2. Simulation Models
These simulation models capture time –varying dynamic phenomena and have the ability to
evaluate design and performance variables in as much detail as desired. The simulation has a
great deal of modelling capability, for example it can model blocking situations, matching of
parts and detailed job scheduling. This approach is suitable for fine turning and final evaluation of
the design. Major disadvantages of the model are that model building (including debugging) can
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be time consuming procedure; computation time (run time multiplied by replications) is long, and
appropriate statistical output analysis is necessary.

2.3. System Optimisation
Hitomi(7) says that system optimization is the determination of the optimum values for decision
values variables x,such that the goal function g(x,y) is maximized or minimized subject to
constraints f(x,y)=0 and x x x
A system consists of goals and constraints. The goals of the systems constitute the function of the
system made up of the components. Constraints on the system are both internal and external
restrictions caused by the structure of the system itself and the relationship between the system
and its external environment. For example the constraint g(x, y) is a measure of the performance
to be maximized or minimized for example a technological measure such as maximum strength,
economic such as minimum cost, maximum productivity, and maximum profit.
2.4. Other optimization Techniques
2.4.1. Genetic Algorithms
Lee (4) explains Genetic algorithms (GAs) as adaptive methods used to search and optimize
problems. The Genetic Algorithms are rooted in the mechanism of evolution and natural genetics.
Over many generations, natural populations evolve according to the process; Genetic Algorithms
are able to evolve solutions of real-world problems if they have been suitably encoded (Beasley,
Bull and Martin 1993).Genetic Algorithms simulate those processes in natural populations that
are essential to evolution. In nature, those best suited to competition for scanty resources survive,
so adapting to a changing and competitive environment is essential for survival of individuals of
each species.
The various features that uniquely characterize an individual determine its survival capacity, but
these features in turn are determined by the individual’s genetic content. Specially, each feature is
controlled by the basic unit called gene. The sets of the genes controlling features form the
chromosomes, which are the keys to individual’s survival. The reproduction process generates
diversity in the gene pool, and evolution is initiated when the genetic material (chromosomes)
from two parents recombines during reproduction. New combinations of genes are generated
from the previous ones, and a new gene pool is created. Genes among chromosomes are
exchanged to form new chromosomes. This mechanism of reproduction is called crossover.
Segments of the two parent chromosomes are exchanged during crossover, improving the
possibility of the right combination of genes for better individuals. Repeated selection and
crossover cause the continuous evolution of the gene pool and the generation of individuals that
have a better chance of survival. The generation with the highest chance of survival will be
optimum solution of the simulation.
The basic procedure of the genetic algorithm can be represented as below
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Figure1.0. Basic Procedure of the Genetic Algorithm

<Genetic Algorithm>
BEGIN/*Genetic algorithm*/
Generate initial population
Compute fitness of each individual
WHILE NOT finished DO
BEGIN/*Produce new generation*/
FOR population_size/2 DO
BEGIN/* Reproduction cycle*/
Select two individuals from old generation for mating;
/*Biased in favour of the fitter ones*/
Recombine the two individual to give offspring;
Compute fitness of the two offspring;
Insert offspring in new generation;
END

2.4.2. Mathematical Programming
This an optimization technique that can be used to make an optimum decision, including linear
programming, which maximizes or minimizes a linear function subject to linear constraints;
nonlinear programming which deals with nonlinear goal function and constraints; integer
programming for integer-valued decision variables; fuzzy programming settling membership
functions for vague decision variables; dynamic programming, which is a multistage decision
process based upon the principle of optimality, and others.
2. Methodology
2.1 System Analysis
By definition a system is an assemblage or combination of elements or parts forming a complex
or unitary whole such as a river system or a transportation. For a system to be analysed it needs to
be decomposed first into components, attributes and relationships. The reason for system
decomposition is explained by the third law of manufacturing principles which states the
exponential growth in complexity. For example if a system has M components, each of which can
be in N states, then the system has NM possible states. (9)
In this paper system analysis was accomplished by through the following steps. Firstly there was
problem identification. This involves observations, survey and use of secondary data to justify the
existence of the problem.
The next phase of system analysis is the designing of the study of the simulation process. In this
phase, some steps of the previous phase are investigated in more detail and the technical aspects
of the problem are given more weight.
After design of the study then data is gathered from the designed study. In this primary and
secondary data is collected from the system. After the data is gathered it is then synthesised into a
meaningful manner. The information is used to formulate a simulation model which will further
be run for validation and as a basis for looking at opportunities for redesign and modification.
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Designing a simulation model
Onur M (5) in his paper described the eight major phases for the proper application of simulation
methodology, namely:
Phase 1. Problem definition
Phase 2. Design the study
Phase 3. Design the conceptual model
Phase 4. Formulate inputs, assumptions, and process definition
Phase 5. Build, verify, and validate the simulation model
Phase 6. Experiment with the model and look for opportunities for design of
experiments
Phase 7. Document and present the results
Phase 8. Define the model life cycle

2.2 Process Description
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printin
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Folded papers
are cut to size at
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Figure 2.0.: Flow diagram of counter book manufacture
2.2.1. Screen Painting Station.
This is where the logo and bar code numbers are screen printed manually. The number of printers
is normally between five and six. After printing the cover are put into cages where they will dry.
2.2.2. Ruling and folding.
This process is done by a machine at rate of about one sheet per second. For the production of the
sheets a roll of paper is loaded and it is unwound and along the way it is ruled and margins is put.
Then the sheets are folded according to required specifications. For ninety six counter books,
there are eight sheets per section which are further folded to make them 26 sheets per section. The
96 pages counter book consists of three sections with each section having 36 pages. On the other
hand the 144 pages counter book consists of four section each having 36 pages.
2.2.3. Sizing of the folded sheets.
This is done at the gullitone.When sheets are produced from the machine they will be having a
length of 900mm. At the guillotine the sheets are sized into 300mm (single) and 600mm sheets
(two-up). The 600 mm (two-up) consists of two counter books which will be further cut into two
when it has gone through all the other processes.
2.2.4. Sewing, Separation and Gumming
The workstation consists of three sewing machines. The sized sheets are sewn, and this is
normally continuous. The operator will be feeding the folded sheets into the machine, and the
sheets are produced continuously. When a sizeable number of sheets is sewn they are removed
and then are cut into required sections. For 96 counter books there are three sections and for 144
pages counter book there are four sections. After separation of the sheets there are them bound
together using glue .This process is known as gumming. In gumming about ten counter books are
done at a time. After gumming an apple time is required for the glue to dry.
2.2.5. Boarding (Putting front and back covers)
This also a manual process in which about ten assemblers will be bonding the front and the back
covers of the on bound sheets .In this process one person will be feeding the covers through some
glue mechanism so that the glue will spread on the covers The covers are then put on a conveyor
belt where the assemblers will pick them and bond on front and back. This then followed by
putting the books on a press so the boards bond properly.
2.2.6. Stripping Operation
A strip is a ribbon like feature on the counter book which will be holding the front and the back
cover of the book. It also gives the book a better finish out look. This process involves a ribbon
which will be unwound and at the same time books are feed through and pass through rollers
where the ribbon is bonded on the book. At reaching end of the rollers the ribbon is cut manually
to the size of the counter book. The ribbon is then pressed manually so that it is properly glued to
the book. About ten assemblers will be doing this process.

2.2.6. Cutting to size
After putting the stripe the counter books are send to the guillotine where there cut to size as
finishing process. This then followed by packing the books into required number.
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2.3 System Evaluation
2.3.1 Value Analysis Approach
Value Analysis applies to a disciplined step by step thinking with specific approaches for problem
setting and the problem setting. Value analysis involves identifying and analyzing and predicting
the functional worth cost of having an activity in a process. This involves evaluating whether or
not activity adds value to the work. Value is can be defined by the equation below
( function, features, activities

value =

cos ts

Value stream analysis done for the process showed that more than thirty activities are done to
manufacture a counter book. Analysis also showed that 64% of the activities are non-adding
value activities and while remain being value adding activities.
The means that the 64% of the activities that are done to produce the product are waste.
Although these activities are waste they cannot be eliminated completely but measurable
techniques should be

2.3.2 Closeness rating
Transportation or movement of raw materials within the plant can be costly and it is one of non
adding value activity .In this paper the movement of the product was analysed by measuring the
actual distances. The cost material movement is calculated using the formula.

Cij = wij dij
Where the distance between departments i and j as di j, the cost of material movement from
workcenter (w) i and j
The total cost is given as

C=

M

M

i = i j =1

cij

2.3.3. Interpretation of the analysis
From the matrix distance and closeness rating analysis it was found that the screen printing and
the boarding station were too far from each other and yet they are closely related. It was found
that moving the screen printing to the boarding station would reduce the transportation costs and
reduce the frequency of material handling.
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2.4 Proposed layout design
Screen
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Workstation

Boarding
workstation

Pallet
1
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Pallet 2

Sewing workstation

Figure 3.0. Design layout
3.0. Results
Table1.0. Distance estimates from screen printing to other locations after redesign
Workstation
Roller Printer
Sewing
Boarding
Stripping
Sizing (Guillotine)
Packaging
Total distances

Old location
12
60
58
59
40
50
279

New location
58
12
4
5
39
40
158

Variance
-46
48
54
54
1
10
121

Ol -Old location of screen printing
NlL-New location of screen printing
Reduction in distances=

Ol −

NL

OL
279 − 158
=
279
Reduction in distance = 43%

Reduction in material handling from the analysis has been computed to be 6%
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Figure 4.0. Results of workstation utilisation using current system
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Figure 5.0. Results of workstation utilisation after redesign
Relocation of the screen printing Workstation showed that 43% of the travelling distance will be
saved. Further analysis showed that 6% material handling is also saved. Then the introduction of
a hydraulic press by replacing the manual press will result in reduction in set-up time and labour
from two to one work. As shown in Figure 4 the stripping workstation had the highest utilization
compared to the other workstation. The machine with the lowest utilization was the roller printer.
As far as the roller printer is concerned this low utilization is not bad since besides supplying to
the sewing machine it has also other jobs which it does such as the manufacturing exercise books,
this automatically means that its actual utilization is higher that what was observed.
The 20% utilization is only that is contributed to the counter books. Furthermore the higher
utilization of the stripping machine shows that it is a bottleneck. Comparison of the system
utilization after redesign shows that the patterns of the graph is clustered which means that most
of the workstations have almost same machine utilization and this automatically means a smooth
flow of material. Uniform utilization has benefit of reducing work-in-process. Reduction in
work–in-process improves productivity.
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Table 2.0. Summary of Results
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4 .0. Discussion
Further analysis on Figure 4 shows that most of the jobs are delayed at the stripping workstation
resulting in low departure of jobs from the workstation to next workstation. Observation made at
the workstation showed that the same workers who are used at the boarding workstation are the
same workers who are used at the stripping workstation resulting in work in process piling in the
preceding workstations resulting in increase in handling cost. After making redesign changes as
shown by Figure 2.0, utilization increased by 5% and the exiting jobs changed from 11 to 15
jobs which is 20% increase in productivity. The new system reduced the amount of work in
process by 20% as evidenced from the buffers as the simulation was running. Simulation results
also revealed that a labour cost of 14%could be saved. From Table1.0. Redesign the stripping
machine could save 14% of the labour cost.
Further analysis showed that 6% in material handling could be regained after relocating the
screen printing. From the simulation it was found that system redesign will result in 5% increase
in system utilization. The numbers of jobs that can be processed at a time increased at a time
increased by 27%.Introduction of a hydraulic press showed that the setup time could be reduced
by 50% and reduce the workers from two to one. As shown in the graph the relocation of the
screen printing workstation reduced the travelling distances by 43%.

5.Conclusion
It can be concluded that the use of simulation can bring remarkable result at very cost. Simulation
enables one to have an insight of the system performance. The other thing is that simulation
enables one to optimize the system that is finding the best values for the decision variables. It also
aids the selection of the desired control rules. In the event that the company wants to acquire new
equipment simulation results can be used in aiding in selling decision and supporting viewpoints.
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Abstract

The paper reports on the design and initial evaluation of a transmission visible light system for water quality monitoring.
The system is based on the principle that soluble or suspended contaminants will alter the spatial intensity profile of the
probe light. Laboratory experiment results with borehole water samples demonstrate the usefulness of the system for
comparative studies.

1. Introduction
Water quality monitoring is a global priority topic making the development of technologies for
continuous monitoring of water quality an important task. Of particular interest are portable
technologies that are economic, support in-situ non-invasive nondestructive operation and provide data
on-line and in real time. In respect of all these considerations, optical technologies are a viable option
[1]. Optical technologies have other advantages: they are sensitive to various physical effects, are
chemically and electrically passive, and unlike electrochemical and electrical sensors, do not require a
potential-free measurement ambient [2].
In this paper, we describe a transmission visible light monitor for water quality analysis. An optical
transmission system can be configured to operate by measuring the absolute intensity of the transmitted
beam [3-5]. However, the response of such systems is strongly influenced by optical source intensity
fluctuations necessitating an intensity reference scheme. Here, the system senses the broadening of the
forward-scattered beam as an indicator of the quality of the water sample.

2. Set-up and Analysis
Fig. 1(a) depicts our optical transmission system. A 3mW laser diode (Sigma Inc) operating at 650nm
centre wavelength was employed for an economic source of probe light. A LDR with a sensitive area
measuring 0.1mm by 10mm configured as part of a resistive Wheatstone bridge served as a simple
photodetector. The LDR was hosted on a homemade single-axis translation stage to allow scanning in
the Y-axis. When the system is operated, laser light passes through the transparent glass plate (marked
F on Fig. 1), through the water sample and finally through the glass plate (marked B on Fig. 1(a)) to the
scanning detector to obtain the transmission spatial intensity profile.
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Fig. 1: Principle of the optical monitor. (a) Transmissive configuration combining a
laser source (LS), transparent glass plates F and B and a photodetector (D) and the
geometric distances between the optical elements. Line marked OO is the system
optic axis. (b) ray trace diagram. (c) system co-ordinates.
The behaviour of our optical system can be modelled using the well-known matrix method of
analysis [6]. The elements of the optical system (refer to Fig. 1(b)) are: (i) 2 free-space propagation
distances l1 and l 2 ; (ii) light refracting glass plates F and B; (iii) the water sample under investigation of
optical pathlength n w l s where n w is refractive index and l s is the sample geometric length. The input to
the optical system is a light ray (refer to Fig. 1(b) defined by a ray vector,
xi
(1)

θi

where xi is the input ray position co-ordinate and θ i is the input ray slope co-ordinate. The final ray
vector in the detector plane is given by,
xo
(2)

θo

with xo being the output ray position co-ordinate and θ o is the output ray slope co-ordinate. Using the
matrix method of analysis, each element of the optical system can be represented by a [2x2] matrix and
ray propagation in the system to the detector plane is a product of the element matrices and the input ray
vector. Equation 3 summarises the transformation of the input ray vector to the final ray vector.
xo
x
(3)
= τ l 2 R Bτ lw R F τ l1 i

θo

θi

τ l 2 , τ ls and τ l1 represent the [2x2] matrix for ray transfer from (a) glass plate B to the detector plane; (b)
glass plate F to glass plate B; and (c) the laser to glass plate F respectively. The general form of matrix τ
is,

τx =

1 x

(4)

0 1
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where x is the respective optical pathlength. For example, in the case of the transfer matrix for ray
propagation to glass plate F from the laser source then τ x=l1 and x = l1 . R B , R F represent the [2x2]
matrix for refraction at the glass plate B and water sample interface and glass wall F and water sample
interface respectively and each has the general form,
1
0
(5)
Ry =
0 ni nt
where ni and nt is the incident and transmission medium refractive index respectively. Combining eqns
(3), (4) and (5) yields the expression for the final ray position co-ordinate as,
xo = (n w l s + l1 + l 2 )xi
(6)
From eqn. (6) it is clear that the incident ray position co-ordinate is altered during propagation. Assume
all the length parameters are constants then the change in ray position co-ordinate is a function of n w , the
refractive index of the water sample. The change in ray position results in a change in the spatial
intensity profile and in particular the relative broadening of the spatial intensity profile.

3.
Results
In the first place, the response of the optical system with air before applying it to analysis of water
samples was determined. Thereafter, borehole water was analysed before and after partial filtration with
a piece of cloth. The response curves of the optical system are presented in Fig. 2.
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Fig. 2: Response of the optical monitor. (A) intial response in air; (B) filtered borehole water; and
(C) unfiltered borehole water.
4. Discussion
Fig. 2 illustrates the performance of our laboratory optical monitor. The monitor yielded different
responses to the two water samples and thus its usefulness in comparative studies. From equation (6),
the forward-scattered beam diameter alters with the refractive index of the sample under
investigation. From the averaged plots in Figure 2, the forward-scattered diameter is about 33mm and
around 56mm for the filtered and unfiltered borehole water samples indicating differences in
composition between the two samples as a result of filtering.
The laboratory monitor discussed in this paper is to be developed further. As is clear from the
preliminary results the current monitor configuration is useful only in comparative studies and does
not provide information on the dissolved or suspended particle size. Particle sizing can be achieved
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by detecting back-scattered lights [7]. The benefits of a wavelength reference scheme will be
assessed by introducing another light operating at a different centre wavelength. Other planned
activities include-: (i) substituting the LDR-based sensing scheme with a linear CCD array to reduce
the time to acquire data to determine forward-scattered beam diameter; (ii) integrating
microcontroller technology to perform signal processing..

5. CONCLUSION
The focus of this paper is the design and initial evaluation of a transmission visible light optical
monitor for water quality analysis. Here, the forward-scattered beam diameter is measured in place of
transmitted intensity as an indicator of water sample quality thus avoiding the need for an intensity
reference scheme. Initial evaluation of the proposed monitor with filtered and unfiltered borehole
water samples suggests it is suitable for comparative analysis of water samples.
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Abstract

The key functions of universities are teaching and research. In order to foster economic growth through technology
and knowledge transfer to various sectors of the economy, research must focus on industry’s problems. Currently
Zimbabwean universities are not very active in engineering research and industry views universities as sources of
manpower and not as research and development partner. This paper explores the various ways in which technology
can be generated at universities and transferred to industry and society through sound and focused engineering
research. It also discusses the challenges that can be faced in implementing these strategies.
Keywords
Engineering, Technology Research, Universities

1.0 Introduction
Since the beginning of the 19th century Western counties universities have not only been
educational institutions but also research organizations in which a big part of national industrial
research and development is concentrated [1]. In these countries, the scientific system consists of
4 sectors: academic, university, industry and enterprise sectors each sector having its specific
functions and tasks [1]. The primary goal of the academic sector is teaching and conducting basic
researches. The productivity of academy researchers and use of scientific the results are important
parts of the science system. Zimbabwean universities have remained primarily academic focusing
mainly on teaching and learning. One important theme in this paper is the re-conceptualization of
universities engineering schools as important institutional actors in national and regional systems
of innovation rather than “ivory towers” devoted to the pursuit of knowledge for its own sake.
This paper analyses the strategies that can be used to promote research in engineering in
Zimbabwe.
2.0 Economic Background and Identification of Need for Engineering Research
The Zimbabwean economy has low industrialization, high unemployment and poor living
standards. The country’s population at about 11.2 million while the literacy rate is above 90% [2].
However unemployment is about 70% while the proportion of the population below the poverty
datum line is about 80%. Zimbabwe’s labor force distribution by occupation is as follows;
agriculture 66%, industry 10%, services 24% [2]. Key economic indicators in Zimbabwe are
summarized below in Table 1.
Table 1 Zimbabwe’s Economic Indicators [2]
Economic Indicator

GDP - real growth rate
Total labor force
Population below poverty line
Industrial production growth
Unemployment rate

Value
-4% (2005 est.
3.94 million (2005 est)
80% (2004 est.)
-1.7%
60% (2004 est.).

Current earnings in the country are as shown in Table 2 below
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Table 2 Earnings per Industry in 2003 [3]
Industry

Agro processing
Textile garment and footwear
Jewellery and allied products
Wood and furniture
Capital Goods

Earnings as % of total
22
18.7
17.1
15.7
12

Manufacturing industry still has low contribution to employment and production output of capital
goods rank last in earnings. The economy has been characterized by high annual inflation of over
600% since 2005. The effects of high inflation are the erosion of purchasing power of incomes
and stifling of economic growth; widespread uncertainty, which makes forward business planning
difficult and speculative activities, which divert resources from productive activities [4]. Other
economic challenges are listed below.
•

•
•
•

•
•

There are 300 000 secondary school leavers entering the job market every year for 10 000
to 16 000 formal sector jobs available [5]
Poor growth of manufacturing sector only contributing 20% of gross domestic product
and employing only 17% of work force [6].
Over dependence on primary industry and exports of raw materials
According to the Central Statistical Office quoted in [3], Zimbabwe’s manufacturing
added value (MAV) grew by 3.4% per year in 1980’s, and declined by 1.7% in 1990’s and
has continued to decline in the 2000’s due to the persistent droughts leading to raw
materials shortages especially for agro processors.
Many small-scale manufacturers in Zimbabwe, which form the majority of employers, use
unfriendly manufacturing methods leading to environmental degradation and pollution [7].
Challenges facing small scale manufacturers in Zimbabwe as lack of access to technology
and equipment, poor quality of production, difficulties of entry into more lucrative and
profitable markets which affects the earning capacities of both entrepreneurs and their
businesses [8]

With this background there is a need to develop strategies for growing new knowledge based
enterprises with the necessary supporting infrastructures. Universities can be incorporated and
participate into the economy through technology and product development.

3.0 The Role of University in Research and Development
Universities distribute knowledge not only through teaching activity but also through
dissemination of research and development results. In accordance with different character of
R&D processes and results, basic R&D and applied R&D data dissemination is carried out with
two main forms:
(a) Disclosed one of fundamental R&D results – conferences, publications etc., (b) Closed, commercialized dissemination of applied R&D results by technological transfer,
patenting, licensing etc.
In some universities the latter form of dissemination is becoming more prevalent thereby
reinforcing university contribution to industrial development [1].
The university is traditionally the source of knowledge information and science through
generation and diffusion of such knowledge. Diffusion of such knowledge is now more important
than accumulation. The university engineering departments can carry out the following
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(a)
(b)
(c)
(d)

Solving client problems in production and product development
Training services
Information transfer to clients
Users, generators and custodians of new knowledge

Theories on the university role in the national innovation system include the Social Contract,
Triple Helix Model and the Linear Model [1]. The difference between the theories are shown
below in Table 3

Table 3: Theories on the University Role
Linear Model 1

Linear Model 2

Social contract

Triple Helix Model

Actors

Academia

Academia and
practitioners

University and
government

University,
government and
industry

Focus and work
organization

Academic
achievement,
individual work,

Demand from
practice, applied
research from
institutes

State needs,
individual or group
work

Social needs
above industry

Commercialization
of results

No
commercialization
of results

Closed knowledge
and
commercialization of
results

Depends on
situation

Commercialization
of results

4.0 Engineering Education in Zimbabwe
Zimbabwe has four universities offering Engineering programmes University of Zimbabwe (UZ),
National University of Science and Technology (NUST) Chinhoyi University of Technology and
Harare Institute of Technology (HIT). The University of Zimbabwe is offering Mechanical,
Electrical, Mining, Metallurgy and Civil through its Faculty of Engineering. National University
of Science and Technology is offering Electronics, Civil and Water, Industrial Engineering and
Textiles Technology through the Faculty of Industrial Technology. Chinhoyi University is
offering Production Engineering degree programme.
4.1 Current Research Models in Zimbabwean Universities
The current model of research model in Zimbabwean Universities in characterized as below in
Table 4
Table 4: Engineering Research Model in Zimbabwean Universities
Focus

Actors
Driving forces
Organizational structures
Instruments of achieving quality
Work organization
Sphere of application
Commercialization of results
Precondition for emergence
Stimuli for development

Disciplinary focus
Academics at a given university
Academic community
Hierarchical stable knowledge structures
Quality through internal consistency and peer review
Individual research work
Science sector universities, institutes and laboratories
None, disclosed knowledge priority of discovery
Separate parallel development for industry and science
New knowledge research
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Research work in universities is currently being pursued primarily for individual professional
development of academics. A lot of the research may no deal directly in solving research
problems in the country. Industry is also not very forthcoming with research projects and
collaboration proposals.

4.2 Research Facilities at Universities
Research facilities required for research include computer facilities and mechanical workshops
for making prototypes. The distribution of workshop facilities available for engineering
departments is shown below in Table 5
Table 5: Distribution of Workshop Facilities Available for Engineering Departments
University
UZ
NUST
HIT
Chinhoyi

Workshop Facilities
Available on Campus, No Computer Numerical Control facilities
Not available on campus, Rented at Westgate Technical College, 10 km away
Equipment available, conventional machine tools
Equipment available, conventional machine tools

The unavailability of modern machine tools in the university workshops hampers a lot of research
especially where researchers want to produce actual models, prototypes or products. Resultantly
most researches end with design drawings. Most of the equipment available in the workshops is
obsolete and not suitable for accurate fabrication work.

4.3 Research and Block Allocations for Lecturers
Current block allocation of lecturers at universities for research related activities are about $10
000. Membership subscription to Zimbabwe Institution of Engineers, engineering body in the
country is $15 000. The inadequate block allocation means the engineering lecturers fail to join
the institution, which allows them to be part of the legal engineering body. Funds for research in
universities are not readily available for engineering projects due a general decline of the
economy.
4.4 Poor industry Academia Collaboration
The level of collaboration between university and industry is low. The limited collaboration that
exists is in the form of industrial attachment for forth year students and sponsorship for some
students. There are no joint projects between engineering departments and industry in areas of
research and development. One of the main reasons for this is limited research activities are
currently being undertaken industry itself. Products have remained traditional.
5.0 Modern Trends in Engineering Education
Case studies in research oriented engineering education and training are available from China and
Hong Kong and Singapore and other developed countries. The Polytechnic University in Hong
Kong uses state of the art manufacturing machines such as numerically controlled machines,
photochemical machining equipment, laser processing equipment, and advanced CAD/CAM
packages for training, which enables it to tackle research projects for industry [9]. The University
of South China does not have the funds to acquire such equipment, but has access to a larger
variety of well-equipped industries [10]. Mainland students have the opportunity to experience
state of the art techniques in manufacturing and Hong Kong students learn about opportunities in
China. At Temasek Polytechnic in Singapore, TIMAG (Temasek Internet Manufacturing Group)
utilizes the CIM (Computer Integrated Manufacturing) Laboratory and the VR (Virtual Reality)
Laboratory. Their aim is to provide a manufacturing presence and a programme environment
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whereby academic staff, students and industry can engage co-operatively in multidisciplinary
education, basic and applied research and technology transfer in areas of common interest related
to modern manufacturing. TIMAG provides the opportunity for industry to obtain skills in CIM
without a big capital outlay, and for students to acquire, in collaboration with industry, the
specific skills required by the company. The virtual-reality technology applied to CIM has
demonstrated that complex equipment and processes can be modeled and manipulated digitally.
Expensive equipment is no longer tied up in training and planning and enables the use of the
Internet to run virtual factories without investment in expensive hardware.

5.1 Opportunities for Engineering Research
Rapid changes in technology in other parts of the world like Asia are present problems for local
industry. With the high cost of foreign exchange there is need for developing local technology to
satisfy the industry demands to be competitive.
Shortage of foreign currency means it is difficult to import spare parts and components for local
industry. Import substitution strategies need to be pursued.
The challenge that Zimbabwe has is to produce goods for the world market. While industry in
Zimbabwe show a variety of services ranging from traditional casting and metal working to a few
numerical controlled machinery.
Due to their small resource base, the small-scale companies, which are now the majority, cannot
afford consultancy services for business support. Businesses also have shortage of finance, which
limits their chances of survival and growth.

5.2 Building Frameworks for Joint Collaboration
According to Bennet (2000) quoted in van der Merwe (2004), University of Southampton is
involved in collaborative projects with industry around Southampton in areas of product
development rapid prototyping, precision measurements, CAD/CAM and computer modeling,
materials testing and mechatronics. There is also liaising in the areas of entrepreneurial support
and project management services.
The terms of reference for collaboration at Zimbabwean universities need to be clarified by
administration. Revenue collected from consultancy work, training and research work that
accrues to both the institutions and researchers must be equitably shared so as to avoid killing the
enthusiasm of researchers.
Where research projects are shared with industry it is very important to have a system of
managing the projects and sharing costs. Industry has to be proactive in collaboration and focus
on the following;
a) Increase pressure on engineering schools to meet societal needs
b) Pursue new knowledge and technology to meet profitability
c) Pursue global competitiveness through research and development.

5.3 Emphasis on Products
Students must make products for the market to assist them to develop skills to run small
companies. With the equipment and laboratories students must make products for the market and
familiarize the students with issues of safety, quality and manufacturability. Van der Merwe
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(2004) identifies Tshingua University in China as having managed to overcome the problems of
staffing by collaborating with local industry.

5.4 Industrial training
Computer aided lecturing can be used to reduce the need for formal lecturing while coping with
increased new techniques. More group projects can be used.
5.5 Using virtual labs in training.
Temasek Internet manufacturing group of Singapore uses CIM and VR lab allow specific skills to
be imparted to students collaborating with industry. The project provides a manufacturing
presence to staff and students by demonstrating complex processes and equipment using virtual
reality technology. Expensive equipment is no longer tied to training. Exposing students to the
most up to date machinery gives them the confidence to carry out world class standard research
projects.
5.6 Promoting multi-disciplinary research
Universities must be pursuing multidisciplinary research to meets application and society needs.
Multi disciplinary research would entail group research and bringing together of skills and
networks.
6.0 Discussion
Engineering faculty senior staff members must be active researchers to set the research pace for
younger members of staff. Activities of these senior members have to move away from traditional
functions to strategic thinking and establishment of linkages with industry and business
community. Engineering schools must be a breeding ground for technical entrepreneurs. These
individuals have a strong technical orientation that love inventing things and developing ideas for
new products. Developing new markets and even new industries are generally the goal of those
with technical orientation.
For students it involves promoting and introducing the self-employment option by training in
necessary skills for self-employment and mentor support and access to support networks through
consultancy work.
By creating “science parks” located nearby research university campuses,
support for “business incubators” and public “seed capital” funds, and the
organization of other forms of “bridging institutions” that are believed to link
universities to industrial innovation.
The main directions of integration processes development should be adjusting of science and
technology financing mechanism and also development of close communications with the users
of scientific products both in the country and abroad.
An alternative research model is shown below in Table 6
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Table 6: An Alternative Research Model
Focus
Actors
Driving forces
Organizational structures
Instruments of achieving quality
Work organization
Sphere of application
Commercialization of results
Precondition for emergence
Stimuli for development

Multi-Disciplinary focus
Academics at university, industry, government
Academic community, social needs, practice driven
Flexible knowledge structures, networked with feedback systems
Quality through internal consistency and peer review, scientists, officials
Networks of practitioners
Science sector universities, institutes, industry and laboratories
Commercialization and disclosed knowledge priority of discovery
Increasing pressure from social needs and government needs
New knowledge research, falling government funding

The universities engineering schools must pursue the following objectives:
• to organize, to conduct and to co-ordinate scientific researches on basic and applied
problems of industry and engineering through research contracts.
• to conduct at the world level of basic and applied researches on priority directions of
science and strengthening the influence of their results on innovative development of
economy, education and culture.
• to provide the integration of science, education and industry;
• to provide the integration of national intellectual potential in the world.

7.0 Conclusion
Changing Engineering education takes a lot of commitment and long term vision closed related to
the country’s industrialization policies. A lot of investment into equipment and training is needed
to come up with research laboratories. Like China, Zimbabwe must start to train technicians,
technologists and engineers in collaboration with more developed South Africa and find financial
assistance to create virtual training centers and factories. Research must be on current technology
areas and the country has to leap frog its development to catch up with the rest of the world.
Challenges to sound engineering research include lack of infrastructure like latest machinery and
technology and policy framework for engaging in partnerships with industry.
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Abstract

Material sourcing and supplier selections are key inventory management roles, which are often challenging. In
industry supplier selection methods are often cost based and usually selection criteria are based on panel discussions,
brainstorming and other qualitative selection techniques. A number of suppliers are classified according to their
performance in areas of dependability, quality, price and lead-time. This paper presents a decision support system for
supplier selection using a genetic algorithm to achieve the optimal selection. The paper analyses problem
formulation, presents an algorithm and case study results achieved.

Keywords
Genetic Programming, Supplier selection, Strategic sourcing
Introduction
Purchasing, transportation, storage costs and their optimizational impact on long term business
competitive advantage. The percentage of product costs attributed to purchasing for high
technology and automotive firms are up to 80% and 50% respectively [1]. For companies faced
with intense competitive pressures, supplier selection has become a key industrial engineering
function. This paper proposes a genetic algorithm for supplier selection from a predetermined
pool of suppliers based on optimization of an outsourcing cost model.
Supply Chain Management and Supplier Selection
Logistics refers to the movement and storage of products [1]. It is characterized by five rights,
which refer to the right product, place, quantity, price and condition. Logistics is important for the
success of a supply chain, which is the network of suppliers, and customers in which any business
operates [2]. The planning, coordination and organization of traditional business functions to
achieve optimal results for participating firms is termed supply chain management [3].
Challenges in supply chain management include shortening product life cycles, complex
corporate joint ventures and stiffening requirements of customer services [1]. A company’s
supply chains comprise of geographically dispersed facilities where products are required,
transformed, stored or sold and transportation links connecting facilities along with product
flows. The facilities may be owned and operated by the company or they may be owned and
operated by vendors, customers or third party providers. Suppliers may contact the purchasing
organization through their sales representatives, but more often, through trade shows, wholesale
showrooms and conventions, or through buyers’ directories, industry contacts, Business-toBusiness Yellow Pages and trade journals. Suppliers can be divided into four general categories:
manufacturers, distributors, independent craftspeople and importation sources [4]
2.1 Supplier Selection Criteria
Supplier selection criteria have to be considered in decision-making process, and performance of
suppliers must be measured. Dickson in 1966 carried out a survey on 273 purchasing agents and
managers affiliated to National Association of Purchasing Managers and identified Quality, on
time delivery, warranty policy and performance history as selection criteria [5]. Research by
Weber 1991 with 74 papers showed that price, quality, delivery and production capacity and
location are criteria most often treated [6]. Financial statements, organizational culture, business
strategy and technological state of the supplier are the most important criteria in supplier selection
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[7]. Some authors propose linear weighting models in which suppliers are rated on several criteria

and in which these ratings are combined into a single score. These models include the categorical,
the weighted point [8] and the analytical hierarchical process [9]. Total cost approaches attempt to
quantify all costs related to the supplier of a vendor in monetary units, this approach includes cost
ratio [10] and total cost of ownership [11]. Mathematical programming models often consider only
the more quantitative criteria; this approach includes the principal component analysis [13] and
neural network [12]. The categorical method relies heavily on the experience and ability of the
individual buyer [14]. People in charge of purchasing, quality, production and sales all express
their opinions about the supplier’s performance on the basis criteria, which are important to them.
The main drawback of this method is that the identified attributes are weighted equally and the
decisions made using this system tend to be fairly subjective. Another method is the weighted
point, which considers attributes that are weighted by the buyer. The performance score that is
assigned then multiplies the weight for each attribute. Finally, these products are totaled to
determine a final rating for each supplier [15]. All measurement factors are weighted for
importance in each purchasing situation.

2.2 Classification of Supplier Selection Methods
Three principal categories of supplier selection methods are; (i) Elimination methods [8], (ii)
Optimization Methods [6,15], (iii) Probabilistic methods [16]. The advantages and disadvantages of
the various methods are shown below in Table 1
Table 1: Methods of Supplier Selection

Method
Elimination

Optimization
Without
Constraints
[15]
Optimization
with
constraints
[6],

Probabilistic
[17]

Advantages
Fast
Simple
Takes into account subjective
criteria
Multi criteria- Simple to use
and takes into account all
criteria
Oriented cost- Objective
method
Single criteria proposes an
optimal solution with possibility
of introducing several
constraints
Multi criteria- More than one
optimal solution with possibility
of introducing several
constraints
Analyze uncertain behavior of
suppliers

Disadvantages
No possibility of constraints
Final choice not based on beginning criteria
Multi criteria- Depends on human judgment and
does not account for constraints
Oriented cost doesn’t take into account
subjective criteria
Single criteria is not clear to the manager and
does not take into account subjective criteria
Multi criteria makes it difficult to take into
account subjective criteria and is not clear

No optimal solution, Not easy to analyze
No possibility to introduce constraints in the
model

2.3 Heuristic Methods and Meta-heuristics
A heuristic is simply any intelligent approach that attempts to find good or plausible solutions
used
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to solve complex, strategic and non-linear higher levels of tactical supply chain planning
problems where mathematical programming may not apply. Meta-heuristics are used where there
is no problem specific algorithm like in combinatorial problems [18].

2.4 Genetic algorithms
Genetic algorithms (GA) are meta-heuristics that use the encoding of control variable rather than
the variables. The genetic algorithm selects chromosomes that relate to decisions on selection or
not selecting each chromosome corresponding to a configuration of the selection [12]. Genetic
algorithms search from a population of solutions to another rather than individual to individual
such that solutions can be found free of preconceptions. Noisy search spaces with local optima
can be searched using objective function information to guide themselves through the search
spaces [13]. Mathematical programming and other search methods require a lot of information to
guide them while genetic algorithms need information about fitness of a configuration. Genetic
Algorithms are probabilistic in nature not deterministic due to randomization techniques used
[12]. The main disadvantage of genetic algorithms however is one of premature convergence to a
local optimum.
3.0 Supplier Selection Methodology
The supplier selection methodology and framework includes seven steps is shown in Figure 1
below.
Identify Key supplier Evaluation Categories
Use primarily price, Quality, Delivery, and Cost; Assign
weight to each category, Evaluate each supplier directly

Define scoring system for
categories and

subcategories

Identify and weight
subcategories

Evaluate Each Supplier Directly
Management capability, Long-term
relationship potential, Cost structure,
Process capability
Weight Each category
Total weight should equal 1
Review evaluation results and make selection
decision

Evaluate supplier directly

Figure 1: Supplier Selection Methodology [13]
3.1 Structure of the Genetic Algorithm model
The model comprises two parts: A GA optimizer and a supply chain simulator for each iteration.
GA optimizer proposes certain network configuration, the supplier portfolio in this case. The
supply chain model is generated from the simulation model. The model generates the supply
chain model. The necessary properties of the candidate suppliers are provided as the input to the
simulator and the simulation is performed to relevant Key Performance Indicators (KPIs) of the
candidate supply portfolio. Discrete event simulation is employed in this simulation with the
fitness of each candidate supply portfolio being evaluated. Inputs for the simulator include
demand pattern, supply characteristics, transport links and inventory policy. The model
preliminary assumption is that the model looks only at strategic factors in supplier selection.
Model’s assumptions are
• Customers generate demand for final products; assignment of orders to suppliers is based
on order assignment rules,
• Orders and demands are collected by the focal enterprise and are forwarded to the
warehouse and according to the on hand inventory level
• Demands are fulfilled or backlogged.
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•

If inventory position is shorter than S, an order is generated and collected for processing.

The focal enterprise makes a decision to assign orders to its suppliers using order assignment
rules. After a certain period called the supply lead-time the products are delivered to he
warehouse and the supply is replenished.

3.2 Applying Genetic Algorithms Supplier Selection Strategy
The algorithm for genetic algorithms is shown below in Figure 2
Yes

Run=0

N

Gen=0
Create initial solution for run

Run++
Designate result for run
Select genetic operation

Termination criterion
satisfied for run

Pr
Select one individual
based on fitness

Evaluate fitness for each
individual in the population

Perform reproduction

i=0
Gen ++

No

Pc=probability of cross
over
Pm=Prob of mutation
Pr=prob. of reproduction

Yes
i=M

End

Run =N

Copy into new
production

Pc
Select two
individuals based
on fitness

Pm
Select one
individual based
on fitness
Perform mutation

i=++
Perform cross
over

Insert mutant
into new
population

i-current size of new

population
M-size of population

N=Max number of runs
i++

Figure 2: Algorithm for genetic algorithm [18]
3.2.1 Initialisation
An initial solution space S (0) of the desired population size is generated randomly with solution
space size population = 50. (for short listed suppliers), Population Size = {Ordering Sequence}
for n suppliers. A chromosome of length n is a permutation of 1, 2…n suppliers representing a
specific supplier group.
3.2.2 Evaluation
The GA computes a score, (objective) function for each so that the string having the maximum
score-function value is determined. The goal is to minimize the cost function while maximizing
productivity .The cost function being optimised is then mapped to score functions that give a
score for each supplier. Here we apply the mapping process given by Goldberg [18].
f i ( t ) = { g i ( t ) − f mi i n

where f mi i n < g i (t ) ……………………………………………………1.

otherwise………………………………………………………………..2
where g (t) is the objective function of a string and f min
f i (t ) = 0
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3.2.3 Selection And Recombination
From six alternative selection schemes presented by Goldberg [12] the remainder stochastic
sampling without replacement has been found to be superior to the other five. In this strategy, the
expected count ei is calculated as
ei =

f (t )
f (t ) p o p s i z e

……………………………………………………………………….3

The fractional parts of ei values are treated as probabilities. The strings receive copies equal to
the whole parts of ei .

3.2.4 The Crossover Genetic Operator
To examine unvisited regions, the strings have to be diversified by the crossover operation. The
strings to be crossed are selected randomly. The interstitial point is also chosen at random. There
are many crossover techniques and in this study the 2-point crossover technique has been adopted
[12] as it offers more ways of picking crossover points than the 1-point crossover technique.
For a string of length, l, and x-point operator, there are

l

( xp )

different ways of picking the x p

cross points

3.2.5 The Mutation Genetic Operator
This is the random modification of a randomly selected string. It guarantees the possibility of
exploring the space of solutions for any initial solution space so as to permit a zone of local
minimum to be abandoned.
Using a mutation probability of 10% two random integers r1 and r2 are selected from string1 and
string 2 respectively such that 1 ≤ r1 , r2 ≤ n and r1 ≠ r2 . The genetic algorithm then swaps the order
sequence with string bits designated as r1a n d r2 .

3.2.6 Replacement Strategy
New strings in mutation and crossover may be better or worse. To retain the best value
performing strings are to be replaced using a best-fit strategy. The strategy uses a predefined
probability of acceptance [12].
3.2.7 Termination Criterion and Result Designation
Global maximum obtained by overall objective function. In the given objective function
termination will be achieved when the GA generates three values, which are equal to 5 decimal
places.Best so far strategy from population of selected key suppliers. It will be a combination of
the best factors that minimize the cost function.
3.2.8 Convergence Policy And Divergence Measure
In GA applications a possible outcome is that the convergence may take place before the optimal
solution is obtained. To avoid this problem we use [12] which suggested an entropic measure
within a solution space of strings.
3.2.9 The Entropic Measure
For each strategy I, the entropic measure H i is found thus,
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c

Hi =

j =1

( nij / p ) x log( nij / p )
log( d m )

where
nij
is the number of strings of performance factors in a chromosome assigned to j Strategies.
p
is the solution space size,
c
is the sum of the strategies containing the key performance indicators,
dm
is the line efficiency,
R
is the number of chromosomes.
The divergence, H, then is calculated as

H=

n
i =1

H i / R.

As the solution space precedes the divergence parameter, H approaches 0. Therefore this
parameter (preset at 0.016) was used in this study to monitor the diversity of each and every state
[18]

4.0 Problem Formulation and Design
The aim is to create and implement a supplier selection system through the computation of
optimum solutions from genetic algorithms. The primary objective is to minimize the total cost
per product unit. A first classification of a supplier selection system can be made according to
three main different objectives, which are: (i) To minimize the total cost associated with
outsourcing, (ii) To determine quantitative key performance indicators in supplier selection, (iii)
To optimize the supplier selection process.
4.1 Notations And Representation
The notations used in the program are shown below in Table 2
Table 2: Notation for Program
Parameter
Maximum population size

Value
1000

Maximum number of
generations
Reproduction rate
New replacement rate
Using rate of low cross-over

10 000
1/3
2/3.
20%

Parameter
Number of chromosomes per
generation
Number of genes per chromosome

30

Using rate of high cross-over
Mutation probability

80%
10%
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Value
20.

4.2 Supplier Selection Criteria
The supplier selection criteria are shown in Table 3.
Table 3: Supplier Selection Criteria
Criteria
Unit Cost Of
Product
Supplier
Distance

Objectives
Cost of product has to be minimum

Duration of price
validity maximum

Distance from supplier
has to be minimum

Ratio of cost to value of product must be
maximum
Time between issuing of order and receiving of
goods has to be minimum

Product
Reliability

Product has to have the maximum
reliability

Each supplier is assumed to have the same
reliability for all products

Minimum reliability
acceptable is 0.7.

Product
Demand
System
Configuration

Every supplier is able to meet the
required demand
All resources contribute to the
making of one product whose cost is
to be minimized
Different-purpose purpose resources
are purchased at once to meet
various needs across the supply
chain.

Supplier Chain
Configuration

Supplier
Contribution

Selection of resources is done at once to
minimize the overall total cost
Depending on demand resources are bought to
satisfy demand across the whole chain.

Each resource has to
satisfy its demand and
the whole supply chain

Supplier Selection is based on its
optimal contribution to the whole
supply chain

4.3 Objective Function Formulation
The objective function is to minimize the costs associated with outsourcing F where:
F =

δ

NPN

S

Pi S

i

(

1

{ β
−

R

i

)+ϕ

( U .C i − A
k

)+α

( 1

−

( X

i

−

B )+

Q ) − ρ. }
i

Penalty function associated with the fitness
function
P
Product ( the resource purchased).
S
Supplier (i).
Weight associated with unit cost.
U.C. Product unit cost
Weight associated with quality.
R
Reliability of product..

A

Penalty cost associated with unit cost

B.

Penalty cost associated with distance
Weight associated with unit cost.
Distance from supplier.
Quality (score value) of product.
Penalty cost associated with reliability.
Weight associated with unit cost.

X
Q
k

4.3.1 Problem Decomposition
The initialization process is executed with the user inputting the parameters associated with each
supplier per product. Product demand and supplier attributes are shown below in Table 4
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Table 4 Inputs of Product and Supplier Attributes
(a) Product Demand
Product

(b) Supplier Attributes

Demand

1

Supplier

. n.

1

Distance

Reliability

Product 1-N

Product 1-N

Unit Cost

Quality

5.0 Results
Figure 3 below shows a window showing the input of supplier attributes and product parameters
for each product into the program. All the candidate suppliers for each input are entered through
the window

.
Figure 3 Window for input of Candidate Suppliers and performance characteristics
Figure 4 below shows the results after computation by the program in Visual Basic 6.0.

Figure 4: Results of optimization
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6.0 Case Study Results
From the case study done at a bakery in Bulawayo, the following data was captured from the
supplier history database at a bakery in Bulawayo. The resources to be purchased here are used to
make one product, bread. The resources needed are as follows: 1. White flour.
2. Yeast.
3.
Sugar.
4. Salt.
5.Bread Premix.
The demands for the resources are as shown in Table 5, supplier distance and reliability in Table
6, Table 7 to Table 11 shows input parameters of inputs 1 to 5 below. Results of the optimization
are shown in Figure 4.
Table 5: Resource Demands

Resource/Product
Demand( In Kg’s)
1 White flour
5000
2 Yeast
170
3 Sugar.
240
4 Salt.
110
5 Bread Premix
1900
Table 6: Supplier data on distance and reliability
Supplier Supplier
Distance From Supplier (km)
Name
1
National
3
Foods
2
Gloria Foods. 1.5
3
Blue Ribborn 0.7
4
Royal
3.5
5
Sanpak (S.A) 1500
Table 7: Supplier data on unit cost and quality for white flour
Supplier
1
2
3
4
5

Unit Cost /Kg
230
256
240
235
225

Supplier Reliability
0.80
0.75
0.72
0.90
0.95

Quality
0.80
0.70
0.75
0.85
0.90

Table 8 : Supplier Data on Unit Cost and Quality for Yeast
Supplier
Unit Cost /Kg
Quality Rating
1
1200
0.85
2
1350
0.60
3
1400
0.65
4
1420
0.90
5
400
0.97
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Table 9 : Supplier data on unit cost and quality for Sugar
Supplier
1
2
3
4
5

Unit Cost /Kg
150
165
130
170
50

Quality
0.80
0.70
0.80
0.80
0.93

Table 10: Supplier Data on Unit Cost and Quality Bread Premix.

Supplier
1
2
3
4
5

Unit Cost/Kg
1500
1750
1800
1250
720

Quality
0.79
0.80
0.70
0.91
0.95

Table 11: Supplier Data on Unit Cost and Quality for Salt
Supplier
1
2
3
4
5

Unit Cost/Kg
240
225
280
210
90

Quality
0.82
0.75
0.68
0.85
0.95
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Fig 4: Final Results of the Supplier Selection at the Bakery
Table 12: Results of case study
Product To Be
Supplied
Flour
Yeast
Sugar
Salt
Bread Premix

Supplier Chosen To
Supply Product
Gloria Foods
Sanpak ( S.A)
National Foods
National Foods
Sanpak ( S.A)

Quantity / Demand
Of Product in Kg’s
5000
170
240
110
1900

Discussion
In this paper we have only considered aspects of supplier selection, which do not deal with
constraints such as inventory lead-time as well as production capacity. Future work is directed at
considering issues like total outsourcing algorithms, which optimize the whole supply chain from
the supplier to the end user of the commodity. In this project the author has used a quantitative
way of solving the supplier selection problem. This is a shift from the way supplier selection
systems were developed in the past. Researchers in the past tried various approaches to improve
supplier selection systems, but most of their approaches are qualitative in nature and have certain
limitations. The limitations come from the fact that some approaches promote the use of a
specific technique or product and some look at specific areas of engineering and design activities
There is a lack of a systematic and analytical approach that looks at improving engineering
performance based on the understanding of the relationship between engineering performance
and the driving factor of suppliers. In this dissertation, the fundamental approach of the research
is abstract and the output is quantitative.
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Conclusion
Supplier performance must be evaluated continuously and new suppliers obtained. Objectivity is
very important when selecting the right suppliers for a company. Long-term relationships must be
pursued.
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1.0 Abstract

The aim of this work was to establish how setting up a chlor-alkali plant in Zimbabwe could benefit Zimbabwe, its
implications and the costs involved. The report looks at the uses of chlor-alkali products in Zimbabwe, demand, their
sources of origin. It also looks on the feasibility of establishing the plant in Zimbabwe as all the chlor-alkali products
are imported from neighbouring South Africa (as you will establish in the report); capital investment required and
returns
Chlor-alkali products are highly on demand and are applied on everyday usage in industry, yet Zimbabwe is a an
importer. Research work was conducted to find if there were stumbling blocks / or if lack of initiative was the cause
for the nation’s net importer status on chlor-alkali products. Observations of this research work, might be an eye
opener to many problems in Zimbabwe
The nation should realise of the need to reduce the dependency on other nations on the products that could otherwise
be produced locally. This has had adverse effects on the nation’s balance of trade. This is not the only area where the
nation can improve, but certainly an area worth looking into since it can have a significantly impact on the upturn of
the economy

2.0 Introduction
The chlor-alkali industry that forms the backbone of the chemicals sector in the country is
showing slow recovery. Chlorine and sodium hydroxide, the chief outputs from the chlor-alkali
plant, are among the top ten chemicals produced in the world of industrial importance. The main
uses are as shown in Figure 1
Input

Process

Output
Sodium Hypochlorite (NaOCl)

Salt
Electricity
Water

CHLORALKALI
PLANT

Hydrogen gas (H2)
Hydrochloric acid (HCl)
Sodium Hydroxide (NaOH)
Chlorine (Cl2)

Figure 1 Chlor-alkali plant inputs and outputs
About 30 % of sodium hydroxide is used by organic chemical industry and about 20 % is used by
the inorganic chemical industry for neutralization, off-gas scrubbing and, as feed to the various
chemical products (e.g. alumina, propylene oxide polycarbonate resin, epoxies, synthetic fibres,
soaps, detergents, rayon, cellophane). Another 20 percent is used up in the pulp and paper
industry. Significant amounts of sodium hydroxide are absorbed in the manufacture of soap and
cleaning products, and as drilling fluid for oil and gas extraction
“Chlorine demand drives the chlor-alkali industry, but the demand is cyclical, with chlorine and
caustic soda out of phase in the marketplace. When caustic soda reaches a high level of demand,
the direction of product flow is dependent upon Asian and European economies and the foreign
exchange rate. Foreign producers may often export caustic soda to keep chlorine production high,
which impacts both markets and production in the country,” (DOW 1999). [01]
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Changes in vinyl exports to Asia and weakness in the pulp and paper industry impact prices for
both chlorine and caustic soda. Important Asian economies (e.g., Japan) will continue to drive
demand for both these products and set the pace of new production facilities in the United States.
“The fact that the United States remains competitive in the chlorine caustic- vinyl cycle can be
attributed to three factors: their large supplies of energy and raw materials (salt and ethylene), and
their large-scale economy. With the exception of Taiwan, world scale vinyl plants are not being
built in Asia,” (DOW 1999).[01]
Other forces affecting the market for chlor-alkalis include environmental regulations aimed at
curtailing chlorine use. For example, restrictions on the production or disposal of products that
require large amounts of chlorine (e.g., PVC, chlorinated solvents) have had a negative impact on
the chlorine market. Several environmental groups and initiatives (e.g., International Joint
Commission of Great Lakes Water Quality) are calling for a gradual phase-out or immediate ban
on chlorine and chlorinated compounds as industrial feedstocks, which is also impacting
negatively on commercial use of chlorine (CCC 1995, EPA 1995a, CCC 1996, Ayres 1997). [01]

2.1 Uses of Chlor-Alkali Products
Uses of these products are so many that they can only be sufficiently represented by identifying
the industries that consumes them, which can be typified as follows:
Table 1: Uses of Chlor-Alkali Products
Caustic Soda
Rayon and pulp
industries
Aluminium and
Glass

Chlorine

Hydrochloric Acid

Hydrogen

Paper and pulp

Amino acids

Hydrogenation

PVC

Pickling

Textiles

Chlor-organics

Ore benefaction

Soap and
detergents

Water disinfection

Fertiliser

Fertiliser

Dye and pharmacy

refineries

Refineries

Petrochemicals

Petrochemicals

Dye and Pharmacy

Looking Table 1, it is clear the chlor-alkali products (CAP) link many industries together,
possibly even more than any other in the chemical industry. Every developing country determined
to achieve serious motion as far as industry is concerned will, no doubt, seek to first establish an
environment such as relies less and less or not at all on imports. The CAP, with its ability to link
industries, will avail a closer approximation for such an environment, where such industries as
mentioned in the table will likely be ushered into existence. Zimbabwe’s chemical industry is
currently struggling with no new players coming into the picture forcing many consumers to look
to imports. On the paradox, the acute shortage of foreign currency (forex) in the country has
emphasized the weaknesses of relying imports for a nation.
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2.2 Demand and consumption trends for the Products in Zimbabwe [02]
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Figure3 Chlorine Demand Trend (January 2003- August 2004)
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Figure 5 Sodium hypochlorite Trend (January 2003 – August 2004)

2.3 Trends Analysis
A plant with annual production of 150, 000 metric tonnes (MT) Cl2 shall be used as the basis
(produces 170 000 tons of 50 % NaOH, near the estimated country requirement of 150 000 tons
NaOH). From the graphs above it can be shown that there is a marginal growth in the
consumption of NaOH and NaOCl. HCl shows a flat trend in its consumption figures whilst CL2
even shows a nose-diving trend in the consumption pattern. However, quantities that are being
consumed are very low to the chlorine NaOH and HCl consumption figures expected if the
industries were operating at full capacities. At the same time, it has to be noted that for
hypochlorite, alternative markets should be sought out for in the region and/or elsewhere. Export
trade could also be done in the production of caustic soda, chlorine, hydrochloric acid, bleaching
powder and other chemicals to meet the demand for basic chemicals in the SADC countries, as
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the capacity of the chlor-alkali plant provides such flexibility. In the region, South Africa being
the sole producer in the region is the natural source of competition on the market. Nevertheless,
the fact that the country has only one plant which has so far struggled to satisfy its own domestic
demand means the competition is likely to be very negligible. More so, prospects are high that it
may end up one of the consumers since it is importing most of its chlorine products from the
European and Asian markets. As most chemical industry companies are operating below capacity
due to the constraint availability of raw materials, these are forecasted at increasing their
capacities once there is a local manufacturer and therefore the projected demand is set at being
even greater in future.

2,4 Sources of Chlor-Alkali Products In the Region
All the market in Zimbabwe is there for the taking as there is no producer of chlor-alkali products
in the country. The existing suppliers import almost all of their products and they later sell to the
chemical and allied process industries at exorbitant prices. Basically, what this means is that for
the chlor-alkali plant the potential customers are the existing chemical suppliers and buyers, for
the demand can be easily met by the plant, leaving some of the product for exports.
Besides the Zimbabwean market the whole region except South Africa does not have even a
single chlor-alkali plant. This means market can be expanded to the whole of the southern Africa
region. In particular countries like Mozambique, Malawi, Angola Zambia and Namibia are likely
to offer an attractive market for chlor-alkali products as they are depending on imports from
Europe or South Africa.

3.0 Manufacturing the Chlor-Alkali way
3.1 Chlor-Alkali Processes.
Chlor-Alkali electrolysis process is responsible for the production of chlorine hydrogen and
sodium hydroxide through electrolytic breaking down aqueous sodium chloride. The overall
reaction can be presented as follows
2NaCl + 2H2O

Cl2 + H2+ 2NaOH

The process takes place in two parts, at the anode and the cathode parts
At the anode the anode the following reaction take place
2 ClAt cathode

2H2O + 2e-

2Cl + 2 e-

Cl2 + 2e-

2OH- + H2 (g)

3.2 Technologies Available For chlor-Alkali Process
There are three basic processes for the electrolytic production of chlorine
1. The mercury cell process
2. Diaphragm cell process
3. Membrane cell process
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Cell Technology

The Membrane cell process with its advantages of low total energy consumption, low capital investment,
inexpensive cell operation, high-purity caustic, insensitivity to cell load variations and shutdowns, and a
further scope for improvements leading to economic production of 50 wt/wt% concentration is the best
choice. Further advantages lie in environmental (both working area and downstream) friendliness.

3.3 Product qualities: typical purities
Table 2 Product composition in relation to cell technology
Diaphragm %

Mercury

Membrane

Cl2

96.5 – 98

98 – 99

97 – 99.5

NaOH

50.0

50.0

50.0

H2

>99.9

>99.9

>99.9

O2

0.5 – 2.0

0.1

0.5 – 2.0

– 0.3

4.0 Economics
4.1 Raw materials
4.1.1 Availability and costs of salt
The three main producers of salt in southern Africa are Namibia, South Africa and Botswana. Salt
from Botswana is mainly through mining, Namibia produces the salt by evaporation from
seawater (i.e. solar salt) and the same is also true about South Africa’s salt. The table below
shows total salt production by South Africa, Namibia and Botswana in 1997 – 1999
Table 3 salt production in southern Africa
Total Production

Food
Grade
Production

Year
1997
1998
1999

1 331 493
1 400 429
1 257 447

639 493
581 600
532 554

Table4: 1998 Salt Production Split
Production (tonnes)
Grade of salt
Food grade
Animal grade
Other (mostly industrial)
TOTAL

581 600
297 014
521 815
1 400 429
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% of Total
41.5
21.2
37.3
100

Salt

Table5: Salt Production in metric tonnes for the Major Producers in Southern Africa

1998

1999

2000

2001

2002

Botswana

215000

233000

185000

179000

315259

Namibia

507000

503000

576000

523000

550000

S. Africa

352000

358000

346000

356000

431000

Major Salt Producers Southern Africa
700,000
Production (tons/yr)

600,000
500,000
400,000
300,000
200,000
100,000
0
1998

1999

2000

2001

2002

Year
Botswana

Namibia

S.Africa

Fig 6 Comparison of major salt producers in southern Africa

4.1.2 Salt Source
Since in Zimbabwe there is no commercial salt production, the principal raw material, salt, has to
be imported. From the above data on salt production in Southern Africa, it is seen that the region
is capable of supplying the salt required for chlorine production at the chlor-alkali plant. The
main producers to consider are Botswana, Namibia and South Africa. Salt produced from rock
mining provides the best rate brine for chlor-alkali electrolysis. This type of salt is the more
preferred in the chlor-alkali plant because it contains less impurities than the sea salt. It is no
wonder why South Africa imports about 400,000 tonnes of industrial coarse salt for their chloralkali industry (300,000 in 1997 and 390,000 in 1996 according to statistics issued by the
Department of Minerals and Energy).
Of the three, only Botswana provides the salt that combines properties of high purity, high
availability and low cost. Hence Botswana can be considered to be the supplier.
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4.2 Utilities and their costs
Table 6 Utilities and their costs
Material
Unit cost US$

Quantity

Total cost
US$ /annum

Water

0.47/m3

200 000

94 000

*Steam

3.5/ton

27000000

-

(150 000 x 180/ton)
Electricity

Fixed- 409.2

382.5

Variable- 0.01/KWh

kWh/year

x

106 37.87 million

4.3 Profit Forecast
4.3.1 Introduction
An investment in a manufacturing process must earn more than the cost of the capital for it to be
worthwhile. The larger the additional earnings the more profitable the venture and the greater the
justification of putting the capital at risk. Thus before commencing any major manufacturing
project, a detailed economic analy
sis must be carried out to access the profitability of the project. For the chlor-alkali
manufacturing, a detailed profitability study was done to investigate potential and justification of
the investment. The estimators to any detailed economic analysis, especially if capital intensive as
is expected of the chlor-alkali plant should provide top management with among others
1.
2.
3.
4.
5.

payback period
breakeven point
maximum net cash outlay
cumulative net annual cash flow
capital cost

4.4 Evaluation
4.4.1 Fixed Capital Investment
Following conventional engineering methods for plants installations, the equipment cost is
converted to the installed cost using the following Lang factors 4.74 for Fluid Processing Plants,
3.63 for Solid-Fluid Processing Plants and 3.10 for Solid Processing Plants [03].
The Fixed Capital Investment Multiplier is 1.5 [03]. This multiplier will take into account the
additional cost associated with building the plant in order to get the actual Fixed Capital
Investment.
After considerations of all equipment required for the plant operations, the total cost was
approximated and found to be US $ 529,394,481
Converting the cost to total installed cost and catering for additional cost for building of plant
buildings, thus a Multiplier = 1.5 is used

Fixed capital investment (FCI) = 1.5 × 529,394,481
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= $794,091,722

4.4.2 Operating labour
The expected annual average salary for an employee is US$12,632
The total number of operators needed is = total operators per shift [04] × 4.5
= 55
Annual cost of operating labour = total operators × expected annual salary
= US $696,316

4.4.3 Utilities
Annual utilities are obtained from mass and energy balances [04] below shows the different
utilities with their respective costs
Table 7 Different utilities and their respective costs
Description
Air Supply

Steam from Boilers

Cooling Tower Water

Cost $/GJ

Pressurized and Dried
a. Process

$2.30

per 100 m3

b. Instrument

$4.70

per 100 m3

Process Steam: Latent Heat
a. Low Pressure (5 bar, 160°C)

$3.17

$6.62

per 1000 kg

b. Medium Pressure(10 bar, 184 °C)

$3.66

$7.31

per 1000 kg

c. High Pressure (41 bar, 254°C)

$5.09

$8.65

per 1000 kg

$6.70

per 1000 m3

a. Process Use

$0.04

per 1000 kg

b. Boiler Feed Water

$2.54

per 1000 kg

c. Potable (drinking)

$0.26

per 1000 kg

d. Deionised Water

$1.00

per 1000 kg

Process Cooling Water
30°C to 40-45°C

Other Water

Electrical Substation
Fuels

Refrigeration

Cost $/ unit

High purity water for

Electric Distribution
110V, 220V, 440V

$16.80

$0.06

per kWh

a. Fuel Oil (no. 2)

$4.00

$170.00

per m3

b. Natural Gas

$2.50

$0.09

per m3

c. Coal (FOB mine mouth)

$1.20

$31.00

per tonne

a. Moderately Low Temp: 5°C

$20.00

Process
cooling duty

$32.00

b. Low Temp: -20°C

Process
cooling duty
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$60.00

c. Very Low Temp: -50°C

Process
cooling duty

Thermal Oil Systems

a. Moderately High Temp: to 330 $4.90

Process

0C

heating duty
$5.20

b. High Temp: to 400°C

Process
heating duty

$5.90

c. Very High Temp: to 600°C

Process
heating duty

Waste Disposal
Waste

a. Non-Hazardous

$36.00

per tonne

b. Hazardous

$145.00

per tonne

$39.00

per 1000 m3

$41.00

per 1000 m3

$53.00

per 1000 m3

Water a. Primary

Treatment
(filtration)
b. Secondary
(filtration + activated sludge)
c. Tertiary
(filtration,

activated

sludge,

chemical procurement)

4.5 Financial Outlook
4.5.1

Raw materials costs

Table 8 Raw materials and costs
Raw Material

Annual Cost

Salt

$20,051,109.84

Water

$979,801.75

Electricity

$3,801,656.95

Total raw materials cost =US$24,832,568.54
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4.5.2

Product sales

Table 9 Products Sales
Profit Material

Annual Profit

Chlorine

$13,036,177.01

Sodium Hydroxide

$11,068,629.36

HCl

$25,462,414.85

NaOCl

$1,101,431,262.89

Hydrogen

$1,194.00

Total product sales = $1,250,999,678.11
The following assumptions are made in the cash sheet shown below:
1. Two years for construction of plant
2. Five year depreciation schedule
3. 10 year plant operating life
4. Cost of constructing the plant is spread over two years
5. Taxation rate is defaulted to 40%,
6. The discounted cash flow rate is set at 8%,
7. Optimization function used is "Net Present Value"
Total installed cost

= $529,394,481

Fixed Capital Investment =$794,091,722
Cost of raw materials

= $24,832,569

Product sales

=$1,150,999,678

Operating labour

= $696,316

Utilities cost

=$ 2,430,584
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4.6

Discounted cash flows

Table 10 discounted Cash Flow
COM=

$178,371,129.80

(without depreciation)

Year

Depreciation

FCI - depreciated.

Revenue

0

-

$794,091,722

-

1

-

$794,091,722

-

2

$158,818,344

$635,273,377

$1,150,999,678

3

$203,287,481

$431,985,896

$1,150,999,678

4

$82,941,292

$349,044,604

$1,150,999,678

5

$67,016,564

$282,028,040

$1,150,999,678

6

$27,074,692

$254,953,348

$1,150,999,678

7

-

$254,953,348

$1,150,999,678

8

-

$254,953,348

$1,150,999,678

9

-

$254,953,348

$1,150,999,678

10

-

$254,953,348

$1,150,999,678

11

-

$254,953,348

$1,150,999,678

**assume 15% of FCI as salvage
value**

Cumulative

COM

Cash Flow

Discount Cash

Discounted

-

($397,045,861)

($397,045,861)

($397,045,861)

-

($397,045,861)

($367,635,056)

($764,680,917)

$178,371,130

$647,104,467

$554,787,780

($209,893,137)

$178,371,130

$664,892,121

$527,812,803

$317,919,666

$178,371,130

$616,753,646

$453,332,342

$771,252,007

$178,371,130

$610,383,755

$415,416,927

$1,186,668,934

$178,371,130

$594,407,006

$374,577,241

$1,561,246,175

$178,371,130

$583,577,129

$340,511,650

$1,901,757,825

$178,371,130

$583,577,129

$315,288,564

$2,217,046,390

$178,371,130

$583,577,129

$291,933,856

$2,508,980,246

$178,371,130

$583,577,129

$270,309,126

$2,779,289,372

$178,371,130

$702,690,887

$301,372,077

$3,180,661,448
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4.6.1 Cumulative discounted cash flow

Cumulative Discounted Cash flow
Diagram

$3,500m

Cumulative cash flow

$3,000m
$2,500m
$2,000m
$1,500m
$1,000m
$500m
$0
($500m

0

1

2

3

4

5

6

($1,000m

Time (yrs)

Fig 7 Cumulative discounted cash flow diagram
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7

8

9

10

11

Net Present Value =$3,180,661,448
Rate of return =

Cumulative net cash flow at the end of the project
× 100
Life of project × Original investment

=

3,180,661,448 − 764,680,917
764,680,971 × 10

= 30.7%
From the cumulative discounted cash flow diagram, the pay back period = 2.4 years

5.0 Discussion
The data obtained showing the consumption trends were obtained from the central statistics office.
It is not ± 60% accurate (accordance to officer) as imports which are duty chargeable were
recorded. Estimation of the financial outlook was done using Chemical Plant Financial Analysis
Spreadsheet. The algorithm was designed by Turton, Richard, et al, and Ulrich, G.D., Wiley [05].
All the costs has been dealt with in United States dollars,
Also bear in mind that establishment of a chlor-alkali plant has to be coupled with strong measures
to ensure environmental safety, the use of membrane technology can make this problem easier.
However precautions should be made that Cl2 gas leakages are under control. Moreover, salt purity
is of critical important for the plant to operate efficiently. Thus salt from Sua-Pan, Botswana is highly
recommended.

6.0 Conclusion
The establishment of a chlor-alkali plant is a very viable business and a worth venture for
Zimbabwe. However certain factors need consideration. The energy deficit which is projected at
40% in 2007 might be a hindrance to this exciting project. Among the major inputs to the chloralkali plant electricity is on the top of the list, for the electrolysis of brine. The plant thus will
require high electricity supply levels, which the nation cannot provide. A Possible way of
bankrolling the plant energy-wise has to be looked into before adopting this project
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AN INVESTIGATION INTO IMPACT OF THE APPLICATION OF E –
COMMUNICATION ON COMMERCIAL BANKING IN ZIMBABWE
Kashora T.
Zesa Enterprises, PO Box HR 8726, Harare, Zimbabwe. tkashora@zesa.net
ABSTRACT

This study investigates to what extent e-communication is used successfully by Zimbabwean commercial
banks.

The study was done using the literature survey method and the questionnaire. The closed and open-ended
questionnaires used for gathering data were administered personally by the researcher leading to 99%
return rate of questionnaires.
The major conclusions from this study are that e-communication is widely adopted by the commercial
banks in Zimbabwe, examples being the use of email, statement enquiries or bill payment services.
Recommendations drawn from this research are that commercial banks’ top management should be
committed to the establishment of more effective information systems programmes and invest
substantially more in Information Technology to meet the demanding needs and expectations of
customers. The study could be replicated in other sectors of business in order to strengthen the reliability
and validity of the results revealed here.
Key words: e-communication, e-security, e-commerce, Virtual Organisation, business process
reengineering
INTRODUCTION

An investigation into the effect of the application of electronic communication on
commercial banking in Zimbabwe is the focus of this paper. This has been necessitated
by the advent of the digital age, especially electronic communication, that has offered
the banking sector opportunities for reduced transaction costs and improved customer
service. In Financial Services Institutions (FSIs), it is noted that any technology that
affects the way data can be processed has an impact upon the way that financial services
are produced and delivered (Brink 2003; Bhasin 2003; Low 2000). This paper highlights
some pertinent aspects of electronic communication within commercial banking in
Zimbabwe.

The layout of this paper is as follows: Section 1 discusses the background to this paper,
focusing on current services offered by Zimbabwean commercial banks. The research
methodology and research findings are discussed in Section 2 while the conclusion
consists of a summary and some pointers to future work in Section 3.

1.
BACKGROUND
Commercial banks in Zimbabwe are at various stages of incorporating technological
instruments like electronic banking (e-banking) and e-commerce solutions into their
banking operations (Standard 2004; Firstnews 2003). A search through the Internet
revealed that all the commercial banks in the study sample had an established website as
of March 2004. Some of the products that were marketed on the respective websites are
contained in Appendix 1.

467

Appendix 1 shows that the usage of “e”-communication by the Zimbabwean commercial
banking sector is rather limited, especially the use of a variety of online products and ebanking initiatives. A web presence of all the commercial banks in Zimbabwe is a
positive step towards more web-based “e”-communication.
In its banking magazine, FirstNews (2003), First Banking Corporation reports that it has
an electronic salary payment module (Paynet) that it uses to electronically transfer
salaries from a company account to customer accounts. This transfer facility may benefit
both the company and the employees in the management of the salary bill; since there is
no manual processing – it reduces the incidence of fraud, and being digital, it is fast.
This is an example of an impact of an electronic intervention in a processing routine.
Commercial banks in Zimbabwe continue to experience serious shortages of bank notes
especially during month ends. So serious was the problem at some stage that account
holders were failing to access their funds because of the shortage. These cash shortages
were widely reported in the national press as well as dedicated banking magazines
(Standard 2004). In the issue of the Standard of 28 March 2004, suggestions were
proposed attempting to find solutions to this problem in the current technology offerings.
It was suggested that the solution could include use of visa cards, using e-banking
facilities and electronic funds transfer (EFT) methods when depositing money into
accounts and when making payments from accounts so as to mitigate the cash shortages.
The core services that banks provide are deposits (bank liabilities) and loans (bank
assets). Banks provide transfer facilities for moving deposit money from one account to
another one. Attributes of an attractive funds transfer service include reliability, speed,
low cost and the provision of good records of transactions (Summers 1998). The
declining cost of computing has been an important source of new competition in areas
such as banking and telecommunications (May 2000). This study focuses on aspects of
electronic communication that Zimbabwean commercial banks may utilise in order to
enhance operational efficiency.

2.
RESEARCH METHODOLOGY
This research was conducted by means of a descriptive survey methodology (Converse
and Presser 1986) which combined quantitative and qualitative data collection
instruments. Both the qualitative and quantitative data were collected during the months
of October and November 2004. It needs to be noted that a lot of activities took place
within the banking sector during 2005 and 2006.
2.1
The Target Population and Sample
The target population of the research was made up of all the commercial banks in
Zimbabwe. During the time of the research, there were a total of seventeen commercial
banks. Four of these banks closed during the course of the survey. Since this population
was relatively small, the whole population was taken as the sample. Questionnaires were
randomly administered to seventeen information technology managers and seventeen
electronic communication operatives. The approach of not taking a sample when the
population is not large is consistent with the view held by a number of authors
(Jankowincz 2003; Leedy 1992). The data collection methods, analysis and conclusions
are given in the following sections.
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2.2
Data Collection Methods and Analysis
The data collection method used in the quantitative research was a questionnaire
designed around the main objectives of this paper. These objectives are:
•
•
•

2.3

to determine the extent to which online products are provided by commercial
banks.
to establish the accuracy of recording entries into the accounting system of
banks.
to determine to what extent the security features for online products and other
bank processes minimize risk.

Research Findings and Analysis

The table below contains the results of the findings from which the conclusions are
drawn.
Table 1
E-communication attribute 0% to 10%

21% to 30%

E-commerce services

51% to 60%
Internet banking

61% to 70%
telebanking

71% to 80%
EDI

81% to 100%
ATM, POS, email
Internet

do not offer ebanking

E-banking
E-communication products

offer e-banking
Internet banking

telebanking

account transfers

statement enquiries
bill payment, POS

E-payment channels

visa

master card, e-purse
e-cheque

Threats to privacy

attacks &
vulnerabilities

Security concerns

virus attacks

Security challenges

Source of security threats
Secure & efficient
transmission of data

negligent customers dishonest IT staff

s/w piracy

illegal access & use

customer resistance illegal access

very higfh costs

password security

integrity of firewall
security patches &
updateas

antivirus products

hackers
digital certificates

encryption

firewalls
client authentication

tag access, alarm
systems

Physical security facilities

security cameras
Responsibility for Ecommunication

Marketing
department
approves security
policy

Role of top Management

Security costs

up to 1%

1 - 5%

authorisation of
users

Executive Director IT department
IT Steering
Committee
setting up policies
monitor
implementation

6 - 10 %

above 10%
increase user
awareness

Comments on e-security
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commit top
management

constant review
necessary

3.1
INTRODUCTION
This section focuses on presenting a summary of the study, drawing conclusions from
the findings and making recommendations to the users of the research, as well as to
future researchers on similar topics.
A)

•
•
•

B)

•
•
•

C)

•
•
•
•

D)

•
•
•

Economic benefits of electronic communication
When commercial banks in Zimbabwe use electronic communication, it may be
of benefit to Zimbabwe’s economic growth as Zimbabwe is a developing
country.
Zimbabwe’s commercial banks should strive to improve efficiency and quality
through technological advancements such as Information and Communication
Technologies (ICT).
Zimbabwe’s commercial banks need to carefully consider advantages of
electronic communication and computerisation so as to ensure maximum benefits
and efficiency.
BPR and electronic communication
Zimbabwe’s commercial banks should take advantage of process redesigns
especially at the point where they implement electronic communication
instruments using the Internet and the web.
Designers of websites for the Zimbabwean commercial banking sector can
benefit from the current BPR methodologies.
BPR is making ‘processes’ the main focus for organisations and may also be
used by commercial banks in Zimbabwe.
Electronic Security
Commercial banks in Zimbabwe should recognise the need to be secure.
Commercial banks in Zimbabwe need to spend a significant portion of their
budget on security.
Since commercial banks in Zimbabwe are also migrating to a digital economy,
there is a need for them to be vigilant with regard to threats such as card fraud
and money laundering.
Commercial banks in Zimbabwe may benefit from sharing information about
known local frauds.
Wireless Application Protocol and E-communication
WAP technology might in the long-term benefit many users including
commercial banks in Zimbabwe since most clients own cell phones.
Some users in Zimbabwe may be able to enquire for bank balances using their
cell phones.
The concept of Virtual Organisations is significant to Zimbabwe’s commercial
banking because it may offer some of the possible options to the future.

3.2
RESEARCH FINDINGS AND ANALYSIS OF RESULTS
The study findings are summarised below.
A. Commercial banks in Zimbabwe appreciate the “e”-communication concept as
evidenced by its wide adoption. The main products used are statement enquiries,
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bill payments services, Point of Sale terminals, E-mail, Automated Teller
Machines and Internet (see Table 1). All the commercial banks in Zimbabwe
have designed websites to market their products and some offer limited banking
facilities like balance enquiry or statement requests. This means that the majority
of respondents have been in the e-communication field for relatively long periods
and hence, are likely to provide valuable information since it is their field of
expertise. Therefore, the majority of respondents are IT managers with their
organisations and as a result, they have the technical expertise on the use of “e”communication. This means that most respondents appreciate the “e”communication concept.
B. Online electronic communication channels have enabled commercial banks in
Zimbabwe to transact business with branches and each other in real-time mode.
Zimbabwe’s commercial banks have incorporated electronic payment channels
like the method called Real-Time Gross Settlement System (RTGS). Most
commercial banks offer electronic banking solutions (77%) while the rest (23%)
do not. Thus, commercial banks are keenly embracing the “e”-communication
concept. An increasing number of business transactions are taking place
electronically due to the convenience of accessing bank accounts on their office
computers, obtaining statements and transferring money between accounts from
the comfort of offices. This implies that most commercial banks use the Visa
payment method. “E”-communication has a considerable impact on nearly all
areas of the company’s activities, especially for companies operating in
information intensive industries such as banking. Therefore, “e”-communication
allows easy access to money, reduces customer waiting times, and improves
communication with customers.
C. Electronic communication results in quick processing of transactions, saves time
and improves efficiency of businesses. To mitigate security challenges they face,
most commercial banks in Zimbabwe use firewalls to ensure secure and efficient
transmission of information. This implies that the advancement of “e”communication is hampered by security threats and the huge security bills, since,
as Jolly (2003) found out, Internet software was generally designed with security
as an afterthought. Thus, use of “e”-communication is hampered by illegal access
and use of restricted information. This implies that the major security concern is
its high cost (security) and illegal access by unauthorised users. Therefore, the
major security challenge is maintaining the integrity of the firewall. This result
concurs with the argument by Bhasin (2003) that if the firewall does a perfect job
then an intruder will never reach the internal protected network. Moreover,
Holden (2003) argues that security is vital because hackers might gain control of
your digital information. This means that Internet hackers threaten the security of
“e”-communication as reported by Holden (2003) that hackers constitute some of
the risks to computer security.
D. Commercial banks in Zimbabwe spend on average 10% of their IT budget on
security.
E. All the commercial banks in Zimbabwe had some virus protection usually in the
form of anti-virus software.
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F. To improve business, commercial banks are leveraging IT as a competitive tool
and making the process of re-engineering everyone’s responsibility. The main
thrust of re-engineering is on processes.

3.3
CONCLUSIONS
The major objective of this study was to investigate the application of “e”communication on the service delivery of commercial banks in Zimbabwe. The
following conclusions have been drawn from the research findings.
3.3.1 Adoption of “e”-communication
Commercial banks appreciate the “e”-communication concept as evidenced by its wide
adoption. The main products used are statement enquiries, bill payments services, Point
of Sale terminals, E-mail, Automated Teller Machines and Internet. In making payments,
commercial banks mainly use the Visa Card. The Information Technology department is
the custodian of electronic communication.
3.3.2 Benefits of “e”-communication
Commercial banks consider that they derive much benefit from the adoption of
electronic communication, that is, it allows easy access to money, reduces customerwaiting times and improves communication with customers. Accountants highlight that
electronic communication results in quick processing of transactions, saves time and
improves efficiency of businesses. Moreover, it makes measurement of product
performance and profitability easy.
3.3.3 Security Concerns
The use and advancement of electronic communication is mainly hampered by illegal
access and use of restricted information. Commercial banks indicate that Internet hackers
and computer viruses are the main threats to the security of electronic communication
and also highlight that they spent a significant proportion of the Information Technology
budget on security.
3.3.4 Addressing Security Concerns
To arrest security challenges they face, most commercial banks use firewall to ensure
secure and efficient transmission of information. However, maintaining the integrity of
the firewall is also a cause for concern. In terms of physical security, commercial banks
rely on tag access protected doors and alarm systems are used. Moreover, the banks have
designed corporate policies that enhance security of electronic communication. The
policies mainly limit access to the “firewall” and the Internet. Also, the banks try to keep
up-to-date on global security challenges.
3.4
RECOMMENDATIONS
In order to realise the benefits of electronic communication, commercial banks are
recommended to do the following:
1. Top management in commercial banks of Zimbabwe should be committed to the
establishment of a more effective information systems programme. This makes it
easier for the whole organisation to be committed to electronic communication,
as management will be leading by example. The amount of money on the banks’
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budget dedicated to information technology should be increased to meet the
needs and expectations of the information super highway.
2. Electronic communication is dynamic and regular reviews are necessary to keep
data secure from new threats. The commercial banking staff need to keep abreast
of the world developments on electronic security; this could be done through
workshops and seminars.
3. Commercial banks should increase user awareness on the electronic
communication products on offer. Users need to know what the product is they
are supposed to use, when they are supposed to use the product, where they
should use the product and why they should use the product. Any associated
benefits of electronic communication products should be clearly spelt out so that
users can make informed decisions.
4. This study could be replicated in other sectors of business in order to strengthen
the reliability and validity of the results revealed here.
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APPENDIX 1: Summary of information obtained from websites by the author during
March 2004.
E-communication attribute

BANKING INSTITUTION

WEBSITE

1

Agricultural Bank of Zimbabwe Ltd
Barclays Bank of Zimbabwe Ltd

www.africaonline.co.zw/agribank
www.barclays.co.zw

Century Bank Ltd

www.lcz.co.zw

Commercial Bank of Zimbabwe

www.cbz.co.zw

First Banking Corporation Ltd

www.firstbank.co.zw

Kingdom Bank Ltd

www.kingsec.co.zw

Metropolitan Bank of Zimbabwe Ltd

www.metbank.co.zw

NMB Bank Ltd

www.nmb.co.zw

Stanbic Bank of Zimbabwe Ltd

www.stanbic.co.zw

Standard Chartered Bank Zimbabwe Ltd
Time Bank of Zimbabwe Ltd

www.stanchart.co.zw
www.timebank.co.zw

Trust Bank Corporation Ltd

www.trust.co.zw

Zimbabwe Banking Corporation Ltd

www.zimbank.co.zw

2

3

5

6

7

X

X
X

X

X

X

X

X
X

X

X

X

Legend:
1.
Online balance inquiry
2.
Online transfer of funds
Online bank statements
3.
4.
Online utility payments e.g. for electricity, rates, rent or insurance.
5.
Online annual reports
6.
Online application forms for current accounts
7.
Online application forms for chequebook request.
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Abstract

One may be excused for thinking that the HIV/AIDS scourge may have been made for Africa. The gravity
of the threat posed by the pandemic is so severe that average life expectancy in Africa stands at less than
36 years (UNAIDS, 2002). This article argues that the power and authority wielded by African patriarchy
acts as one of the major constraints to HIV/AIDS prevention. The social construction of gender therefore
has far-reaching implications for women’s control over their bodies. The article uses the case study of
Amakhosi Theatre’s performance entitled Vikela to show that metacommunicative devices such as
freedom, paradox, make-believe and symbolic inversion can transform the theatre into an experimental
laboratory for restructuring what culture states to be the reality. The paper argues that the sanctity of the
theatrical space allows even the most sensitive issues associated with gender and sexuality to be
communicated without consequence.

Introduction
Relations of power and authority are social constructs that cultures create during the
struggle for survival. The act of producing and performing culture, therefore, has
implications for the shaping of male and female power relationships. Such gender
constructs appear to be the means through which social institutions organise themselves.
As Judith Butler (1990:278) points out, gender identity itself is a performative act. There
is always an enactment of role in the different spheres in which women and men, as
social actors, are socialised to either conform to expected norms and values or to contest
them.
So far, most of the scholarship on the position of women in African society has been
preoccupied with their disempowerment by the different forms of patriarchy, beginning
with indigenous patriarchy, extending to the colonial and neocolonial patriarchies
(Chinyowa, 2002). Although the studies use paradigms drawn from a wide spectrum of
the contemporary African experience, even the modern performing arts such as music,
poetry, song and dance are regarded as perpetuating stereotyped images of women. In
situations where women do not conform to socially prescribed modes of behaviour, they
are often treated as deviant, assertive, rebellious and therefore ridiculed, ostracised or
punished. The ideal is for women not to challenge male authority. Herbert Chimhundu
(1995) provides an example of the language terminology used in African popular song
and verse that tends to affirm masculine power. Shona love poetry, for instance, employs
terms like kuroorwa (to be married), baba (authoritative father figure) and gamba (male
hero) – images that project man as the active subject and women as the passive object.
Mwenda Mtarangwi (1999) and Moreblessings Chitauro, et al (1994) also concur that
images of women communicated in African popular music are in themselves a strategy
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of containment intended to silence women. The public space is designated as male and
the domestic space as female. Indigenous patriarchy has expectations of behaviour,
mannerism and dressing that it ascribes to female popular musicians. The predominant
view, therefore, is that women have de facto lower status since power and authority are
vested in men.
This article seeks to show that African popular theatre has emerged as an appropriate
medium through which gender hierarchies associated with patriarchy can be questioned
in the fight against the HIV/AIDS pandemic. The freedom created by the ‘playful’
atmosphere in popular theatre practice allows even the most sensitive issues to be
addressed without consequence. Play, regarded as a metacommunicative device for the
theatre, enables participants to engage in improvised actions through which they
construct fictional narratives in order to give form to their imagination. The new frames
of existence created within the make-believe world of the theatre simultaneously act as
rehearsals for action. In Augusto Boal’s (1995) view, the ‘image of reality’ can
ultimately be transformed into the ‘reality of the image’. Participants can thus
experiment with ways and means of altering the prevailing burdens of existence without
fear of conformity or reprisal.
The capacity of popular theatre to deconstruct gender hierarchy will be demonstrated
using the case study of an integrated rural development project that was facilitated by
Amakhosi Theatre of Bulawayo in Zimbabwe between 2001 and 2004. Amakhosi
Theatre had been commissioned by the international donor organisation, W. F. Kellogg
Foundation, with the Centre for Applied Social Sciences (CASS) of the University of
Zimbabwe acting as coordinator, to help in mobilising rural communities in Southern
Africa for action against the HIV/AIDS epidemic (see CARPP, 2002). According to
Melusi Mpumlwana (2001), the regional director of Kellogg’s Africa Programs, building
the capacity of rural communities to drive their own social and economic development
no longer needs a blueprint type of approach. Development had to be adapted in such a
way that it is not only community-based but also community-driven. All stakeholders
become ‘partners’ in development. This article will show how Amakhosi Theatre used
their original version of an HIV/AIDS performance entitled Vikela (Protect yourself) to
not only awaken the creative spirit in the Bulilima-Mangwe rural community but also to
transform development into something that the grassroots could create for themselves.

2. Performing Vikela
The performance of Vikela (Protect yourself) by Amakhosi Theatre for the BulilimaMangwe rural community needs to be viewed as an index or frame of reference for
community action. The performers were simply mediators of the ‘action’ for the
community who eventually became the co-players. In this case, the purpose or intention
of a performance such as Vikela was to create a platform for community action on
HIV/AIDS leading to public policy formulation and implementation. Vikela does this by
employing different play frames such as paradox, inversion and make-believe to bring
out themes that are regarded as major cultural barriers to HIV/AIDS prevention and care.
These themes include women’s oppression, blaming the victim and migrant labour.
However, what comes out most prominently in the examination of these themes are the
gender hierarchies that are being subverted and reconstituted during performance.
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(a) Women’s Oppression
Vikela opens with a song and dance movement that implicates patriarchy, or male
domination over women, as a possible constraint to HIV/AIDS prevention in the
community. Don Handelman (1977) has argued that song and dance, like ritual, act as
complementary forms of metacommunication. They permit the co-players to forget their
social selves and become absorbed in the flow experience of play. By the time the
performers have created the metamessage ‘this is play’ through song and dance, a
patriarchal figure, Baba kaPrisca (father of Prisca) calls out to his wife, Mama kaPrisca
(mother of Prisca), to quiz her about the presence of condoms in Prisca’s room :
Baba kaPrisca :
What is this?
Mama kaPrisca :
What is what?
Baba kaPrisca :
(coming to her and showing her several pockets of condoms) This!
(Wife picks the condoms and bursts out laughing) What are you
laughing at?
Mama kaPrisca :
Prisca’s father, you mean you don’t know condoms by now?
Baba kaPrisca :
What are condoms doing in Prisca’s room? This is what I want to
know.
Mama kaPrisca :
What were you looking for in Prisca’s room? It’s her private
room, baba.
Baba kaPrisca :
That is not important. I want to know what Prisca uses condoms
for.
Mama ka Prisca :
Is it not obvious?
Baba kaPrisca :
Condoms are for prostitutes. Are you telling me that my own
daughter is now a prostitute?
Mama kaPrisca :
Condoms are life, baba. They reduce the risk of acquiring
HIV/AIDS.
Baba ka Prisca :
Shut up! What do you know?
Mama kaPrisca :
At least we should be happy that our daughter knows about
condoms.
Baba kaPrisca :
I said shut up! Never talk back at me, silly woman. I will … (The
man rushes to her angrily. He tries to hit her but misses as the
woman runs away from him) (see Mhlanga and Baya, Vikela, pp.
2-3).
This seemingly domestic confrontation between husband and wife sets the stage for a
more serious theme, the oppression of women by patriarchy. The scene therefore acts as
a map for a much wider territory. As Gregory Bateson (1972) pointed out, in the
evolution of play as a medium of communication, there is no distinction between a map
and its territory, that is, between a symbol and its referent. Similarly, Baba kaPrisca, as a
patriarchal symbol, shows the extent of what Sue-Ellen Case has described as “cultural
gender inscription” (1988:130) whereby women’s roles are defined in terms of
biological determinism. For Ndebele women in particular, Bozongwana (1990) says that
their roles are summed up in the word ‘sigcincele’ (keep her for us) said by parents of a
girl to her in-laws on the day she leaves for her husband’s home. The totality of Ndebele
patriarchy is perhaps demonstrated by how the marriage and kinship system is
organized. In some African societies, such as those of the Yoruba (see Drewal, 1992)
and the Shona, married women remain full members of their own parental lineage. But
in Ndebele culture, Bozongwana reports that a married woman becomes so fully
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absorbed into her husband’s family that “at (her) death, the man’s or husband’s burial
rite is used on the dead woman” (1990:23). Thus as a referent for a much wider, even
sensitive territory like gender oppression, Scene 1 portrays patriarchy as responsible for
not only the oppression of women but also the spread of HIV/AIDS by denying women
their right to life. Baba kaPrisca’s attitude towards his wife’s defence of their daughter’s
sexuality shows that he is more concerned with women’s subservience than with
protecting themselves against the killer disease, AIDS.
How is Vikela proposing a way of confronting the reality of HIV/AIDS in view of
patriarchy’s power over women? In her analysis of gender discourse in Yoruba ritual
performance, Margaret Drewal argues that :
The formalization of sex roles lends itself easily to deconstruction, not only by
ethnographers, but by the performers themselves. In this way, performers use the
structure of ritual (or theatre) to reflect on gender and sex role divisions (1992:173).
Vikela employs symbolic inversion to subvert a cultural system that seems to have
conditioned women to internalize male domination. Inversion, according to Mihaly
Csikszentmihalyi (in Schechner, 1993), has the capacity to change goal posts, and
therefore, to restructure what culture states to be the reality. The female character, Mama
kaPrisca inserts herself into the role of subject by confronting Baba kaPrisca’s male ego.
Through laughter and caricature, she turns the show into her own by negating the rules
of patriarchy. Her actions are contrary to the usual cultural stereotype which tends to
regard African women as docile, submissive and obedient to men (see Schmidt, 1992).
In typical Batesonian paradox, Mama kaPrisca’s actions become the map for a much
wider territory in the way she goes beyond customary sanction by defying sexual taboo
in order to defend her daughter’s right to use condoms.
What are the implications of such play to HIV/AIDS prevention as reflected in the title,
Vikela, meaning ‘protect yourself’? Candace West and Don Zimmerman (1987) argue
that given patriarchy’s insistence on male domination and female subordination, the sex
category ‘female’ comes to be associated with less status, power and authority. Freedom
of choice and expression become culturally and socially conditioned. As a result, Scene
1 can be taken as providing both performers and participants with a platform for what
West and Zimmerman call “the social doing of gender” (1987:129), the reconstitution of
gender through symbolic interaction. Hence Vikela’s signifying function is “to
deconstruct the traditional systems of representation and perception of women and posit
women in the position of subject” (Case, 1988:115). Through its inconsequential
structure, the theatre does not only make it possible to address taboo subjects like
sexuality but also to equate condoms with life in the fight against HIV/AIDS.
(b) Blaming the Victim
The opening dance in Vikela may be compared with Ethel Dhlamini’s (2002) description
of the Ndebele isitshikitsha dance that involves what she calls ‘flick, swish and wriggle’
rhythmic movement. This dance originated at girls’ initiation ceremonies to celebrate
fertility but has since become multi-functional to include other social occasions such as
wedding parties, public rallies and other ceremonial functions. In Scene 3, a song that
signifies its purpose as an incriminating metaphor accompanies the isitshikitsha dance.
The female dancers, clad in traditional indlukula costume made from ‘animal skin’ kilts
and headgear, adopt a call-and-response technique for the song, as follows ;
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Who spread HIV/AIDS lapa ekhaya (here at home)?
You spread HIV/AIDS lapa ekhaya
Who? Me?
Yes! You! (extract from Vikela I video version).
Rozik (1997) explains that costume could be regarded as an expanded mask for the
whole body. It fulfils the function of “revealing by concealing” (Rozik, 1997:194), that
is, unmasking certain conceptions that people might harbour in the roles they play. As
Picasso once said after seeing West African masks in a museum, mankind has made
masks as a kind of mediation between themselves and unknown hostile forces to
overcome their fear and horror by giving it (i.e. fear) a form and image (in Hutchison,
1994:52). The opening dance, song and costume can thus be seen as a playful way of
revealing how people express their fear by blaming others.
The tendency of ‘blaming the victim’ has been identified by other popular theatre critics
as emanating from cultural ignorance about the causes and effects of HIV/AIDS (see
Rohmer, 1999; Breitinger, 1992; Byam, 1999). In his analysis of an AIDS play entitled
Zvakamuwanawo (It also befell him) performed by a Harare-based community theatre
group called Indaba, Martin Rohmer (1999) identified six instances of ‘victim blaming’
such as :
blaming a woman’s miscarriage on abortion or witchcraft
blaming AIDS victims for promiscuous behaviour
blaming the Western world for creating AIDS
blaming either medical doctors or n’angas (traditional healers) for lack of care
blaming AIDS victims for associating with morally decadent characters.
Rohmer (1999) concludes that ‘victim blaming’ seems to be a pan-African
phenomenon as it can be observed in many other AIDS plays.
Vikela presents a similar problem through the male character Baba kaPrisca who blames
his sister for contracting HIV/AIDS through her husband’s carelessness as follows :
Baba kaPrisca :
It’s nonsense. Rubbish! She has to go back to her in-laws today.
That’s my decision. That’s where she got her disease, full stop!
Mama kaPrisca :(alias Linda) But she is your sister. She can sleep with the girls. Let her
stay.
Baba kaPrisca :
Not here. She will spread the illness to my children. I cannot have
her sharing anything with my children. Do you hear me?
Mama kaPrisca :
Baba (father - as a label for authority and respect), one can not get
HIV-AIDS by sharing a room with an infected person. Also one
can not get HIV-AIDS by sharing kitchen utensils or a toilet with
an infected person.
Baba kaPrisca :
Shut up! What do you know? (Grabs her by the neck. She screams
calling her neighbour to come to her rescue. MaNdlovu, a female
nurse, rushes in to break the fight).
Mama kaPrisca :
You are chasing your sister away. Where do you want her togo
and die? (see Mhlanga and Baya, Vikela, pp. 6-7).
Playing, in Richard Schechner’s (1993) view, is the ground or the matrix that gives birth
to multiple realities. The passage between such realities is sometimes experienced as a
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leap or shock rather than a smooth flow. Ordinary reality, which is culture-bound, timebound and space-bound, collides with fictional reality to produce the friction that Gavin
Bolton describes as “imperative tension” (1992:11). Although Baba kaPrisca, as a
symbol of patriarchy, wants to uphold the binary division between male and female, he
is shocked when his wife acts against his power and authority. Play thus affords an
‘aesthetic space’ for deconstructing existing role relationships by creating new
possibilities. The play space serves a paradoxical function. It is a space where events
may be experienced as concrete action yet seemingly distanced from the real. The
paradox lies in how play can act as a refractive prism, or “dimpled mirror” (O’Connor,
2003:280) for peoples’ dreams and fears. In this case, Baba kaPrisca stands for a
distorted mirror image of many others who blame the victims of HIV/AIDS out of a
mixture of fear, ignorance and egoism.
The two women, Mama kaPrisca and MaNdlovu take up the task of not only
reprimanding Baba kaPrisca about the futility of blaming his sister for her HIV/AIDS
status but also educating him on the need to accept the burden of responsibility for his
sister. In a way, they exercise their knowledge to inscribe a ‘new’ reality in which
certain ill-conceived beliefs like blaming the victims of HIV/AIDS are negated. The
purpose of such symbolic inversion is “a reversal of position, order, sequence or
relation” (Babcock, 1978:15) so that such commonly held assumptions are discarded in
favour of care for the victims.
(c) Migrant Labour
One of the most recurring constraints to HIV/AIDS prevention in Vikela, which has
close links with the practice of blaming the victim, is the effect of the migrant labour
system in the Bulilima-Mangwe district. As Ross Kidd and Martin Byram (1982)
observed in their reassessment of the Laedza Batanani experiment which they carried out
in Botswana, most popular theatre workshops have tended to address the symptoms
rather than the structural causes that lead to such health problems as venereal disease and
HIV/AIDS. As a result, the symptoms have often been misdiagnosed as the real causes
while the socio-economic and political roots of these problems have been mystified. In
Kidd and Byram’s words :
many of the problems have their origins in the migrant labour system – e.g. family
conflict, rural unemployment, alcoholism, prostitution, etc. – yet they are treated as
isolated problems and diagnosed in terms of morality or the behaviour of the victims
rather than the social structures which underpin these problems (1982:284).
Such superficial constraint analysis fails to create the necessary awareness that the
community needs for social transformation. In the end, the victims are blamed for their
promiscuous behaviour rather than the exploitative structures that are responsible for
creating the unfavourable conditions.
Through the post-performance seminar dialogues of the TCA process an attempt has
been made to avoid the symptomatic treatment of community problems. At one of these
post-performance discussions in Somnene ward, one of the eight sub-districts in
Bulilima-Mangwe, a contribution from the girls’ group went as follows :
Our parents do not give us money to buy clothes and we end up having relationships
with older men because they give us money and also bring us fashionable clothing from
South Africa. Most of these older men do not want to wear condoms. It is our tradition
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that a man asks for a girl from her parents but nowadays that is no longer being practised
thereby (sic) there is a spread of AIDS. Our parents do not know whom we go out with
these days (CARPP, 2002).
Thus the real constraints to HIV/AIDS prevention lie within the existing power
structures of the community and have their basis in the social, economic, political and
cultural conditions affecting women. But most importantly, migrant labour stands out as
the major cause of HIV/AIDS among the girls. As one of the girls said, ‘We do go out
with boys of our age just for love, but they don’t have money’ (CARPP, 2002). Needless
to say, migrant labour creates a vicious triangle for the spread of HIV/AIDS from the
moneyed ‘sugar daddies’ to the local girls and their boyfriends.
But unlike the girls from Somnene ward who seem to see patriarchy and its disguises
such as indigenous patriarchy and capitalist patriarchy as “legitimate ways of organising
social life” (West and Zimmerman, 1987:146), Vikela shows how women can confront
the gender hierarchies created by the migrant labour system. Through the image of a
village girl called Khayalihle, which in Ndebele means a ‘good home’, play reveals its
potential to break the frames of familiarity in order to metacommunicate special
messages within a newly framed ‘reality’. As Peter O’Connor (2003:43) points out, the
transformation occurs during the process of refraction – where the real and the fictional
worlds collide, and the different frames of existence become permeable.
Although Khaya (a shortened version of her name) is obsessed with love for her
boyfriend, Sunnyboy, who she has waited for four years to come back from eGoli
(Johannesburg) in South Africa, her love is not at the expense of her own life. She
confronts the world of patriarchy symbolized by Sunnyboy to inscribe her own world of
freedom, justice and equality. This comes out through their first encounter after a long
period of separation in Scene 7 :
(A path in the village. There are wild sounds of animals and birds, and the distant
barking and wailing of dogs. A voice calls someone in the dark. Enter Khaya. She is
nervous. She stops and looks around. Enter Sunnyboy carrying a parcel)
Sunnyboy : Beautiful flower. My beautiful rose. The food of my heart. There you
are. Come, come and let me feel the warmth of your love.
(Silently, Khaya runs into his arms. After some seconds, she moves back and searches
for his eyes.)
Khaya :
You went and disappeared eGoli. For four full years, I’ve been waiting
for you.
Sunnyboy : But I wrote letters to you sweetie.
Khaya :
Letters? You are supposed to be my lover, not my pen pal. The waiting
has been so painful.
Sunnyboy : It’s over now. I’m here for you.
Khaya :
Why didn’t you come for me earlier?
Sunnyboy : Was trying to settle down. Jo’burg is a strange place.
Khaya :
Strange place with strange beautiful girls, I suppose?
Sunnyboy : Why sweetie? Are you not happy to see me?
Khaya :
Of course I am.
Sunnyboy : Then show it.
Khaya :
All I want to do is cry.
Sunnyboy : Cry? Why? Cry with happiness or what?
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Khaya
Sunnyboy :

When your sister died, we all thought you would come with her body.
Then your brother followed after a long illness, again you didn’t come.
Sweetheart, I came to marry you, not to be put on trial, or to start
mourning my brother and sister again. Is that clear?
Did you say you came to marry me?
That is what I said. Khaya, I want you to be my wife, to be the mother of

Khaya :
Sunnyboy :
my children.
(Khaya avoids his eyes, moves past him and stops)
Khaya :
Can only be your wife on one condition, Sunnyboy.
Sunnyboy : Which is?
Khaya :
Both of us have to go for a VCT first.
Sunnyboy : (turns to face her) What is VCT?
Khaya :
Voluntary Counselling and Testing.
Sunnyboy : Testing for what?
Khaya :
HIV-AIDS.
Sunnyboy : You are joking, heh?
Khaya :
No, I’m serious.
Sunnyboy : But why do you want an HIV test? Why? You think I’m sick? You
think I’ve come all the way from Jo’burg to infect you with AIDS?
Khaya :
I didn’t say that.
Sunnyboy : That is exactly what you have said. You don’t trust me, simple.
Khaya :
This has nothing to do with trust or anything, Sunnyboy. I’ve seen people
dying around me. I see them everyday. If we go for the test, then we can
easily plan for our future together.
Sunnyboy : We can still do that without going for a test.
Khaya :
We can but … it will be like diving into an unknown river, very
dangerous and irresponsible.
(Sunnyboy starts pacing around in anger)
Sunnyboy : You are crazy! Do you hear me? You are talking shit, you just felt like
insulting me.
Khaya :
If you feel insulted by my request, then …
Sunnyboy : Then what?
Khaya :
I don’t know.
Sunnyboy : Go home! Hamba! (go away)
Khaya :
But we haven’t …
Sunnyboy : I said go! Go now! Nx! (sound of insult)
(Khaya turns and heads towards home. Suddenly Sunnyboy stops her. He moves towards
her and silently hands her the parcel before turning and walking away. Khaya looks at
him, then calls his name. Sunnyboy does not respond. Khaya remains standing, alone,
inspects the gift from her lover, then walks out) (see Mhlanga and Baya, Vikela, pp. 1012 ).
Sherry Ortner and Harriet Whitehead assert that “the structures of greatest import for the
cultural construction of gender in any given society are the structures of prestige”
(1981:12). More often than not, such prestige structures are sanctioned by the culturally
and socially dominant system of power relations. In the case of indigenous Ndebele
culture, Ethel Dhlamini (2002) observed the existence of a highly stratified society that
once began with the unhlanga (the father of the tribe) such as Mzilikazi, whom
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Bozongwana (1990) refers to as ‘the mountain’, followed by military regiments,
religious figures, initiated men and women, uninitiated boys and girls, and other
conquered tribes. With the onset of modernity, the residual forms of this hierarchical
tradition have been transferred to the market economy which has produced an ‘elite
class’, at least by rural village standards, of migrant workers. Sunnyboy belongs to this
new socio-economic status group that is now ranked according to material wealth rather
than aristocratic lineage, military prowess or ritual power. Thus the new prestige
structures tend to enhance the authority of patriarchy by its tendency to extend Salvatore
Cucchiari’s (1981:62) simple gender formula of : woman equals ‘passive nature’ and
man equals ‘dominant culture’.
But while the rest of the community has such a high regard for Sunnyboy, Khaya is not
blinded by her boyfriend’s newly found prestige. Instead, she plays with the possibility
of inverting what the community regards as the reality. Even though she runs the risk of
endangering her relationship with the man she has waited for so long, she weighs her
priorities and finds that her own life is more important than love, gifts, marriage and
family. As Margaret Drewal comments, “The object is to turn one condition into another
through a series of exchanges that bring revelations, altered perceptions, or even a
reorientation of the participants” (1992:18). For Khaya, the end, that is, HIV/AIDS
prevention, justifies the means, that is, her strong stance against the new patriarchy that
has been instituted by the migrant labour system. Thus as a discursive frame, symbolic
inversion or aesthetic reversal can bring forth new frames of existence that offer
alternatives for reconfiguring and interpreting the world.
Gayle Rubin (1975) suggests that one of the questions to ask about a gender system is
whether it can it be turned into something else? For instance, Mama kaPrisca took a firm
stance against her husband’s negative attitude towards their daughter’s use of condoms.
Mama kaPrisca and MaNdlovu could also restrain Baba kaPrisca from blaming his sister
for her HIV positive status. Similarly Khaya’s strength of purpose against Sunnyboy’s
prestige demonstrates the power of symbolic inversion to deconstruct “modes of
perception characteristic of patriarchal culture” (Case, 1988:132). Vikela ends with a
symbolic transformation of ‘patriarchal culture’ through Sunnyboy’s ultimate decision to
go with Khaya for an HIV test which turns out to be negative. As Sue-Ellen Case (1988)
concludes, theatre can create the laboratory in which the single most effective mode of
repression – gender – can be exposed, dismantled and removed. As an ‘image of reality’,
the theatre can create possibilities for a reconstitution of the social order. Thus Vikela
may be viewed as a ‘laboratory’ in which women of strength like Khaya can speak out in
order to help prevent the spread of HIV/AIDS.
It may be argued that by ‘dismantling’ patriarchy the theatre ‘laboratory’ is subverting
established African cultural values in favour of external ideologies based on equality
between the sexes. As a result, the Bulilima-Mangwe community, for instance, may be
deemed to be engaged in creating its own cultural subservience through the theatre
process. While acknowledging the possibility of having external gender values being
imposed on the community, the threat created by the HIV/AIDS scourge demands a new
reality. It has been estimated that the average life expectancy in Africa has been reduced
to 36 years from 60 years a decade ago (UNAIDS, 2002). Feminist critics have argued
that as a social construct, the structures or patterns of gender are formed over time, and
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are differently enacted according to historical and cultural exigency (see Bundy and
Nicholson, 2003; Case, 1988; Stratton, 1994). They are not a biological given but
contigent on time and place. Thus as a social practice, gender can be challenged,
affirmed and unfixed in performance. In the case of Vikela, the subversion of patriarchy
happens in order to enable the community to reflect and possibly intervene in its own
social and cultural development.

3. Conclusion
Popular theatre has been shown to be a way to perform safely and without consequence
actions that in other contexts would be considered as sensitive and subversive. The
application of play’s discursive frames such as paradox, inversion and make-believe has
been found to bring forth alternative realities. These newly created frames of existence
acted as the aesthetic spaces upon which participants could grapple with even the most
sensitive issues like gender and sexuality, and in the process, substitute what culture
states to be the reality.
Through the case study of Vikela, this article demonstrated how popular theatre can be a
laboratory for experimenting with, and restructuring realities experienced as lacking and
oppressive. Vikela acted as the ‘anti’ by which the gender hierarchies created by
patriarchy were dismantled in favour of giving women a voice in the fight against the
HIV/AIDS pandemic. The tendency to silence women by making them internalize male
domination was negated through the agency of symbolic inversion. The ‘refractive
prism’ of the theatre, its ability to create multiple realities for its participants, afforded
women the space to challenge patriarchy’s power over their minds and bodies. Even the
structures of patriarchal prestige that tend to reduce women to ‘passive objects’ were
questioned. Thus the freedom afforded by the theatre laboratory enabled gender
hierarchies to be deconstructed in order to erect relations of power that were conducive
to HIV/AIDS prevention and care.
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Abstract
The fight against AIDS has seen people preaching against cultural practices that have been deemed
responsible for the spread of the HIV pandemic. This has largely been based on the premise that some
cultural practices are largely to blame for the spread of AIDS in Africa in general, Zimbabwe in particular.
Polygamy and the stigma on the promiscuity of the African man as well as practices such as kuzvarira,
chiramu / ukulamuza, have often taken the brand as the primary reasons that Zimbabwe has alarming
statistics on AIDS. Lack of openness regarding sexuality is also posited as the reason why HIV is
spreading like wildfire, yet the cultural practices had their own positive shock absorbers that dealt
effectively with any given crisis. It is unfortunate that these cultural practices have since been discarded
with people citing their backwardness and inappropriateness in contemporary society. This paper aims at
demystifying modern day perspectives concerning Aids and removing the stigmas and negative attitudes
concerning cultural practices. It is apparent that current beliefs on culture are Western constructs that have
been aimed at destroying our own values and beliefs systems. It is against this background that this paper
seeks to look at those cultural practices that have been ignored but which can facilitate the prevention and
the alleviation of the spread of the dreaded disease. This paper also aims at demonstrating how people can
be re-socialized into recognising traditional attitudes, behaviour as well as beliefs and values in the
prevention and spread of HIV. Remnants of our culture can still be salvaged and cultural activities that
fostered the integrity of the people can still apply today.

Introduction
It is a common fact that the subject of sex and sexuality is avoided amongst family
members and the community at large in Zimbabwe. The idea of sex education is looked
down upon and with total contempt, anxiety and even panic. It is therefore viewed as
taboo to talk or even introduce the subject of sex and sexuality. Considering the fact that
African populations are characteristically young with 45% being 15 years or younger,
(Mhloyi 1995) it is imperative that the subject of sex and sexuality should be given
priority to prevent possible extinction of the Zimbabwean population. Educating the
youth about AIDS and sexuality thus becomes an investment into the future (Schapink,
Hema and Mujaya 1997). A look however at the traditional society will prove that the
issue of sexuality was never taken for granted. Although the subject was not openly
talked about, it was part and parcel of the way of life for many societies in Zimbabwe.
Parents were particularly concerned about the sexuality of their children. From birth,
society was preoccupied with producing a child who was going to be a responsible adult
sexually, hence the concept of kusvinirwa mukaka (expressing breast milk onto the
child’s private parts) to abate the presumed hyperactive sexual hormones especially
during puberty. It is still a common saying even to this day that morally loose young
people are regarded as vasina kusvinirwa mukaka (those who did not have breast milk
applied to their private parts). It is unfortunate that in this day of HIV and AIDS this
practice can exacerbate the mother-to-child transmission. In this context, this serves as
an example to underline the importance with which traditional society regarded the
subject of sexuality. This paper therefore attempts to remove the stigma that surrounds
the subject of sex and sexuality by focusing on those practices that enabled youths to
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behave responsibly sexually. This is particularly important, as it will also apply to our
society, which is grappling with the ravages of the disease. It is therefore the intention to
urge society to adopt some of the cultural practices that were integral in traditional
Zimbabwe. Cohen and Trussel (1996: 9) underline this fact when they point out that,
To increase that likelihood of success, interventions need to be culturally
appropriate and locally relevant, reflecting the social context within which they
are embedded. They should be designed with a clear idea of the target population
and the types of behaviour to be changed.

Sex a Taboo? Whose Taboo? Background to Modern Perceptions on Sexuality
For contemporary society growing up is purely by accident. Numerous tales have been
heard of young girls who are baffled by their first menstrual period, as they would be
failing to understand the hormonal changes that would be taking place within their
bodies. Similarly, young men find themselves with sexual urges that they cannot account
for. The result has been pure experimentations that have been detrimental to the
teenagers themselves. Teenage pregnancies are a contemporary phenomenon, with the
advent of the AIDS pandemic, society is no longer worried by the teenage pregnancies
but by a problem of graver concern, HIV and AIDS. For, a pregnant girl is a clear
indication that no protection was used. This amounts to the suspicion of the worst that
can happen to any teenage girl, a newer statistic to the ever-growing list of AIDS
patients. The problem amounts to the growing concern by any parent and stakeholders of
the possibility of an entire generation being wiped out if no mitigating strategies are put
in place. There is therefore need for the examination of the roots of these modern
conceptions about sex/sexuality to find out how such perceptions came to be.
With the coming of the alien culture of the west, traditional Zimbabwean society found
itself transforming to suit the changing fabric of society in general. Many scholars agree
that the social economic and political changes that Africa went through are entirely to
blame for the predicament that we find ourselves in today culturally. With such changes
came new perceptions on sex and sexuality most of which were couched in racist views
about everything black. These modern perceptions could be traceable to Greek
mythology where thinkers like Plato openly declared, “Bodily pleasures are slavish”
(quoted in Byamugisha 2000; 18). Similarly, Origen found sex so evil that he castrated
himself while Roman stoics like Bishop Augustine of Hippo preferred celibacy than burn
with “sinful desires” (quoted in Byamugisha 2000; 18-19). The Western religion and its
education system worked in partnership to cement such beliefs. Christianity in particular,
played a pivotal role in transforming people’s perceptions regarding the issue of
sexuality. Christian teachings and misconceptions of the Bible took part in fostering the
negative perceptions about sex and sexuality. Sex is often associated with the first sin
that Adam and Eve committed in the Garden of Eden. Most people do not want to
believe that the first sin is associated with the literal fruit in the middle of the garden but
speculate that it was a metaphoric representation of the sexual act. Since then, sex has
been considered as a blight, which accounts for the suffering of humanity. HIV and
AIDS does not seem to help matters either, it being regarded as punishment synonymous
to that which befell the proverbial Sodom and Gomorrah. Similarly, the image of Jesus
has been presented as pure with no sexual union at his conception. As a result of the
influence of the church, “[s] ex became sin not to be talked about or thought about, an
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act to be avoided by anyone seriously searching for spiritual growth.” (Byamugisha
2000; 19) It is thus not surprising that church leaders and general religious discourse,
skirt around the subject as it is considered unspeakable.
Rapid urbanization and the media have played their part in inculcating values that fan the
spread of the disease. Sex and sexuality have been trivialized as well as commercialized
to the extent that youths of today view sexual activity in a casual manner. Casual
experimentation with peers and older partners has seen the disease spreading amongst
them like wild fire. Ironically, much as sex is regarded taboo within the home, it is
openly flighted on television and other forms of media. Rather than learn about the
sexual experience from responsible adults, children and youths stumble upon facts and
details of the sexual act. It is the result of these modifications regarding the subject of
sex and sexuality that has seen the traditional support systems breaking down. Is it
wrong then to turn back to the traditional means of dealing with adolescent sexuality?
Rather than continue with borrowed solutions that seem not to be working, is it not
feasible to adopt traditional approaches, which are familiar; approaches, which might be
incorporated into contemporary culture. As Brigadier Chiweza would put it;
Children growing up in the twenty first century are highly unlikely to survive
into old age without falling victim to HIV…. Only the people of Zimbabwe can
come to its’ rescue. [It is] better to go back to the Stone Age than to worry too
much about the modern day image of the country [of being seen to be
implementing modern and often alien prescriptions on HIV and AIDS] (1997
:96).
This paper, therefore, demonstrates how the traditional cultural aspects could be
potential mitigating factors which can assist society in dealing with the rampaging
effects of AIDS. Zimbabwe is characterized by diverse cultures which have a lot in
common. The teaching of sexuality to youths is common among the Shona, Ndebele,
Shangaani, Cewa etc. Therefore, it is important to explore and show how these cultural
practices can be applicable to contemporary situations and help alleviate the spread of
HIV. Sex education in traditional Zimbabwean society was not taboo- it only came to be
so due to outside influences that totally changed the people’s perceptions towards the
subject. Among both the Shona and the Ndebele sex education, kuraya or ukulaya
(guidance and counselling) formed the transition from childhood to adulthood.
Traditionally, the Shona boys and girls were “not taught that sex was unclean or to be
avoided, [but] full license [came] with marriage” (Gelfand 1999). The subject was
‘openly’ discussed and transition to adulthood was smooth. There being any problems,
these were quickly combated before it was too late. Zimbabwean culture hence has many
positive aspects which deserve more than a casual look.

Preparation for Marriage or mechanisms for self help exercises?
Traditional societies witnessed a smooth transition of young members of society from
childhood into adulthood. Problems bedeviling society currently were not experienced at
the magnitude in which society is experiencing them today. What then was the trick to
the successful integration of adolescence into the world of adulthood? According to
Coleman (1974: 53),
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The task of moving towards adulthood needs to be facilitated in such a way that
young people are no longer shielded from responsibility and meaningful
experience.
Adolescence then, is the time to lay down a firm and solid foundation of knowledge in
those aspects that have a bearing on their adult experiences. Rites of passages for
adolescence were the traditional way of assisting the young adults develop a strong sense
of identity, establish a firm sense of purpose in life and ultimately empower them with
self-direction and a deep sense of social responsibility. In-fact, the rites of passage
provided an appropriate or conducive maturational environment within which an
individual developed a strong sense of management in all respects.
Zimbabwean traditional societies had an abundance of psychological knowledge and the
adults knew that adolescence was a period of “storm and stress.” It is a phase in which
the young people (entering adulthood) would be screaming to the world for attention and
assistance as they struggle to understand the harsh biological changes in their bodies as
well as the realities of the adult world. It was against this background that rituals (rites of
passage) at puberty were introduced. The rituals, which were associated with puberty,
provided the equivalent of what Rachael Gelman (1994) terms “entering behaviours”the rites were preparatory and anticipatory in nature as they prepared the adolescents for
the anticipated difficulties and the responsibilities in society. They provided societal
shock absorbers in the face of psychiatric disorders, depression and anxiety characteristic
of this stage of human growth (Beihler and Snowman 1993). Ultimately, through the
rites of passage individuals were equipped with society’s expectations, ideals, norms and
values.
Traditional Zimbabwean societies had their ways of assisting adolescents effectively
manage their uncontrollable sexual drives. Masturbation is one way in which they
battled these desires and this practice has been rife amongst the youths and adults alike.
Of the several adults interviewed it has emerged that masturbation was actually helpful.
The general trend among the interviewees, however, was reluctance to talk about the
issue. The majority of the women professed ignorance of the act with a few admitting to
its existence. Some of the interviewees cited masturbation as a sin, which is equivalent to
homosexuality, lesbianism or even fornication, which involves imagining experiencing
the sexual act. This, they based on the premise that “ whosoever looketh on a woman to
lust after her hath committed adultery with her already in his heart” (Matthew 5: 28).
They emphasized that Biblically, the sexual act is meant for two people of the opposite
sex. What is apparent however, is the fact that masturbation is a secret act and even
though many people disdain it openly, they practise it in private; a fact most of the
interviewees consented to.
Jackson (1992) has pointed out that non-penetrative sex was alien amongst
Zimbabweans, yet a study of the cultural practices shows how this was part of growing
up into adulthood. Nyathi (2001) sites one way in which girls among the Ndebele were
instructed not to indulge in penetrative sex but use the thighs alone. Among the Shona,
girls were instructed to pull their labia minora (Gelfand 1999). While the general
assumption was to prepare them to ultimately satisfy their husbands-to-be, the process
had more to it than just that. Working on the labia minora was actually an intervention
strategy, whether consciously or unconsciously, by which the female young adults
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manipulated their excessive sexual emotions. It was/is a process of prolonged
masturbation (which started at around ten), and logic would reveal that by the time the
girls were instructed to stop- i.e. on the onset of the first menstrual period, they would
have long passed the stage of failing to control themselves, having gained a high degree
of maturity. It was deemed taboo for a girl to marry without having attained elongated
labia. The girls thus made it mandatory and focused on being the complete woman
before getting married or engaging in sexual activity for fear of abandonment by the
prospective husband or lover for being inadequate. This in actual fact delayed sexual
activity up to the time when the girl was considered ripe and ready for marriage.
For the boys, masturbation was initiated out of the adults’ concern over the fertility of
the young man. On the onset of puberty, the uncles would start to oversee to the welfare
of the young man regarding his sexuality. The first step to masturbation could have been
an accidental venture. A young had to produce a sample of semen for inspection. In the
event that his semen was found to be weak, medication was prescribed for him. The
production of semen depended on the boy’s ability to rub and stimulate himself and then
produce the required sample. After this, masturbation was taken for a sport that could be
enjoyed in one’s own privacy or with peers. The adult world turned a blind eye but it had
endorsed and sanctioned the act. The practice saw young men releasing excessive sexual
energy and ultimately procrastinating sexual activity. In the face of HIV and AIDS,
Jackson (1992:91) stresses that “different forms caressing, body rubbing, masturbation,
hugging and so on are considered almost entirely safe as long as no semen, vaginal fluid
or blood enters any open cuts or sores, or reaches any mucous membranes.”
The rituals cited above are enough evidence to show that sex was never taboo and
discussions on sex and sexuality not proscribed. Structures were put in place to allow
discourse on the issue- the tetes (aunts), uncles, sahwiras (family friends), grandmothers
and grandfathers were always helpful, exposing and initiating the adolescents into
adulthood. This society was aware, as it were that “…the only passport that commands
entrance to Being, …is that passport that is filled [in], signed and countersigned and
stamped by human experience” (Dewey 1963: 13). The rituals were given impetus by,
imbued with and propelled by the dynamic forces that assisted the traditional societies
forge into their futures.

Aesthetic Value of Language and the Arts in Zimbabwean Society
Zimbabwe traditional art took various forms and these help shape their way of life. The
dances that young men and women took part in also played a pivotal role regarding their
sexuality and jenaguru was meant to socialize young men and women into adulthood.
Games like Sarura Wako were played and these often led to the selection of potential life
partners. Youths engaged in moonlight dances and these were meant to shake off their
sexual libidos. The moonlight dances exhausted those sexual drives and thus prevented
them from thinking of or delayed intimacy with the opposite sex until when appropriate,
that is, when married (Chiwome 1996a).
Shona traditional society emphasized on the demystification of sexuality amongst the
young and growing minds. According to Chiwome (1996b) free interaction between
boys and girls was encouraged. However, this association emphasized on group
interaction with nicknames like jengavasikana (girl trailer) and jengavakomana (boy
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trailer) being given for boys and girls who would detach themselves from the
mainstream group in pursuit of the opposite sex (Chiwome 1996b). This labeling
discouraged early sexual contact as the youths were rarely found in sexually inviting
situations, for instance a boy and a girl being found alone in secluded area or sexually
tempting positions.
Oral traditions also played a significant part in traditional society and these were
“collective testimonies and recollections of the past from earlier generations, and
transmitted in various forms of verbal testimonies” (Emeagwali 2003: 4) Proverbs
constitute part of the rich Zimbabwean oral tradition and many Shona and Nbebele
expressions had a direct bearing on the lives of their peoples. Proverbs were embedded
in the cultural experiences of the Zimbabwean people and according to Furusa (1996)
they were used to compress the historical experiences in single statements. The proverb
hence “ immortalized the wisdom, philosophy [,] history of the people… [and]
comment[ed] on the happenings that reveal[ed] the system of values in which Shona
culture functions” (Furusa 1996:83-84). Many sayings were aimed at correcting social
ills as well as offering guidance in many social aspects. Sexual conduct was one core
area at which these sayings were directed. Young people were taught through these
sayings and proficiency in the area of proverbs pointed at the linguistic maturity of any
young adult. Thus proverbs that pointed at sexual misconduct were imparted to the youth
as well as adults alike. The value of virginity was revered and sayings like umhandara
idambakamwe, chikuru umvana (virginity is experienced only once in one’s lifetime, the
rest is womanhood) emphasised on this. Messages for the youth alluded to the value and
necessity of refraining from early sexual contact and general restrained behaviour. The
Ndebele proverb Ibele lendlela alivutwa, (sorghum which grows by the wayside never
ripens) warned girls who openly flaunted their beauty that it would be prematurely
plucked off. Sexual matters were not taken lightly. A lot of emphasis was placed on the
concept of respecting other people’s relationships, particularly those of the opposite sex.
The saying mukadzi wemumwe ndiambuya (somebody’s wife is a mother-in-law)
discouraged men from coveting other people’s wives. Sexuality was also largely
demystified- women, sexually, were all the same, as reflected in the proverb muto
wetsenza/ nyemba ndoumwe chete: an equivalent in the Ndebele language being
ukuluma kwensikizi kunye, (flea-bites are all the same). Men were encouraged to gain
satisfaction from their wives and there was nothing new in any other woman.
Promiscuity was largely discouraged as evidenced by the proverbs such as zingizi
gonyera pamwe maruva enyika haaperi- the message being to stick to one partner. It is
important for our youth to be taught the value of these sayings so that they become part
and parcel of their day-to-day interactions thereby constantly reminding them of what is
morally right or wrong. This can work well in the fight against HIV and AIDS.

Harnessing traditional Cultural Practices in Response to HIV and AIDS
In the contemporary context the rituals associated with puberty have been met with
criticism from various sectors of society. Critics of these ceremonies have argued that
soon after going through the rituals, the graduates drop out of school and either get
married or become victims of either teenage pregnancies or STIs (Sexually Transmitted
Infections). In other words they strongly believe that the rituals place a lot of emphasis
on sex and marriage at the expense of other burning issues such as career prospects,
prevention of infection and many other contemporary social responsibilities that await
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these young adults. The critics contend that the ceremonies only reinforce and speed up
sexual maturation forgetting that “the adolescents are sexually mature but socially and
psychologically immature” (Miller and Simon 1990:383). Much as this criticism might
be accepted, traditional rites of passage are the only indigenous resource that might be
fallen back on in order to avoid having a society that screams back at the confused young
people, arguing that sex is taboo and discussions or discourse on sexuality an
abomination.
Currently, the challenge of the Zimbabwean society is to revisit these rites of passage,
reconnect them to our contemporary crises, concerns and expectations to assist the
young members of society develop that strong sense of responsibility and self
management that is demanded for them to survive the vulnerability to the pandemic. As
it is, contemporary solutions that are alien to the Zimbabwean society have been found
wanting. There is no way Zimbabwe can dream of and view its young generation as a
window of hope as long as the adult society has no mechanism of assisting them at this
crucial stage of graduating into adulthood. The current situation is that which makes
society stand aloof and watch the adolescents experiment as they blindly respond to
hormonal development. Such a scenario is a result of missing support systems for
orienting the adolescent into the adulthood.
The integration of traditional practices into contemporary society will foresee the
reduction of risky sexual behaviour, taking full advantage of the media and modern
technology available. With careful research, planning and implementation, this will
witness a successful execution of these practices to complement the official curriculum.
The radio and television could become media of communicating the message to young
people. Programmes like Chakafukidza Dzimba Matenga rightly simulate the traditional
system of the tete or sekuru and might help young people to come to terms with their
sexuality in a contemporary situation. The education system could also fit in with
respective programmes for boys and girls and corresponding male and female teachers in
alleviating the challenges of adolescence and young adulthood in the face of AIDS.
Peer teachings will also result in a close community that will facilitate the prevention of
infection and spread of HIV. It is with peers that the adolescent learns alternative
worldviews about life in general and often rebels from the adult (Schapink et al 1997).
To combat this, the modern curriculum should adopt the oral aspect of traditional
Zimbabwean teachings, as they are still relevant to contemporary society. Some
traditional systems are still very much alive, with the renowned chisahwira still being
practiced even in the urban areas. It is therefore of necessity that Zimbabwe works out
strategies that are aimed at integrating those cultural aspects that facilitate the reduction
and even total obliteration of newer HIV related infections. With more research and
resources available, Zimbabwe is better equipped to respond to HIV and AIDS using its
own indigenous knowledge systems.

Conclusion
It is possible to revisit those traditional value systems that enabled our society to survive
crises that threatened human life and apply them to contemporary society. The success in
the fight against AIDS might be realised if those cultural values pertaining to sexuality
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might be retrieved from the gurus and put into practice. Rather than look at solutions that
are prescribed, that often take the top down approach, it is apparent that the adoption of
the tested and tried rituals and value systems can go a long way into changing behaviour
particularly in the young and uninfected. People should also be empowered to fight the
disease from grassroots, i.e. allow them to explore their traditional knowledge regarding
sexual teachings. There is need to harness the informal cultural practices with the now
formalized education sector and map a way forward for the younger generation in
combating the spread of AIDS. Indigenous cultural resources, which form the core of a
people’s existence, can be revisited to find effective and probably a lasting solution to
the AIDS pandemic. The idea is not to present carbon copies of yester generational
practices but to adapt them to suit the now different contemporary situation. Abstinence
alone is not a reality with the highly experimental youths. With AIDS taking more lives
than any disease imaginable today, it is high time society addressed the issue of HIV and
AIDS that has taken center stage in Zimbabwe. It is therefore imperative that the
government and stakeholders invest in projects that will facilitate the inclusion of
traditional teachings into the modern curriculum and empower the youths into protecting
themselves from the disease AIDS.
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Abstract

According to Kanyenze and Mbire(2002), in Zimbabwe in the year 2002 over thirty three percent of the
adult population was living with HIV and AIDS. They also noted that the life expectance in the country
had declined from 66 years in 1997 to 40 years in 2000. With this scenario in mind it is high time that
society took a look at some of the cultural practices that promote the spread of HIV and AIDS.
The pandemic has mainly affected the economically active groups of society ( Kanyenze and Mbire 2002,
Jackoson 2002). Zimbabwe Open University (ZOU) students have not been spared. This paper is based on
an investigation whose objective were to:
• Find out the cultural practices that expose different sections of the society to the dangers of
HIV and AIDS.
• Uncover the myths that lead to the spread of HIV and AIDS
• To suggest ways in which these practices and myths could be countered and be rendered less
dangerous in the context of HIV and AIDS.
A descriptive survey was used to obtain qualitative data on the students’ opinion about certain cultural
practices and myths. Questionnaires and interviews were carried out on 200 ZOU Matebeleland North
region students.
The study revealed that whilst some cultural practices like wife inheritance, circumcision polygamy and
chiramu could expose people to HIV and AIDS others like circumcision have the potential to curb and
moderate its effects. These findings could be used as pointers to certain cultural practices that need to be
strengthened and those that need to be changed in the present era of the AIDS pandemic. Certain myths
revealed in this paper, that have become part of the culture of our society, need to be countered with the
truth if society is to survive.

Introduction
The first recorded case of HIV infection in Zimbabwe occurred in 1985. Between that
time and around 1999, the country’s HIV and AIDS response was driven by the Health
Sector (Poverty Reduction Forum, 2003). This means that HIV and AIDS were seen as a
health problem and the responses were therefore mainly biomedical (Poverty Reduction
Forum, 2003). The typical example of the intervention strategies of the day was the ABC
which advocated avoiding infection through abstinence, being faithful to one un-infected
partner and using condoms carefully and consistently. Campaigns were launched by
government, international agencies and non-governmental organizations. By 1999,
almost the whole population had basic knowledge of HIV and AIDS. The expectation
then was that once people knew about the dangers of HIV and AIDS and how to prevent
infection, the infection rates would go down. Unfortunately, this did not happen, instead
the infection rates continued to soar, according to Jackson (2002), by 1999 about one and
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a half million of the 11.5m Zimbabweans were living with the HIV virus, and about 200
000 people succumbed to AIDS in that year alone and Zimbabwe was ranked third in the
world in terms of the infection. This implied that the expected behavioural change had
not taken place instead all facets life of Zimbabweans, like the economy, culture, politics
religion and population growth, were adversely affected (Jackson, 2002, Dube 2003).
In the wake of these set backs in stemming the spread of HIV and AIDS, a paradigm
shift in the way that the HIV and AIDS problem was viewed and being tackled became
necessary. This led to the rise of the multi-sectoral developmental interventions in order
to widen national response to the epidemic (Poverty Reduction Forum, 2003:4). It
became clear that any serious discussion of HIV and AIDS could not avoid the mention
of the gender relations, the economic situation of different groups, the access of the
different groups to wealth, political power, information and social services. The
language, traditions and practices of the different groups, their geographical location
were now considered key in the fight against HIV and AIDS. Previously, in 1998
UNESCO and UNAIDS had launched a joint programme whose goals were to “stimulate
thinking and discussion and reconsider existing tools with a cultural approach”
UNESCO 1999.There was a realisation that the population’s cultural and social
characteristics had to be considered in interventions for lasting behavioural change to
occur.
It is in this context that it was found necessary to carry out a research into the risky
cultural behaviours and myths associated with the spread of HIV and AIDS.

Methodology
A descriptive survey was used to gather qualitative data. The population used was all the
ZOU students in the Matebeleland North region (N=700+). A sample of 200 students
from all disciplines was used. Purposive sampling was used. A questionnaire with open
ended items was used to collect data by self administration and by interview.
Percentages, coding and content analysis was used in data analysis. After the analysis
had been done the data was classified in the following subtopics; polygamy, wife
inheritance, circumcision, chiramu/ukulamuza, role of women as care-givers, the role of
women in sex, an d myths and misconceptions.
Findings and Discussion
The next section discusses the findings of the study.

Polygamy
Polygamy is a cultural practice of almost all black groups in Zimbabwe. It is practiced
today in different forms in the urban and in the rural. Traditionally the man was allowed
to marry more than one wife, living with his wives in the same homestead, but with the
wives usually sleeping in their different huts with their young children In the rural areas,
polygamy still exists in this form to this day. The respondents actually stated that in
some variations of the Shona culture the first wife might actually decide who shares the
bedroom with husband whilst in the Ndebele culture the husband decides on his own in
which bedroom hut he will spend the night. In the urban areas, however the man might
live with one wife in the family home and accommodate the other wife or wives or
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lovers (small or smellhouse or A2 farms houses) in different lodging, keeping them away
from each other. The Poverty Reduction Forum (2003) calls this set up “perverted
polygamy”. Polygamy among the man who have a rural and an urban home might mean
that the man lives with one wife in the urban area (where he works) but keeps a second
wife in the rural areas which the respondents called “mukadzi wekumusha”. One of the
reasons that the respondents advanced for polygamy was that women clearly outnumber
the men and therefore it solves the problem of the surplus women that might not secure
marriage partners. The ratio of men to women in Zimbabwe presently is 49 to 51%. The
need for large families in Zimbabwe, for the purpose of subsistence farming, is also
another thing that was seen as promoting polygamy. The large families are perceived as
were well adapted for agricultural production. Dube (2003) however views polygamy as
a status symbol for the man who has many wives since the wives are taken as items of
possession.
The danger of polygamy is that if the man (or any one of his wives) contracts HIV, then
he endangers all his wives. It is difficult in the world of today for a polygamous man to
be able to sexually satisfy all his women because of the prevalence of diseases and stress
among other things. The sexual frustration that the wives might suffer as a result is likely
to lead them to seek satisfaction outside the marriage thus posing a danger to themselves,
to the husband and the other wives. However it sexual frustration is not the only reason
why women engage in extra marital sex. Poverty Reduction Forum (2003) notes that
women sometimes engage in extra marital sex in exchange for money, food and
transport. Polygamy encourages sex with multiple partners, discouraging faithful
behaviour to one person. The potential for spreading HIV virus is increased in
polygamy, hence the need for specific studies of this cultural practice and its relationship
to the spread of HIV.

Spouse Inheritance ( ukukungena/ kugara nhaka)
In the event of death of the husband, the widow is sometimes “inherited” by a brother, a
nephew of the deceased or some other relative of the deceased. The inheritor of the
widow assumes all the roles of the late husband including marital conjugal rights to the
widow. It was revealed that in both the Shona and Ndebele traditions the son(s) of the
deceased could inherit the surviving younger wives. Inheritance of the wife by the
nephew is predominantly a Shona tradition. In rare cases, fathers have been known to
inherit their son’s wives. This practice is still common in some rural and urban areas of
Zimbabwe (Special Series). The practice provides social security for the wife and
children after the death of the husband, as the inheritor becomes the breadwinner for the
family. An underlying assumption of this practice is apparently that the women cannot
fend for a family but are dependent some man (Dube, 2003; 87).
Wife inheritance was perceived by the respondents as a dangerous practice because in
the event that the late husband was HIV positive,then the inheritor is likely to be infected
by the widow and may pass the infection to his other wife/wives. Alternatives to social
security for the family of the deceased are necessary, ones that avoid spreading HIV
infection. Looking after a widow was always a venerated traditional practice, and safe
alternatives such as the zunde ramambo concept could be maintained in some rural areas.
The traditional leader was mandated with the protection and support role for the
vulnerable persons, including widows and children, in his area through the zunde. There
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were no sexual obligations for the widow to receive this social support. The widow,
however, had a choice to polygamy or wife inheritance. The widower had the alternative
of being inherited by female relatives of the deceased wife. In this case, it is usually the
niece or younger sister of the deceased who is sent to take the place of the wife. This
practice also can preserve the family intact after the passing away of the wife and thus
offers security to the children. What is worse is that the person chosen to replace the
wife usually has no say in the matter (Poverty Reduction Forum, 2003) however it is
possible that other women might be lured into inheriting a widower by greed and/or
poverty. The chance to inherit the property of their late relative can override the issue of
inheritance.

Circumcision
Circumcision usually refers to the cutting of certain parts of the male or female genitalia
for religious or cultural reasons. The more common of the two practices in Zimbabwe is
male circumcision in which the foreskin of the penis is cut off, usually during a
ceremony of passage of rites. Female circumcision or Female Genital Mutilation (FGM)
is very rare and none of the respondents had ever had of it occurring in Zimbabwe.
Though male circumcision is more common than female circumcision it is not practiced
by all ethnic groups in Zimbabwe but by just a few minority groups. Respondents
indicated that this practice is prevalent among the Xhosa speaking groups like those
found at Mbembesi outside Bulawayo. Among the Kalanga the practice was once a norm
but is now on the decline.
Circumcision is a typical example of an initiation rite that is used to deny or give
individuals in certain societies privileges, therefore a rite of passage. In most instances
circumcision means the individual passes from being a boy to being a man who can
enjoy all the privileges of being considered an adult like getting married, setting up a
home and a family, which he was denied before circumcision. Jackson (2002) cites
research findings that suggest that circumcision can greatly reduce the chance of HIV
infection. This reduction has been attributed to the reduced surface area of absorption of
the virus since the outer skin cells in the glanis of the penis die after circumcision and
turn into an impermeable cover against infection. In the same manner circumcision also
reduces the chances of an individual contracting other sexually transmitted infections
(STI). The presence of an STI in an individual enhances his/her chances of contracting
HIV (Jackson, 2002). Unfortunately, the sharp instrument used in cutting the fore skin
can expose the people being circumcised to HIV infection if due caution is not taken.
Since most of the circumcision is done in ceremonies in which several people are
circumcised one after the other, there is a danger that HIV infection could be passed
from one person to another via the sharp instrument. Circumcision in Africa is usually
done out of hospital and is done by people without medical qualifications. Incidents of
boys dying because injuries to the penis and septic infection and have been reported
(Jackson 2002). There is also a danger of circumcised man believing that they cannot
contract HIV because they are circumcised. Circumcision does not eliminate the danger
of HIV infection therefore circumcised people should be made aware of that.

Ukulamuza /Chiramu practice
The relationship of a man and his sister in law in most black groups in Zimbabwe carries
certain social expectations which are of interest in the advent of HIV and AIDS. The
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man and his sister in law in most cases are expected to have a close relationship, which
borders on intimacy especially if the sister in law is not married. This relationship is of
interest because it has sometimes been abused to the extent that the sister in law is used
as a substitute wife. Finding s of this research seem to indicate that it is possible that this
practice could have arisen out of the need for the young girl to experience intimate
relations before marriage and the brother in law was seen as a safe person with whom the
young girl could experiment and learn. The man might have had the duty of being the
mentor to the young girl helping her understand better her own partner.
It is unfortunate that in many cases, this relationship has been abused by the men who
have taken advantage of it to sexually abuse young girls related to their wives. The
danger is in that whilst society seems to condone this behaviour, it exposes girls to sex
and HIV at a very young age. This relationship is particularly dangerous because here
there could be vertical transmission of HIV, that is, the transmission of HIV from one
generation to another, which makes it particularly difficult to break the cycle of HIV
infection.

The social role of women as care givers
In the division of labour within the family, the role of looking after those who are not
feeling well has traditionally been assigned to the women and girls. In instances, it has
meant that women leave their matrimonial home to look after ill relatives. Respondents
noted that this is a practice very prevalent among the rural and among the poor black
communities in Zimbabwe. This is probable so because the groups cannot afford to pay
for proper health care. With the advent of HIV and AIDS this has put a lot of pressure
on the women, as they are the ones who now bear the brunt of the epidemic. Leaving the
matrimonial home to attend to the sick has resulted in the breakdown of families. Some
husbands of women who have gone away to attend to the sick have felt ignored and have
looked for other women in the absence of their wives. This is a dangerous practice,
which might result in HIV infection.
Looking after the ill in the present circumstance has resulted in a lot of stress for the
women. Perhaps care-giving should be examined under gender roles within the family.

The belief that a woman’s role in sex is to please the man
The belief that a woman’s role in sex is that of pleasing man pervades society. This
belief is an example of patriarchal relationships that exist in the country. Because of this,
women go to great lengths to prepare themselves to perform that role. Respondents noted
that women of African origin sometimes insert herbs, barks and powder into their
vaginas in order to tighten and dry the passage, an act referred to as vaginal douching by
Poverty Reduction Forum, 2003. Women who do this do so because they believe that
men enjoy dry sex in a tight vagina. The practice is however dangerous as it results in
lesions in the sex organs during sex because of the friction from the herbs, allowing for
easy HIV infection Jackson, 2003). If the male condom is used, the abrasion might result
in the condom breaking. Respondents agreed that women find it difficult neither to
refuse their partners sex, nor to demand that a man use condoms even when they suspect
him to be infected with an STI. This indicates that women, in most cases, do not have
control of their sexuality and because of that, they cannot protect themselves from HIV
infection as much as they would like to do.
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Myths and misconceptions
Misconceptions pose a danger to society some of them lead to stigmatisation and
therefore these must therefore be discouraged. The existence of these misconceptions is
a reflection of low levels of understanding therefore, the best way to counter these is to
provide knowledge to the general public in a clear manner.
Myth 1: Condoms spread HIV and AIDS
The research established that some people in Zimbabwe have the misconception that
condoms spread HIV and AIDS. Such misconceptions are said to have come from
rumours such as that a certain batch of condoms from oversees had been found to
contain the HIV hence it had to be destroyed. Such rumours will cause people to stop
using condoms because they fear contracting the virus from the condoms. Although
condoms are not a foolproof barrier against HIV and AIDS, they greatly reduce the
chances of contracting the disease (Jackson, 2002). Hence, their use should be
encouraged and people can be trained on how to use them. Respondents suggested that
programmes on the advantages of using condoms should be carried out in communities
in addition to the free condom distribution. Schools could also incorporate an HIV and
AIDS course for students into their curriculum however this should be supported by sex
education at home for the message to be meaningful Dube (2003) .
Myth 2: A woman who enjoys sex has loose morals.
Another of the misconceptions held by certain individuals in society is that a woman
who enjoys sex has loose morals, the research established. The expectation here is that
the woman’s role during sex is that of pleasing the man. This discourages most women
from expressing their sexual needs to their partners because of the fear of being labelled
loose. Respondents thought that women are forced to curtail their sexual feelings within
the home and are likely to seek satisfaction elsewhere this way they may expose
themselves to HIV infection and endanger themselves and their families(Abbott et al
,2005). Perhaps helping women and men to talk about sexual taboos publicly as part of
the HIV and AIDS awareness might be considered. Programmes should be launched for
both men and women on the need for sexual partners to be open to each other about their
sexual needs and desires. This would solve the problem of people not talking about sex.
Myth 3: Talking about sex is a taboo
The breakdown of the traditional extended family has spelt a change in the way children
are socialized within the home. The aunts and grand parents are usually not available any
more to teach children about life, especially about sex and sexuality. The respondents
thought that most children now learn about sex from their peers and the information that
they obtain is usually inaccurate and exaggerated. Parents find it difficult to talk to each
other about sex, find it even more difficult to talk to their children about it. HIV is
mainly a sexually transmitted infection. Talking about HIV and AIDS in most cases
always involves talking about sex. Since families find it difficult to talk about sex, it is
difficult for them to discuss HIV and AIDS. Where people are inhibited to discuss sex,
HIV thrives and spreads like a wildfire, fuelled by ignorance and fear of taboo.
Communities need to be empowered to talk about sex. Sex education of their children
has become a life and death issue and cannot be left to chance any more. Dube 2003; 6
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has called for the lifting of the “…blanket of mystery on sex and related matters…once
and for all” and to do that she advocates for explicitness on issues of sexuality.

Conclusion
Jones (1991) suggests that the emergence of social epidemiology has fixed the origin of
disease in the social context, although he acknowledges that diseases have a social
solution. This paper proposes that Zimbabweans should look at their social context or
culture at it relates to HIV and AIDS to see if some social solution or relief from the
disease can be found. It proposes a thorough examination of certain cultural practices
that have the potential for fanning or spreading the HIV and AIDS pandemic. The
practices examined all serve or served a certain function in society where they are
followed, thus not easy to do away with any of them. It is usually met with resistance
(Jackson 2002). The paper proposes therefore a gradual change to those aspects of these
practices that people have come to accept as dangerous in the context of HIV and AIDS,
but to enhance those that have the potential to provide relief to society. The paper is
proposing that Zimbabweans should make some positive adaptations to their culture now
that they are living with the HIV. It is proposing that we heed the words of Graca
Machel who said “We have to reinvent traditions in the sub region. I am not saying
reject them but reinvent them”, if we are to survive (SAfAIDS News. March 2005;5)
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Abstract

In this paper, a model that incorporates treatment (ARVs), condom use, voluntary testing and counselling
as strategies of HIV and AIDS prevention and control is developed. The model assesses the effects of
treating using ARVs (based on efficacy and adherence), condom use (based on e±cacy and compliance),
voluntary testing and counselling. The minimum condom efficacy and compliance rates needed to control
the epidemic if condoms are used as a single strategy for HIV transmission control are determined. The
model shows that reduction in the number of sexually contacts by increasing condom use and avoidance of
multiple sexual partners has a significant impact in reducing the transmission of the disease. It has been
shown that, counselling (education), drug efficacy and adherence to treatment and condom use are
important. Thus the paper shows that multiple strategies can be useful in the control of the spread of
HIV/AIDS epidemic.

1 Introduction
The AIDS epidemic is a serious, growing public health problem worldwide. The cause is
known and the principal routes of transmission understood but resources for treating
HIV-infection patients and for combating the spread of the virus are limited. An
estimated 40 million people globally are living with AIDS, of which 28 million are from
Africa, 1.6 million from Zimbabwe (Chakanyuka, 2006) and approximately 3.1 million
new infectious occurred and an estimated 2.3 million people died in Africa in 2004.
According to the report from (AVERT, 2005) most people infected with HIV will die,
with the peak of these deaths expected to occur at the end of 2010 if there are no
intervention strategies. Governments, public-health agencies and health care providers
must determine how best to allocate scarce resources for HIV treatment and prevention
among different programs and populations. Public health planning continues to be
hampered by all the uncertainty about key epidemiological parameters such as the
typical duration and intensity of infectiousness and the fractions of those infected who
will go on to develop AIDS and after how long a time period. Control of the epidemic
therefore depends on promoting multiple strategies such as behavioural change among
the subgroups of populations where infection is taking place and on optimum use of
available therapy for those infected. Both approaches require a quantitative
understanding of the progress of the epidemic in the population. The basis for such
understanding is twofold. We first need to generate information on the evolving state of
HIV disease and HIV risk behaviour in the population, by the elaboration of appropriate
monitoring systems and secondly the development of mathematical models and methods
which can fully exploit the information generated. There has been a lot of research on
how to help people protect them from contracting the virus, that is primary care, and
how to prevent and minimize the health and psychological consequences of those living
with the infection, that is, secondary prevention. There is generally, agreement among
many researchers that multiple strategies are needed to combat the epidemic and the
success of these programmes needs evaluation. Therefore there is need to develop
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models which help to explore the potential impact of the intervention strategies and
develop policy models which help policy makers to make rational policy decisions.
Mathematical descriptions of the typical course of infection in the individual and of the
details of transmission between people have begun to provide a scientific framework to
aid decision makers in predicting the outcome of different programs and of highlighting
problems that may arise in the future (Dietz (1982)). Mathematical modelling of
HIV/AIDS began soon after the disease syndrome AIDS and later the causative HIV
virus were first identified in the early 1980'
s. Much of the early work include models for
estimating the incidence and prevalence of HIV and forecasting the spread of HIV and
models for estimating epidemiological parameters of the disease, such as the chance of
HIV transmission associated with different types of contacts and the length of the
different stages of the disease. For example the initial window period in which an
individual has not yet developed HIV antibodies, the incubation period and the
symptomatic period. Anderson and May (1992), Brookmeyer and Gail (1994) give
comprehensive discussions of epidemiological modelling of HIV/AIDS. Mathematical
modelling has had an effect on AIDS prevalence and incidence in the United States,
understanding the pathophysiology of HIV, evaluating costs and benefits of HIVscreening programs, evaluating costs of needle-exchange programs and determining
policies for HIV/AIDS care in California.
Over the past twenty years many journals have published a number of articles which
describe mathematical models of infectious disease transmission and control of
HIV/AIDS. These articles were aiming at helping the interpretation of epidemiological
trends, guiding the collection of data towards further understanding and to designing
programs for the control of infection and disease [Anderson and Darby (1998), De
Angelis, Day and Gill (1988), DeAngelis and Gilks (1994), De Angelis and Gore (1993),
Sabina and Phillips (1994), Gore and Evans (1994),Williams and Anderson
(1994),Secke and Hawkins (1994), Mollison, Isham and Green¯ eld (1994), Isham
(1988), Billard and Zhao (1991,1993), Kahn, Brandeau and Dann-Mortmer (1998) etc ].
The demand for care for those living with HIV/AIDS has risen as the HIV/AIDS
epidemic matures. This has taken its toll among health workers. The annualdirect cost of
AIDS (including antiretroviral therapy which cost about US$50 per individual per month
(Boly et al, 2002,Carina van Vliel et al 200) has been estimated at about US$130 per
capita yet overall public health spending is less than US$10 for most African countries.
The HIV/AIDS pandemic is having a negative impact on the overall quality of care
provided in the hospitals and resulted in a shortage of space so that some people
requiring treatment are not admitted at the right stage and thus reducing their chances of
recovery.
The cost of providing treatment for people living with HIV/AIDS competes with already
inadequate resources and as a result of this many people are faced with a decision of
choosing the type of treatment. The choice is also affected by many other factors such as
availability, affordability, accessibility of treatment and an individual'
s beliefs which
may be influenced by traditional and/or religious beliefs. In Zimbabwe we have two
types of health systems prevailing side by side and these are biomedicine (western or
modern medicine) which refers to a health system that has built on evidence from
clinical trials (Garnet, 2002) and traditional medicine (non-conventional medicine)
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which refers to a wide range of traditional practices such as African, Chinese, Indian,
etc. These practices are based on ancestral knowledge of medicines that is handed down
to future generations. It is estimated that in many developing countries four out of every
five (80%) people visit traditional health practitioners and use traditional treatment
(Garnet, 2002). In some case some use both modern and traditional medicine. The spread
of the disease is also influenced by community beliefs (culture), environment and
practices. We have varying traditions and cultures in Zimbabwe which may have
contributed to the spread of the epidemic. Sharing wives, widow inheritance (although
on the decline now in Zimbabwe) and sexual cleansing rituals involving widows are
some of the common cultural beliefs. Marriage patterns in Zimbabwe encourage sexually
inexperienced girls to marry older men at a young age Carina van Vliel et al 2001). The
use of condoms is shunned by most men and testing facilities and counselling programs
are few and these become a recipe of disaster. Increased nutritional needs were identified
as a priority for HIV/AIDS as adequate food supplies are both preventive in supporting
health immune systems and curative in that they are essential for drug treatment to be
effective and to prevent re-infection (Gumel, et al, 2004). The aim of this paper is to
determine the effects and possible impact of multiple strategies, that is, ARVs treatment,
condom use, voluntary testing and counselling, nutrition, as strategies of HIV and AIDS
prevention and control. Nutritional status of an individual becomes important upon being
infected.
We formulate and analyse a deterministic mathematical model for assessing the effects
of the various intervention strategies for controlling the epidemic. We have determined
the various epimiological parameters for the various intervention strategies. We write
this paper with the public health worker and the medical epidemiologist in mind and
therefore emphasis is given to basic principles, epidemiological data and the practical
implications of model predictions. We will therefore keep mathematical details to a
minimum and the interested reader is referred to technical references for descriptions of
mathematical concepts used. We start with a brief of the key epidemiological parameters
in section 2. The model development is done in section 3 and the numerical simulations
are given in section 4. Finally concluding remarks are given in section 5.

2 Parameters
Parameters require analysis even for these present models. Estimation and prediction of
these parameter values is a problem in most countries especially in developing countries.
We have epidemiological parameters coming from the particular epidemic and
demographical parameters from natural demography. The major parameters are the
epidemiological parameters.
2.1 Epidemiological parameters
2.1.1 Probability of infection,

i

This is probability of transmission from an infectious individual to a susceptible
individual which is formed from two components, namely the likelihood of close contact
between two individuals such that transmission can occur (dependent upon the pattern of
mixing in the population) plus the probability that transmission will occur as a result of
close contact (dependent upon the innate contagiousness of the infectious organism and,
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perhaps on the genetic or behavioural susceptibility of the individual host). It is difficult
to determine since it is related to attitude factors and therefore an individual'
s risk of
acquiring HIV is to a large extent determined by an individual'
s attitude and role during
sexual intercourse (Blower, et al, 2002). Suppose p is the probability of transmission per
contact, the probability that a susceptible individual will not be infected by a single
contact with an infected individual is 1-p Therefore the probability that infection is
avoided when n contacts have been made is (1-p)n ;giving us the transmission probability
per partner =1-(1-p)n: (Hyman and Li,1997). We assume that probability of infection
with a symptomatic infective is greater than with a carrier, asymptomatic infective

2.1.2 Average number of sexual partners ci
This is the rate of acquisition of new partners which depends largely on social and
environmental factors that determine the living conditions, resources and social
opportunities. Culture and religion also have an influence on the number of new partners
one can acquire. In some cultural settings men are allowed to have as many partners as
they wish and this definitely has a significant impact on the value of ci. Many people
indulge in risky behaviours due to poverty, need to get financial support, revenge for
having been innocently infected, lack of knowledge of re-infection. Risk behaviour
change can be measured by measuring the trends of the value of ci. with a decline in the
value of ci indicating an increase in behavioural change. However we will assume short
term partnerships.
2.1.3 Intervention rates (

i, i,

i

,

i, i=1,2,

.)

The susceptibles are exposed to education on prevention using condoms and sticking to
one partner. The proportion of people who will use condoms consistently and correctly is
i (compliance rate) with condom efficacy of i such that 0 ≤ 1, 11≤ 1 and the level of
protection against HIV by condom use is measured by the product p1= 1 1 which is the
condom induced preventability (Moghas, et al 2004 ). We need to distinguish between
condom efficacy and condom effectiveness. Efficacy of condom is the protection that the
user would get when he/she uses the condom correctly and consistently. The protection
depends on a number of factors such as breakages, slippage and leak rates (Gumel,
2004). Condom effectiveness is the proportionate reduction in disease transmission due
to the use of the condom. Davies and Weller (1999) carried a research on the
effectiveness of condoms. Compliance in condom use is a critical factor in preventing
HIV transmission and does not offer 100% protection. This factor is defined as the
proportion of the sexually-active population that uses condoms consistently and
correctly. Consistent use is defined as using a condom for all acts of penetrative vaginal
intercourse or anal sex. This implies that (1-p1) measures the condom induced
preventability failure. The proportion of people who will seek treatment is 1 and this
will largely depends on an individual being aware of his or her status and this will also
measure the success of the voluntary testing campaigns being advocated by the increase
in the value of 1 We assume that various testing centers can measure this parameter.
The rate at which those infected will seek treatment is 1 and the rate of adhering to
treatment is 2 with a drug efficacy 2 so that p2= 2 2; is the drug induced preventability
of progression to AIDS, thus measuring the level of reduction in the severity of HIV
when an individual is taking treatment. It is common to have non-adherence to treatment
due to forgetting, non-availability of the drug, non-affordability of the drug, absence
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from home or even the feeling that one is okay. Therefore treated individuals will
progress to AIDS at a rate (1-°(1- p2): Treated individuals are offered post-infection
counselling at a rate and they join a class of counselled individuals Tc(t) and assumed
not to spread the disease. We also assume that a proportion (1- 1) = will develop AIDS
without knowing their status at a rate .

2.1.4 Progression rates ,
We assume that some individual will progress, at rate 1 = 1 1 and =
from the
normal infectives and AIDS class respectively after treatment and some progress from
( rate of developing AIDS). The
infectives and treated to AIDS class at rates
counselled treated individuals will progress to the AIDS class at a rate of .
2.1.5 Death rates
We assume that the AIDS individuals suffer a disease-caused mortality at a constant rate
. In other words individuals die of related diseases at the rate . Death rate due to
AIDS may vary depending on which other diseases an individual has at the same time
(Petruckevitch ea al, 1998) but we assume that it is proportional to the number of
individuals in the AIDS class.
2.2 Demographic Parameters
2.2.1 Recruitment
Recruitment, either by immigration or birth, is in terms of the number of susceptible
individuals admitted into the community per unit time or is assumed constant. Rate of
recruitment also covers children who become sexually active adults. We assume the
sexual mode of transmission only and therefore there is no vertical transmission of
mother-to- child, no blood transfusion, no needle shearing. We also assume there is no
recruitment of individuals who are resistant to HIV.
2.2.2 Death rates
We assume that natural death rate for all individuals are constant, the same and
proportional to the number in the class and are independent of other diseases.
3 Model Formulations
We formulate a model that takes into account information on prevention and treatment
available to an individual. Besides the assumptions given under parameters we also have
the following assumptions.

3.1 Assumptions
•

We have a compartmental model of individuals that are susceptible S(t);
infectives I(t); under treatment T(t); counselled treated individuals Tc(t) and those
with AIDS A(t).

•

HIV is transmitted via sexual intercourse.
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•

Those who have developed AIDS responds well to counselling and refrain from
being sexually active or stick to bisexual activity and have protected sex.

•

There is homogeneous mixing within the total population which is given by
N(t) = S(t) + I(t) + T(t) + Tc + A(t):

•

Individuals are transferred from one class to the other as their status with respect
to the disease changes.

•

Susceptibles are infected at a rate ci(1-pi) S(t); i = 1; 2; where ¸ is the average
risk of infection given by

c1 β 1 I (t ) + c 2 β 2T (t )
N (t )
Individuals whose status is known can undergo counselling treatment from the
infected class at rate 1 and a proportion (1- 1= ) progress to the AIDS class.

λ=

•
•

We assume that treated individuals are counselled and progress to Tc(t) and a
proportion (1-p2)T progress to the AIDS class as mentioned before.

•

Since we are dealing with population, all dependent variables and parameters are
non-negative.

3.2 Model Equations
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3.3 Model Analysis
In this section we look at the qualitative features of the model by carrying out the
stability analysis of the model. This analysis will enable us to determine the threshold
conditions which give us the effect of multiple strategies.
3.3.1 The Disease-free Equilibrium state
The disease-free equilibrium point occurs when there is no infection in the population
and this happens when there are no infectious individuals in the population who interact
with the susceptibles, that is, I = T = Tc = A = 0. The model has a unique disease-free
equilibrium, P0; which is obtained by setting the derivatives to zero for the system. This
gives E0 = ( Π ; 0; 0; 0).We need the threshold quantity R0; which is the reproduction
µ

number of infection. This is defined as number of new infected individuals generated by
a single infected individual introduced in a whole susceptible population where multiple
strategies are used as control strategy. This provides the necessary condition for the
eradication of an epidemic (van Driesche and Watmough, 2002). If R0 < 1 the disease
can be eradicated otherwise it will persist within the population. Using the method in
(van Driesche and Watmough, 2002) we find the reproduction number as

We explain the different terms in (6) as follows.
•

RI and RT are the contributions of the infected I and the treated T to the
reproduction number respectively.
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•

The term ci i(1-pi) i = 1; 2 is the infectivity of individuals in the infected class (I)
and the treated class (T) since the counselled treated (Tc) and the AIDS (A)classes
are both assumed not to be sexually active.

3.4 Discussion on R0
We consider different cases when different strategies are being implemented.
3.4.1 Case 1: No intervention
We start with the case when there is no intervention at all that is
0;) = 1: We have

1

=

1

= p1 = p2 =

=

It can easily be shown that
showing the effect of intervention because the reproduction number when there is
intervention reduces the number of people who will be infected by one single individual
introduced into a whole susceptible population.

3.4.2 Case 2: No counselling and treatment
We have only condom use as a single strategy of controlling the epidemic that is: 1 = 1
= p2 = = 0;) = 1 This is a situation which is common in Zimbabwe especially among
the poor. This gives

The threshold value for p1 as
p1* = 1-1/Rc
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Using the same analysis as in [13] we conclude that HIV can be eradicated from the
community if
p1 = 1 1> p1*
We also note that Rc < Rni; implying that the use of condoms reduces the value of Rni:
3.4.3 Case 3: No condom except counselling and treatment, that is p1= 0
We have

3.4.4 Case 4: No counselling after treatment
This means that = 0 which implies T = 0: The reproduction number becomes

3.4.5 Case 5: No all types of counselling, that is, = 1 = 0;) = 1
In this case we have treatment and condom use. The reproduction number becomes

this is the same as when there is condom use only.
In all cases we note that the reproduction numbers are greater than the reproduction
number when there are multiple strategies being used. It can be shown that
We can see that more interventions reduce the basic reproduction number showing the
importance of multiple strategies being used. It can be shown that

We also note that if c1 = c2 =c then R0 =cK where K is a constant so that we can deduce
that R0 under prevention strategies is directly proportional to the rate of acquisition of
sexual partners c: Further if we take partial derivatives of R0 with respect to 1; 1; p1
and p2 we observe that R0 is a decreasing function of these parameters.

3.4.6 Stability Analysis of the Disease-Free Equilibrium
We evaluate the Jacobian of (1) to (5) at P0; which is
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The roots of the quadratic equation f( ) have negative real roots if a > 0 and b > 0: It can
easily be shown that both a and b is greater than zero if R0 < 1: Therefore the local
stability of P0 depends on the threshold R0: The result can be summarised in the
following theorem

Theorem 1. The disease-free equilibrium is locally asymptotically stable if R0 < 1 and
unstable if R0 > 1:
The local stability of the disease-free equilibrium stated above, shows that every solution
of (1) to (5) with an initial condition close to P0 eventually approaches P0: The theorem
shows that if the sizes of the subpopulations are close enough to the values of the
components of the disease-free equilibrium, then the epidemic can be eradicated from
the population whenever R0 < 1:

3.4.7 The Endemic Equilibrium point

We have therefore established the following theorem.

Theorem 2. If R0 > 1; then the model has a unique positive endemic equilibrium point
P*:The local stability of the endemic equilibrium point can be summarised in the
following theorem.
Theorem 3. If R0 > 1; then the model endemic equilibrium point P*¤ is locally
asymptotically stable if R0 > 1:
The proof is left out for the reader.
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4 Numerical Simulations
Mathematical models often include parameters, estimated from experiments, for which
their actual values are not known precisely (van Driesche and Watmough, 2002).
Therefore in this section we consider the effects of parameter uncertainties on the model
predictions of the basic reproduction number of the infection. This will be accomplished
by sensitivity and uncertainty analysis using the proposed ranges of the model
parameters. Such analysis can be used for various purposes, such as ranking the
parameters in order of their relative importance to the results and for assessing changes
in the results due to variability in the parameter ranges. According to Blower and
Dowlatabadi, (1994) this is particularly important in studying complex models whose
behavoiur may only be understood by numerical analysis. The purpose of this analysis is
to properly identify those parameters that have the most effect in changing the
reproduction number, R0: We will use parameter values used by Nyabadza (2005), as
shown below. The natural death rate will be ¹0:02year¡1 for natural death rate
corresponding to a life expectancy of 50 years.
Parameter Approx.value/year Parameter Approx.value/year

Table 1: Parameter values

We start by considering the effect of strategies on the reproduction number which
measures the progression of the disease. In all the cases we also consider the effect of the
rate of acquisition of sexual partners and take c1 = c2 = c:

Case 1: When there is no intervention at all the reproduction is due to the infectives. An
increase in the number of partners results in an increase in the reproduction number. If c
= 1;R0 = 0:4; if c = 2;R0 = 2 and if c = 4;R0 = 4 which remains the same for the whole
duration of the epidemic if there is no intervention. There is therefore need for
intervention since R0 is increasing and above 1.
Case 2: In this case we do not have counselling and treatment except condom use.
General the reproduction number decreases with the increase of efficacy and adherence
to condom use. An increase in the number of partners also results in an increase in the
reproduction number. If c = 1; 0 ≤ R0 ≤ 0:5, if c = 2; 0 ≤ R0 ≤ 1 and if c = 4; 0 ≤ R0 ≤ 2:
We note that condom use alone reduces R0 by half comparing with no intervention at all
as shown below.
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Figure 1: The effects of condom use without treatment and counselling

Case 2a: In this case we do not have treatment except counselling and condom use.
General the reproduction number decreases with the increase of efficacy and adherence
to condom use. An increase in the number of partners also results in an increase in the
reproduction number. There is a great decrease in the reproduction number with the
introduction of counselling. If c = 1; 0 ≤ R0 ≤ 0:5, if c = 2; 0 ≤ R0 ≤ 0:6 and if c = 4; 0 ≤
R0 ≤ 0:8: Counselling help people to use more condoms ,reduce number of sexual
partners and seek treatment as shown below.
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Figure 2: The effects of condom use and counselling without treatment

Case 3: In this case we have counselling and treatment and no condom use. General the
reproduction number does not change much with the increase of efficacy and adherence
to treatment. This indicates that treatment and counselling alone does not help with the
eradication of the disease. An increase in the number of partners also results in an
increase in the reproduction number. If c = 1;
0:52 ≤ R0 ≤ 0:54, if c = 2; 1:04 ≤ R0 ≤
1:08 and if c = 4; 2:08 ≤ R0 ≤ 2:16: We note that the effect of treatment and without
condom use does not reduce R0 with the increase of drug efficacy and adherence as
shown below. If one does not use condoms then he/she must stick to one partner so that
R0 < 1.
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Figure 3: The effects of all other interventions without condom use

Case 4:
In this case we have treatment and no condom use and no counselling. General
the reproduction number increases very much with the increase of efficacy and
adherence to treatment. This indicates that treatment without counselling does not help
with the eradication of the disease because more people become sexually active as they
become carriers who look normally healthy. An increase in the number of partners also
results in an increase in the reproduction number. If c = 1; 0:83 ≤ R0 ≤ 4:78, if c = 2;
1:66 ≤ R0 ≤ 9:56 and if c = 4; 3:32 ≤
R0≤ 19:13. We note that treatment alone
results in R0 increasing. This might be because of the promiscuous behaviour by those
who have been treated and not counselled or educated about the use of condoms as
shown below.
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Figure 4: The effects of using treatment only without other all other interventions
Case 5:
In this case we have treatment (varying) and condom use and no counselling .
General the reproduction number increases with the increase of efficacy and adherence
to treatment. There is a big decrease in the reproduction number when there is condom
use and this indicates that treatment and condom use help to reduce R0 (compare Case 4
above) but without counselling the eradication of the disease is not possible because
more people become sexually active as they become carriers who look healthy. An
increase in the number of partners also results in an increase in the reproduction number.
If c = 1; 0:18 ≤ R0 ≤ 0:39, if c = 2; 0:19 ≤ R0 ≤ 0:6 and if c = 4; 0:21 ≤ R0 ≤ 1:13 as
shown below. However we note that treatment accompanied with condom use is
effective since R0 < 1 with c < 4.
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Figure 5: The effects of using treatment and condoms without other all other interventions
Case 5a:
In this case we have treatment (varying) , condom use and counselling .General
the reproduction number increases slightly but well below 1, with the increase of
efficacy and adherence to condom use. There is a big decrease in the reproduction
number when there is condom use and this indicates that treatment and condom use help
to reduce R0 (compare Case 5 above) and with counselling the eradication of the disease
is very possible. An increase in the number of partners also results in an increase in the
reproduction number. If c = 1; 0:03 ≤ R0 ≤ 0.06, c = 2; 0:09 ≤ R0 ≤ 0.16, c = 4; 0:13 ≤
R0 ≤ 0.19
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Figure 6: The effects of all interventions varying the drug efficacy and adherence
Case 6a:
In this case we have treatment, condom use (varying) and no counselling. General the
reproduction number decreases very much with the increase of efficacy and adherence
to condom use. This indicates that treatment without counselling does not help with the
eradication of the disease because more people become sexually active as they become
carriers who look normally healthy. An increase in the number of partners also results in
an increase in the reproduction number. If c = 1; 0 ≤ R0 ≤ 1:88; if c = 2; 0:03 ≤ R0 ≤
3:77 and if c = 4; 0:52 ≤ R0 ≤ 7:54. We note the effect of no counselling compared with
the other interventions as shown below.
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Figure 7: The effects of all interventions except counselling, varying the condom use and
compliance
Case 6: In this case we have treatment, condom use (varying) and counselling. General
the reproduction number decreases very much with the increase of efficacy and
adherence to condom use. A 100% condom use will reduce R0 to zero which implies
complete eradication. This indicates that treatment without counselling does not help
with the eradication of the disease because more people become sexually active as they
become carriers who look normally healthy. An increase in the number of partners also
results in an increase in the reproduction number. If c = 1; 0 ≤ R0 ≤ 0:5; if c = 2; 0:01 ≤
R0 ≤ :07 and if c = 4; 0:02 ≤ R0 ≤ 2:14 We note the effect of counselling together with
the other interventions as shown below.
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Figure 8: The effects of all interventions varying the condom use and compliance
We conclude by saying that varying treatment reduces the reproduction number more
than varying condom use together with all interventions. Counselling the treated
individuals has a great effect on the spread of the epidemic as has been shown in all
cases where counselling was used as an intervention strategy. There is a great reduction
in R0: Therefore treatment, counselling, condom use together with the rate of partner
acquisition are core interventions in the prevention of the spread of the disease. We can
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find the appropriate values of condom adherence and efficacy and the rate of counselling
the treated. If the rate of counselling is about 60% to 80%, condom use above 60% and
drug efficacy and adherence above 50% the epidemic can be eradicated since R0 < 1:
Finally we see that the relationship between the reproduction number, condom use,
treatment and counselling after treatment is very significant if the main interventions are
based on condom use and counselling of the treated individuals. This relationship is
shown in the following figure from (Nyabadza 2005).This shows the profile of infectives
as counselling, condom use and drug use varies. We also note that an increase in the
number of sexual partners increases the value of the reproduction number R0, to above 1
and multiple interventions lower the number of infectives.

Figure 9: The effects of the reproduction number on the number of infected individuals
The results for these simulations show that the solutions eventually approach E0 for R0
< 1 which agree with Nyabadza (2005)'
s results. Nyabadza did not include the class of
the counselled individuals which greatly reduce the reproduction number in all cases.

5 Conclusion
We have shown that a major breakthrough in the management of HIV/AIDS will come
as a result of multiple strategies in combating the epidemic. There is need to expand
HIV/AIDS awareness and education programmes, accelerated training of public health
workers, developing nutritional guidelines for children and adults living and working
with HIV/AIDS, expand prevention programs to protect those who are not yet infected
with the virus. It is pleasing to note that Zimbabwe is leading in the use of condoms (The
Chronicle, October 2006). Since behavioural change is instrument in HIV/AIDS
prevention, an increase in condom use and their proper use is an indicator of change in
attitude and behavioural change towards condom use. The proportion of people who
seek treatment and the treatment rate 1 are important parameters as far as monitoring
the epidemic is concerned. An increase in these parameters may indicate an increase in
the effectiveness of educational campaigns that advocate for testing and counselling.
Therefore testing and counselling will have a great impact on the spread of HIV as
shown by the numerical results.
Combination therapies of treating HIV infection has helped in the management of
HIV/AIDS. While the effects of this combination might result in complications as a
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result of drug resistance, drug efficacy and adherence to treatment are of paramount
importance since HIV treatment requires strict dosage taking adherence. The
investigation of the impact of these therapies on the spread of HIV/AIDS was measured
by the use of the parameter p2: Numerical results have shown that increasing the values
of p2 without increasing the values of p1 has no significant impact on the dynamics of the
disease, demonstrating the importance of primary intervention as observed by Nyabadza
(2005). We can see that more interventions reduce the basic reproduction number which
in turn shows that the disease is under control. Therefore with a very low rate of
acquisition of new sexual partners coupled with multiple strategies, HIV can be
eradicated. However with the advent of treatment and care for the AIDS individuals,
many of them who have been integrated into the society, it is important to take them as
sexually active although we assume that education and counselling help them to remain
faithful to one partner. It will be important to gain insight into the effects of sexual
behaviour of treated AIDS sufferers.
In conclusion the role of carriers, infected asymptomatic individuals who are appear very
healthy, is very important in epidemics like HIV/AIDS in light of intervention
programmes being implemented. Antiretroviral drugs can significantly prolong HIV
patient'
s life span(Dickens, 2000) and the individual may become more active, that is,
have more sexual partners per unit time after being treated or vaccinated(Luboobi
(1993)). The implication of our findings are that if treatment program prolongs an
individual'
s sexually active lifetime more than it reduces the individual'
s infectivity, it
can never reduce R0 to below 1. The negative effect of the treatment program may be
that partially recovered patients become carriers and hence undermine the effectiveness
of the drug program over the whole population. While there is some evidence that
currently available treatment may reduce the rate of progression to AIDS by as much as
50% (Devalle, 2004) there might also be a high prevalence of the disease. Therefore
there is need of identifying the carriers and educating them about the dangers of
reinvention and possible screen them (author currently working on this). Integrated
intervention strategies such as vaccination, education (counselling) and treatment
together, are far superior to those based on a single approach, which can lead to a
significant rise in risky behaviour and an increase in carriers as shown by the use of
treatment alone.
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