
Journal of Applied Science in Southern Africa 
The Journal of the University of Zimbabwe

Volume 4, Number 1, 1998 ISSN 1019-7788

CONTENTS

Editorial

Improvement of geranium  (Pelargonium x hortorum) somatic embryo maturation and 
conversion by casein hydrolysate and yeast extract

R. M. Madakadze, T. Senaratna and P. K, Saxena

Socio-economic aspects in draught animal-crop linkages: a diagnostic study of 
Tsholothso, Chinyika and Mutoko smallholder farming areas of Zimbabwe

S. Chawatama, L.R. Ndlovu, K. Dzama, R. Tsimba.J.H. Topps, and J. Mutimba

Residual carrier components in exhausted textile dyebaths
H.M. Kulube

Review on gums of industrial value
M. Muchuweti

Adjusting lactation milk yield of Zimbabwean Holstein dairy cows for the joint effects of 
age at calving and month of calving

V. Muchenje, F.N. Mhtanga, and S.M. Makuza

Susceptibility of Pinus oocarpa  to Armillaria root disease in Zimbabwe
A.J. Masuka and C.M. Gumbie

Browse preferences of goats in a Savanna rangeland in Zimbabwe
P.H. Mugabe and D. Munthali

Book Reviews
Functions of a Complex Variable
Shell Structures in Civil and Mechanical Engineering

Instructions to Authors

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by IDS OpenDocs

https://core.ac.uk/display/286044513?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


JASSA
Journal of Applied Science in Southern Africa Vol. 4, No. 1,1998
The Journal of the University of Zimbabwe ISSN 1019-7788

Editorial

CONTENTS
iii

Improvement of geranium (Pelargonium x ' ' “ 7'
hortorum) somatic embryo maturation ' . ‘ 7
and conversion by casein hydrolysate r . m . Madakadze, T. Senaratna and P. K. 
and yeast extract..................................... Saxena........................................................... 1

Socio-economic aspects in draught 
animal-crop linkages: a diagnostic 
study of Tsholothso, Chinyika and
Mutoko smallholder farming areas of S. Chawatama, L.R. Ndlovu, K. Dzama, R. 
Zimbabwe.................................................  Tsimba, J.H. Topps, and J. Mutimba........ 11

Residual carrier components in
exhausted textile dyebaths...................

Review on gums of industrial value ........

Adjusting lactation milk yield of
Zimbabwean Holstein dairy cows for 
the joint effects of age at calving and 
month of calving......................................

Susceptibility of Pinus oocarpa to
Armillaria root disease in Zimbabwe ...

Browse preferences of goats in a
Savanna rangeland in Zimbabwe ........

Book Reviews...............................................

H.M. Kulube................................................. 19

M. Muchuweti................................................29

V. Muchenje, F.N. Mhlanga, and S.M.
Makuza......................................................... 35

A.J. Masuka and C.M. Gumbie ....................43

P.H. Mugabe and D. Munthali ..................... 49

......................................................................... 53

Instructions to Authors 57

© University of Zimbabwe 1998

Published by University of Zimbabwe Publications 
P.O. Box MP203, Mount Pleasant, Harare, Zimbabwe

Typeset by University of Zimbabwe Publications
Printed by Mazongororo Paper Converters

Journal of Applied Science in Southern Africa • Vol. 4, No. 1 1998



EDITORIAL

This issue, Volume 4 (1) of the Journal of Applied Science in Southern Africa 
continues the now established tradition of publishing research articles of an 
applied nature and diverse in latitude. This issue contains six original research 
papers, one review paper and two book reviews. In the preceding issues there 
has been a preponderance of agricultural science papers albeit not by design. In 
the Southern African context and indeed in most less technologically developed 
regions of the world, agricultural research renders itself to the immediate 
application of the results of research because of the pressing demands for 
immediate solutions to the 'bread and butter issues', of the poor agrarian 
populace of these regions.

The current issue contains three articles from the agricultural sciences; two 
articles on industrial sciences; one article on plant pathology; and a review paper 
on 'gums of industrial value.' While it is encouraging that applied science 
manuscripts are being submitted to the JASSA, it is also disappointing that very 
few if any of the manuscripts come from the health sciences or veterinary science 
disciplines. The Editor's office would be very much pleased to receive manuscripts 
from these disciplines.

On the other hand, the book reviews display on open ended format of 
presentation. This in fact is deliberately encouraged. It is neither practical nor 
possible to come up with a rigid formula for review papers presentation in a 
journal which is neither 'specialised' nor 'general'. It is not easy to balance this act, 
hence the open-ended format.

Finally, the Editor-In-Chief's office thanks the JASSA referees for a sterling job 
and the JASSA subscribers who continue to support and promote the journal.

C F B Nhachi 
Editor-In-Chief
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Socio-economic aspects in draught animal-crop linkages: a 
diagnostic study of Tsholotsho, Chinyika and Mutoko 

smallholder farming areas of Zimbabwe

S. Chawatama1, L.R. Ndlovu,1 K. Dzama2, R. Tsimba,1 
J.H. Topps,1 and J. Mutimba3.

1 Department of Animal Science, University of Zimbabwe, P.O. Box MP167,
Mount Pleasant, Harare, Zimbabwe.

2 Department of Paraclinical Veterinary Science, University of Zimbabwe, P.O. Box MP167, 
Mount Pleasant, Harare, Zimbabwe.

3 Department of Agricultural Economics and Extension, University of Zimbabwe, P.O. Box MP167,
Mount Pleasant, Harare, Zimbabwe.

A survey was conducted on 451 households in Tsholotsho, Chinyika and Mutoko 
smallholder areas to understand farmers’ crop production constraints in relation 
to draught animal power (DAP) during the 1994/95 agricultural season. Farmers 
without DAP constituted 48.6 percent in the three districts. Of these, 54.5 percent 
had access to neighbours’ or relatives’ animals. The rest hired or worked in 
others’ fields in exchange for draught animals. Animal diseases and shortage of 
grazing land were noted as the major constraints in animal production. Both 
farmer education and experience as well as household head were found to be 
associated with district (p<0.001). Tsholotsho had the largest number of farmers 
(52.8 percent) with more than 10 years experience while Mutoko had the largest 
proportion (43.3 percent) of Master farmers. Farmer education and experience 
were found to be independent of sex. The average land holdings per farmer for 
Tsholotsho, Chinyika and Mutoko were 6.21 ha, 4.22 ha and 1.62 ha, respectively. 
Tsholotsho is a dryland communal area whilst Chinyika is a relatively wet area. 
Mutoko is a typical communal area with a high population pressure. Maize is the 
main crop in Chinyika and Mutoko whilst millet is the most common in Tsholotsho.

Keywords: smallholder; crop production; draught; constraints.

Introduction
There are close linkages between animals 
and crops in the smallholder farming areas 
of Zimbabwe. Crop production depends on 
livestock for draught power and manure 
while animals rely on crop residues and 
sometimes whole grain for dry season feed. 
Animal traction is a critical component of 
communal area cropping systems. Animals 
provide energy for ploughing, ridging, 
transport and cultivation for communal 
farmers. Farmers with cattle have been 
reported to have larger arable holdings, do 
more winter ploughing and apply manure 
(Shumba, 1984).

The constraints to adoption and utilisation 
of draught animals are usually complex. 
These may include technical or socio­

economic factors such as cost of feed and 
equipment, profitability of the farming 
enterprise, traditional land and labour 
divisions, poor infrastructure or lack of 
marketing opportunities (Matthewman etal., 
1993) and availability of draught power. If 
technical innovations are to be implemented 
on a sustainable basis, then they should 
function within the existing socio-economic 
framework. By identifying constraints 
specific to target populations defined in terms 
of socio-econom ic or agro-econom ic 
conditions, research efforts would have 
higher probabilities of developing 
appropriate technologies that would improve 
the conditions of target populations (Jones 
and Wallace, 1986).

It is in light of these observations that a 
diagnostic survey was conducted to study
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the draught animal power (DAP) situation 
in three districts of the communal areas of 
Zimbabwe. It is intended that this work will 
provide reliable qualitative and quantitative 
data on draught power that will aid in 
developing a com puter-based DAP 
simulation model for smallholder farming 
systems in Zimbabwe, that use oxen, cows or 
donkeys for crop production.

Material and Methods

A farmer diagnostic study was conducted 
using a questionnaire and inform al 
interviews in three districts in the communal 
areas of Zimbabwe. The survey was carried 
out during the 1994 to 1995 growing season 
in Mutoko, Tsholotsho and Chinyika. 
Chinyika, Mutoko and Tsholotsho are in 
Natural Regions II, III and IV respectively. 
The average annual rainfall figures for the 
Natural Regions are 750 to 1 000 mm, 650 to 
800 mm and 450 to 650 mm for Natural 
Regions II, III and IV, respectively. These 
areas were chosen so that they could be 
representative of the smallholder sectors of 
Zimbabwe which consist of communal, 
resettlement and small-scale commercial 
farming areas.

A total of 451 households were surveyed 
in the three districts. The households were 
randomly selected in each village. As a result, 
172 households in Chinyika, 153 in Mutoko 
and 126 in Tsholotsho were enumerated. The 
specific villages that were selected for the 
survey were: villages 11, 16, 17, 18, 23, 24, 
and 25 (Chinyika); Chapeyama, Chimuti, 
Chibanda and Chingwena (Mutoko); and 
Mabele and Tshitatshawa (Tsholotsho). 
Data was gathered on:
a) farmer characteristics, for example, 

name, district, village, sex of farmer and 
household head, marital status, level of 
education and farming experience,

b) crop production characteristics, for 
example, size of arable area for home, 
main and garden fields, crops grown in 
current and previous seasons with area 
and total yield,

c) draught power needs, for example, type 
and frequency of operation for each crop, 
span size, species and sex of the animals

used in both the previous and current 
seasons, other operations in which 
draught animals are used and the 
relative importance of the operations,

d) livestock production characteristics, for 
example, livestock ownership before 
and after the 1992 draught with records 
of losses, herd composition, assessment 
of ability to restock after the drought, 
ranking of major constraints to livestock 
production, and identifying farmers' 
management practices with respect to 
animal nutrition, breeding and health.

The data was analysed using SAS General 
Linear Models Procedure (SAS, 1988). 
Frequencies, means and Chi-square tests for 
association were calculated for the respective 
characteristics. To complement the survey, 
an informal diagnostic discussion was held 
with the farmers. The farmers cited their 
production constraints and suggested 
possible solutions. This was done to establish 
the farmers' perceptions of their constraints 
so that research p riorities w ould be 
formulated in light of their needs.

Results
Farmer characteristics
A statistica lly  sign ificant (p<0.001) 
association was found between farmer 
education and district. In Tsholotsho (n = 
126) 11.7 percent of the respondents were 
master farmers, 10.8 percent were trainee 
farmers and 77.5 percent were ordinary 
farmers. Chinyika (n = 173) had 3.7 percent 
master farmers, 35 percent trainee, and 61.3 
percent ordinary farmers. On the other hand, 
Mutoko (n = 153) had the largest proportion 
of master farmers (43.3 percent) with 3.3 
percent as trainee farmers and the remainder 
were ordinary farmers (Figure 1).

Farmer experience was also associated 
with district (p<0.05). Tsholotsho had the most 
experienced farmers. Of the farmers surveyed 
in Tsholotsho, 52.8 percent had greater than 
10 years farming experience compared to 4.4 
percent for Chinyika and 42.9 percent for 
Mutoko. There were no significant 
associations between farmer education or 
farmer experience and sex. There was also an 
association (p<0.001) between household head
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and district. In Tsholotsho 62.2 percent of the 
households were headed by males compared 
with 84.3 percent in Chinyika and 80.4 percent 
in Mutoko.

Production constraints and coping strategies 
Most farmers had a critical shortage of 
draught power. Out of 451 respondents, 48.6 
percent did not have any draught animals. In 
Tsholotsho, Chinyika and Mutoko, 32.5 
percent, 50.6 percent and 36 percent,

Table 1: Mean ownership (head ± se) of 
steers, bulls, cows and donkeys in the 
three districts in 1994.

Tsholotsho
District

Chinyika Mutoko
Steers 1.4±0.17 2.4±0.15 0.8±0.10
Bulls 0.1±0.03 0.4±0.07 0.01±0.01
Cows 1.9+0.26 0.3±0.22 0.8+0.01
Donkeys 0.9±0.15 0.02±0.02 0 .00± 0.00

respectively, had at least five animals. The 
majority of those who did not have DAP 
(54.5 percent) were allowed access to 
relatives' or neighbours' draught animals.

On the other hand, 36 percent of the 
respondents with less than two draught 
animals teamed up with relatives. The 
remainder hired draught or worked in others' 
fields in return for draught use.

Tsholotsho had the highest number of 
draught cow s follow ed by M utoko. 
Tsholotsho is the only district where a large 
number of donkeys are used for draught. 
There are no donkeys at all in Mutoko.

Of those farmers with cattle (232), the 
majority cited disease as the main constraint 
in cattle production. Of those who cited 
disease, 78.9 percent ranked it as the major 
constraint (Table 2). The major diseases were 
said to be tick-borne (redw ater and 
heartwater) and eye infections in summer. 
Six farmers complained that they had 
constraints in contacting veterinary officials 
or that their response to emergencies was 
too slow.

Shortage of grazing was the second major 
constraint. Of those who mentioned grazing 
as a constraint, 60.7 percent ranked it as the 
most important constraint (Table 2). Most of 
the farmers alleged that grazing was 
particularly a constraint in the dry season. 
However, in Chinyika each farmer was 
allocated some land and there was no 
competition between grazing land and 
arable land. In a follow up discussion with 
11 farmers in Mutoko all the farmers 
indicated shortage of grazing land as one of 
the main constraints in the area.

Other constraints mentioned were 
shortage of drugs, dipping, cattle rustling, 
drought and water shortage. One farmer
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Table 2: The results of the discussion with farmers on their constraints with cattle 
(percent) and the rankings.

Rank Grazing Disease Dipping Labour Drugs Theft
1 60.7 78.9 41.1 40.0 50.0 18.6
2 31.6 16.4 44.6 40.0 40.0 65.1
3 7.5 4.7 14.3 20.0 10.0 16.2

n 79 152 56 20 58 43

mentioned the cost of hiring draught as 
prohibitive, and two farmers cited restocking, 
labour shortages and low calving rates as 
constraints to animal production. Fertiliser 
was also cited as one of the production 
constraints due to its prohibitively high cost. 
Those who have cattle use dung manure as an 
alternative. Restocking after the severe 
drought of 1992 was a particularly serious 
constraint with only 1.1 percent of farmers in 
Chinyika managing to restock. All respondents 
in Mutoko and Tsholotsho failed to restock.

Relationships between DAP use and tillage 
practices
Results in Table 3 show that most farmers in 
Mutoko and Tsholotsho plough their fields 
only once whilst the majority of farmers (75.6 
percent) in Chinyika plough twice. Even 
though ridging has been found to be very

useful in low rainfall areas (in terms of 
moisture conservation), quite a substantial 
number (93 percent) of farmers in Tsholotsho 
were found not to have adopted this practice. 
In Chinyika, weeding using cultivators was 
common. Ownership of this ox-drawn 
implement is higher in Chinyika than in 
Mutoko, where one in every 12 farmers 
owned at least a cultivator.

Crop i/ield and hectarage 
Although maize is the staple crop in 
Zimbabwe, millet was the most commonly 
grown in Tsholotsho (Tables 4 and 5) mainly 
due to the low rainfall in the area. Other 
crops are considered minor. In Chinyika, 
maize — bean inter-cropping was very 
common. The highest maize yields were 
obtained in Chinyika (Table 4).

Table 3: Frequency of ploughing, ridging and cultivation in Tsholotsho, Chinyika and 
Mutoko districts (percent).

District

Tsholotsho Chinyika Mutoko

Frequency p R C P R C P R C

0 27.78 92.85 47.62 11.05 18.61 11.63 4.58 28.10 77.12

1 71.43 5.56 38.89 13.37 66.86 37.21 54.90 69.28 21.57

2 0.79 1.59 13.49 75.58 14.53 51.26 37.91 1.96 1.31

3 0.00 0.00 0.00 0.00 0.00 0.00 2.61 0.66 0.00

n 126 126 126 172 172 172 153 153 153

P = ploughing, R = ridging, C = cultivation.

14 Journal of Applied Science in Southern Africa • Vol. 4, No. 1 1998



Table 4: Mean crop yields for the 1993/94 
growing season (kg/ha).

Tsholotsho
District

Chinyika Mutoko

Crop
Maize 217.64 4502.12 335.81
Millet 383.23 0.00 0.00
Sorghum 49.02 0.00 0.00
Sunflower 15.79 366.76 49.30
Groundnuts 87.66 118.50 23.98
Bambara nuts 9.05 5.53 1.90
Beans 3.81 137.74 26.90
Tobacco 0.00 113.76 8.34

Table 5: Mean area allocated for each 
crop (hectares).

District
Tsholotsho Chinyika Mutoko

Crop
Maize 1.76 3.05 0.98
Millet 3.24 0.01 0.19
Sorghum 0.62 0.00 0.09
Sunflower 0.10 0.50 0.16
Groundnuts 0.32 0.19 0.20
Bambara nuts 0.07 0.03 0.00
Beans 0.10 0.44 0.00

Total hectare (ha) 6.21 4.22 1.62

Farmers from Mutoko were found to have 
the least arable land holdings. The average 
land holding was found to be 6.21 ha, 4.22 ha 
and 1.62 ha for Tsholotsho, Chinyika and 
Mutoko, respectively.

For maize production, the majority of 
the farmers in Tsholotsho (69.41 percent) 
used a span of four for tilling operations 
unlike in Chinyika (7.79 percent) and 
Mutoko (2.76 percent) where a two span 
size seem ed com m on. There was a 
significant (p < 0.001) association between 
span size and total acreage in 1994. This 
indicated that farmers with larger holdings 
tended to use a larger span size. In the case 
of millet, 68 percent of the farmers in 
Tsholotsho used a span of four size whilst 
100 percent and 90 percent of farmers in 
Chinyika and Mutoko used a span size of 
two, respectively.

Discussion

The fact that there was a significant 
association between farmer education and 
d istrict suggests that there could be 
differences in extension efforts and 
arrangements in the three districts. In 
addition the lack of significant association 
between farmer education and sex implies 
that farmers receive the same education 
opportunities regardless of sex. The level of 
education of the farmers has a bearing on the 
agronomic practices and the ease with which 
new technologies can be adopted (Gobbins 
and Prankerd, 1990). This proportion of 
trained farmers in Chinyika and Tsholotsho 
agrees with the findings of Francis (1993) 
who reported 10 to 15 percent of farmers in 
Chinamhora communal area as having some 
formal education.

The low level of farming experience in 
Chinyika may be attributed to the fact that it 
is a relatively new (1988) resettlement area. 
The proportion of male-headed households 
in Tsholotsho (62.2 percent) is below the 
national average of 76 percent (CSO, 1992). 
Except for Tsholotsho, the proportions are 
higher than those reported in Chikwamura 
(67 percent) and Gwebeni (61 percent) 
villages of Chinamhora communal area 
studied by Francis (1993). The household 
head is usually the principal decision maker 
and this has direct implications on the 
production system such as the type of crop 
grown. Crops such as groundnuts and beans 
are usually regarded as 'women's crops' 
(Truscott, 1991). Female headed households 
have been found to be poorer in terms of 
arable land ownership, DAP ownership, 
im plem ent ow nership and access to 
agricultural loans (Shoko and Si thole, 1995).

The majority of the farmers surveyed had 
a critical shortage of draught power. This 
confirms earlier work by other researchers 
e.g. Mudimu, (1983); Ndoro (1989); Francis 
(1993); Muvirimi (1995). That there is great 
variability in cattle ownership in the different 
Natural Regions has been reported elsewhere 
(Ellis-Jonesef al., 1994). Special arrangements 
for DAP use have also been reported by 
Muchena (1989) and Francis (1993) who
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found that about a quarter of draught hiring 
involves helping relatives who have no cattle.

The high proportion of draught cows in 
Tsholotsho is intriguing. Cows have been 
reported to be 20 to 30 percent less efficient 
for draught than oxen (Howard, 1980). On 
the other hand, some workers (Zerbini et al., 
1992; Zerbini et al., 1993) have argued that 
with adequate nutrition cows can be a reliable 
source of draught power.

According to the farmers, the implications 
ofhavingnoor inadequate draught were delays 
in planting and failure to carry out winter 
ploughing. This had an adverse effect on crop 
yields. They said that crops grown in winter 
ploughed fields had better chances of survival 
in seasons of drought. However, most farmers 
did not winter plough their fields since crop 
residues form an important livestock feed 
source particularly in the dry season.

Tick-borne diseases, which were cited in 
this study as one of the main constraints in 
cattle production, have also been reported 
elsewhere (GFA, 1987; Hagmann and Prasad, 
1994) as important in animal health in 
communal areas. Shortage of grazing land 
was also mentioned as one of the main 
constraints in the area in follow up discussions 
with farmers. Most respondents suggested 
the use of winter supplements and paddocking 
of grazing areas as possible solutions. Farmers, 
however, could not afford the costs required 
to implement these programmes.

The finding that farmers in Chinyika 
ploughed their fields twice is due to the high 
adoption of winter ploughing in this area. 
The absence of ridging in Tsholotsho may be 
caused by the low crop yields obtained in 
this region (NR IV) relative to the effort 
required to construct the ridges as well as the 
shortage of DAP. Ridging has been described 
as very labour demanding (Hynes and 
Mashavira, 1995). The absence of the ox 
drawn cultivators tends to constrain the 
timely implementation of weeding. Weeding 
is a very labour intensive operation. 
However, some farmers said that they used 
ox-draw n ploughs stripped of the 
mouldboard in place of cultivators.

The highest maize yields were obtained 
in Chinyika. This was probably a result of

better rainfall and soil in Chinyika compared 
to the other two areas. The maize yields in 
Mutoko and Tsholotsho were low, falling 
below the range of900 to4 900 kg / ha reported 
for communal areas by GFA (1987) and 
Waddington et al. (1991). The problem of 
poor maize yield in Tsholotsho is alleviated 
by production of other cereals like millet.

A span of two oxen takes about three and 
a half days to plough a hectare of land on a 
wet soil (Francis, 1993). The use of a two span 
size in Mutoko is most likely to be a result of 
the low draught animal numbers. There was 
a significant (p<0.001) association between 
span size and total acreage in 1994. This 
indicated that farmers with larger holdings 
tended to use a larger span size.

Conclusions

Most smallholder farmers in Chinyika, 
T sholotsho and Mutoko do not ha ve adequate 
DAP. N on-ow ners make hiring 
arrangements for cash or in kind. Cattle were 
predominantly used for draught work such 
as ploughing, planting, cultivation, ridging 
and transportation. Donkeys were relatively 
uncommon except for Tsholotsho. Farmers 
with adequate DAP can carry out timely 
work and winter ploughing. Draught animals 
are an important source of manure. The main 
constraints of animal production were 
disease (mainly tick-borne) and grazing. 
Other constraints identified were cost of 
veterinary drugs, cattle rustling and the high 
cost of hiring DAP or restocking after 
droughts. This d iagnostic study showed that 
there was a vicious cycle in the smallholder 
systems which links inadequate DAP, low 
crop yields due to small cultivated area, and 
inadequate nutrition.

ACKNOWLEDGEMENTS

This research was implemented as part of the 
'Increasing Crop Productivity Through More 
Efficient Use of Draught Power' project. The 
authors wish to express their appreciation to 
the Rockefeller Forum for funding this work 
and Mr J. Francis for the useful comments in 
the preparation of this manuscript.

16 Journal of Applied Science in Southern Africa • Vol. 4, No. 1 1998



REFERENCES

Central Statistical O ffice (CSO). 1992 Census. 
Central Statistical Office. Harare. Zimbabwe.

Ellis-Jones, J., M uvirimi, F., N engomasha, E. and 
Msara, P. 1994 Summary and main findings of 
the rapid rural appraisal. In: Improving the 
productivity of draught animals in Sub-Saharan 
Africa Ellis-Jones J. ed. Report on a workshop 
held at Matopos Research Station, Bulawayo, 
17-19 October, 1994. 4-8.

Francis, J. 1993 Effects of strategic supplementation 
on work performance and physiological 
parameters of Mashona cattle. M.Phil. Thesis, 
University of Zimbabwe.

GesellschaftFu Agrarprojekte(GFA). 1987 Study 
of economic and social determinants of livestock 
production in the communal areas Zimbabwe. 
Report by Department of Veterinary Services 
of the Ministry of Lands, Agriculture and Rural 
Resettlement. Zimbabwe and GFA. 69-98.

Gobbins, K.E. and P rankerd, H. A. 1990 Communal 
agriculture: a study from Mashonaland West. 
Zimbabwe Agricultural Journal, 80(4): 151— 
158.

Hagmann, J. and P rasad, V. L. 1994 The use of 
donkeys and their draught performance in 
smallholder farming in Zimbabwe. In: Improving 
the productivity of draught animals in Sub- 
Saharan Africa. Ellis-Jones J. ed. Report on a 
workshop held at Matopos Research Station, 
Bulawayo, 17-19 October 1994. 21-28.

Howard, C. R. 1980 The draught ox: management 
and uses. Zimbabwe Rhodesia Agricultural 
Journal 77 (1): 19-34.

Hynes, P. and Mashavira, T. T. 1995 Matching 
tillage to the growing crop, the Cotton Research 
Institute’s experiences from Sanyati, Gokwe 
and Sebungwe communal areas. In: Improving 
the productivity of draught animals in Sub- 
Saharan Africa. Ellis-Jones J. ed. Proceedings 
of a workshop held at Matopos Research 
Station, Bulawayo, 25-27 September 1995. 
83-90.

Jones and W allace. 1986 Social science in farming 
systems research: methodological perspectives 
on agricultural development. In: Research 
methods and data analysis for agronomists. 
Ed. A. Clewer, and J. Stack, University of 
London. U.K. 3.

Matthewman, R.W., Smith, D.G. and O ’neill, D.H. 
1993 Draught animals in the farming system. 
Draught Animal News 19: 23-26.

Muchena, M. 1989 The effect of ox sharing

arrangements on the supply and use of draught 
animals in the communal areas of Zimbabwe: 
Preliminary findings. In: People, land and 
livestock. Proceedings of a workshop on the 
socio-economic dimensions of livestock 
production in the communal lands of 
Zimbabwe. Cousins B. ed. Centre for Applied 
Social Sciences, Zimbabwe. 253-275.

M udimu, G.D. 1983 The draught power constraint 
in Zimbabwe: an extension view of the causes, 
effects and solution. Paper presented at 
CIMMYT Technical Networking Workshop on 
Draught Power Constraint. Mbabane, 
Swaziland.

M uvirimi, F. 1995 Draught animal power survey 
and monitoring studies: Semukwe, Chikwanda 
and Sebungwe communal areas preliminary 
results. In: Improving the productivity of draught 
animals in Sub-Saharan Africa. Proceedings 
of a Workshop held at Matopos Research 
Station, Bulawayo, 25-27 September 1995. 
2-16.

N doro, K.S. 1989 Means of making access to 
available draught animals more available. 
Proceedings of a workshop on: Animal draught 
power and tractor use in the small-scale 
farming sector of Zimbabwe: Strategy 
formulation to reduce draught power shortage. 
Held 25-28 September, 1989. 23-31.

SAS. 1988 SAS/STAT Users’ Guide, Release 
6.03 Edition, SAS Institute Inc., Cary, North 
Carolina. USA.

S hoko, T. and S ithole, P.N. 1995 Rural women in 
agricultural development. Proceedings of a 
workshop held at Mandel Training Centre on 
extension, intervention and local strategies in 
resource management: New perspectives on 
agricultural innovation in Zimbabwe, Harare. 
10-12 January 1995. 18.

S humba, E.M. 1984. Yields of maize in the semi- 
arid regions of Zimbabwe. Zimbabwe 
Agricultural Journal 81: 91-94.

T ruscott, K. 1991. Women and tillage, strategic 
issues posed by farmer groups. Proceedings 
of a workshop held at the Institute of Agricultural 
Engineering on tillage, past and future, Harare. 
14 and 15 November 1989. 31-43.

W addington, S.R., M udhara, M., H latswayo, M. 
and Kunjeku, P. 1991 Extent and causes of low 
yield in maize planted late by smallholder 
farmers in sub-humid areas of Zimbabwe. 
Farming Systems Bulletin 9: 15-31. Eastern 
and Southern Africa.

Z erbini, E., G emeda, T., T egegne, A., G rebrewold, 
A. and Franceschini, R. 1993 Effects of work 
and diet on progesterone secretion, short luteal

Journal of Applied Science in Southern Africa • Vol. 4, No. 1, 1998 17



phases and ovulations without estrus in post 
partum crossbred dairy cow. 40: 571-584. 

Z erbini, E., G emeda, T., W old, A.G. and Astatke, A. 
1992 Effect of draught work on lactation of F1 
crossbred dairy cows. In : Improving animal

traction technology. Starkey P., Mwenga E. 
and Stares J. eds. Proceedings of the Animal 
Traction Network for Eastern and Southern 
Africa (ATNESA), 18-23 Jan. 1992. Lusaka, 
Zambia. 130-135.

18 Journal of Applied Science in Southern Africa •  Vol. 4, No. 1 1998



uNIVERSITY OF

^ IM B A B W E  

p  ublications



This work is licensed under a 
Creative Commons
Attribution -  Noncommercial - NoDerivs 3.0 License.

To view a copy of the license please see: 
http://creativecommons.org/licenses/by-nc-nd/3.0/

This is a download from the BLDS Digital Library on OpenDocs
http://opendocs.ids.ac.uk/opendocs/

Institute of 
Development Studies

http://creativecommons.org/licenses/by-nc-nd/3.0/
http://opendocs.ids.ac.uk/opendocs/

