IMPACT OF CLIMATE CHANGE ON SMALLHOLDER FARMING
IN ZIMBABWE,

USING A MODELLING APPROACH

By

VERONICA MAKUVARO

Submitted in fulfillment of a PhD Degree in Agricultural Meteorology
Department of Soil, Crop and Climate Sciences
Faculty of Natural and Agricultural Sciences
University of the Free State
Bloemfontein

South Africa

Promotor: Professor Sue Walker
University of the Free State, Bloemfontein, South Africa
Co-Promotor: Dr. Steven Crimp

CSIRO, Canberra, Australia.

January 2014



Table of Contents

(0] 11153 111~ FO PRSP 1

| D 1Te] FoY 215 (o) s WO RPN %

F N 0115 11 AU Vi
ACKNOWICAZEMENLS. .....couiiiiiieiieiit ettt ettt et e ettt e et e e sbeeeabeeneeas xi
LSt OF FIGUIES. ....tietieeiiieiiecie ettt ettt et e e b e e eaeebeeesbeesbeessseenseesnseenseennns xiii
LISt OF TaDIES....ceiiiiiieiieieeee ettt e e e s ettt e e e e s s e s saarae e e e e e e e s seaaaes XVii
PaXs] o) (eTa N T} 1 TSI 1< IO OO XX

Chapter 1. General Introduction

1.1. Background t0 StUAY......c.cccvieriiiiiiiiiieiiecie ettt ettt e ebe e saeenbeeaee e 1
1.1.1. Climate change definition and future climate scenarios .........c..cccccecvereeuennee. 2
1.1.2. Climate change effeCtS.......ccviiriiieiiieiiiece e 5
1.1.3. Adaptation to climate change in the agriculture sector............cccceevvvverveennneen. 9
1.1.4. Importance of climate to Agriculture in Sothern Africa and Zimbabwe......... 11
1.2, Justification Of STUAY......ccoiieiiieiiiciiecie ettt e e e ennees 13
1.3. Aim and objectives Of the StudY.........ccciiiiiiiiiiii e 14
L4, OULlNE Of theSIS. .ceuvieuiiiieieiiieie ettt e 14
Chapter 2. General Materials and Methods.............ccooioiiiiiiiiiniee e, 16
2.1. Description Of the StUAY SIe........ccerrierieiiiiiierieeee e 16
2.1, 1. CIMALL.....c.eeiieeeee ettt ettt ettt e st e et e st e e beesaeeeabeeennas 18
2.1.2. Topography and SOl tYPe.......cecuieriieiiieriieiieeie ettt 18
2.1.3. VEZELALION ...cuviintiiiiiieieeiieeie ettt ettt ettt ettt et et sb e et sbe e 19
2.1.4. Farmers' IVElTNOOMS. ......cccuiiiiieiicieiiee e 20
2.2. Trends in extreme precipitation and temperature indices for Bulawayo Airport station
(CRAPLET 3.ttt ettt ettt e st e b e e saeenbeessbeesseessseensaensneenns 21
2.2.1. NCDC data.....ccueeeuieiiriieriieieeiesitee ettt sttt sttt st 21
2.2.2. Brief description of STARDEX.......ccoiiiiiiiiieeeeeeeee e 22
2.3. Baseline study to establish current agronomic practices and coping/adaptation
strategies used by farmers (Chapter 4).......cc.eeevieeeiiieeiiieeeeee e 23
2.4. Simulation of maize yields under different climate and agronomic scenarios, using
the Agricultural Production Systems sIMulator (APSIM) model (chapter 5) .............. 24
2.4.1. Model INPUL data.......cooiieiiiiiieiieeie ettt e 24
2.4.2. Variables reported on and frequency of reporting..........cccceeevveeeveeenveeecnveennne. 25
2.4.3. Model sensitivity analySiS........ccceereiierieriieniieeiiieiieeieesiee e e e seeeeae e ees 26
2.5. Opinions of smallholder farmers in Lower Gweru communal area to projected future
climate and possible adaptation strategies (chaptero)..........ccccoeeevevieniriineenceienene 26
2.5.1. Farmer SElECtION. .....c..eeiuiiiiieiiieiie ettt ettt ettt e 27
2.5.2. Materials presented tO farmers..........cocveeriieeiiienieeciienie et 27
2.5.3. Information solicited from farmers............cccooeeriiiiiiniiiniieeeee, 29

Chapter 3. Trends in extreme precipitation and temperature indices for Bulawayo in

SOULth-WESEErn ZIiMbabWE. ........cc.coivi i 31
B L INtEOAUCTION. .....vviiee ettt e e e et e e e et e e e e etae e e e eeaaeeeeeaaeeeeeeaneeeean 31
3.2. Materials and MethOdS..........uvviiiiiiiiieiiiiiiiee ettt s e e 34
3.2.1. DAta USCA...ccooeieiieeeeeeeee e e et e e e 35
3.2.2. Temperature INAICES. ......cuierririeeiieeeiieeeiee et e erireeeireeeteeesreeesreeessreeesnseeenneeas 37



3.2.3. Precipitation INAICES. ......ccvuieruieeiiieniieeieeriieeieeriee et seteeteesteesbeesseeenbeesaeesnseenes 38

3.3. Results and DISCUSSION. .....c.uiiiiiiiiiiiieiie ettt sttt 41
3.3.1. Trends in tEMPETATULE. ......cccueeruieetierieeiieeieeteesreeteesteeaeesebeensaesnseeseesnseenseas 41
3.3.2. Trends in PreCiPItation.........ccueeecieeeiieeeeciieeeieeesteeesteeeaeeeereeeaeeessreeessseeennseas 53
3.4. Conclusion and Recommendations..............cecuieruieriiienieniiieniieeieeriee et esee e see e eiee e 65
3.4.1. Trends in eXtreme tEMPETATULE ........ceeeeeuveeerireeeireeeieeeeieeesreeesaeeessreeeereeenns 65
3.4.2. Trends in eXtreme PreCipitation........c.eeceeeieerrierieerieesieenieeereenseesaeesseessreensnes 66

Chapter 4. Current agronomic practices, constraints and coping strategies of
smallholder farmers in Lower Gweru and Lupane communal

2 LT 1 68
4.1, INEOAUCTION. ...ttt ettt st sbe et st be et netenbeenae s 68
4.2. Materials and MethOds.........cc.ooiiiiiiiiiiiiiee e e 71
4.2.1. Semi-structured interviews with key informants.............ccceeevvveeriiienncieeenieennns 73
4.2.2. Focus Group Discussions (FGDS)..........ccoueeiiiniiiiieiieeiienieeieceeeieecee e 74
4.2.3. Household structured iNteIVIEWS..........ccveeeirireeirieeeiieeeiee et e e 75
4.2.4. Data analySiS......ccueeiieeiieeiiesiie ettt ettt ettt ettt e aae e 76
4.3. Results and DiSCUSSION...........cciuiiieiiieieiieeeieeecte e et e et e e et e e eteeeereeeeareeeetbeeeeaseeeseeeeans 76
4.3.1. AQIONOMIC PIACTICES. ..cuveieurierireeiieriieetiesiteeteestteesteasnteeseesabeenseesnseenseesnseenseenas 76
4.3.2. Constraints to CrOP PrOAUCLION. .......c.eervierireriieeieeriieereerteeeteesreeeaeenseeeseesseeans 104
4.3.3. Coping and adaptation strategies to climate variability and change............... 109
4.4. Conclusion and Recommendations.............ccevueeuirienierrienieniceie e 114
4.4.1. AGrONOMIC PTACTICES .eouvveeurieriieeiieniieetieseeeteestteeteesteesseesnbeenseesnseenseesnseenseenns 115
4.4.2. Constraints to Crop ProAUCLION ........ccveeveerieririeriieeieerieeteeseeeeaeesseeeseesseeenns 117
4.4.3. Coping and adaptation strategies to climate variability and change.............. 118

Chapter 5. Simulation of current and future climate effects on maize yield and soil
water balance components under different agronomic scenarios, using

APSTIML. o 120
5.1 INITOAUCTION. ...ttt et ettt e et e bt e e ate e b e enbeesseesnteanneeens 120
5.1.1. Climate change effects on crop producCtivity ........ccccceeeevuereinerieeneenenseenens 120
5.1.2. Smallholder farmer adaptation strategies to climate change..........c..cccc.... 122
5.1.3 .Rationale for Chapter..........covviiiieiiieiiieieece ettt e 123
5. 14 OBJECHIVES...c.ueeiiiuiieitiieeteeit ettt sttt et ettt et et be et st aeeane 124
5.2. Methods and Materials .........ccccoiviriiiiiiiiiiereeeee et 125
5.2.1 An overview of APSIM model..........ccooiiiiiiiiiiiiiiieeeee e 126
5.2.2. Construction of composite climate file for Gweru-Thornhill station............. 127
5.2.3. Benchmark simulations...........cccooieiiieiiiiiiienieeieeee e 131
5.2.4. Climate Change SCENATIOS. ........cccvierreeiiieriieereerieeiteeseeereesereeseesseeeseessnesnseens 132
5.2.5. SensitiVIty analySIS.....cocuereiriirieriiiinienieeie ettt 133
5.2.6. Effect of climate change on smallholder maize productivity ........................ 134
5.2.7. Simulation management data for comparing different climate and agronomic
SCEIATIOS «..euveuteieenteeute et ente et et e bt etesttesbe et ebt e bt et e easesae et e eane bt esbeeasesbe e st eane bt enneeane 135
5.2.8. Data analysiS.. ...cceerieeiiieiieeiieeie ettt ettt saae e 136
5.3. Results and DiSCUSSION......cc.eiiiiiiiiiiiieiieeie ettt ettt ettt et e st e eesseesaneens 137
5.3.1 SensitiVity aNalySIS......ccccueeeriieeiiieeiiieeiieeeiee et eieeeeree e e et e e 137
5.3.2. Effect of climate change on maize grain, biomass and stover yield .............. 143
5.3.3. Effect of climate change on days taken by the maize crop to reach physiological
100 E: 111101 RO OUU RPN 154

i



5.3.4. Effect of climate change on soil water balance components.......................... 159

5.4. Conclusion and Recommendations.............cooueiuiirieiiiienieiiieie e 176
5.4.1. SenSitiVILy ANalYSIS......ceeiuiiriieiieriieeiieiie ettt ettt eneeas 176
5.4.2. Climate change effect on maize yield...........ccoeeviiieniiieiiiiceeee e 177
5.4.3. Climate change effect on days to physiological maturity.............ccccccveeuneeneen. 178
5.4.4. Climate change effect on water balance components............c.cccecveeeeveernnenne 179

Chapter 6. Simulating effects of tillage practice on soil water balance and maize yield of
SC403 variety grown on a sandy soil in Lower Gweru, using APSIM......... 181

6. 1. IEEOAUCTION. et e e e e e e e et e e e e e e e e e e e e e e e e ereaanaaeaeeas 181
6.2. Materials and METROAS. ... ..o e e e e e e e eaeeeeaaees 181
0.3 RESUILS .ot e e e e e e ee e e et ————aaa e e et a—————— 182

6.3.1. Effect of tillage practice on the soil water balance (available water at sowing,
seasonal  soil  evaporation, runoff and  drainage) under  current
CLIMALE. ... oottt sttt 182
6.3.2.Effect of tillage practice on SC403 maize yield (grain, biomass and stover)

UNAETr CUITENT CLIMALE. . ... ettt 187

Chapter 7. Opinions of smallholder farmers in Lower Gweru communal area to

projected future climate and possible adaptation strategies..........c..cccccoeeveneee. 191
7.1 INEEOAUCTION. ...ttt ettt ettt et sbe e bt st saeenbeennea 191
7.2. Materials and MethOdS — ......coooiiiiiiiiieie e 193
7.2.1. Study area and selection of farmers............ccceeveeeiiieniieiiieniiecieeeeeee e 193
7.2.2. Presentation of future climate scenarios to farmers and seeking their
TEACTIONIS .« .ttt et ettt ettt et et e b e et e et e e s ab e e bt e e bt e et e e shbeeabeesbbeenbeesabeenbeesneeenbeens 197
7.2.3. Presentation of simulated climate change effects on maize yield to farmers and
the effect of using selected adaptation Strate€gies........ccceeeveeerveeecieercieeeeiee e 199
7.2.4. Assessing the likelihood that farmers would adopt selected adaptation strategies
to climate variability and change.............cccoooieiiiiiiiiiiie e 201
7.3. Results and DISCUSSION. ......c..eeruiiiiriiiieieniieie ettt sttt 202
7.3.1. Farmers’ reactions to the 2008 survey results on perceptions of climate
variability and change by Lower Gweru farmers............cccocoveeevienieeciienieeieenieeneens 202
7.3.2. Farmer reactions to climate projections. .........ccceceereereueereeeineenvessveennens 204

7.3.3. Summary of discussions held with farmers on simulated soil water balance
components and maize grain yield under different agronomic and climate.

SCEIMATIOS ¢ euveetetteate et et et et et e et e eae e bt et e e bt e bt e st e sbe et e eaeeebe et e eabesbeenbeseeenaeente s eatenbeenee 209
7.3.4. Readiness and non-readiness of farmers to adopt selected strategies to cope
with climate variability and change.............ccccoocieeiiiiiiiiiiiieee e 216

7.3.5. Case studies on feasibility of adopting late maturing varieties, using mulch
and planting basins to address negative impacts of climate variability and

CRANEE. ...ttt et et et e e sb e e bae et e ebeeenbe e taeerbeebeeenbeenraas 222
T.3.6. LLESSONS LEATTIE .o e e e e e e e e e e e aaaeeeeas 226
7.4. Conclusion and ReCOMMENAAtIONS. ...c.uuuneeeeeeeeeeeeeee e ee e e e e e e eeeeraaeens 227

7.4.1. Farmers' envisaged effects of climate change and their suggestions for dealing
WIth the effeCtS........oiiiiiiiiiii e 227

il



7.4.2. Likelihood of farmers to shift to late maturing varieties and to use mulch and

PlAntiNng DASINS.....cccviiiiiiiiieiiieeiteeie ettt ettt re et e e e e ebeeeeee e 229

Chapter 8. Summary of findings and recommendations............c.cccccevievenienieieene s 230
8.1. Current practices and views of smallholder farmers on climate change effects on
agricultural ProdUCTIVITY .....cc.eiiiiiiieeiierie ettt et 230

8.2. Extreme climate trends and simulated climate change effects on maize yield and water
availability for western and central Zimbabwe .............cccceevvieriieiieniiieiienie e 233
RETEIEINCES. ...ttt bttt ettt sttt b b 236
YA o] 0 1=] o Lol TS SRRSO 291

v



Declaration

I, the undersigned, hereby declare that the work contained in this thesis is the
result of own work except for contribution in facilitation of farmer group
discussions and interviews by team members from the IDRC/CCAA project
number 104144, which has been fully acknowledged. 1 also declare that this

thesis has not been submitted to another university.



Abstract

Makuvaro Veronica, 2014. Impact of Climate Change on Smallholder Farming in
Zimbabwe, Using a Modelling Approach. PhD thesis in Agrometeorology, Department
of Soil, Crop and Climate Sciences. University of the Free State, South Africa.

Agriculture is pivotal to the development of most countries in southern Africa, including
Zimbabwe, with the sector contributing significantly to the Gross Domestic Product of these
countries. The sector also provides labour to the majority of people and most rural
populations in these countries derive their livelihoods from agriculture. The relative
contribution of agriculture to national economies and to food security is, however, being
reduced by climate variability and change. Smallholder farmers in semi-arid areas of Africa
are particularly vulnerable to climate variability and change. The overall objective of this
study was to establish the extent to which maize yield in the smallholder farming sector of
semi-arid Zimbabwe could be affected by climate change, by 2050. The study also sought to
establish trends in extreme temperature and rainfall indices, current farmer cropping practices
and their current coping/adaptation strategies to climate variability and to assess the
likelihood that farmers would adopt selected strategies of adapting to climate change. The
study areas, Lower Gweru and Lupane communal areas are located in agricultural regions
with low potential, being in Natural Regions III and IV, and lie in the central and western

parts of the Zimbabwe, respectively.

Extreme temperature and rainfall indices for Bulawayo Airport meteorological station which
is in western Zimbabwe and equidistant from the two study areas, Lower Gweru and Lupane,
were computed and their linear trends were calculated for the period 1978-2007 using the
Statistical and Regional dynamic Downscaling of Extremes for European regions
(STARDEX) software. Significance of the trends was tested using the Kendall-Tau's test. It
was found that for the period 1978 to 2007, cold extremes represented by frequency of cold
days, coldest day-time and night-time temperatures did not show evidence (p>0.05) of
warming or cooling for Bulawayo. Warm extremes, however showed significant warming
(p<0.05), particularly during winter and spring as well as for the year. The greatest signal for
warming was shown by trends in hottest day-time temperature and frequency of hot days.
Trends in mean diurnal temperature range were positive, but only significant (p=0.05) during
the winter season, while trends in extreme low (10th percentile) and extreme high (90th

percentile) diurnal temperature range were also positive but insignificant (p>0.05) across all
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seasons. Increasing trends in diurnal temperature are not consistent with climate change,
suggesting that warming evidenced by warm extremes are probably not due to climate change
per se. Only three indices, two of which are less commonly used indices, namely mean dry
spell length during the dry season (April, May and June), the longest dry spell during the first
half of the rainfall season and the correlation for spell lengths during the second half of the

rainfall season (January, February and March) season, show significant trends (p<0.05).

Both quantitative and qualitative methods were used to establish agronomic practices of
farmers, constraints they faced and their coping strategies to climate variability. Methods
used to collect data included structured interviews with farmers, semi-structured interviews
with key informants, focus group discussions and a desktop study. Farmers commonly have
coping strategies to address some of the general constraints they encounter in agricultural
production as well as strategies to cope and adapt to current climate variability. The study has
identified a number of research and extension interventions which may enhance crop

productivity in the smallholder farming sector in semi-arid western central Zimbabwe.

Effects of climate change on days to physiological maturity, maize yield and soil water
balance components were simulated using the Agricultural Production Systems sIMulator
(APSIM) model version 7.3, for maize grown in Lower Gweru, on a sandy soil. Simulated
yields and water balance components were compared across three climate scenarios, the
current climate (representing no change in temperature and rainfall, and a CO, concentration
of 370 ppm); Future climate 1 (representing a temperature increase of 3°C, rainfall decrease
of 10% and CO; concentration of 532 ppm) and Future climate 2 representing a temperature
increase of 3°C and a rainfall decrease of 15% and CO, concentration of 532 ppm. The
reference period for future climate is the year 2050 under the A2 Intergovernmental Panel on
Climate Change (IPCC) CO; emission scenario. The climate change scenarios were created
by perturbing the observed climate data for Gweru Thornhill meteorological station near
Lower Gweru. A sensitivity test was done using a range of temperature changes (+0.5 to
3.5°C) and rainfall changes (+5 to -20%) as well as under a range of CO, concentration (420
to 700 ppm) and all under nitrogen non-limiting conditions. Results of this test showed that
CO, offsets the negative effects of both high temperature increases and rainfall reductions
with temperature increases in the low range of 0.5 to 1.5 °C, increasing maize grain yield at
higher CO, concentrations of 580 and 700 ppm. Thus the greatest yield reductions due to

either increased temperature or reduced rainfall amounts occurs at lower rather than higher
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atmospheric CO, concentrations. The results of this test also show that maize grain yield
increased with increased CO, concentration and suggest that temperature and rainfall changes
contribute relatively equally to the overall effect of climate change on maize yield in central

Zimbabwe.

Significant differences among treatment (different climate scenarios) means were tested using
non-parametric tests, namely the Kruskal-Wallis and Mann-Whitney tests for independent
samples, for simulated data that were not normally distributed, while for normally distributed
data, t-test for independent samples was used. Climate change significantly (p<0.05) reduced
the number of days taken by both early and late maturing maize varieties to reach
physiological maturity, with the late and early maturing varieties taking 29 and 23 days less,
respectively, to mature under climate change compared to under the current climate. Under
climate change days to maturity of the SC709 late maturing maize variety are reduced to a
duration similar to that of the current early maturing variety SC403, grown under current
climate. Therefore maize yields could be maintained by shifting from early maturing to late
maturing varieties, in the face of climate change. Climate change reduced maize yield, with
slightly greater reductions obtained under the drier climate change scenario of 15% reduction
in rainfall. Grain, biomass and stover yields were reduced by 13% for the early maturing
variety SC403 while for the late maturing variety SC709, these yields were reduced by 16, 18
and 20% respectively. However, the only significant (p<0.05) yield reduction was that for
stover of the late maturing variety. Climate change reduced the amount of water available at
sowing by 8-10%, seasonal soil evaporation by about 10% and transpiration by 5-8%. It also
reduced the amount of runoff and drainage by about 26-38%, with greater reductions
occurring under the drier future climate. However, the reductions were not significant
(p>0.05) for any of the components except for runoff. Significant reductions in seasonal
runoff due to climate change results in reduced water availability from surface water

resources and this calls for efficient use of water.

Lower Gweru farmers' opinions on climate change effects on agricultural productivity and
their possibility of adopting selected adaptation strategies against climate change were
established during focus group discussions with a total of 36 farmers. Pre-requisite exercises
for capturing farmers’ reactions to climate change included presentation of the outcome of a
survey on farmer perceptions on climate variability and change that had been conducted

during 2008 and presentation of the projected climate for Zimbabwe, by 2050. To facilitate
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discussions on farmers' likelihood of adopting long season maize varieties, use of mulch and
planting basins, in the face of climate change, simulated maize grain yield and soil water
balance under different climate and agronomic scenarios were presented to the farmers in
simple graphical form. Annual simulated yields and water balance were presented for the
latest 10 seasons, 1998/99 to 2007/08 seasons. Farmers provided their responses in three
groups that were formed based on wealth ranking. All farmers irrespective of wealth
category, envisaged negative impacts of climate change on agricultural productivity. They
also expressed concern on the likelihood of reduced water availability; reduced food and
nutrition security, increased number of school drop-outs and a decline in their general well-
being. Farmers did not provide alternative strategies (to deal with climate change effects) to
those they use to cope with current climate variability. Also most of their responses were
biased towards crops and these ranged from crop choice, reduced input levels and use of
water conservation techniques. Farmers also recommended an expansion in irrigation
development by the government. The resource rich farmers suggested supplementary pen
feeding of livestock as an adaptation strategy against climate change. Smallholder livestock
producers can employ other adaptation strategies, which include shifting towards small
livestock and browsers rather than the current cattle and grazers. Although use of mulch and
planting basins clearly improved soil water balance in terms of reducing the amount of soil
evaporation and runoff, this did not translate into an overall increase in maize yield.
However, in relatively poor rainfall years both mulch and planting basins gave higher yields
than conventional ploughing without mulch. Thus, use of reliable seasonal rainfall forecasts
can help farmers to decide on when to use mulch and/or basins. Farmers showed that it was
relatively easy to shift from growing early maturing maize varieties to late maturing varieties,
but indicated that the cost of hybrid seed and its availability have always been prohibiting
factors. They are unlikely to adopt the use of mulch and planting basins due to high labour
requirements and limited access to "extra" fertilizer required when mulch is used. Mulch
availability is also limited as its main source, stover, has other uses that compete with use as
mulch. It appears planting basins are a more important alternative for land preparation and

crop establishment for farmers who do not have draft power than for those with draft animals.

It can be concluded that warming is taking place for the station (Bulawayo Airport)
considered in this study and this is particularly evident from warm extremes. There is,
however, limited evidence of changes in rainfall extremes. Similar analyses as those done for
Bulawayo Airport station should be done for more stations and for longer periods. Climate
change was found to significantly reduce the number of days taken by maize to reach
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maturity, with the long-season variety taking about the same number of days to mature under
climate change as the short season variety, under current climate. Maize yields are also
negatively affected by climate change. Results from the study also indicate that there is a
significant reduction in runoff due to climate change. These effects have implications on food
and water availability, hence the need to put appropriate adaptation strategies and policies in
place. It was encouraging to note that, generally, smallholder farmers in the study area had a
sound inference of the likely impact of climate change on agriculture and their well-being.
They were also able to suggest possible strategies to deal with climate change, given the
expected rainfall and temperature projections for Zimbabwe by 2050.

Smallholder farmers in the study area use several strategies to cope and / or adapt to the
numerous constraints they face in crop production. Strengthening farmers' capacity to employ
these strategies will improve crop productivity. Based on the current farmer practices in the
study areas, the study has identified both research and extension interventions that could be
used to increase productivity in the study area and in similar biophysical and economic
environments.
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CHAPTER 1

GENERAL INTRODUCTION

Climate change is a topical subject of global importance as it is one of the major
environmental changes affecting ecosystems and human lives. Its effects are being felt
across various sectors of economic development including water resources, forestry,
agriculture, fisheries, and health (Intergovernmental Panel for Climate Change [IPCC],
2007a). In this study the effect of climate change on rain-fed maize yield, of smallholder
farmers in semi-arid Zimbabwe was assessed. The assessment was carried out using a
crop systems model and was part of the International Development Research Centre
(IDRC) / Climate Change Adaptation for Africa (CCAA) project (number 104144)
entitled “Building Adaptive Capacity to Cope with Increasing Vulnerability Due to
Climate Change and Variability” (Twomlow et al., 2008a; Mugabe et al., 2010). The
overall objective of the project was to "develop education, research and extension
competencies to facilitate rural communities to increase their adaptive capacity to cope
with risks and opportunities associated with climate change" (Mugabe ef al., 2010). This
research work fell under the fourth specific objective of the project which was to "apply
crop modelling, seasonal climate forecasting and participatory action research to improve
smallholder crop productivity and climate risk management in drought-prone regions of

Zimbabwe and Zambia”.
1.1. Background to study

There is consensus that climate is changing (IPCC, 2007b) mainly as a result of global
warming, caused by both natural causes and human activity. The most notable aspects of
climate change are temperature and precipitation changes and whilst there is much
agreement among climate models that temperatures are increasing, there is less
agreement among these models on how precipitation is changing across the globe (IPCC,
2007b; Ziervogel et al., 2008; Tadross, 2011). The limited agreement among climate
models in the prediction of precipitation can be explained by the high variability
associated with both the spatial and temporal variability of rainfall (Tadross, 2011).
Ziervogel et al. (2008) pointed out that predictability of changes in climatic variables



differs among regions, with changes in these variables being more predictable in some
regions than in others, where different climate models would agree on the predicted
change. Some models are also known to have better predictive skills for particular
regions, although it is not advisable to rely on projections of a single or of only a few
models (Ziervogel et al., 2008). According to Ziervogel et al. (2008), there is
inconsistency in predictions for the December-January precipitation, for the southern
Africa region, from an ensemble of 23 Global Climate Models (GCMs), while for the
June-August precipitation, a large decrease is projected for 2090-2099 under SRES A1B
emissions. The IPCC (2007b) also points out that there have been decreases in northern
hemisphere snow cover; increases in the duration of heat waves during the latter half of
the 20th century; widespread shrinking of glaciers, especially mountain glaciers in the
tropics and increases in sea level, due to climate change (IPCC, 2007b). It has also been
observed that climate variability is increasing while climate extremes such as floods, dry
spells and droughts are likely to intensify in both magnitude and frequency, under climate
change (IPCC, 2007b). Climate change is expected to take place at an unprecedented rate
in future and the current coping strategies for climate variability and change may not be

able to deal with future change (Barrios et al., 2008; Adger et al., 2003).

1.1.1 Climate change definition and future climate scenarios

The IPCC (2007b) defines climate change as “a change in the state of the climate that can
be identified (e.g. by statistical tests) by changes in the mean and / or the variability of its
properties, and that persist for an extended period, typically decades, or longer". Climate
change may be due to natural internal processes or external forcings or persistent
anthropogenic changes in the composition of the atmosphere or in land use. Climate
variability on the other hand refers to “variations in the mean state and other statistics
(such as standard deviations, the occurrence of extremes etc.) of the climate on all spatial
and temporal scales beyond that of individual weather events” (IPCC, 2007b). The main
driver of climate change is global warming and the IPCC in its fourth assessment report
states that “Warming of the climate system is unequivocal as evidenced by observed
increases in average air and ocean temperatures, widespread melting of snow and ice as

well as rising global average sea level”. Evidence of climate change also includes



changes in terrestrial biological systems for example the shift towards earlier timing of
spring events such as leaf unfolding and bird migration (Parry et al., 2008) and changes
in types and abundance of plankton and fish (Parry ef al., 2008; Rijnsdorp et al., 2009;
MCCIP [Marine Climate Change Impacts Partnership], 2012) that have been observed at
high latitudes. Global warming is mainly due to the presence of naturally occurring
atmospheric greenhouse gases such as water vapour, carbon-dioxide (CO,) and methane
(CHy), ozone (O3) and nitrous oxide (N,O) which impede the escape of out-going long-
wave radiation into space, thereby causing warming of the earth. The warming is
enhanced by human activities such as burning of carbon-based fossil fuel and
deforestation which emit greenhouse gases into the atmosphere and Parry et al. (2008)
conclude that temperature increases are very likely to be due to anthropogenic emissions
of greenhouse gases. Changes in land use also contribute to global warming and together
with deforestation, changes in land use contribute about 20% of the CO, emitted in a year
(World Bank, 2009) while 80% is accounted for by the burning of carbon-based fossil
fuels such as coal, oil and natural gas. The highest emission scenario projects an increase
of 2.4-6.4°C in global average surface temperature, relative to the 1980-1999 base period,
by the year 2100, while the rate of increase of temperature during the two decades, 2010-
2030 is estimated at about 0.20°C per decade across all IPCC emission scenarios (IPCC,
2007c¢). According to Wheeler (2007), however, the IPCC assessments (IPCC, 2007b) of
global warming could be conservative as recent studies indicate accelerating change. The
IPCC (2001; 2007b) projects high risk of extreme temperature events in future climates.
In addition, warming is expected to cause a rise in sea level in the range 0.18-0.59 m
during the period 2090-2099, relative to the 1980-1999 period, across all IPCC emission
scenarios. For precipitation, there is less agreement among climate models on future
projections than for temperature (IPCC, 2007b; Ziervogel et al., 2008) with projections
over tropical regions being more uncertain than those at higher latitudes (IPCC, 2007b).
However, at high latitudes there is a high probability (95%) that precipitation will
increase while in the sub-tropics, precipitation is likely to decrease by as much as 20% by
2100. The likely ranges and best estimates (given as the difference in magnitude between
the lower and upper limit values of the likely range) for global average surface air

warming, differ for the different Special Report on Emission Scenarios (SRES) of the



IPCC (IPCC, 2007b) (Table 1.1). Projected sea level rise also differs, with the lowest
CO, emission scenario (B2 scenario) having the least rise of 1.80-3.81 m and the highest
emission scenario (A1F1) having the greatest rise of 2.59-5.89 m over the period 2090-
2099, relative to the 1980-1999 period (Table 1.1). The IPCC SRES scenarios are based
on projected future greenhouse gas emissions, particularly CO,, which is in turn driven
by factors such as social, economic and technological changes (Appendix I). Thus, social,
economic and technological changes determine the level of vulnerability to climate

change (IPCC, 2007¢).

Table 1.1. Projected globally averaged surface warming and sea-level rise at the end of
the 21st century (IPCC, 2007b)

Temperature Change Sea-Level Rise

(°C at 2090-2099 relative to | (cm at 2090-2099 relative to
1980-1999) 1980-1999)

Model-based range excluding

Case Best Estimate | Likely Range future rapid dynamical
changes in ice flow
Constant Yea.r 2000 0.6 03-0.9 NA
concentrations

B1 scenario 1.8 1.1-2.9 18.0 - 38.1
A1T scenario 2.4 1.4-3.8 20.1-45.0
B2 scenario 2.4 1.4-3.8 20.1-42.9
A1B scenario 2.8 1.7-4.4 21.1-48.0
A2 scenario 3.4 20-54 23.1-51.1
AT1F] scenario 4.0 24-64 25.9-58.9

For the whole of Africa and in all seasons, warming is expected to be greater than the
global mean values (IPCC, 2007b) and by end of the 21% century, the median temperature
increase will be between 3°C and 4°C, roughly 1.5 times the global mean response
(Eriksen et al., 2008). In addition, future warming is likely to be greatest over the interior
of semi-arid margins of the Sahara and central southern Africa (Eriksen et al., 2008).
Drying is expected throughout southern Africa (particularly in the winter rainfall regions)
while increases in rainfall over parts of eastern Africa are expected (IPCC, 2007b).
According to Eriksen et al. (2008) and Kandji et al. (2006) evidence exists that the

intensity of rainfall events and frequency of droughts are increasing in southern Africa.



1.1.2. Climate change effects

Climate affects various sectors of economic development including hydrology and water
resources, agriculture and food security, forestry, tourism, manufacturing and health
(IPCC, 2007a; Meadows, 2006). Any change in climatic variables is, thus, likely to affect
these sectors. The largest known impact of climate change is on agriculture because of
the size and sensitivity of the sector (Kurukulasuriya and Mendelsohn, 2008a;
Mendelsohn, 2009). The magnitude of damage by climate change to African agriculture
will depend on future climatic scenarios (Mendelsohn, 2009) and the type and level of
inputs used for agricultural production (Dimes ef al., 2008). Kurukulasuriya et al. (2006)
concluded that Africa is the continent that will be most affected by climate change with
increased temperature and reduced rainfall, although impacts of climate change are
unlikely to be uniform across Africa (Kurukulasuriya and Mendelsohn, 2008a) as hotter
and drier areas such as western, central and southern Africa are likely to be affected most.
In their study to test the sensitivity of farm revenues to future climate scenarios,
Kurukulasuriya and Mendelsohn (2008a), also established that African farms were
sensitive to climate especially temperature. The sensitivity was greater for dryland farms
than irrigation farms with sensitivity elasticities for temperature and precipitation being
1.6 and 0.5 respectively, for the dry-land farms. Therefore, it is worrying to note that,
according to FAO (2003), You et al. (2010) and Alexandratos and Bruinsma (2012),

rainfed agriculture accounts for more than 95% of the cropland in sub-Saharan Africa.
1.1.2.1. Impacts on water resources

Water resources are already limited in Africa and most ecological and economic
processes are dependent on water availability (Meadows, 2006). Schulze (2000) estimates
marked reductions in runoff by 2050, using the UKMO global climate model under the
[S92a emission scenario. The IS92a climate scenario represents a somewhat intermediate
greenhouse gas (GHG) emission scenario of the six IS92 emission scenarios developed
during 1990 and 1992 (IPCC, 2000; 2001) and compared to the IS92 scenarios, SRES
scenarios mentioned/described in section 1.1.1. are based on an improved knowledge

base of the driving forces for GHG emissions and other factors such as the difference in



per capita income between developing and developed countries as well as the efficiency
of resource use among the different regions (IPCC, 2000; 2001). The recommendation to
develop "new" scenarios was also driven by the fact that the IS92 scenarios were
developed with reference to the 1990 data (baseline), which were estimated data rather
than actual measurements, as the observation data were not available at time of
developing the scenarios (IPCC, 2000; 2001). Whereas the highest emission scenario for
the 1S92 series of scenarios is 35.8 Gt of carbon / year (IPCC, 2000), while that for the
SRES is 29.0 Gt of carbon / year, by 2100. The lowest emission scenarios are 4.6 and 5.5
Gt of carbon / year, for the IS92, and SRES scenarios, respectively (IPCC, 2000; 2001).
So the more recent SRES have a higher minimum value and a much lower maximum
value with a smaller range. The significant reduction in runoff estimated for Africa
predicted by Schulze (2006) is consistent with Arnell's (1999) estimated runoff
reductions of 40%, 30% and 5% for the Zambezi, Limpopo and Orange River basins,
respectively. Schulze (2000) however, highlights the high temporal and spatial variability
of the hydrological systems in southern Africa, which makes it difficult to detect the
impacts of climate change on hydrological trends. For Zimbabwe, rainfall-runoff
simulation for a doubling of CO; scenario showed that a 15-19% decrease in rainfall and
a 7.5-13% increase in potential evapotranspiration will result in a 50% decrease in runoff
and a decrease of 30-40% in dam yields, by 2075 across the country (Climate Change
Office in Zimbabwe, 1998). Reduced water levels may result in scaling down of
irrigation operations, thereby reducing pasture and crop productivity. Zhu and Ringler
(2010) also estimated a decrease in runoff of 20-30% by 2030 for the Zimbabwe part of
the Limpopo basin. Reduced runoff will impact negatively on quality and quantity of
domestic and industrial water sources as well as on production of hydropower (Erikisen
et al., 2008). DEAT (2000) predicted increased intensity of rainfall events in eastern
southern Africa while longer dry spells are expected (Meadows, 2006). The effect of
higher intensity rainfall events is increased incidence of flooding (Eriksen et al., 2008).
Increased temperatures due to global warming, are also likely to have negative effects in
water quality (Meadows, 2006). Annual average river runoff and water availability are
projected to increase by 10-40% at high latitudes and in some wet tropical areas, by mid-

21% century (IPCC, 2007c¢).



1.1.2.2. Impacts on crop yields

There are potential yield benefits from increased atmospheric CO, concentrations as CO;
increases photosynthesis for both C3 and C4 crop species. Growth response to enhanced
CO; concentration is generally known to be greater for C3 than for C4 species (Lawlor,
2005; IPCC, 2007a). Crop and pasture yields may also potentially increase due to higher
water use efficiency caused by reduced stomatal conductance under elevated CO,
concentrations (Lawlor, 2005, Tubiello er al., 2007). However, plant response to
enhanced CO, concentrations may be limited by increased temperature and changes in
precipitation (Tubiello et al., 2007). Low soil nitrogen and phosphorus, which is largely
the case in many parts of Africa, may also limit plant response to increased CO,
concentrations (Lawlor, 2005; Tubiello et al., 2007; Cheng et al., 2010). According to
Cheng et al. (2010) elevated CO; concentration may stimulate cation release from soil
and enhance plant growth, over the short term, but over the long-term, CO,-induced
cation release may facilitate cation losses and soil acidification. For the southern Africa
region, decrease in potential yields is likely to occur as a result of hastened growth and
development due to increased temperatures (Rosenzweig and Liverman, 1992; Gordo and
Sanz, 2010, Wang et al, 2011) and reduced rainfall amounts resulting in water stress.
Thus, the actual effect of climate change on crop yields will depend on the interactions
between all these various factors. Changes in temperature, CO, concentrations and
rainfall will have effects on population dynamics, life cycle durations, development,
survival, distribution and reproduction of insect pests and pathogens (Gornall et al., 2010;
Petzoldt and Seaman, 2010; Fand et al., 2012). Changed patterns of crop production, due
to climate change, will also influence the type of pests and pathogens affecting crops.
Thus the pest status of these organisms is influenced by climate change, bringing with it
changes in the pest and disease management strategies (Petzoldt and Seaman, 2010; Fand
et al., 2012). Just like with crop plants, growth and development of weed species is
directly and indirectly affected by increased temperatures, changes in rainfall patterns and
an enhanced CO, atmosphere (Ghannoum et al., 2000; Tang et al., 2006; Ziska, 2010).
Thus, the differences in response to these environmental changes by different plant
species (crops or weeds) will determine the level of crop-weed interactions in a given

cropping system. In most tropical regions, the major food crops are C4 cereals namely



maize, sorghum and millets. In such cropping systems, C3 weed species are likely to
exert greater competition for resources compared to C4 weed species (other factors
remaining equal), as C3 plant species generally show greater and positive response to

elevated CO,, than C4 plants (Lawlor, 2005; IPCC, 2007a).

Several studies have been carried out which show that crop yields in the African region
are likely to decrease under future climate (DEAT, 2000; Turpie et al., 2002; Jones and
Thornton, 2003; Meadows, 2006; IPCC 2007b; Schlenker and Lobell, 2010). Therefore,
African communities, in particular those in the sub-Saharan region, are thought to be the
most vulnerable (Adger et al., 2003; Barrios et al, 2008; Challinor et al., 2007; IPCC
2007b; Mertz et al., 2009) because of multiple stressors and limited adaptive capacity. In
addition, Kurukulasuriya et al. (2006) attribute vulnerability of the sub-Saharan African
region to the fact that the region already experiences high temperatures; low and highly
variable rainfall; countries' economies are highly dependent on agriculture as well as
being due to low adoption of modern technology. Tubiello and Rosenzweig (2008) in
their review and synthesis of agricultural impacts of climate change, concluded that
moderate warming (up to 2°C) in the first part of the 21 century may benefit crop and
pasture yields in the temperate regions, but have an opposite effect of reducing crop
yields in the semi-arid and tropical regions. However, further warming that is expected
during the second half of the century will likely reduce crop yields in all regions (Hertel
et al., 2010). Schlenker and Lobell (2010) in their analysis of effects of climate change on
African yields, using historical climate and crop production data estimated a reduction in
production of 22, 17, 17, 18 and 8% for maize, sorghum, millet, groundnuts and cassava,
respectively. Makadho (1996) found varied simulated maize yield responses to climate
change across four sites in four different Natural Regions (also called Agro-ecological
Regions) of Zimbabwe, under rain-fed maize production. Half the stations consistently
gave lower yields under climate change compared to current (1951-1991) climate while
the other two stations had higher yields under climate change, particularly for early
planted maize. The simulation outputs also showed that late planting would give lower
yields under future climate, as it does currently. It was also established that the crop
growing season could be shortened by as much as 17% compared to the current (1951-

1991) season length. Tadross et al. (2009) projected a later start to the onset of the crop



growing season compared to the current onset, due to climate change, for southeast
Africa, including Zimbabwe. This change has implications on the growing season length

and on crop yields, as delayed planting often results in reduced yields.
1.1.3. Adaptation to climate change in the Agriculture Sector

The IPCC (2001; 2007a) defines adaptation to climate change as “the adjustment in
natural or human systems in response to actual or expected climatic stimuli or their
effects, which moderates harm or exploits beneficial opportunities”. It defines
vulnerability to climate change as “the degree to which a system is susceptible to, and
unable to cope with adverse effects of climate change, including climate variability and
extremes”. Adaptation may be classified as autonomous or planned adaptation.
Autonomous adaptation (also referred to as spontaneous adaptation) refers to “adaptation
that does not constitute a conscious response to climatic stimuli, but is triggered by
ecological changes in natural systems and by market or welfare changes in human
systems” (IPCC, 2001; IPCC 2007a). It takes place without the directed intervention from
a public or private agency (Aguilar, 2001). Planned adaptation on the other hand, is "the
result of a deliberate policy decision, based on an awareness that conditions have changed
or are about to change and that action is required to return, maintain, or achieve a desired

state" (IPCC, 2001; 2007a).

In agriculture, adaptation to climate change is already taking place (IPCC, 2007a;
Kurukulasuriya et al., 2006; Mano and Nhemachena, 2007) as farming communities have
a long record of coping and adapting to the impacts of weather and climate. According to
Adger et al. (2003) and Burton and Lim (2005), farmers have always lived with changing
climate and have shown considerable resilience to climate change and variability while
Cooper et al. (2008) and IPCC (2007a) point out that adapting to current climate
variability can increase resilience to long term climate change. However, although some
adaptation to current climate variability is taking place, farmers may not necessarily
display the same level of resilience in future, particularly, since according to Burton and
Lim (2005), future climate changes are likely to occur at a rate faster than has been

previously experienced in history. Challinor et al. (2007) also note that farmers have



developed innovative responses to environmental changes, including climatic variability
to create more sustainable production systems. However, extreme events such as
droughts that have occurred in Africa especially in sub-Saharan Africa, in the last four
decades, have shown that individual or community adaptation abilities may not
adequately deal with these extremes (Challinor et al., 2007). Crop management can be
altered in a number of ways to address effects of climate change. Tubiello et al. (2002),
Challinor et al. (2007), Howden et al. (2007) and IPCC (2007a) suggest possible crop
management strategies that can be employed to address effects of climate change

including:

e Planting mixtures of crops and cultivars adapted to different conditions as
intercrops,

e Using crop varieties that are more tolerant to climate stresses,

e Using mulch to cover the bare soil surface,

e Altering amounts and timing of irrigation and other water management practices,

e Altering the timing or location of cropping activities,

e Use of low-cost water-harvesting technologies where rainfall decreases and
managing water to prevent water-logging, erosion, and nutrient leaching where
rainfall increases,

e Diversifying income sources through integration with other farming activities
such as raising livestock and

e Using climate forecasting to reduce production risk.

In Zimbabwe, Mano and Nhemachena (2007) identified adaptation strategies of
smallholder farmers across the country to include dry and early planting, growing
drought resistant crops, changing planting dates and using irrigation to cushion
themselves against further anticipated adverse climatic conditions. According to Mubaya
(2010) and Mubaya et al. (2010) current coping and / or adaptation strategies to climate
variability for smallholder farmers in Zambia and Zimbabwe include winter ploughing,
pot-holing, use of planting basins, ripping, resorting to cropping in gardens, resorting to
off-farm sources of income and reliance on remittances from relatives working in towns

or abroad. In their analyses of climate change effects on net revenues of selected African
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countries including Zimbabwe, Kurukulasuriya et al. (2006) suggest that where water is
available, changing from dryland to irrigated agriculture would increase average net
revenue per hectare as well as increase resilience of agriculture to climate change.
However, funds for developing infrastructure would also be required. Deressa et al.
(2009) in their study to determine farmers’ choices of adaptation methods to climate
change in the Nile basin of Ethiopia concluded that farmers’ choices were determined by
many socio-economic and environmental factors. This is confirmed by Wall and Smit
(2005) who concluded that the “natural resource base of a farming system as well as the
associated economic, social, cultural and political conditions determine the capacity of
the system to adapt to changing climate and weather conditions”. Conclusions by Deressa
et al. (2009) and Wall and Smit (2005) fall within the three categories of limits and
barriers to adaptation to climate change that were identified by Jones (2010). These

categories are:
1) Natural limits addressing both physical and ecological limits,

i1) Human and informational resource-based limits relating to knowledge,

technological and economical limitations and

iii) Social barriers which comprise the psychological, behavioural and socio-
institutional elements that determine how individuals and societies respond to

climate stress.

Jones (2010) also notes that social barriers to adaptation are important and yet they are
often neglected within wider adaptation debates. In this study (chapter 6), reasons for
readiness or non-readiness by farmers in Lower Gweru area of Zimbabwe to adopt late
maturing crop varieties, use of mulch and use of planting basins, in the face of climate

change, will be established.
1.1.4. Importance of climate to Agriculture in Sothern Africa and Zimbabwe

In Southern Africa including Zimbabwe, agriculture is the mainstay contributing
significantly to both food security and national economic development. Eighty percent of

the population in this region depends on agriculture for subsistence, employment and
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income and the sector contributes 35% to the Gross Domestic Product (GDP) on average,
for the region (Louw et al., 2007). In Zimbabwe, agriculture plays a pivotal role to the
country’s economy contributing 30-45% to total exports; 50-60% of materials required
by the industrial sector and providing income and employment to 60-70% of the
population (Matiza, 1999; Tekere and Hurungo, 2003; FAO, 2006). The sector also
contributes 18-19.5% to the GDP and 66-70% to the labour force (FAO, 2006; CIA,
2011). According to Kinuthia (1997), southern Africa is prone to frequent droughts and
uneven rainfall distribution in both time and space. Thus, in some years, the contribution
of agriculture to food security and national economies in this region is reduced, these
climatic factors. The climate of southern Africa is also highly variable and unpredictable.
Climatic extremes including droughts and floods characterize the climate of the region
and these often result in poor crop yields (Martin et al., 2000). In Zimbabwe 80% of total
land area in the country falls within the marginal areas, Natural Regions III, IV and V and
approximately 90% of communal farming land is located in these Natural Regions
(Economics Division of the Ministry of Agriculture, 1996; FAO, 2006). More than 80%
of Zimbabwe's total rural population consisting of smallholder farmers (communal,
resettlement and small-scale commercial farmers) are located in these three Natural

Regions (Bratton, 1994; Economics Division of the Ministry of Agriculture; 1996).

The influence of rainfall on crop yields can be illustrated by observed variability in the
yields due to variability in rainfall. For instance in Zimbabwe, extreme variability in
rainfall largely explains the 75% decline in smallholder maize production between
1980/81 and 1982/83 and the fivefold increase in production between 1982/83 and
1984/85 seasons (Rohrbach, 1989). In 1981 and 1985 unusually good rains were received
whereas from 1982 to 1984 an unusually long drought was experienced. The decrease in
cereal production of 5.1 million tonnes (45% reduction) experienced in the Southern
African Development Community (SADC) region (excluding South Africa), due to the
1991/92 drought (FAO, 2004) also illustrates the significance of climate on agriculture in
southern Africa. In Zimbabwe GDP fell by 3% and 11% after the 1983/84 and 1991/92
droughts, respectively (Kandji et al., 2006). Droughts and prolonged dry spells, also
negatively affect livestock production (Kinsey et al., 1998; Kandji, et al., 2006; FAO,

2009). In Zimbabwe, major floods do occur, but are not as frequent as droughts and they
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also often affect less people, but kill more people than droughts (PreventionWeb, 2012).
In Zimbabwe, temperature is not as limiting as rainfall to summer agricultural production
although, in the more arid areas of the country, the fairly high mean summer temperatures
(18-21°C) experienced, often render rainfall that is received less effective due to
enhanced loss of soil water through evaporation. Mano and Nhemachena (2007)
established that temperature and rainfall have significant effects (with increased
temperatures having a negative effect and increasing rainfall a positive one) on net farm
revenues in Zimbabwe and that farms with irrigation were more resistant to changes in
climate, suggesting that irrigation is an important adaptation strategy to reduce the

negative impacts of climate change.
1.2. Justification of study

There is consensus that climate is changing and that many sectors including agriculture
will be affected under future climates. In Africa negative impacts are mostly expected
and rural communities in this region are the most vulnerable. It is also envisaged that
current coping strategies against climatic variability that the farmers are employing may
not offset the impacts of future climate. The afore-stated circumstances call for action to
be taken if agriculture is to continue to play its pivotal role of supporting national
economies in Africa and ensuring household food security across the regions. Agriculture
is particularly important to the rural communities as they rely on animal and crop
production for their livelihoods. Although some research work (section 1.1.2) has
estimated the likely magnitude of climate change impacts on crop productivity, these
assessments have largely been at global, regional and national levels. In this study
possible effects of climate change on crop productivity were examined at a more local
level, the communal area level, in Natural Region III. Adaptation strategies to climate
change and / or variability have been suggested by several authors (section 1.1.3).
However, few studies have looked at how feasible it is for farmers to adopt these
strategies or whether the current coping strategies (to climate variability) would still
“work” under future climates. In addition, most of the studies on climate have not sought

farmers' opinions on the envisaged future climate change scenarios. In this study farmers’

13



opinions on climate change and their likelihood of adopting selected strategies were also

examined.

1.3. Aim and objectives of the study

1.3.1. Aim

The aim of the study is to use simulation modeling to evaluate the effects of climate

change on crop growth and development and to test various adaptation strategies, under

expected climate change scenarios for Lower Gweru and Lupane communal areas of

Zimbabwe.

1.3.2. Specific objectives

1.3.2.1.

1.3.2.2.

1.3.2.3.

1.3.2.4.

To establish baseline data on current agronomic systems, crop production
constraints, and coping / adaptation strategies to climate variability and

change of farmers in Lower Gweru and Lupane communal areas.

To establish trends in extreme temperature and rainfall indices for a

selected meteorological station in south western Zimbabwe.

To simulate crop growth and yields using the Agricultural Production
Systems sIMulator (APSIM) model and to compare the various climate

and agronomic scenarios.

To establish smallholder farmers' opinions on projected climate and test
the likelihood for adoption of selected adaptation strategies for climate

change, by farmers.

1.4. Outline of thesis

This thesis comprises eight chapters namely: General introduction; General materials and

methods; Trends in extreme precipitation and temperature indices for Bulawayo Airport

meteorological station in south-western Zimbabwe; Current agronomic practices,

constraints and coping strategies of smallholder farmers in Lower Gweru and Lupane
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communal areas; Simulation of current and future climate effects on maize yield and soil
water balance components under diffrent agronomoc scenarios, using APSIM; Simulating
effects of tillage practice on soil water balance and maize yield of SC403 variety grown
in Lower Gweru on a sandy soil, using APSIM; Opinions of smallholder farmers in
Lower Gweru communal area on projected climate and possible adaptation strategies and

Summary of findings and recommendations.
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CHAPTER 2
GENERAL MATERIALS AND METHODS
2.1. Description of the study site

The research was carried out in two communal areas of Zimbabwe, namely Lower Gweru
in Gweru District and Lupane, in Lupane District. Lower Gweru is located in Central
Zimbabwe whereas Lupane is in the western part of the country. Choice of the communal
areas was based on the International Development Research Centre / Climate Change and
Adaptation in Africa (IDRC/CCAA) project (project number 104144) requirements for
semi-arid areas, as the research was conducted under this project. Two wards from each
communal area were selected for the study and these were Nyama and Mdubiwa wards in
Lower Gweru and Menyezwa and Daluka wards in Lupane (Fig. 2.1). Nyama and
Mdubiwa wards are adjacent to each other and lie about 45km north-west of Gweru city,
the provincial capital of the Midlands Province. Gweru city is situated 19.42° S and
29.83° E. The recommended farming system in both Nyama and Mdubiwa wards is
mixed farming comprising livestock enterprises combined with production of drought
tolerant crops (Vincent and Thomas, 1962; Mare, 2010 - personal communication).
Nyama ward has a high water table and hence more soil water is available for crop

production than in Mdubiwa.

Daluka and Menyezwa wards are located about 10km south-east and about 25km north-
west of Lupane town respectively. Lupane town lies at 18.93° S and 27.77°E and is the
provincial capital of Matabeleland North Province. The recommended farming system in
Lupane is semi-extensive, comprised mostly of cattle ranching, forestry and wildlife

management, supported with production of drought tolerant crops.

Farmer interviews and group discussions were held with farmers from three randomly
selected villages per each of the four wards (Table 2.1). Selection of wards and villages

was influenced by proximity to good roads allowing access for the team.
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Table 2.1. List of wards and villages from which household surveys and focus group
discussions were conducted

District Ward Villages

Lower Gweru | Mdubiwa Mxotshwa, Nsukunengi and Madinga
Nyama Matonsi, Guduza and Siyabalandela

Lupane Daluka Daluka, Strip road and Mafinyela
Menyezwa Menyezwa, Masenyane and Banda

Nearby meteorological stations are Thornhill whose latitude is19.450° S, longitude
29.850° E and at an altitude of 1429m and Lupane at latitude 18.933° S, longitude
27.767° E and at an altitude of 976m (see Fig. 2.1).
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Fig. 2.1. Study area map made by the Department of Geography and Environmental
Studies, Midlands State University, Gweru, Zimbabwe
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2.1.1. Climate

Zimbabwe is a land locked country and lies between latitudes 15.5 and 22.5° S and
longitudes 25 and 33° E. It experiences a sub-tropical climate. Rainfall is received in
summer during the period October to April and its distribution is uni-modal with
December, January and February being the peak rainfall months (Climate Handbook of
Zimbabwe, 1981). Annual mean temperatures range from 15°C on high ground to above
25°C for low altitude areas (Climate Handbook of Zimbabwe, 1981). The country is
divided into five Natural Regions (NRs), mainly according to differences in amount of
rainfall received. Rainfall amount and reliability decrease while farming systems become
less intensive from NR I to NR V (see Table 2.2). The study areas of Lower Gweru and
Lupane, lie in NRs III and IV respectively, where in addition to relatively low rainfall,
mid-season dry-spells and droughts are experienced (Vincent and Thomas, 1962). NR 1V,
however, experiences more dry spells and more frequent seasonal droughts than NR III.
Rainfall in these regions is also characterized by infrequent short duration convective
rainstorms of high intensities which often cause soil erosion. Temperatures are generally
high, with annual mean maximum temperatures ranging from 20.5-30°C for NR III and

from 30.5-35°C for NR IV (Muchadeyi et al., 2007).

Table 2.2. Natural Regions of Zimbabwe and the recommended farming systems
(Vincent and Thomas, 1962)

Natural | Land coverage | Annual rainfall | Recommended farming system
Region (km? (mm)
I 7 000 >1 000 Specialized and diversified farming
II 58 600 750 -1 000 Intensive farming
I 72 900 650 - 800 Semi-intensive farming
v 147 800 450 - 650 Semi-extensive farming
\Y 104 400 <450 Extensive farming

2.1.2. Topography and soil type

Lower Gweru area is generally flat with moderate slopes. Altitude ranges from 1200-
1345 m.a.s.l for both wards, with Mdubiwa being generally at a higher elevation than
Nyama. Soils in both wards vary from moderately shallow greyish brown course grained

sands throughout the profile to sandy loams over reddish brown sandy clay loams
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(Midlands Province, Gweru District 1:250 000 soils map, 1994; Provisional 1:1 000 000
soils map of Zimbabwe-Rhodesia, 1979). The soils are derived from granitic rocks and
are moderately to strongly leached. In the extreme north western and southern end of
Nyama ward, there is a belt of Kalahari sands, characterised by very little or no reserves
of weatherable minerals (Midlands province, Gweru District 1:250 000 soils map, 1994).
Due to a high water table, much of the arable land in Nyama ward is wetland
(vleis/dambos) where multiple cropping of horticultural crops as well as field crops can
be carried out. There are two smallholder farmer irrigation schemes namely Mambanjeni
and Shagari schemes in Mdubiwa ward. One major river, the Vungu River, a tributary of

the larger Shangani River and few non-perennial streams run through the two wards.

The dominant soils in both Daluka and Menyezwa wards of Lupane are Kalahari sands.
These sands comprise deep, unconsolidated and well drained tertiary sands of Aeolian
origin and are highly infertile (Nyamapfene, 1991). Kalahari sands are also subject to
severe wind erosion particularly if they are cropped (Thompson and Purves, 1978).
Altitude for Daluka and Menyezwa wards is about 1080m.a.s.l. (Provisional 1:1 000 000
soils map of Zimbabwe-Rhodesia, 1979). There are two rivers in Menyezwa ward,
Shabula to the east and Gwaai to the south, while the Lupane River traverses the Daluka

ward.

2.1.3. Vegetation

Zimbabwe is characterised by Savanna woodlands interspersed with open grassed
drainage lines or vleis (Shumba, 2001; Department of Agricultural Research for
Development, 2009). In Lupane district the woodlands are typically Baikiaea (teak) and
Mopane woodlands. The former woodlands are dominated by B. plurijuga and are
predominantly found in the protected forest areas as they are of great commercial value
(Shumba, 2001; Department of Agricultural Research for Development, 2009). Where
the other woodlands have been degraded due to conversion to agricultural land,
particularly in communal areas, there are only scattered woody spp. Other woody species
found in association with Baikiaea woodlands include Pterocarpus angolensis,
Guibourtia coleosperma, Brachystegia spiciforrnis, B. boehmii, Julbernardia globiflora,

Afzelia quanzensis, Kirkia acuminata, Burkea africana, Combretum spp and
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Commiphora spp (Ministry of Mines, Environment and Tourism in Zimbabwe, 1998a).
Mopane woodlands are dominated by Colophospermum mopane and woodlands in this
part of the country are described as dry early deciduous to distinguish them from Mopane
woodlands found in other parts of the country (Ministry of Mines, Environment and

Tourism in Zimbabwe, 1998a).

Gweru district consists predominantly of the Miombo woodlands, dominated by the
Brachystegia and Julbernadia spp, in less disturbed areas. In settled areas where land has
been opened up for agricultural purposes, for example, Lower Gweru, a wide range of
scattered tree species exists. In Nyama ward, Brachstegia spicimiformis, Julbernadia
globiflora, Parinari curatellifolia and Terminalia spp are the dominant spp whereas in
Mdubiwa dominant species include Acacia and Terminalia spp. There are also scattered
C. mopane trees in both Nyama and Mdubiwa wards and scattered Syzygium spp in
Nyama ward. Dominant grasses in Lower Gweru include Hyperannea spp, Heteropogony
contotus and Rhynchelytrum repens (Moyo and Musasanuri, 2010 - personal

communication; personal observation).

2.1.4. Farmers' livelihoods

Livelihoods of farmers in both Lower Gweru and Lupane are derived from livestock,
crop production, vegetable gardens and water sources such as boreholes and wells
(Mubaya, 2010). In Lupane livestock is a more viable enterprise than cropping (Sikwela,
2008; Mubaya 2010), hence the greater contribution of livestock to food security and
income generation in this communal area. Crop yields are generally low due to both low
rainfall and poor soil fertility and as a result the contribution of crops to food security and
income generation is relatively low. Vegetable production contributes significantly to
food security and to a lesser extent, to income generation in Lupane. In Lower Gweru,
horticultural production is the major livelihood, particularly in Nyama ward which has a
high water table. Wetlands which are abundant in this ward, allow continuous cropping,
particularly of vegetables. Exotic tropical fruits (mangoes, guavas and citrus) also
contribute significantly to food security and income generation in Nyama ward. In
Mdubiwa ward approximately 10% of farmers rely on smallholder irrigation schemes for

production of vegetables and field crops such as maize and sugar beans (Moyo, 2010 -
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personal communication). Farmers in Lower Gweru have readily available markets for
these crop commodities, both locally and nearby in Gweru, as well as further away in

Bulawayo.

2.2. Trends in extreme precipitation and temperature indices for Bulawayo Airport
station (Chapter 3).

Historical daily temperature and rainfall data for Bulawayo Airport meteorological
station (Fig. 3.1) were analyzed for significant trends. The latitude and longitude of the
station are 20.017°S and 28.617°E respectively and the elevation is 1326 m.a.s.l. The
length of historical observation data record available for analysis was 30 years covering
the period 01/07/1978 to 31/12/2007 and the climate data were obtained from the Global
Summary of the Day (GSOD) data set available from the U.S National Oceanic and
Atmospheric Administration (NOAA)’s National Climate Data Centre (NCDC)

(http://www.ncdc.noaa.gov/oa/ncdc.html).

Extreme temperature indices were computed from mean, minimum and maximum daily
temperature and rainfall indices from daily rainfall data. The data used were obtained
from the Zimbabwe Meteorological Services Department and Statistical and Regional
dynamic Downscaling of Extremes for European regions (STARDEX) software

(http://www.cru.uea.ac.uk/projects/stardex) was used to compute the indices.

2.2.1. NCDC data
NCDC data were obtained through the World Wide Web,

http://www.ncdc.noaa.gov/oa/ncdc.html and by selecting the following options: Data

Access Tools — Global Surface Data — Map Services Data — Surface Data Global
Summary of the Day — Access Maps. Stations of interest were then selected by
highlighting the area within about 100-150km radius of Gweru and Lupane towns and
then picking on specific stations, by name and/ or co-ordinates. Climate variables
included in the dataset for each station include temperature (minimum, maximum and
mean; mean dew point); precipitation amount; mean station pressure and mean sea level

pressure; wind speed and visibility. Measurements of these variables are in imperial units,
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so for this study units of temperature and rainfall were converted to metric units, degrees

Celsius and millimetres, respectively.

The data exchange programme under the World Meteorological Organization (WMO)'s
World Weather Watch Program guides provision of these data by the NCDC, according
to WMO Resolution 40 (Cg-XII) (Global Daily Weather Data from the National Climate
Data Center, http://www.ncdc.noaa.gov/oa/ncdc.html; and Global Summary of Day data
set, http://gosic.org/ios/MATRICES/ECV/ATMOSPHERIC/SURFACE/ECV-GCOS-
ATM-SURFACE-airpressure-GSOD-data-context.htm).

Before it is made available, original data are subjected to rigorous automated quality
control checks (Global Daily Weather Data from the National Climate Data Center,

http://www.infochimps.com/datasets/global-daily-weather-data-from-the-national-

climate-data-center-; Smith et al., 2011). Quality control checks performed include

validity checks; extreme value checks; internal (within observation) consistency checks
and external (versus another observation for the same station) consistency test (Smith et
al., 2011). Smith ef al. (2011) also state that temperature and precipitation are among the
parameters most extensively validated. The WMO (2011) provides a detailed description

of these quality control checks.

2.2.2. Brief description of STARDEX

STARDEX was developed by the European Commission, to compare changes in
frequency or intensity of extreme weather events between current and future climates. It
is Dos-based and has two elements, a Fortran subroutine extremes_indices that calculates
indices for a given location and a program station indices that uses the Fortran
subroutine to process station data in a standard input format (STARDEX Diagnostic
Extremes Indices Software User Information,

http://www.cru.uea.ac.uk/projects/stardex/deis/Diagnostic_tool.pdf).

The extreme climate indices are computed on a seasonal and annual basis for most
indices and the default seasons are JJA (June, July and August), SON (September,
October, November); DJF (December, January and February) and MAM (March, April

and May), but these can be modified in station_indices file to suit user needs if necessary.
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In STARDEX, indices can be computed from a file despite containing missing values,
but the user has to specify the percentage of missing values permissible. The software
also allows the user to specify the minimum number of days for which a percentile value
should be calculated. The default is set at 15 days. Details of the climate indices
computed and analyzed for presence or absence of trends and seasons considered in this

study are explained in chapter 3.

2.3. Baseline study to establish current agronomic practices and coping/adaptation
strategies used by smallholder farmers in Lower Gweru and Lupane communal

areas (Chapter 4)

Current agronomic practices, constraints to crop production as well as coping/adaptation
strategies of farmers in the study area were established using both quantitative and
qualitative methods. Methods used to collect data include secondary data (Bless and
Higson-Smith, 2000), semi-structured interviews (Bless and Higson-Smith, 2000; Mason,
2004; Flick, 2006; Gill et al., 2008; Newton, 2010) with agricultural extension personnel,
structured interviews (Fowler, 1998; Bless and Higson-Smith, 2000; Mason, 2004;
Punch, 2005; Gill et al., 2008; Newton, 2010) with heads of households and Focus Group
Discussions (FGDs) (Steward and Shamdasan, 1998; Flick, 2006; Gill et al., 2008;
Harrell and Bradley, 2009). A total of 48 farmers (four farmers per village) were selected
for detailed household interviews, using random systematic sampling from household
lists that were obtained from village headmen. FGDs were also held with farmers from
the same wards and villages with five (5) farmers randomly selected from each village
bringing the total number per discussion group per ward to 15. A questionnaire was
developed and tested for the household survey while checklists were prepared for the
FGDs. In FGDs farmers were grouped by ward and gender. Methods of data collection in
FGDs included brainstorming, time charts, matrix scoring and ranking (Chambers, 1994;
Sutherland, 1998). FGDs focusing on farming systems, opportunities and challenges,
were carried out during October 2008 while those focusing on climate variability and
change were carried out during January and February 2009 (Fig. 2.3). Household
interviews were conducted at the same time as the second FGDs to solicit data on

agronomic systems and practices, constraints to crop productivity as well as coping and
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adaptation strategies used by farmers. Frequency distribution graphs were mainly used to
present quantitative data, while findings on qualitative data were narrated. Team
members who participated in the 2008 FGDs included Chagonda, I; Makuvaro, V;
Masere, P; Mubaya, C and Mutsvangwa, E, while, Chagonda, [; Makuvaro, V; Masere, P;
Munodawafa, A and Murewi, C participated in the 2009 FGDs and farmer interviews.

2.4. Simulation of maize yields under different climate and agronomic scenarios,
using the Agricultural Production Systems sIMulator (APSIM) model (Chapter
5)

The Agricultural Production Systems sIMulator (APSIM) (McCown et al., 1996; Keating
et al.,2003) version 7.1 was used to simulate and compare maize (Zea mays) yields under
different climate and agronomic scenarios for Lower Gweru. The model comprises crop,
environment and management modules which interact together to simulate agricultural
systems (McCown et al., 1996). Modules used to simulate the different agronomic and
climatic scenarios include APSIM-Maize, Soil water module (SOILWAT), Soil N
module (SOILN), Surface Organic matter module (SURFACEOM), Climate module and

the Management module.

Maize is the staple food crop in Southern Africa. In Zimbabwe the crop is grown by more
than 95% of subsistence farmers (Chiwenga, 2010) under rain-fed conditions. Of the total
cereal area in Zimbabwe, maize constitutes of 75% (Smale and Jayne, 2003) and about
98% of the total maize area is under hybrid seed (Eicher, 2000 cited by Chiwenga, 2010).
The per capita consumption of maize in this country is about 120kg per year (Smale and
Jayne, 2003). The crop was therefore chosen for the study because of its contribution to
household and national food security as well as income generation. Hybrid rather than
traditional open pollinated varieties were considered because they are the most widely

grown varieties in the study area.

2.4.1. Model input data
Input data required by the APSIM model include daily climate data (maximum and
minimum temperature; solar radiation and rainfall), cultivar genetic characteristics, soil

characteristics as well as crop and soil management data. Meteorological data used in this
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study were those for Thornhill Gweru station (latitude -19.45° S, longitude, 29.85 ° E and
altitude of 1 429m) (Climate Handbook of Zimbabwe, 1981). The maize cultivars used
were an early maturing variety SC403 and a late maturing variety SC709. SC403 is the
variety grown by most of the smallholder farmers in Lower Gweru, which is a fairly dry
area, whereas SC709 is currently grown under irrigation and to a lesser extent under rain-
fed production in high rainfall areas of Zimbabwe. SC403 belongs to the same Seedco
cultivar category, the 400 series, as SC401. The crop module in APSIM has descriptions
of SC401which has parameters very similar to SC403 (Mupangwa et al., 2011a; Tumbo
et al, 2012). Similarly, the parameters of SC701 described in APSIM, are similar to
those of SC709 which belongs to same cultivar category Seedco 700, as SC709. Hence
parameters of SC401 and SC701 included in APSIM, were selected to describe the
varieties SC403 and SC709, respectively. Soil parameters used were those of a soil
typical of Mdubiwa ward, in Lower Gweru (See Tables 5.3a and 5.3b in section 5.2.8).
Planting was set to occur at the first opportunity when 20 mm of rainfall was received in
5 days (Dimes et al., 2008). Soil N, soil water and residues were reset to initial
conditions, before the start of the sowing window of each year. Simulation management
details used, are provided in chapter 5. Maize yield and soil water balance components
were simulated under current climate as well as future climate. For the current climate,
carbon dioxide (CO;) concentration was set at 370 ppm and temperature and rainfall
changes were both set at zero. Future climate scenarios considered were based on the
IPCC (2007b) A2 scenario projections (described in section 1.1.1 and in Appendix I).
Two possible future climates were considered with combination of temperature and

rainfall changes (Table 2.3).

Future climate scenarios were created by using the "Climate control" module in APSIM
to perturb temperature and rainfall of the current climate by +3°C for temperature and by
-10% and -15% for rainfall and by setting CO, concentration at the required level of

532ppm.

2.4.2. Variables reported on and frequency of reporting
The model was set to report selected variables on a seasonal time step. The reported

variables included total biomass, stover yield, grain yield, days to physiological maturity,
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in-crop rainfall, seasonal rainfall, surface runoff, soil evaporation, drainage and available
soil water at planting.

Table 2.3. Climate scenarios used to establish climate change effects on crop

productivity
Climate name Description
Current climate — Temperature change of 0°C

— Rainfall change of 0% and

— CO; concentration of 370ppm
Future climate 1 — Temperature change of +3°C
— Rainfall change of -10% and
— CO; concentration of 532ppm
Future climate 2 — Temperature change of +3°C
— Rainfall change of -15% and
— CO; concentration of 532ppm

2.4.3. Model sensitivity analysis

A sensitivity test was conducted by simulating maize yield under varying temperature
and rainfall change magnitudes as well as under varying CO, concentrations. The test
was done to determine the range of effects of projected climate change on maize yield in
the smallholder farming sector of Gweru District, in Zimbabwe. Five temperature shifts
(0; +0.5; +1.5; + 2.5 and 3.5 °C) and six rainfall shifts (0; -5%; -10%; -15%; -20%; and
+5%) were considered. The simulations were run under four CO, concentrations namely,
370, 490, 580 and 700 ppm. Details of the simulations (management practices and other

input data) are outlined in section 5.2.5.

2.5. Opinions of smallholder farmers in Lower Gweru communal area to projected

future climate and possible adaptation strategies (Chapter 6).

Smallholder farmers in Mdubiwa and Nyama wards of Lower Gweru area were engaged
in discussions on climate change effects on agriculture. To facilitate the discussions,
simulated maize yield and soil water balance components under different climate and
agronomic scenarios, were shown and explained to farmers. Interactions with the farmers
were made during FGDs held with the farmers over one and a half days. The FGDs were
facilitated by three researchers namely, Dimes, John; Makuvaro, Veronica and Masere,

Phillip. The aim of the FGDs was to seek farmers' views on the envisaged climate change
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projections for southern Africa, by 2050 and to establish any barriers to the adoption of

identified adaptation strategies to climate change.
2.5.1. Farmer selection

A total of 36 farmers were selected from Mdubiwa and Nyama wards, with six farmers
being selected from each of the selected villages in the two wards (Table 2.1). The
farmers were selected using systematic random sampling from a list of 100 households
for each village. Farmers were then asked to categorize themselves into three wealth
groups, the "rich", "intermediate" and "poor", using criteria that they had suggested and
agreed upon. Wealth ranking is a tool used widely in Participatory Rural Appraisal (PRA)
(Jules et al., 1992; Mearns et al., 1992; Chambers, 1994; Loader and Amartya, 1999;
Swathi Lekshmi et al., 2008). Criteria farmers used to group themselves in the three
categories included cattle ownership, ownership of farming implements, access to labour
and general appearance and/or condition of the homestead. Other researchers have used
similar criteria for wealth ranking, examples being Swathi Lekshmi et al. (2008) in
Namakkal district of Tamil Nadu, India and Ncube et al. (2009) in Tsholothslo, western
Zimbabwe. A rich farmer was considered to be one with at least five head of cattle and
with good access to either own or hired labour, owning brick houses with asbestos or zinc
sheet roof and having at least a mouldboard plough and a cart. A poor farmer, on the
other hand, was considered as one with zero or one animal and without any farming
implements except a hand hoe. The poor farmer also normally provided labour for the
rich and had poorly constructed buildings at the homestead, usually one to two grass-

thatched huts.

2.5.2. Materials presented to farmers

To bring farmers to the same level (some farmers had participated in previous
IDRC/CCAA climate project activities, while others had not), researchers gave a recap of
the IDRC/CCAA climate change project activities that had been carried out in the wards
since 2008 (Fig. 2.2). The farmers were provided with a summary of results of a survey
carried out to establish farmer perceptions on climate change and variability during 2008

(Mubaya, 2010; Mubaya et al., 2012) and were asked whether they agreed or disagreed

27



with those perceptions (Fig. 2.3). Climate (temperature and rainfall) projections for
southern Africa by 2050 (A2 scenario) as provided by the IPCC (2007b), were then
presented to the farmers. Researchers also presented APSIM simulated maize yields
under current and future climates (Fig. 2.4 and 2.5). Simulated water balance components
under conventional ploughing, mulch and basin were also shown to the farmers. This was
done to help farmers appreciate the possible effect of climate change on the most

commonly grown crop, maize and the benefits of using soil and water conservation

practices.

Fig. 2.2. Researcher Veronica Makuvaro outlining Fig. 2.3. Researcher, John Dimes capturing
previous IDRC activities in study area to farmers' views on perceptions of climate
farmers variability

Cmn  be 5%‘--,,‘ l’llshn‘{,

o {Con T MREL TaSpAE o
Fig. 2.4. Part of sketch diagram used to explain Fig. 2.5. Farmers comparing outputs from
concept of a model to the farmers APSIM model
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2.5.3. Information solicited from farmers

Farmers were asked to give their opinion on the possible impacts that climate change
could have on their farming operations, based on the climate scenarios presented with
temperature and rainfall changes. They were also asked to suggest how they could reduce
possible negative impacts or capitalize on any positive impacts that they had mentioned.
Researchers then asked farmers whether or not they could readily adopt three strategies
that could help reduce impacts of climate change. They were asked to provide reasons for
readiness or non-readiness to adopt the strategies. The strategies discussed were: use of
long season maize varieties, mulch and planting basins. Choice of growing long season
maize varieties as a strategy was based on the researcher's finding from crop simulation
modelling that there was less reduction in maize grain under climate change when a long
season maize variety was used compared to a short season variety. The other two
strategies were selected based on what farmers had suggested as adaptation strategies to
climate change and these strategies are also components of conservation agriculture
which is being promoted in the study area. Some examples of research work done on

these aspects of conservation agriculture in Zimbabwe and other

Farmer responses were captured through brain storming and by letting the farmers
respond to specific questions in groups formed according to the criteria described in

section 2.5.1 (see Figs. 2.6 and 2.7).

Fig. 2.6. A woman farmer giving her Fig. 2.7. Farmers seeking consensus for their
contribution during a brain storming response to a question
session
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Individual informal interviews were also conducted with two farmers to get their views
on possible adoption of the three selected strategies. One of the interviewed farmers was
from Mdubiwa Ward and the other from Nyama Ward. They were interviewed at their
homesteads, from which the researcher could observe and confirm some of the farmers'
responses. Details of the farmers' demography and their responses are presented in

chapter 6.
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CHAPTER 3

TRENDS IN EXTREME PRECIPITATION AND TEMPERATURE INDICES
FOR BULAWAYO IN SOUTH-WESTERN ZIMBABWE

3.1 Introduction

The subject of climate change is topical across the globe as there is growing scientific
evidence that climate change is taking place (IPCC, 2007b). Climate change is
characterized by increased temperature across regions, changes in precipitation, rise in
sea level and increased frequency and intensity of climate extremes such as spells of high
temperature, droughts and heavy storms (IPCC, 2007b). According to IPCC (2007b),
global surface temperature has increased by about 0.74°C between 1906 and 2005.
Meanwhile, global models project further increases in magnitudes of change in the afore-

mentioned climate variables (Groisman et al., 2005; IPCC, 2007b).

Changes in climate have an impact on natural and human systems. Most natural resource
based sectors in the world, for example, fisheries, forestry, water resources management
and agriculture are influenced by climate and hence any changes in climate are likely to
impact on these sectors as well as natural processes such as evaporation and transpiration.
It is, thus, vital to establish trends in climate variables as this will guide the nature of
climate-related decisions and adaptation strategies employed by various stakeholders. In
most developing countries the need to establish these trends is even more critical since
these countries' economies are heavily dependent on rain-fed agriculture and the
livelihoods of the majority of populations in these countries are agricultural-based
(Rosegrant et al., 2002; Louw et al., 2007). In Africa, the need to establish climate trends
is also quite pertinent given that Africa is deemed one of the continents most vulnerable
to the effects of climate change (Adger, 2003; Kurukulasuriya et al., 2006; Challinor et
al., 2007; IPCC, 2007a; Barrios et al., 2008; Mertz et al., 2009).

A number of authors including Mason et al. (1999), Groisman et al. (2005) and New et
al. (2006) suggest that climate change can be better perceived through changes in

extreme climate events rather than mean climate conditions. To this effect, Mason et al.
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(1999) emphasize the need for analyses to detect changes in climate variables to focus on
frequency and intensity of extreme events rather than on mean climate changes. This
argument stems from the observation that discernible changes in frequency and intensity
of extreme events may occur when there are only small changes in mean climate
(Groisman et al., 2005). Chamaillé-Jammes et al. (2007) also highlight the masking
effect of high climate variability on long-term climate, a factor which may render some
statistical methods based on mean climate change, inappropriate. Groisman et al. (2005)
also state that in comparison to annual mean changes, changes in climate extremes are

likely to be detected more easily, in future climate changes.

According to Seneviratne et al. (2012) a climate extreme can be defined as “the
occurrence of a value of a climate variable above (or below) a threshold value near the
upper (or lower) ends of the range of observed values of the variable.” Thus, climate
extremes can be probability or threshold-based (Groissman, 2005; Seneviratrie et al.
2012). Apart from the statistical definition, climate extremes can also be defined based on
the extent of their impacts (McElroy and Baker, 2012; Seneviratrie et al. 2012).The
analyses carried out in this study are based on the statistical definition rather than impacts

of extreme climate.

Extreme precipitation and temperature events have negative impacts on human life as
they can destroy infrastructure and cause loss of lives. They also negatively affect
agricultural productivity and availability of water resources. Heavy precipitation may,
however, be beneficial particularly with respect to recharging both surface and
underground water sources. Many global, regional and country studies have been carried
out to investigate extreme climate trends, (for example: Mason et al., 1999; Haylock and
Nicholls, 2000; Brunnetti et al., 2001; King'uyu et al., 2000; Oikonomou et al., 2010;
Klein-Tank and Konnen, 2003; Schmidli and Frei, 2003; Groisman et al., 2005; Moberg
and Jones, 2005; Schmidli and Frei, 2005; Alexandrov et al., 2006; New et al., 2006;
Aguilar et al., 2009; Ivanova and Alexandrov, 2012; Dimri and Dash, 2010; Mazvimavi,
2010; Mohsin and Gough, 2010, Huho et al., 2012)
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Studies on trends of temperature extremes in parts of Africa, including southern Africa
(Zimbabwe included), western and central Africa show increasing trends for warm
extremes and decreasing trends for cold extremes (New ef al., 2006; Aguilar et al., 2009),
suggesting a warming trend for these regions. For Zimbabwe, Unganai (1997) also
established net warming temperature trends at national level for the period 1933 up to
1993 and for Bulawayo and Harare stations for the period 1897 up to 1993. Mean
maximum temperatures were increasing while mean minimum temperatures were
decreasing over the country while for the most urbanized and industrialized cities, both
mean maximum and minimum temperatures were increasing. New et al. (2006) showed
significant positive trends for some extreme precipitation indices (average wet day
precipitation; annual maximum 1-day precipitation and maximum consecutive dry days),
for some stations in southern and western Africa. They also established increasing trends
in heavy precipitation in southern and eastern parts of Southern Africa for example, south
eastern Botswana, southern Malawi, southern Mozambique, South Africa as well as south
and eastern Zimbabwe and decreasing trends for northern Botswana, Namibia and
Zambia. However, for four stations, Chipinge, Bulawayo Goetz, Harare Belvedere and
Harare Kutsaga in Zimbabwe, New et al. (2006) found no significant trends in extreme
rainfall amounts or events, although mean wet day precipitation and maximum
consecutive dry days showed positive trends. Similar results of non-significant trends in
extreme rainfall in Zimbabwe were obtained by Aguilar ef al. (2009), Conway et al.
(2009) and Mazvimavi (2010). Contrary to these findings, Unganai (1996) established
declining mean rainfall amounts over Zimbabwe for the period 1900-1994 while Love et
al. (2010) also found decreasing rainfall trends for the northern part of the Limpopo
basin, (in Zimbabwe), where stations used in the analyses had at least 30 years of data
and the period covered ranged from 1921-2003. Groisman et al. (2005) found an
increasing trend in annual frequency of very heavy precipitation for the eastern part of
South Africa during the period 1906-1997. They also established an increasing trend in
very heavy precipitation amount particularly for the period 1967-1997, for the same area.
The objective of this chapter, is to establish trends in extreme temperature and rainfall
using existing historical climate records for Bulawayo Airport meteorological station

located in the south-western part of Zimbabwe.
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3.2. Materials and Methods

Extreme temperature and rainfall indices for Bulawayo Airport meteorological station,
WMO ID number 679650, were examined for significant trends. The station was selected
as it is almost equidistant from the two study districts, Gweru and Lupane, being
approximately 164 km from Gweru and 170 km from Lupane towns which are the district
centres of the two districts respectively (Fig. 3.1). Bulawayo Airport station was also
selected because its climate record is likely to be most accurate since it is located at the
airport where climate records need to be accurately and regularly taken for aviation
purposes by skilled personnel. The station was also selected because for the period of
analysis used (1978-2007) no major changes in instrument exposure (type of shelter for
instruments) took place (Unganai, 1997; Unganai, 2009 - personal communication).The
station is at an altitude of 1326masl, latitude of 20.017°S and longitude of 28.617°E. It
lies in Natural Region (NR) IV which receives annual rainfall in the range 450-650 mm
(Vincent and Thomas, 1962), with mean annual temperature range of 30.5-35 °C
(Muchadeyi et al., 2007). NR IV also experiences mid-season dry spells and droughts.
The climate record used is for the period from 01/07/1978-31/12/2007 and the period
1978-1987 was used as the base period.
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Fig. 3.1. Location of Bulawayo Airport station and districts where study was conducted.
Source: Department of Geography and Environmental studies of the Midlands
State University in Zimbabwe

3.2.1. Data used

Daily maximum, minimum and mean temperature were used to compute the different
extreme temperature indices, while daily rainfall data were used to compute rainfall
indices.

Climate data used were obtained from the Global Summary of the Day (GSOD) data set
available from the U.S National Oceanic and Atmospheric Administration (NOAA)’s
National Climate Data Centre (NCDC) (http://www.ncdc.noaa.gov/oa/ncdc.html) (see

section 2.2.1 for details). These data, which are derived from synoptic observations
transmitted over the Global Telecommunications System (GTS) have also been used by
other researchers (e.g. Oikonomou et al., 2008; Aguilar et al, 2009; Oikonomou et al.,
2010) to determine climate trends. This data source was used because it is readily

available on-line and for Zimbabwe, the national Zimbabwean meteorological services, is
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obliged by the WMO, under the WMO resolution 40(Cg-XII) to provide data to the
NCDC, thus the source of the NCDC data is the Zimbabwean Meteorological Services
Department. The data from the NCDC have already passed through quality control
(Smith et al., 2011; Global Daily Weather Data from the National Climate Data Center,

http://www.infochimps.com/datasets/global-daily-weather-data-from-the-national-

climate-data-center) and details on quality control performed on the data are provided in

section 2.2.1 of Chapter 2.

It was observed that mean daily temperature data extracted from the NCDC database,
were higher than the actual value calculated from the daily maximum and minimum

temperature values by about 0.5 to 1.5°C. However, in this study, mean values were

replaced by the calculated mean value, imgx*Timin)

Extreme temperature and rainfall indices were computed and their linear trends
established, using the Statistical and Regional dynamic Downscaling of Extremes for
European regions (STARDEX) software version 3.3.1, described in section 2.2.2. The
minimum number of days for which a percentile was calculated was 15 and the fraction
of non-missing data for the computation of indices was set at 80%. The indices were
calculated on seasonal as well as annual bases and significance of trends was tested using
the Kendall-Tau's test (Kendall, 1975; Haylock 2004). STARDEX software has been
widely used in Europe the region for which it was primarily developed for (e.g.
Anagnostopoulou et al., 2003; Haylock and Goodess, 2004; Hundecha and Bérdossy,
2005; Moberg and Jones, 2005) and also elsewhere in South America (Haylock et al.,
2006), Asia (e.g. Choi, 2004) and the Mediterranean region (Oikonomou et al., 2008;
Oikonomou et al., 2010). Its previous applications in Africa, including Zimbabwe, are
limited. However, developers of the STARDEX software have expressed their intention
to extent the use of STARDEX for downscaling of climate projections to southern and
western Africa (Goodess, 2007). Other software such as CLIMDEX, have been used to
study trends in extreme climate in parts of Africa, including Zimbabwe, (e.g. New et al.,
2006; Aguilar et al., 2009). Several researchers including Moberg and Jones (2005), New
et al. (2006) and Mazvimavi, 2010), have used the Kendall-Tau test to analyze trends in

climate. The advantage of the Kendall-Tau test is that it is a non-parametric test and thus
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does not require the assumptions of a normal distribution of the climatic data (Mohsin

and Gough, 2010).
3.2.2. Temperature indices

The STARDEX default seasons are DJF (December, January, and February), MAM, JJA
and SON and temperature index calculations were made for these seasons as they
represent summer, autumn, winter and spring seasons respectively, with summer and
winter being the more pronounced seasons in Zimbabwe. The temperature indices used
(Table 3.1) were aimed at establishing whether the historical data for Bulawayo Airport
station showed significant trends. This was done by considering trends in both cold and
warm extremes, an approach similar to that used by previous researchers for example,

Klein-Tank and Konnen, 2003; New ef al.(2006) and Aguilar et al. (2009).

Table 3.1. STARDEX-derived indices used to determine trends in temperature extremes
for Bulawayo Airport station (Adapted from Haylock, 2004)

Index name Description / Formula

txql0 10th percentile of maximum temperatures (for base period)
txq90 90th percentile of maximum temperatures

tnq10 10th percentile of minimum temperatures

tng90 90th percentile of minimum temperatures

txf10 % days Tmax < 10th percentile:

If Tx; is the daily maximum temperature at day i of period j and Tx;,10 is the
calendar day 10th percentile for a specified period. Then txf10 is determined as
the percentage of time when Tx;;<Tx;,10

txf90 % days Tmax > 90th percentile:

If Tx;; is the daily maximum temperature at day i of period j and Tx;90 is the
calendar day 90th percentile for a specified period. Then txf90 is determined as
the percentage of time when Tx;;>Tx;,90

tnf10 % days Tmin < 10th percentile:

If Tnj is the daily minimum temperature at day i of period j and Tn;,10 is the
calendar day 10th percentile for a specified period. Then tnf10 is determined as
the percentage of time when Tn;;<Tny,10:

tnf90 % days Tmin > 90th percentile:

If Tnj is the daily minimum temperature at day i of period j and Tn;j,90 is the
calendar day 90th percentile for a specified period. Then tnf90 is determined as
the percentage of time when Tn;>Tn;;,90

trav Mean diurnal temperature range:
Yio1(Txy; — Tny)
Trangemean = I ,
where Tx is daily Tmax and Tn is daily Tmin and Iis total days for period j.
trq10 10th percentile of diurnal temperature range
trq90 90th percentile of diurnal temperature range
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3.2.2.1. Cold extremes

Four temperature indices considered for cold extremes were extreme low day temperature
represented by the 10th percentile of daily maximum temperature (#xq10); extreme low
night temperature which is represented by the 10th percentile daily minimum temperature
(tnq10), frequency of cold days (#xf10) which is represented by percentage of days with
daily maximum temperature less than the 10th percentile maximum temperature and the
frequency of cold nights (#nf10) which is represented by percentage of days with
minimum temperature less than the 10th percentile of minimum (see Table 3.1 for

definition of indices).
3.2.2.2. Warm extremes

Four indices that were used to depict warm extremes were the warmest day temperature
which is represented by the 90th percentile maximum temperature (zxg90), the warmest
night temperature which is represented by the 90th percentile minimum temperature
(tnq90), frequency of days warmer than the 90th percentile maximum temperature (zxf90)
and the frequency of nights warmer than the 90th percentile minimum temperature

(tnf90) (see Table 3.1 for definition of indices).
3.2.2.3. Diurnal temperature range (DTR)

Trends in the diurnal temperature range were also established and the associated indices
used were the mean diurnal temperature range (trav), the 10th (rq10) and 90th (trq90)

percentile of diurnal temperature range (see Table 3.1 for definition of indices).
3.2.3. Precipitation indices

In contrast to the temperature indices, precipitation indices were computed for the OND
(October, November, December); JFM; AMJ and JAS rather than the default STARDEX
seasons. The seasons were modified in the "station indices" file of STARDEX. These
seasons were used to capture the first half (OND) and second half (JFM) of the summer
rainfall season in Zimbabwe as the rainfall season is often described according to these

two parts. This is for comparison purposes as most analyses of the rainfall season in
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Zimbabwe and the southern African region, particularly routine seasonal rainfall
forecasting, are based on these two-three months periods. Extreme rainfall indices
considered (Table.3.2) included those pertaining to rainfall amount received per day for
example 90th (pq90) percentile of rain day amounts and Simple Daily Intensity (pint);
those concerned with frequency of rainfall events above particular thresholds, e.g.
number of events with precipitation amount greater than long term 90™ percentile (pnl90)
and those that measure proportion of rainfall from rainfall events above a given threshold,
e.g. percentage of total rainfall from events greater than long term 90™ percentile (pf190).
Indices concerned with occurrence and persistence of dry and wet spells, for example

mean spell length and the standard deviation of the spell lengths were also considered.

Table 3.2. Description of precipitation indices used in establishing precipitation trends

for Bulawayo Airport station (Adapted from Haylock, 2004)

Index name | Description Formula
pq90 90th percentile of rain day amounts
(mm/day)
pq95 95th percentile of rain day amounts
(mm/day)
Pxcdd Maximum number of consecutive | Let R; be the daily precipitation amount for day i of
dry days period j. Then pxccd is counted as the largest number of
consecutive days where:
Rjj < wet day cut-off (wet day cut -off used in this study
was 1.0mm)
Pxcwd Maximum number of consecutive | Let Rij be the daily precipitation amount for day i of
wet days. period j. Then pxcwd is counted as the largest number of
consecutive days where: R;; > wet day_cut-off
Ppww Mean wet-day persistence. It is If totalPwwj is the total number of consecutive wet days
the ratio of consecutive wet days to | for period j and totalPwj is the total number of wet days
total wet days for a given period. for period j. Then the mean wet-day persistence is given
by:
Pwwj = totalPwwyj / totalPwj
Ppdd Mean dry-day persistence. It is If totalPddj is the total number of consecutive dry days
the ratio of consecutive dry days to | for period j and totalPdj is the total number of dry days
total dry days for a given period for period j. Then the mean dry-day persistence is given
by:
Pddj = totalPddj / totalPdj
Ppcer Correlation for spell lengths r= Pwwj-(1-Pddj), where Pwwj and Pddj are wet and dry
day persistence for period j, respectively.
Pwsav Mean wet spell length (days) If {xi, i=1... n}is the time series of the totals of wet spell
lengths for period j. Then:
n
Mean of wet spell lengths = lz X;
=
Pdsav Mean dry spell length (days) If {xi, i=1... n} is the time series of the totals of dry spell
lengths for period j. Then :
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n
1
Mean of dry spell lengths = ;Z X;

i=1

Pwssdv Standard deviation wet spell length 1 &
(days) Stddev.wet spell length = le(xi —x)?
n i=1
Pdssdv Standard deviation dry spell length 1 &
(days) Stddev.dry spell length = le(xi — x)?
n i=1
pfl90 Percentage of total rainfall from | Let R;be the sum of daily precipitation amount for period
events > long term 90" percentile | j and let R, be the daily precipitation amount on wet day
w (R> 1.0mm) of period j and Ry,,90 the 90th percentile
of precipitation on wet days in the specified period. Then
pfl90 is determined as:
w
-1 Ryj
pf190 = Zw=1Ruj ,where Ry; > Ryn90
J
pnl90 No. of events with precipitation | Let Ry, be the daily precipitation amount at wet day w
greater than long-term 90" (R>1.0mm) at period j and let R,,90 be the 90th percent
percentile. precipitation at wet days in the specified period. Then
pnl90 is determined as the percentage of days when R,,; >
Ryn 90
Pint Simple Daily Intensity (rain per | Let R,; be the daily precipitation amount for wet day w
rainday in mm). (R >1.0mm) of period j, Then the mean precipitation
amount at wet days is given by:
w
1
Simple daily intensity = W Z Ry,
w=1
px5d Greatest 5-day total rainfall (mm) Let Ry be the precipitation amount for the 5 day interval

k of period j, where k is defined by the last day, for
example for the October-December season, the last day is
day 92. Then the maximum 5 day values for period j are:
RXSJ = max(Rkj).

Use of extreme indices was guided by the idea that under climate change, extreme events

such as floods and droughts are likely to intensify in both magnitude and frequency

(IPCC, 2007b) and that changes in climate are better discerned from extreme events

rather than average climatic conditions. Groisman et al. (2005), define a "heavy"

precipitation event as that which exceeds the 95th percentile value, "very heavy" as that

which exceeds 97th percentile and extreme precipitation event as that which exceeds 99th

percentile value for the particular station. In their study of climate extremes for central

40




and western Europe, Moberg and Jones (2005), describe the 90th percentile value as a
moderately heavy precipitation and Seneviratne et al. (2012), note that the 90th percentile
is a commonly used threshold value for heavy precipitation in precipitation extremes
studies. In this research work, one threshold was used for "extreme" rainfall, namely the
90th percentile value, to represent heavy precipitation. Heavy and very heavy
precipitation events as represented by the 90th and 95th percentile of rainfall amounts,
have an implication on flooding (Mason et al., 1999), although it may be difficult to link
them directly to floods (Groisman ef al., 2005). On the other hand frequency and duration
of dry (wet) spells may also have an implication for the occurrence of droughts (floods).
Heavy precipitation, droughts and mid-season dry spells often have negative impacts on
agricultural production and ecosystems in general, in arid and semi-arid areas. Hence the

need to establish trends in these particular climate variables.

In this study, a wet day was defined as one with a rainfall amount greater than or equal to
1.0 mm, whereas a dry day was taken to be one with rainfall less than 1.0 mm. This
threshold has also been used in other dry and wet spells studies (e.g. Sivakumar 1992 for
west Africa; Tilya and Mhita, 2007 for Tanzania). Other thresholds that have been used
include 0.25 mm of daily rainfall (e.g. Sawa and Ibrahim, 2011 for northern Nigeria) and
5 mm (e.g. Sivakumar, 1992 for west Africa; Vicente-Serrano and Begueria-Portugués,

2003 for Ebro valley in Spain; Mupangwa et al., 2011a for Zimbabwe).
3.3. Results and Discussion
3.3.1. Trends in temperature

3.3.1.1. Mean seasonal and annual temperatures for Bulawayo Airport station for the
period 1978-2007

The mean temperatures presented are for the period 1978 to 2007, which is the period

over which trends for extreme low and high temperatures as well as extreme precipitation

were examined in this chapter. The source of the climate record used is the

NCDC/NOAA described in Section 3.2.1 of this chapter and in chapter 2. Mean seasonal

temperature for Bulawayo ranges from 9.10 to 17.20°C with lowest temperatures being

experienced during winter (JJA) and highest temperatures during mid-summer (DJF)
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(Fig. 3.2). The mean annual temperature is 13.80°C. Mean maximum temperatures (mean
Tmax) are highest in spring (SON)(29.50°C ) and lowest in winter (JJA)(25.70 °C)(Fig.
3.2), with a mean annual Tmax of 27.7 °C. The mean Tmin is highest during mid-summer
and spring (22.90 °C) and lowest during winter (16.70 °C) with an annual mean value of
20.70°C. Thus, hottest day-time temperatures occur during spring while night-time
temperatures are highest during the mid-summer season. Both day-time and night-time
temperatures are lowest during winter. The resultant mean diurnal temperature (DTR) is
highest for winter (9.02 °C) and lowest for mid-summer (5.74 °C), while the mean annual

DTR is 6.92°C (Fig. 3.2).
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Fig. 3.2. Mean seasonal and annual temperatures for a) maximum and minimum
temperature and b) mean temperature and diurnal temperature range for
Bulawayo Airport station for the period 1978-2007 (error bars represent standard
error)

3.3.1.2. Trends in cold extremes

Trends for all seasons namely, winter (JJA), spring (SON), mid-summer (DJF) and
autumn (MAM) are positive for the extreme low night temperature (10th percentile of
daily minimum temperature, tngl/0) (Table 3.2). Except for the trend during spring
(0.64°C/decade), trends for the coldest night temperature are similar for the other seasons,

being about 0.25 °C/decade. The annual trend is also positive (0.29 °C/decade).
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Except for mid-summer (DJF), seasonal and annual (Ann) trends are also positive for the
extreme low day temperature (10th percentile of daily maximum temperature, txqi0).
The greatest increase in txg/0 occurs during autumn (0.55 °C/decade), while the annual
trend is 0.34 °C/decade. Increasing trends in both #xq/0 and tnql0 are consistent with

warming. However, none of the trends for these indices is significant (p>0.05).

The frequency of cold nights (nights with minimum temperature < 10" percentile
minimum temperature, ¢nf10) is negative for Ann and all seasons, except autumn
(MAM), also consistent with warming. The greatest decrease in number of cold nights
(1.40% days in a season/decade) though non-significant, occurs in spring and this
decrease is equivalent to a decrease of 1.27 days in a season/decade. The trend for the
year is -0.90% days/decade (-3.29 days/decade). The trends in frequency of cold nights
are, however, not significant (p>0.05). There are mixed trends for frequency of cold days
(days with maximum temperature < 10th percentile maximum temperatures, #xf10), with
winter and spring exhibiting negative trends, while mid-summer, autumn and annual
trends show positive trends. The greatest positive trend (1.10% days/season/decade)
which is equivalent to an increase of one day/season/decade which occurs during mid-
summer and the greatest decrease of 0.40% days/season/decade occurs during winter.
Negative trends are consistent with warming and positive trends with cooling. However,

none of the trends in frequency of cold days is significant (p>0.05).

Similar trends of increasing cold day and cold night temperatures and decreasing
frequency of cold days and cold nights have been established by other researchers; for
example, Kruger and Shongwe (2004) found significantly negative seasonal and annual
trends in number of cold nights (0°C<Tmin<15°C) and in number of cold days
(Tmax<15°C) for some coastal and central interior stations of South Africa, for the period
1960-2003. They also established significantly positive seasonal and annual trends in
hottest day and coldest day temperatures, for this period. Similarly, New et al. (2006)
noted significantly positive annual trends in both the coldest day temperature (10th
percentile maximum temperature) (0.27°C/decade) and coldest night temperatures (10th
percentile minimum temperature) (0.18°C/decade) averaged over southern Africa and

west Africa during the period 1961 to 2000. For the same period (1961-2000), New et al.
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(2006) also found significant decreases in number of cold days and cold nights for
southern Africa and west Africa. Aguilar ef al. (2009), however, found no annual trends
in coldest day temperature for Zimbabwe (average for seven stations across the country,
including Bulawayo Goetz station), but significantly positive trends for Guinea
(0.23°C/decade) and western central Africa (0.13°C/decade) during 1955 to 2006. Annual
trends for the coldest night temperature were positive but non-significant (p>0.05) for
Zimbabwe (0.02°C/decade) and Guinea (0.04°C/decade), while the trend was positively
significant for western central Africa (0.23°C/decade) (Aguilar et al. 2009). Findings by
Aguilar et al. (2009) show a significantly negative annual trend in frequency of cold days
(-3.83 days/decade) and cold nights (-1.24 days/decade) for Zimbabwe compared to no
annual trend in frequency of cold days and non-significant negative annual trend (-2.19
days/decade) in frequency of cold nights obtained for Bulawayo Airport station, in this
study, for the period 1978-2007. For stations across central and western Europe (northern
hemisphere), Moberg and Jones (2005) also found warming trends for cold extremes

during the period 1901-1999.

The variance in magnitude of trends for some of the cold extremes, between results
obtained in this study and those obtained by other researchers for some countries or
regions in Africa, particularly for Zimbabwe are most likely due to the differences in
periods of analyses used as trends may vary with time as well as due to spatial coverage.
Unganai (1997), in his study of surface temperature variation in Zimbabwe over the
period 1897-1993, for instance, noted that there were two distinct warming phases over
this period namely the 1930s to 1940 and then the 1980s onwards. Klein-Tank and
Konnen, (2003) (for Europe over the period 1946-1999) and Kruger and Shongwe (2004)
(for coastal and central interior stations of South Africa over the period 1960-2003) and
Mohsin and Gough (2010) (for Toronto region in Canada for 31-162 years, depending on
station) also illustrate the changes in pattern and degree of warming or cooling over
different time periods within a given climate record. Whereas only one station was
considered in this study, other studies looked at averages over countries or regions.
Indices averaged over stations in a given geographical area may show different trends
from individual station values (New ef al., 2006), particularly if the stations are located in

different climate zones or are at different latitudes and elevation.
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3.3.1.3. Trends in warm extremes

Trends in hottest day-time temperature (zxg90) and hot day frequency (% days in a season
or year with Tmax > 90th percentile Tmax, #xf90) are positive (Table 3.3; Figs. 3.3 &
3.4), consistent with warming day-time temperatures. With the exception of trends in
hottest night temperature (zng90) for mid-summer and in hot night frequency (% days
with minimum temperature greater than the 90th percentile (znf90) during Autumn, which
are negative (Table 3.3), trends in tng90 and #n90 are also positive (Figs. 3.3 and 3.4),
consistent with warming night-time temperatures. Trends in hottest day-time temperature
and in hot day frequency are significant during winter, spring and Ann (p<0.05). Thus,
for Bulawayo, warming is evident for day-time temperature during winter, spring and
Ann, with the greatest seasonal increase in hottest day temperature of 0.92°C/decade and
greatest increase in % of days with Tmax > 90th percentile of 7.00% days/decade
occurring during winter (Table 3.3; Figs. 3.3 & 3.4). The 7.00% increase in frequency of
hot days during the winter season, corresponds to an increase of 6.44 days in a
season/decade. The annual trend for the hottest day temperature is +0.52°C/decade, while
the trend in annual frequency of hot days is +4.50% which is equivalent to +16.40

days/decade.

Trends in hottest night-time temperature and frequency of hot nights are significantly
positive (p<0.05) during spring (0.49°C/ decade) and winter (4.60% days/decade),
respectively (Table 3.3; figs. 3.3 & 3.4). The 4.60% increase in frequency of hot nights
corresponds to an increase of 4.23 days in a season/decade. Annual trends, though
insignificant, for hottest night-time temperature and frequency of hot nights are +0.38
°C/decade and +2.80% days/decade (+10.00 days in year per decade), respectively (Table
3.3 & Fig. 3.3).
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Table 3.3.Trends for warm extremes indices for Bulawayo Airport meteorological station
over the period 1978-2007

Index description Index Season
code DJF MAM JJA SON Ann
90th percentile of Tmax
(°C / decade) txq90 | 0.189 0.323 *0.923 *0.647 | *0.518
% days with Tmax >txq90
(%/decade) txf90 4.500 2.500 *7.000 | *5.900 | *4.500
90th percentile Tmin
(°C / decade) tnq90 | -0.081 0.040 0.447 *0.491 0.382
% days with Tmin > 90th
percentile Tmin (%/decade) | tnf90 1.600 -0.700 *4.600 4.200 2.800
"Significant at p<0.05
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Fig. 3.4. Change in frequency, per decade of a) hot days and b) hot nights for Bulawayo
Airport station, during the period 1978-2007

The generally positive trends in warm extremes, obtained in this study are consistent with
increasing trends in both extreme hot day and hot night temperatures as well as in
frequency of both hot days and hot nights established for Southern Africa (including
Zimbabwe) and west Africa by New et al. (2006) for the period 1961-2000, although in
this study, trends in extreme hot night temperatures and frequency of hot nights are not
significant (p>0.05) for most of the seasons and Ann. The results are also supported by
Aguilar et al. (2009) who established similar trends for Western Africa, Guinea and
Zimbabwe for the period 1955-2006. For Zimbabwe, however, Aguilar et al. (2009),
found positive, but non- significant trends for the extreme hot day temperature, extreme
hot night temperature and for frequency of hot nights. They, however, found a
significantly positive trend in frequency of hot days for Zimbabwe (1.86% days in
year/decade, an equivalence of about 6.79 days/decade) for period 1955-2006. This
frequency is much lower than the annual trend of about 16.40 days per decade obtained in
this study for Bulawayo Airport station. The discrepancy is probably due to differences in
analyses periods used and due to the fact that in the former study the indices were
averaged over seven stations in different parts of the country whereas, in this study only
one station located in a fairly hot region was considered. Averaging has the effect of

smoothing out single station climatic characteristics which are dictated by factors such as
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elevation, landscape position and topography (Lundquist and Cayan, 2007). Moberg and
Jones (2005) also found warming trends for warm extremes for stations across central

and western Europe during the period 1901-1999.

This study established that warming, particularly in day-time temperatures, is most
evident and of greatest magnitude during the winter season followed by the spring
season. Similarly, Unganai (1997) established that the greatest increase in mean
maximum temperature for Zimbabwe (national level) occurred in winter for the period
1933 to 1993 and in autumn and winter for Harare and Bulawayo (Goetz) stations.
Mohsin and Gough (2010) also found winter to be the most consistent season in showing
significant temperature increases, for the Greater Toronto region (Northern hemisphere)
over 31-162 years depending on length of station record. For most of the coastal and
interior stations of South Africa, however, Kruger and Shongwe (2004) found autumn to
be the season consistently showing evidence of greatest warming while least warming

occurred during spring for the period 1960-2003.

3.3.1.4. Trends in diurnal temperature range (DTR)

Trends in mean DTR (trav)

All seasonal and annual trends for the mean diurnal temperature range are positive, with
the winter season showing the strongest trend (1.07°C/decade) and mid-summer the
weakest (0.03 °C/decade) (Table 3.4). The annual trend is 0.26 °C/decade. However,
except for the trend in winter which is significantly positive (p=0.05), the trends are not
significant (p>0.05) (Table 3.4). Seasonal and annual trends for both mean Tmax and
mean Tmin are positive, with winter, spring and annual trends being significant for mean
Tmax (p<0.05) (Table 3.4 and Fig. 3.5). Mean Tmin also shows a significantly positive
trend of 0.39°C/decade (p<0.05) during spring (Table 3.4 and Fig. 3.5). For each season,
mean Tmax shows a relatively greater increase than the mean Tmin over the analysis
period (Fig. 3.5), with the greatest increase in mean Tmax of 1.457°C/decade occurring
during winter (Fig. 3.5) and greatest increase in mean Tmin of (0.39 °C/decade) occurring

during winter and spring. Thus, there is an overall increase in diurnal temperature range
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across all seasons, namely mid-summer (DJF), autumn (MAM), winter (JJA) and spring

(SON).

Trends in10" percentile diurnal range (trq10).

The smallest difference between mean Tmax and mean Tmin (10" percentile diurnal
range, trql0) shows an increasing trend for all seasons and Ann, except for mid-summer
which has a negative trend. The greatest increase (0.115°C/decade) occurs during winter

(JJA). None of the trends is, however, significant (p>0.05) (Table 3.4).

Trends in 90™ Percentile Diurnal Range (trq90)

The greatest difference between mean Tmax and mean Tmin (90" percentile diurnal
range, trq90) shows an increasing trend for all seasons and for Ann, with Autumn having
the greatest increase (0.26 °C/decade) (Table 3.4). However, none of the trends is
significant (p>0.05).

Table 3.4. Trends for diurnal temperature range indices for Bulawayo Airport stations
over the period 1978-2007 (°C/decade)

Index description Index Season
code DJF MAM JJA SON Ann

Mean  diurnal  range

(°C/decade) trav 0.031 0.258 *1.068 | 0.086 | 0.258
10th percentile diurnal

temperature (°C/decade) | trql0 -0.088 0.091 0.115 0.096 | 0.022
90th percentile diurnal

temperature (°C/decade) | trq90 0.086 0.262 0.138 | -0.062 | 0.022
Mean minimum

temperature (°C/decade) | tnav 0.081 0.113 0.388 | *0.387 | 0.262
Mean maximum

temperature (°C/decade) | txav 0.111 0.371 *1.457 | *0.475 | *0.521

"Significant at p<0.05
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Fig. 3.5.Trends in mean maximum and minimum temperatures over the period 1978-
2007, for Bulawayo Airport station

Overall, the least difference (10th percentile diurnal temperature range - trql0) and
greatest difference (trq90) between daily maximum and minimum temperature, as well as
the mean diurnal temperature show positive trends, indicating an increase in diurnal
temperature. This is contrary to the findings of most research work on global diurnal
temperature trends, which have suggested decreasing trends, largely due to greater
warming for daily minimum temperatures compared to maximum temperatures (e.g. Karl
et al., 1993, Horton, 1994, Dai et al., 1999, Easterling et al., 1997 and Price et al., 1999
for the period ranging from 1951 to the early 1990s and Geerts, 2003 for the period 1968
to 1996 and IPCC, 2007b for the period 1950-2004). Decreasing trends could also be due
to daily minimum temperatures decreasing at a slower rate than daily maximum
temperatures (Karl et al., 1993; Easterling et al., 1997). For Bulawayo Airport, however,
both mean maximum and minimum temperatures show positive trends during the period
1978-2007. However, the annual maximum temperature is warming at a rate twice that of
minimum temperature while the greatest seasonal difference in warming between mean
maximum and mean minimum temperatures occurs in winter, where the maximum

temperature increases at a rate 3.75 times that of the minimum temperature (Fig. 3.4).
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Thus, the resultant DTR is positive. An increasing trend in diurnal temperature range
obtained in this study for Bulawayo Airport station, though not statistically significant, is
consistent with New et al. (2006)'s findings that, although there were inconsistencies in
diurnal temperature range trends over southern and west Africa, trends for Zimbabwe,
Zambia and Mozambique were largely positive. Aguilar et al. (2009) also established that
the annual diurnal temperature range for stations across Guinea and Zimbabwe were
slightly increasing and the trends were significant for Zimbabwe (0.11°C per decade),
while Hulme et al. (2001), also established an increase in mean diurnal range of 0.5 to 1.0
from 1960 to 1997, for Zimbabwe. For stations in coastal and interior central South
Africa, Kruger and Shongwe (2004) found mixed positive and negative trends for DTR.
A similar pattern of mixed trends was also established for Eastern Africa, particularly
south of 5° S, due to wide variability among stations with respect to minimum
temperatures (Kinguyu et al., 2000). However, for the northern part of this region, DTR
showed a decreasing trend due to night-time warming and day-time cooling. For India,
Rai et al. (2012) found increasing annual trends in DTR during the period 1901-2003,
while for Europe Makowski et al. (2008) show a reversal of trends in DTR, from
negative to positive over the1950 to 2005 period. Since global warming is associated with
greater increases in night-time temperatures compared to day-time temperatures, the
temperature increases particularly for day-time temperatures, noted for Bulawayo Airport
station may not be due to climate change effects per se. Other factors that may lead to
temperature changes for a given locality include changes in land surface cover,
urbanization and industrialization as well as changes in cloud cover (e.g. Karl et al.,
1993; Unganai, 1997; Dai et al., 1999; Braganza et al., 2004; Zhou et al., 2009; Mohsin
and Gough, 2010).

Positive trends in DTR obtained for Bulawayo Airport, are also consistent with trends
established for non-urban area stations, compared to trends for urban stations where the
DTR shows a decreasing trend (e.g. Kruger and Shongwe, 2004 for coastal and interior
stations in South Africa; Mohsin and Gough, 2010 for the greater Toronto region in
Canada). Negative trends in DTR have been attributed to greater warming for night-time
temperatures than for day-time temperatures due to the greenhouse effect caused by

urbanization and industrialization effects in urban areas. Unganai (1997) found greater
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warming in night-time temperatures than day-time temperatures for Harare and Bulawayo
(Goetz station) the two largest cities in Zimbabwe during 1893-1993. In this study,
Bulawayo Airport station did not show such evidence of urbanization and
industrialization effects, presumably because it is located on the outskirts of Bulawayo
city rather than within the city like Bulawayo Goetz station. These results are supported
by Kruger and Shongwe (2004) who showed that in South Africa most stations located at
the airports, being on the outskirts of major cities were not affected by urbanization and

industrialization effects.

Temperature has effects on agricultural and natural ecosystems and hence a significant
change in this climate variable will affect these systems: For example, grain crops, which
are the major food crops and source of income in many parts of the world, have
temperature thresholds above which yields will drop (Hitz and Smith, 2004) and
Schlenker and Roberts (2009) established this threshold to be 29°C for maize. In their
review of model-based analyses of climate change effects on crop yields, Hitz and Smith
(2004), concluded that there were increasing adverse global effects beyond temperature
increases of 3-4°C, while Lobell and Field (2007) established that maize, wheat and
barley yields across the globe have been adversely affected by global warming, since
1980. The UNFCCC (2007) also estimated that rain-fed crop yields could be halved by
2020 in some countries in Africa, as a result of the combined changes in temperature and
rainfall. Higher temperatures, particularly in winter, could also lead to increased
occurrence of pests (Sombroek and Gommes, 1996; Rosenzweig et al., 2001; Tubiello et
al., 2007). Some climate change studies have estimated combined and/or single factor
effects of changes in temperatures, precipitation and CO, concentrations effects on crop
yield losses (e.g. du Toit et al., 2000; Schlenker and Lobell, 2010; Dimes et al., 2008),
and on availability of water resources (e.g. Arnell, 1999; Love et al., 2010). For
Zimbabwe, Makadho (1996) found a reduction in maize yield due to climate change for
stations in four of the five Natural Regions of the country. Using data from Bulawayo
Goetz station (Western Zimbabwe) Dimes ef al. (2008), also found a decline in both
cereal (maize and sorghum) and legume (groundnut and pigeon pea) crops due to climate
change, with temperature having the greatest grain yield reduction of as high as 25% for

the staple crop, maize. Positive trends in temperature will require strategies such as
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breeding for varieties with higher temperature tolerance level or thresholds (e.g. Abrol

and Ingram, 1996; Hitz and Smith, 2004; Decoteau, 2005) to be put in place.

Changes in DTR may affect crop growth, for example through effect on the balance
between respiration and photosynthesis. Higher night temperatures, for example, may
increase dark respiration thereby reducing net-biomass production (Sombroek and
Gommes, 1996). There seems to be different views on the degree to which DTR may
influence crop growth and development: For example whereas Roberts and Summerfield
(1987) suggest that the mean DTR, within levels of base temperature and optimum
growth temperature, is the most important factor influencing flowering compared to
separate day and night temperatures, for annual crops; Phillips ef al. (2011) found that
asymmetric warming (greater increase in Tmin than Tmax - synonymous to an increasing
DTR) did not have an effect on photosynthesis and respiration of a grassland ecosystem
containing species native to Oregon, USA. They concluded that change in mean
temperature alone was sufficient to affect growth and development of the grassland
species (Phillips ef al., 2011). However, in this study, it is only the trend in mean DTR
for the winter (JJA) season which was significant (p=0.05). Thus, the effect of a changing
DTR in Zimbabwe, may have an influence on crop growth and development of irrigated

winter crops such as wheat and barley.
3.3.2. Trends in precipitation

3.3.2.1. Mean precipitation for Bulawayo over the period 1978-2007

The rainfall season in Zimbabwe extends from October to March and in this study,
changes in extreme rainfall indices were considered on a seasonal (JFM, AMJ, JAS and
OND) and annual basis. In this section mean rainfall conditions at Bulawayo during the
first half (OND) and second half (JFM) of the summer rainfall season are described, for
the period 1978-2007. Mean precipitation indices considered in this study indicate
generally wetter conditions for the JFM season than for the OND season (Table 3.5).
Mean daily rainfall amount (all days in a season considered) (pav) and mean daily rainfall
per rainy day (pinf) are of about similar magnitude being between 2-3 mm and between

10-12mm/day respectively for the two seasons, with JFM having slightly higher daily
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rainfall amount (Table 3.5, Fig. 3.6). The highest amount of rainfall received over five

days (px5d) is significantly higher for JFM than for OND (Fig. 3.6).

Mean dry spell is longer for OND than for JFM, being about 9 days and 5 days
respectively for the two seasons. However, the mean wet spell length is about the same
duration (approximately two days/season) for OND and JFM seasons (Fig. 3.7). The
longest dry (wet) spells are about equal in duration for the two seasons, being about 17
(4) days (Fig. 3.7). Dry days show greater persistence (ratio of consecutive dry days to
total number of dry days in a season) than wet days (ratio of consecutive wet days to total
number of wet days in a season), for both seasons, with OND having greater (lower) dry-
day (wet-day) persistence than JFM (Fig. 3.7), signifying generally drier conditions for
Bulawayo. Standard deviation for dry and wet spell lengths show that there is greater
(lower) variability in dry (wet) for the OND than JFM season (Table 3.5 and Fig. 3.7),
implying that dry (wet) spell lengths during the first half of the rainfall season (second

half of the season) can be predicted with relatively less (greater) certainty.
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Table 3.5. Mean annual precipitation indices for Bulawayo for the period 1978-2007

Index Season
Rainfall index code JFM AMJ JAS OND | Ann
Mean  daily  rainfall
amount (mm) pav 2.90 0.51 0.24 2.15 1.44
Simple rainfall intensity
(rain per rainy day) mm | pint 12.26 9.28 13.77 | 10.14 | 11.38
90™ percentile of rainday
amounts (mm/day) pq90 28.22 - - 2221 | 27.22
Maximum number of
consecutive dry days pxcdd | 1830 | 40.17 | 49.38 | 16.90 | 68.93
Maximum number of
consecutive wet days pxewd | 4.67 1.86 0.72 3.63 5.13
Mean dry-day persistence

ppdd 0.79 0.94 0.99 0.91 0.92
Mean wet-day
persistence ppww 0.43 0.38 0.06 0.35 0.42
Mean wet spell length
(days) pwsav 1.81 1.80 0.63 1.59 1.71
Mean dry spell length
(days) pdsav | 4.62 11.69 | 2248 | 871 | 9.08
Standard deviation wet | pwssd
spell lengths (days) v 1.20 0.92 0.02 0.80 1.12
Standard deviation dry
spell lengths (days) pdssdv 4.11 10.47 23.64 10.26 14.39
% total rainfall from
events > 90" percentile pfl90 0.30 0.19 0.10 0.34 0.39
No. events > 90th
percentile pnl90 2.16 0.45 0.19 1.87 4.99
Greatest  5-day  rain
amounts (mm) px5d 83.48 32.57 12.88 65.92 | 102.81
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Fig. 3.6. Mean rainfall intensity for Bulawayo for period 1978-2007 a) daily intensity and
b) greatest amount of rainfall received in 5 days (px5d) for the summer

3.3.2.2. Trends in heavy precipitation

Trends in long term 90th percentile of rain day amounts (pq90)

The 90th percentile of rainy day amounts (pg90) shows an increasing trend during the
rainfall season being 0.103 mm/rainy day/decade for OND and 4.168 mm/rainy
day/decade for JFM. Indices for the dry season (AMJ and JAS were not computed
because the rainfall data for these seasons did not meet the non-missing data
requirements). The annual trend, was negative being -0.263 mm/rainy day/decade and the
negative trend is due to the fact that both the wet and dry seasons are considered. All the
trends are, however, not statistically significant (p>0.05). Thus, there is no evidence of
heavy rainfall during the rainfall season as well as for the whole year, for the period

1978-2007.

56



20 Edry spell Bwet spell a) —20 B dryspell @ wet spell b)
- [7.]
£ 18 %18
& )
] 16 =16
= ]
3 14 %14
2
a5t . .12
g 210 3 10
> =8 =8
[} 6 T 3
z = Z
- ] —
©
(7} 2 ED 2 I
2 0 T 1 3 0 T —_
OND M OND JFM
Rainfall season Rainfall season
14 c) d)
2 T ! 9 1.0 )
Fw g 0.9
— L 08 |
= °
$ 10 0o 07
Q o S
@ g o '90.6
ey > 0.5
T T T ©
< 6 - T =04 - —
4+ =
g £ 03 - —
3 4 o
S > 02 - ——
o (V]
32 = 01 —
& o 0.0 . ,
: ' OND M
OND JFM
Rainfall season Rainfall season
Wdry spell Dwet spell Wdry day Owet day

Fig. 3.7. Characteristics of wet/dry spells for Bulawayo during 1978-2007 a) mean spell
length, b) longest spell, c) standard deviation mean spell length and d) wet/dry-
day persistence for summer months

Trends in number of events with precipitation greater than the long-term 90th (pnl90)

The trend in number of events with rainfall amount exceeding the 90th percentile of the
1978-2007 period is negligible for all seasons and Ann, with JFM showing a positive
trend of 0.833events /decade. The other seasons and Ann have negative trends ranging
between -0.020 for Ann and 0.213 for OND. None of the trends is, however, significant
(p>0.05). Therefore, there is no evidence of change in frequency of heavy precipitation

events for Bulawayo, during the period 1978-2007.

Trends in percentage of total rainfall from events greater than the long term 90th
percentile (pfl190)
Similar to trends in pnl/90, trends for the percentage of total rainfall from events greater

than the long term 90th percentile (pf190) show an inconsistent pattern across seasons
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with JFM, AMJ and Ann having positive trends, while JAS and OND show negative
trends. The greatest increase of 7.60% per decade occurs during JFM, while the greatest
decrease of 3.90% per decade occurs during JAS. During the first half of the rainfall
season (OND), a decrease of 3.00% occurs while the annual (Ann) trend is +2.00% per
decade. Both seasonal and annual trends are, however, not significant (p>0.05). Lack of
significant trends in pfI90 is an indicator for no change in extreme rainfall amounts and/or

frequency of heavy rainfall events.

The general lack of statistically significant trends in heavy precipitation is consistent with
New et al. (2006) who found increasing but non-significant regionally (southern and west
Africa, including Zimbabwe) averaged trends for heavy precipitation, for the period 1961
to 2000. For Zimbabwe, they found a significant increase in pg95 for only one station
(Beitbridge, located in a very dry area south of the country) out of the four stations they
considered for this country. New et al. (2006) also found non-significant, positive trends
in total rainfall from heavy events for the southern Africa and west Africa region.
Similarly, Aguilar et al. (2009), found non-significant increases in heavy precipitation for
stations in Zimbabwe, but found decreasing trends in heavy precipitation for Central
Africa for the period 1955 to 2006. The results obtained in this study are also supported
by Conway et al. (2009), who noted a stable rainfall series between 1931-1960 to 1961-
1990 for the Zambezi and Okavango river basins in Southern Africa, represented by
Victoria Falls and Mohembo rainfall stations, respectively. Mazvimavi (2010) also found
no evidence of changes in heavy seasonal and annual precipitation as well as in medium
and low precipitation for 40 stations across Zimbabwe during varying periods (start
period of 1892-1941 to 2000) for the different stations. For Bulgaria, Alexandrov et al.
(2006) and Ivanova and Alexandrov (2012), also found generally weak and insignificant
extreme precipitation trends for the 20th century. On the contrary Unganai (1996) using
linear regression methods, based on means, found significant decreases in average
rainfall across Zimbabwe for period 1900-1993. The differences between Unganai
(1996)'s findings and results obtained in this study could be due to different times series
considered in the analyses and the spatial coverage he used across Natural Regions. For
some regions and other countries, increasing trends in extreme precipitation have,

however, been established, for example; Mason et al. (1999) established increases in
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intensity of heavy rainfall events for stations in South Africa between 1931-1960 and
1961-1990, while Groisman et al. (2005) found a significant increase in the proportion of
total precipitation from heavy precipitation events for the USA and increase in the
frequency of very heavy precipitation for South Africa during the period 1906-1997.
Moberg and Jones (2005) also found significant increases in heavy precipitation during
the winter season for Central and western Europe for the period 1901-1999. Heavy
precipitation has implications on flooding. Communities around Bulawayo are thus at

low risk of flooding, as trends in heavy precipitation are not significant.

3.3.2.3. Trends in daily and short-term rainfall intensity

Trends for rainfall received per rainy day (pint) are weak and positive during the rainfall
season with the first half of the season (OND) showing a decrease of 0.090 mm/decade
and the second half (JFM) a decrease of 0.960 mm/decade). Trends for the drier seasons,
AMIJ and JAS are however negative, being -1.550 and -1.910 mm/decade, respectively.
This implies that the dry seasons are getting drier, with respect to amount of rainfall
received during these seasons. The season AMJ is, however, relatively wet as the rainfall
season sometimes extends into April, while JAS is typically dry with light showers
("guti" weather) experienced during the main winter months (June and July). The annual
trend is -0.380 mm/decade. Both seasonal and annual trends are, however, non-
significant (p>0.05). Negative/positive trends in pint indicate that the mean rainfall
amount for Bulawayo Airport station increased (decreased) during the rainfall season
(dry season) though insignificantly, over the analysis period (1978-2007). Similarly, New
et al. (2006) found increasing trends in daily rainfall intensity for most of the stations in
southern Africa and west Africa although only few of the stations had significant trends.
Unlike with individual stations, averaged trends (over the southern Africa and west
Africa region) were significantly positive for the daily rainfall intensity (New et al.,
2006). Results for trends in daily rainfall intensity, are supported to an extent by Tadross
et al. (2009) who found limited spatial consistency for trends in this index, with only a
few stations showing significant trends in Malawi, Mozambique, Zambia and Zimbabwe,
over varying periods, depending on station (rainfall data records used varied from 1900-

2005).

59



The trend in greatest amount of rainfall received during five days (px5d) is negative for
all seasons and Ann, being -6.250, -10.580, 5.990, -3.00 Oand -13.100 mm/decade for
JEM, AMIJ, JAS, OND and Ann, respectively. None of the trends are, however,
significant (p>0.05). In their analysis of rainfall extremes, New et al. (2006) found mixed
annual trends in px5d for four stations in Zimbabwe, and found a significant negative
annual trend in px5d for only one station, Belvedere, in north of the country. They
however, found non-significant positive trends for the regionally (southern and west
Africa) averaged trends. Cumulative rainfall over short-term periods (five days in this
case) may have implications for flooding (Achberger and Chen, 2006). The negative
seasonal and annual trends in this index for Bulawayo may therefore be an indicator for
reduced risky of flooding during the 1978-2007. Negative trends in this index could have
implications on timing and effectiveness of operations such as planting, fertilizer
application and weed management operations since timing and success of these
operations are heavily influenced by soil moisture availability and/or absence of rainfall

in short term periods.

3.3.2.4. Trends in dry spells

Trends in mean dry and wet spell lengths

Over the period 1978-2007, there is a decreasing trend in mean dry spell length (pdsav)
during all seasons except OND which has a positive trend (Fig. 3.8). The annual trend is
also negative (-0.62 days/decade). The greatest decreases occur during the dry season
being -3.28 and -2.69 days/decade for AMJ and JAS, respectively. For the rainfall season,
a decrease of 0.51 days/decade occurs during the second half of the season (JFM), while
an increase of 0.16 days/decade occurs during the first half of the season (OND). All
seasonal trends except for AMJ (part of dry season) and the annual trend are, however,
not significant (p>0.05) (Fig. 3.8). Whereas there were contrasting (negative and
positive) and non-significant trends during the first and second halves of the rainfall
season in this study, findings from Tadross et.al. (2009), show increases in mean dry
spell length over Zambia, Malawi and Zimbabwe during the rainfall season. The
significant trend in pdsav obtained for part of the dry season (AMJ) in this study, may
have limited value with respect to dry spell effects on agricultural productivity. However,

as suggested by New et al. (2006), a decreasing trend in dry spell length in such a case,
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may imply lengthening of the rainfall season. This is because AMJ is the season
immediately after the main rainfall season and a decrease in pdsav is likely to be due to
rains extending into April, thereby lengthening the rainfall season. Thus, for Bulawayo,
there is an indication of lengthening of the rainfall season, for the period 1978-2007 due
to a decrease in dry spell duration post the main rainfall season. In fact, rains normally
extent to April although compared to March, the rainfall amount received during April is
often lower. The extended rainfall season, may allow farmers to consider growing later
maturing varieties, provided other rainfall conditions remain unchanged. An extended
rainfall season could also lead to deterioration of grain quality due to effect of late rains

on the mature crop.

Similar to the trends in mean dry spell length, trends in mean wet spell length (pwsav) are
also negative for all seasons except OND. The annual trend is also negative (-0.05
days/decade). The greatest seasonal decrease of 0.29 days/decade occurs during AMJ
while during JFM the decrease is 0.11 days/decade and during OND, the increase in
pwsav is only 0.04 days/decade. None of the trends is, however, significant (p>0.05).

Trends in maximum consecutive dry days (longest dry spell) (pxcdd) are negative for
JFM (-1.27 days/decade) and AMJ (-5.33 days/decade), but positive for JAS (4.30
days/decade), OND (3.20 days/decade) and Ann (2.76 days/decade). The trend for OND
is significant (p=0.013), while trends for the other seasons and Ann are not significant
(p>0.05) (Fig. 3.9). Similar to the increase in longest dry spell length obtained in this
study, significantly positive trends in longest dry spell duration were also established for
the southern Africa and west Africa region (regionally averaged trends), although
individual stations in this region, showed non-significant positive trends during 1961-
2000 (New et al., 2006). For the longest wet spell (pxcwd), there are decreasing seasonal
and annual trends, with the greatest decrease of 0.87 days/decade occurring during the
second half of the rainfall season and the least decrease (-0.03 days/decade) during the
first half of the season. The annual trend is -0.48 days/decade. None of the trends in
pxcwd are, however, significant (p>0.05). New et al. (2006), also found a decreasing but
non-significant annual trend for the longest wet spell length for Bulawayo Goetz station,

which is about 25km from the Bulawayo Airport station. New et al. (2006) also found
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positive, though non-significant trends for three other Zimbabwean stations they
considered in their analyses, while Aguilar et al. (2009) also found positive but non-

significant trends averaged over eight stations in Zimbabwe, for the longest wet spell.

Extended periods of dry (wet) conditions may indicate likelihood of getting droughts
(floods) in an area. Hence for Bulawayo, the likelihood of getting droughts during OND
season for the period 1978-2007 was high. The increase in duration of the longest dry
spell during the first half of the rainfall season (OND) signifies drying conditions. Dry
conditions have an implication on agricultural productivity, particularly on rain-fed
cropping in areas such as Bulawayo, which are already dry. Such changes during the first
half of the rainfall season (OND) impact negatively on crop establishment, as
germination and emergence percentages may be low, leading to poor crop stands. An
increase in duration of the longest dry spells also has implications on water availability
for other purposes, including irrigation, fisheries as well as livestock and human

consumption.

Drying conditions as depicted by increasing trends in dry spell length call for farmers to
embark on or strengthen existing coping strategies such as rain water harvesting and/or
mulching technologies (e.g. Mupangwa et al., 2006; Oweis and Hachum, 2006; Ibraimo
and Munguambe, 2007; Ibraimo, 2009; Ali et al., 2010; Rockstrém, 2010; Bunclark
and Lankford, 2011) and perhaps growing short season crops and/or varieties. As noted
by Bunclark and Lankford (2011) and in chapter 4 of this thesis, there is need to review
adoption of water conservation technologies among small holder farmers and this is
particularly important in Zimbabwe and other parts of Africa, where adoption rates have

been established to be low.
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Fig. 3.9. a) Change in duration of longest dry spell and b) trend in longest dry spell
during OND over the period 1978-2007, for Bulawayo Airport station

Trends in standard deviation for mean dry and wet spell lengths

The standard deviation for dry spell length (pdssdv) shows decreasing trends for JFM (-
0.35 days/decade), AMJ (-0.78 days/decade) and for Ann (-0.23 days/decade), while
trends for JAS and OND are positive, being 1.05 and 0.83 days/decade respectively. All
the trends are, however, not significant (p>0.05). For the wet spell length, the standard

deviation (pwssdv) shows negative trends for Ann and for all seasons, except OND. The
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greatest decrease in pwssdv of 0.20 days/decade occurs during the second half of the
rainfall season (JFM), while the annual trend is -0.09 days/decade. The trend is +0.01
days/decade for the first half of the rainfall season (OND). Thus, trends in standard
deviation of the mean spell lengths are generally weak, particularly for the wet spell
length. All the trends are also not significant (p>0.05). Hence there is no evidence of
change in year to year variability in both mean dry and wet spell lengths. Thus, during the

rainfall seasons, wet and dry spell lengths can be predicted with unchanged certainty.

Trends in mean dry-day and wet-day persistence

Trends for the ratio of the number of consecutive dry days to the total number of dry days
in a season (dry-day persistence, ppdd) are negative for JFM (-3.10% per decade), AMJ
(-0.60% per decade) and for Ann (-0.10% per decade). These trends translate to decreases
in consecutive dry days of 2.79, 0.55 and 0.37 days/decade for JFM, AMJ and Ann,
respectively. For JAS and OND the trends are positive being 0.60% or 0.55 days and
1.00% or 0.92 days/decade respectively. The trends are, however, not significant
(p>0.05). Except, for JAS, seasonal and annual trends in ratio of the number of
consecutive wet days to the total number of wet days in a season (wet-day persistence,
ppww) are negative. For the rainfall season, it is JFM which has the greater decrease in
wet day persistence (-3.78 days/decade) compared to OND which has a decrease of 0.18
days/decade. The decrease during AMJ is 5.37 days/decade, while the annual trend is -
8.76 days/decade. The trend is +0.64 days/decade for JAS. Similar to dry-day persistence,
the trends for wet-day persistence are not significant (p>0.05), indicating that there is no
evidence of change in probability of getting consecutive dry and wet spells during the
period 1978-2007, for Bulawayo. However, the correlation for wet and dry spell lengths
(ppcr) for the JEM season as given by: ppww-(1-ppdd), has a significantly negative trend
(p=0.032), the trend being -0.073/decade (Fig. 3.10). Trends in both consecutive dry and
wet days are negative and this is also reflected in the correlation for spell lengths. This
suggests that rainfall is becoming more intermittent during the second half of the rainfall

season (JFM period) (Goodess, 2013 - personal communication).
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Fig. 3.10.a) Change in correlation for spell lengths and b) Trend in correlation for spell
lengths during JFM over the period 1978-2007 for Bulawayo Airport station

Related to findings in this study, Mupangwa et al. (2011a) found no significant changes
in number of wet days during the rainfall season, for stations in the Mzingwane
catchment in southern Zimbabwe, for varying periods ranging from 50-71 years and
covering the years 1921-2008. On the contrary, Tadross et al. (2009) found significant
decreases in frequency of wet days, during the rainfall season for Zambia, Zimbabwe and
Malawi. These results are at variance probably because in Tadross et al. (2009) most of
the stations considered for Zimbabwe are in the northern and eastern parts of the country
where rainfall amounts are relatively high compared to stations used in Mupangwa ef al.
(2011a) and Bulawayo Airport used in this study located the southern and western parts
of the country. Differences in observed trends could also be due to different periods of

analyses.
3.4. Conclusion and Recommendations
3.4.1. Trends in extreme temperature

Trends in both cold and warm extreme indices indicate that warming took place during
the period 1978 to 2007, for Bulawayo Airport area, south of Zimbabwe. The warming is
more evident from warm extremes than from cold extremes and it is extremes in day-time
rather than in night-time temperatures where most significant increases in temperature

occur. Significant and greatest warming mostly occurs during the winter (JJA) and spring
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(SON) seasons. Trends in night-time temperatures do not show evidence of the
greenhouse effect due to global warming, as they are not warming any faster than day-
time temperatures, hence the positive changes in temperature established for Bulawayo,
may not be due to climate change per se. Urbanization and industrialization effects on

temperature appear not to influence temperatures around the Bulawayo Airport area.
3.4.2. Trends in extreme precipitation

Trends for heavy rainfall, show no evidence of change over the period 1978-2007, for
Bulawayo. There is no evidence of change in mean rainfall amounts as indicated by lack
of trends in mean daily rainfall amount (all days in season or year considered) or in daily

rainfall amount per rainy day.

Mean dry and wet spells do not change significantly during the rainfall season and for the
whole year. However, for the period April to June, the period following the second half
of the major rainfall season, the trend in mean dry spell length is significantly negative.
The longest dry spell has a significantly positive trend for the first half of the rainfall
season, signifying drying conditions for this period. Farmers should prepare for such
conditions, by resorting to crops and varieties that are adapted to drier conditions, early
planting to allow the crop to use any available rain water and using moisture conservation
techniques. Results from analyses of trends in extreme rainfall indices, also show no
evidence of change in variability in both mean dry and wet spell duration. In addition, the
probability of getting consecutive dry or wet days does not change significantly over the
analysis period, 1978-2007, for Bulawayo. However, during the second half of the
rainfall season (JFM) the correlation for wet and dry spells shows a significantly negative

trend confirming the negative trends for both consecutive wet and dry days.

There is temporal variation in direction and significance of the trends for some of the
precipitation indices considered in this study, between the two halves of the rainfall
season (OND and JFM). Examples are fraction of total rainfall above annual 90th
percentile (pf90), duration of longest dry and wet spells and the variability in wet spell
length.
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Trends in temperature and rainfall extremes that were obtained for Bulawayo are to a
large extent, consistent with findings from other past research work, although there may
be differences in magnitude of the trends. In future work, the researcher intends to
consider more stations in the southern and western parts of the country, where rainfall is
already limiting agricultural productivity, to improve validity of results obtained. Trends
in extreme temperature indices also need to be established for several stations throughout
Zimbabwe. The analysis period should ideally be extended to the current year, if data are

available.
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CHAPTER 4

CURRENT AGRONOMIC PRACTICES, CONSTRAINTS AND COPING
STRATEGIES OF SMALLHOLDER FARMERS IN LOWER GWERU AND
LUPANE COMMUNAL AREAS

4.1. Introduction

Farming is the major livelthood of most rural households in Zimbabwe. These
households practice mixed farming, comprising animal rearing and production of crops,
with crop production being confined to summer (FAO, 2006). Most of the arable land
available to these rural farmers is allocated to food crops, and this is particularly so in the
more marginal areas of the country for example in Natural Regions IV and V (FAO,
2006). Cereal crops are the major crops with maize being the staple crop. The majority of
the rural population belongs to the smallholder farmer category, which comprises farmers
in communal, resettlement and co-operative areas. The second broad category of farmers
in the country is the large scale commercial farmers, who differ from smallholder farmers
in the type of land ownership, scale of operation and the level of inputs they use. There is
also an intermediate category, the small scale commercial farmers who operate on
relatively smaller farms compared to the large scale commercial farmers, but like the
large scale farmers they have title deeds to the land they use. Following the land
redistribution exercise which started around 2000, however, the size of the large scale
commercial farming sector has decreased, while more land is now being cultivated by

smallholder farmers.

The target group for this study is the smallholder farmers in the traditional communal
areas of Gweru and Lupane districts of Zimbabwe. The majority of communal areas in
this country lie in low agricultural potential regions, III, IV and V, where more than 80%
of the rural population lives (FAO, 2000). Agricultural potential decreases from region I
to V and a detailed description of these regions is provided in Table 2.1. Approximately
17% of the communal land area is located in Natural Region III, 45% in region IV and
29% in region V (Chiremba and Masters, 2003; FAO, 2006). The study areas of Lower

Gweru and Lupane lie in regions III and IV, where soils range from vertisols to sands and
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are less weathered compared to those in higher rainfall areas and hence tend to be
shallower (Thompson and Purves, 1978). Although a wide range of soils exit in regions
IIT and IV, most soils in these regions consist of shallow, coarse grained sands, which
have a low production potential (Thompson and Purves, 1978; Grant, 1981;
Mashiringwani, 1983; FAO, 2006; Ncube et al., 2009). The soils are also subject to fast
depletion in fertility (FAO, 2006). A considerable area of deep, fine grained sands
(Kalahari sands) is also found to the west of the country, which includes Lupane
(Thompson and Purves, 1978). These soils are relatively infertile and subject to severe

wind erosion particularly if they are cropped.

Communal farmers have no title deeds to the land they use. They are entrusted with this
land by the state through local leadership (headmen), who allocate the land to them. Most
of the resources and infrastructure they use are communally owned, for example, grazing
land, boreholes and dip tanks. Arable land holdings in communal areas are usually less
than 2.5 ha (Rukuni, 1994; Chiremba and Masters, 2003) and for Natural Regions III and
IV, covered in this study, average arable land holdings are 2.0 ha and 3.2 ha, respectively
(Mushunje, 2005). These land sizes are smaller than the land size that is considered
viable (able to provide enough food for a family for a whole year) as they are even less
than the minimum land size of 4 ha recommended for medium to high potential
agricultural areas of Zimbabwe (Kinsey, 2002). Smallholder farmers are generally
characterized by a limited resource base and Waddington et al. (2004) characterized
smallholder productivity as "low input — low output" farming. According to Rockstrom
(1999), small-scale farmers in water scarce tropical regions of sub-Saharan Africa are
"generally risk minimizers rather than yield maximizers". For semi-arid Zimbabwe, Ellis-
Jones and Mudhara (1995), point out that these farmers face great challenges as they are
required to respond to a wide range of environmental and economic variables which
include low and erratic rainfall, generally infertile soils and difficulties in acquiring
production resources such as agronomic inputs, labour and draft power. Production
systems of communal area farmers in Zimbabwe are also labour intensive and

characterized by use of ox-drawn implements (FAO, 2006).
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Despite the biophysical and economic challenges they encounter, smallholder farmers
continue to rely on agriculture for their livelihoods in these areas where, according to
FAO (2000), good crop yields are only obtained one year out of every four to five years.
Smallholder agricultural productivity in communal areas of Natural Regions III and IV is
already marginal, and climate variability and change are likely to render farmers in these
areas more vulnerable to food and nutrition insecurity. Farmers in the study areas
ascertain that they have observed some changes in land and vegetation cover, crop and
livestock productivity and water sources, over the years, as a result of climate variability
and change (Munodawafa et al., 2009). Their perception of climate change and
variability is that rainfall has become more and more unpredictable, with seasons starting
late and ending early, while amount of rainfall received is getting less (Mubaya, 2010;
Mubaya et al., 2012). The farmers also claim that droughts and floods have become more
frequent and summer seasons have become hotter (Mubaya, 2010; Mubaya et al., 2012).
However, communities across the world have always adapted to climatic and other
environmental factors (Adger et al., 2003) and according to Wall and Smit (2005)
"Climate and weather conditions are a good example of factors that require on-going
adaptation with climate change they take on even more significance". The level of
adaptation has not been the same across communities, with some communities being
more vulnerable than others (Adger et al., 2003). Communities in Africa, for example,
are considered to be among the most vulnerable in the world due to their heavy reliance
on agriculture which is among the most sensitive sectors to climate change and due to
limited capacity to adapt to climatic changes (Kurukulasuriya and Mendelsohn, 2008b;
Mendelsohn, 2009).

The objective of this chapter is to establish farmers’ current agronomic practices, their
crop production constraints and the strategies they use to cope with and/or adapt to these
constraints. Strategies currently used to cope/adapt to current climate variability will also
be described. Identified agronomic practices, for example crop varieties grown and
management practices (e.g. planting density, fertilizer rates, timing of operations etc) will
be used as crop model input data for simulating crop yields under current and future
climate scenarios in Chapter 5. Other model input data required are climate and soil data.

Agronomic practices as well as coping and adaptation strategies that farmers are currently
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using, may guide in suggesting possible strategies that farmers may use to reduce impacts
of climate change. Appropriate recommendations for the target group of farmers,
smallholder farmers in Lower Gweru and Lupane areas of Zimbabwe in this case, can
only be made if the circumstances under which the farmers are operating are known,

hence the current objectives.
4.2. Materials and Methods

The study area comprises Lower Gweru and Lupane communal areas, in Gweru and
Lupane districts of Zimbabwe (Fig. 2.1). Most of Lower Gweru lies in Natural Region III
while Lupane is in region IV. Natural Region III is a semi-intensive farming region
receiving annual rainfall of 550-700 mm while Region IV is semi-extensive and receives
annual rainfall of 450-600mm (Vincent and Thomas, 1962). Both quantitative and
qualitative methods were used to collect data and information on current agronomic
practices, constraints to crop production and on coping and adaptation strategies
employed by farmers in the study area. Data were collected from structured interviews
(Fowler, 1998; Bless and Higson-Smith, 2000; Mason, 2004; Punch, 2005; Gill et al.,
2008; Newton, 2010), semi-structured interviews (Bless and Higson-Smith, 2000; Mason,
2004; Flick, 2006; Gill et al., 2008; Newton, 2010) and Focus Group Discussions (FGDs)
(Steward and Shamdasan, 1998; Flick 2006; Gill ef al., 2008; Harrell and Bradley, 2009).

Structured interviews are a quantitative research technique which involves use of pre-
determined and standardized questions (Bayer et al., undated; Bless and Higson-Smith,
2000; Balnaves and Caputi, 2001; Mason, 2004; Punch, 2005; Flick 2006; Gill et al.,
2008; Newton, 2010). The questions and responses are largely closed, although open-
ended questions may be used (Punch, 2005). Structured interviews can be used in many
types of research, ranging from case studies to interviews (Bayer et al., undated). One
major advantage of using this technique is that comparisons between sample sub-groups
and/or between survey periods are possible (Bryant, undated), since exactly the same
questions are asked and in the same manner, each time the interviews are conducted.
Conclusions about the subject being investigated can then easily be made with

confidence. The method is also relatively quick and questionnaires are easy to administer,
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since there is no probing (Gill et al., 2008). However, compared to other methods, the
method is less flexible (Mason, 2004; Punch, 2005; Gill et al., 2008) and the method is
not as useful where in-depth knowledge and understanding are required (Gill et al.,
2008). Unlike using structured interviews, in semi-structured interviews not all questions
are pre-determined (FAO, 1990; Newton, 2010) and most questions and responses are
open-ended (FAO, 1990; Newton, 2010). Interviews start off with more general
questions, based on an interview guide or check list. The interviews use questions,
conversation and discussion to get in-depth understanding of the subject being
investigated (Newton, 2010) and success of the method is highly dependent on the
relationship and rapport established between interviewer and interviewee (FAO, 1990;
Newton, 2010). Semi-structured interviews are suitable for relatively small groups or
populations e.g. case studies (Balnaves and Caputi, 2001). Compared to structured
interviews, semi-structured interviews are more flexible (FAO, 1990, Mason, 2004; Gill
et al., 2008). They also allow researchers to discover important aspects of the subject
(being investigated), which they may originally not have thought as being relevant (Gill
et al., 2008). However, it may be difficult to control discussions during semi-structured
interviews (Gill et al., 2008), thereby leading to more time being spent in conducting the
interviews than originally intended. It may also be difficult to come to conclusions, since
the questions asked are unlikely to be exactly the same with each individual as in a

structured interview.

Focus group discussions (FGDs) are appropriate for probing people's views and
behaviour (Barbour and Schostak, 2005; Punch, 2005) and insight into these issues
cannot be easily obtained through individual interviews (Barbour and Schostak, 2005).
Unlike with interviews, where the researcher's main role is to ask questions, in group
discussions the researcher acts more as moderator (Punch, 2005). FGDs are relatively
inexpensive (Punch, 2005; Flick, 2006) and they also provide a lot of data and are
"flexible, elaborative and stimulating" (Punch 2005). Limitations of the method include
the fact that findings of the research work cannot be applied beyond that group (Harrel
and Bradley, 2009). During FGDs it may also be difficult to have balanced group

interactions (Punch, 2005) as some participants can dominate the discussions, while other
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participants may fail to express their views (Flick, 2006). FGDs may also be

inappropriate for investigating sensitive topics (Gill et al., 2008).

Mixed research methods (MRMs) were thus used in this study and according to Balnaves
and Caputi (2001) and Flick (2006) this approach allows for data triangulation and thus
checking for validity of data. Johnson and Onwuegbuzie (2004) reckon that the multi-
methods nature of the MRM approach often results in enhanced research. In this study,
however, for certain specific aspects of the investigations, some of the research
techniques were used as stand-alone methods, for example ranking of farmer constraints
to crop production and ranking of crops, which were done during FGDs. Data on
agronomic practices, nature of crop production constraints and coping strategies were
determined using all three methods. Whereas household interviews (structured
interviews) and FGDs were held mainly with heads of households, semi-structured
interviews were held with key-informants from the Zimbabwe Department of
Agricultural Research and Extension Services (AGRITEX), namely area supervisors and
extension officers. Secondary data (Bless and Higson-Smith, 2000; Hox and Boeije,
2005) were mainly used to better understand characteristics of smallholder farmers in the
study area and their biophysical environment, recommended agronomic practices as well
as farmer perceptions of climate variability and change. Sources included maps, reports,
published refereed articles and farm management handbooks. Two wards were selected
from each communal area and these were Mdubiwa and Nyama Wards for Lower Gweru,
and Daluka and Menyezwa Wards for Lupane (Fig. 1.1). In each ward, three villages
were selected (Table 4.1).

4.2.1. Semi-structured interviews with key informants

Interviews were carried out with area supervisors and extension officers from the
Department of AGRITEX, of the Ministry of Agriculture, on agricultural productivity in
the smallholder sector in Gweru and Lupane districts of Zimbabwe. Most of these key
informant interviews were carried out before the individual farmer interviews and group

discussions. A check list was prepared and used in the interviews (Appendix IIb).
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4.2.2. Focus Group Discussions (FGDs)

The first FGDs (one per ward) focused on farming systems and crop production
constraints and were carried out in October, 2008, while the second FGDs (one per ward)
focused on adaptation and coping strategies to rainfall variability and were carried in
January and February, 2009. For each FGD, five farmers were randomly selected from
each village bringing the total number per discussion group to 15 and the number of
participating farmers for each period of investigations to 60. Where possible, farmers
were further grouped by gender within a focus group to allow men and women to express
their views freely. Notable exceptions were the focus groups for Daluka Ward in Lupane
for the 2008 FGDs and the focus group for Menyezwa Ward in Lupane during the 2009
FGDs. These groups were dominated by women and men respectively. The year 2008
was characterized by economic hardships and high food insecurity levels as the country
experienced a cumulative decline in economic output starting from the year 1999
(Kramarenko et al., 2010; World Bank, 2013). The period 1999-2008 saw a weakening in
Zimbabwe's revenue collection (a decrease in total revenues of about 25% of GDP) and
public service delivery, due to a reduction in economic output and hyperinflation
(Kramarenko et al., 2010) and the reduction in economic output between 1999 and 2008
was estimated at more than 45% (World Bank, 2013). In addition, the 2007/08 rainfall
season was generally poor with some farmers in both study areas of Lower Gweru and
Lupane stating that they received excessive rains during this season (Mubaya et al.,
2012). According to FAO/WFP (2010) maize production in Zimbabwe was just above
500 000 tonnes, for the 2007/08 season, an amount which is far less than a possible 2 500
000 tonnes under favourable socio-economic and climatic conditions (FAO/WFP, 2010)
By the time of the second FGDs and household interviews (February, 2009), the
economic situation in the country had improved slightly as witnessed by improved
availability of food in retail outlets and more realistic prices of goods. These observations
are supported by Kramarenko et al. (2010) and the World Bank (2013) who report that
the economy of Zimbabwe started to recover during the year 2009, following a
significant improvement in economic policies (Kramarenko et al., 2010). During the
period 2009-2011, real GDP increased by 20.1%, mainly due to significant growth in the

mining, agriculture and services sectors (World Bank, 2013). The 2008/09 rainfall season
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was a relatively poor season in Daluka Ward of Lupane, as both the first half (October,
November and December) and second half (January, February and March) of the season
received below normal rainfall (Chagonda, 2013; Chagonda et al., 2013). Menyezwa
Ward (Lupane) and the two wards in Lower Gweru, namely, Mdubiwa and Nyama had
above normal rainfall during both the first and second parts of the rainfall season
(Masere, 2011; Chagonda, 2013; Chagonda ef al., 2013). The second half of the season in
the later three wards had well above normal rainfall season (Masere, 2011; Chagonda,
2013; Chagonda et al., 2013) which resulted in crops, particularly those in low-lying
areas, succumbing to waterlogging. Generally, low crop yields were thus obtained by
farmers in these areas during this season. Check lists were developed for the FGDs and
methods of data collection used in the FGDs included brainstorming, time charts, matrix

scoring and ranking (Chambers, 1994; Sutherland, 1998).
4.2.3. Household structured interviews

Household interviews were held at the same time as second FGDs, that is, during January
and February, 2009. A total of 48 farmers were selected using random systematic
sampling from a household list that had been compiled for the International Development
Research Centre-Climate Change Adaptation in Africa (IDRC-CCAA) project baseline
survey carried out in the same wards and villages during 2008. A questionnaire with
coded responses for most of the questions (see Appendix Ila), was developed, tested and
then used to collect data on agronomic practices, constraints to crop production and

coping strategies to rainfall variability.
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Table 4.1. Wards and villages from which participating farmers for both individual
interviews and FGDs were drawn

Communal area Ward Villages

Mdubiwa Nsukunengi
Madinga
Lower Gweru Mxotshwa

Nyama Guduza
Mathonsi
Msingondo

Daluka Daluka
Mafinyela
Lupane Strip road

Menyezwa Banda
Masenyane
Menyezwa

4.2.4. Data analysis

Data from household interviews were analysed by determining frequency distribution of
the number of farmers carrying out the various practices, while results from qualitative
methods, were mostly narrated. Graphs and tables were used to present most of the

results.
4.3. Results and Discussion
4.3.1. Agronomic Practices

Soil type

Farmers in Lower Gweru and Lupane wards are knowledgeable about the types of soils in
their fields and they narrated the various soil types in vernacular language. The
researcher, with assistance from local expert soil scientists from the IDRC/CCAA project
(project number104144) as well as local AGRITEX officers matched farmers' soil
description with the conventional soil descriptions used herein. Soils in Lower Gweru
wards are variable with granitic sandy loams ("inhlabathi”), red clay soils ("isibomvu")
and sodic soils ("isikwakwa") in both Mdubiwa and Nyama Wards. Dark clays (pseudo
vertisols) (“isidhaka") are also found in Mdubiwa. The dominant soil type in Lupane

wards is Kalahari sands ("gusu”). Black clays ("isidhaka") and "bhemba" (mixture of
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"ousu" and black clays) are also found in both Daluka and Menyezwa Wards. Sandy
loam soils ("inhlabathi"”) are dominant in Menyezwa village of Menyezwa Ward while
some red clays are found in parts of Daluka Ward. The farmers’ verbal description of
soils generally agrees with what is known from the literature about soils in the Natural
Regions in which they occur, for example, the description by Thompson and Purves
(1978). Farmers acknowledged that their soils were low in fertility and also cited poor
soil fertility as one of the major limitation to high crop productivity. This is in agreement
with Waddington et al. (2004)’s findings that smallholder farmers on their own perceive
poor soil fertility as a major constraint to crop production, suggesting that there are other
reasons for low adoption of fertilizer use, rather than their lack of knowledge. Most
farmers reported that they had different soil types in different fields and for some of
them, inherent soil fertility levels, among other factors, influenced their cropping
decisions. In Lupane, for example, "isidhaka" black clay soil, confined to river banks, is
fertile and retains moisture, is often planted to maize (Zea mays L.), sorghum (Sorghum
bicolor L.), pumpkins (Curcurbita spp) and sugarcane (Saccharum officinarum L.). Pearl
millet (Pennisetum glaucum (L.) R. Br.), cowpeas (Vigna unguiculata (L.) Walp),
groundnuts (Arachis hypogea L.) and bambara groundnuts (Vigna subterranean (L.)
Verdc) are often grown on sandy "gusu"” soils, while on "bhemba" and "isiwomvu" maize,
sorghum and sweet potatoes ([pomea batatas L.) are normally grown. "gusu" soils are
particularly good for groundnut pod development and ease of lifting during harvest
operations. Maize and sorghum are grown across all soil types for food security reasons
as the most preferred soils are limited in extent. According to these farmers, change in
rainfall does not influence what crop to grow on the different soils. Mudhara (1995)
suggests that ear-marking certain soils for maize production by some farmers in Chivi
(Zimbabwe), similar to what the farmers in this study area do, results in limited or lack of

rotations on some fields and/or soil types.

Tillage systems

The predominant tillage system in both Lower Gweru and Lupane communal areas is
conventional tillage (Fig. 4.1) with the ox-and/or donkey-drawn mouldboard plough,
being the most commonly used tillage implement. However, this may not be over all the

fields for some of the farms, as more than half of the farmers in Lupane also use
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"gatshompo"” (planting basins), with more farmers in Daluka Ward than Menyezwa
Ward, using this practice (Fig. 4.1). In Lower Gweru, only five percent of the farmers use
planting basins. Zero tillage (digging a hole on unploughed land in which to place the
seed) is practised by approximately 29% of farmers in Lower Gweru on some or all of
their fields, while about 10% of farmers in this communal area also resort to
"chibhakera" (hand digging of the whole field and then planting) (Fig. 4.1). Thus some of
the farmers use more than one tillage system on their farms for land preparation and

planting, according to soil type and labour availability.
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Fig. 4.1. Tillage systems used by farmers in Lower Gweru and Lupane communal
areas during the 2008/09 cropping season

Ploughing is mostly carried out just prior to planting, during early summer, with only
about 30 percent of the farmers in these areas ploughing in winter. The plough,
particularly the mouldboard plough, has been in use in Zimbabwe since 1920s (Alvord,
1926; Elwell, 1993; Kramer, 1997; Baudron et al., 2012) and continues to be used by the

majority of smallholder farmers across the country, despite some disadvantages
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associated with conventional ploughing. Annual conventional ploughing, promotes soil
degradation, has a high draft force requirement and contributes to loss of crop
productivity (Vogel, 1994). Planting basins were introduced by Non-Governmental
Organizations (NGOs) in Zimbabwe in the 2003/04 season, as part of the Conservation
Farming (CF) tillage package. This type of tillage is suitable for farmers with inadequate
draft power and implements, which is the case in Lower Gweru and Lupane. In addition,
the use of basins spreads labour for land preparation over the dry season, promotes timely
planting and reduces the risk of crop failure, even under drought conditions, due to the
concentration of water and available fertilizer in the basins (Hove and Twomlow, 2007;
Twomlow et al., 2008b, 2008c; Thierfelder and Wall, 2009). The use of mulch on the
basins, if available, also enhances moisture retention and improves crop productivity.
Twomlow et al. (2008b) established that crop yields increased, on average, by 15 to
300% across 13 pilot districts in Zimbabwe over three seasons (2004/05 to 2006/07) of
planting basin use. The magnitude of yield increase depended on rainfall pattern and
amount, soil type and soil fertility. The adoption rate for use of planting basins is higher
in Lupane than Lower Gweru (Fig. 4.1), presumably due to more intense extension effort
in the former area where rainfall inadequacy and unreliability are more critical. In fact,
Lupane district is one of the eight districts partaking in conservation agriculture
programmes spear-headed by NGOs and run in collaboration with Government extension
agencies (Twomlow et al., 2008b) in which planting basins are a key component.
Farmers who use zero tillage and those who use hoes to dig the whole field, usually lack

draft animals and implements and/or have limited capacity to hire these resources.

Type of crops grown

The range of crops grown by farmers in Lower Gweru and Lupane is wide and almost
similar (Fig. 4.2). The difference lies in the extent to which the crops are grown in terms
of area planted to a crop and/or the number of farmers who grow a crop. Crops grown
include maize, sorghum pearl millet, finger millet (Eleusine coracana L.) groundnuts,
cowpeas, groundnuts, melons (Citrullus lanatus (L.) Thunb), pumpkins (Curcubita
maxima L.), sugar beans (Phaseolus vulgaris) and sweet potatoes. Farmers ranked crops
they consider important according to their contribution to food security, improved

livelihoods and income generation as well as according to the number of farmers growing
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the crop and the number of uses of the crop. The overall ranking (Table 4.2) shows that in
Lower Gweru, the most important cereal crop is maize while finger millet and sorghum
are grown to a lesser extent. In Lupane, the main cereal crops are maize, pearl millet and
sorghum and in Daluka Ward, these were ranked 1 to 3 respectively, while in Menyezwa
Ward pearl millet is the most important cereal, followed by sorghum and then maize. The
sour melon "amajodo", a type of melon that is cooked and consumed on its own or boiled
and consumed together with maize grain, was ranked as first and second crop based on
contribution to food security (from a food availability view point) as well as income
generation by men and women respectively, in Menyezwa Ward during the 2008 FGDs.
However, results from individual farmer interviews and semi-structured interviews with
local extension officers did not indicate that the sour melon was in any way, the most
important crop in this ward. The crop, however, yields quite well in relatively dry years
as compared to wet years, resulting in its high abundance in dry years. The most probable
explanation for the high ranking of the sour melon by the Menyezwa group of farmers is
that, during the 2008 season, when the FGDs were conducted, farmers in this ward
depended heavily on this cultivated food crop for survival as other crops had failed. At
the time of the 2008 FGDs local vendors could be seen along the adjacent highway road
to Victoria Falls selling a lot of these melons. In these dry areas of Lupane, the sour
melon is usually intercropped with other crops, particularly cereals. The main legume
crop in Lower Gweru is groundnut, while in Lupane groundnuts and cowpeas are the
main legume crops being grown by about the same number of farmers (Fig. 4.2). Farmer
interviews did not reflect the high priority that was given to sugar beans by Mdubiwa
farmers during the 2008 FDGs. This is probably because only a few of the farmers that
were interviewed own plots in the two irrigation schemes in this ward, where the crop is
grown in rotation with maize. In Lupane, results of household interviews also did not
show that farmers in the area grow sugar beans, but from FGDs and extension worker
interviews it emerged that the crop was grown by very few farmers who got seed from an
NGO promoting agricultural production in the area. In Lower Gweru sweet potatoes are
grown for both consumption and for sale locally and in nearby Gweru city markets, while
in Lupane the crop is mostly only grown for household consumption. The small grain

crops (pearl millet and sorghum), melons (especially the sour melon) and cowpeas are
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grown by a higher percentage of farmers in Lupane than in Lower Gweru because of their
relatively high tolerance to soil water deficits. Hence they are more suitable for
production in the drier Lupane than Lower Gweru. Although the success of growing
maize is minimal in Lupane, being one year in every four to five years (FAO, 2000), all
farmers grow the crop because it is preferred as food, is easier to process and in good
years gives higher yield than small grains (Sukume et al., 2000). Maize is also preferred
over sorghum and pearl millet because it gives higher stover yield which is an important
source of animal feed during the dry season (Alumira and Rusike, 2005). However, for
food security reasons, sorghum and pearl millet are the more suitable crops in Lupane
and other dry areas. Smallholder farmers in both Lower Gweru and Lupane mainly grow
crops for subsistence and only sell when they have surplus. Hence none of their crops are

purely cash crops.

100% -

90% -+

80% -
70% -
60% -
50% -

40% -+

30% -+
20% -

B L.Gweru OLupane

Farmers growing crop (%)

Crops grown

Fig. 4.2. Percentage of farmers growing different crops in Lower Gweru and
Lupane communal areas during the 2008/09 growing season
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Table 4.2. Ranking of crops by women and men in Mdubiwa and Nyama Wards
(L.Gweru) and Daluka and Menyezwa Wards (Lupane) during FGD in 2008

Ranking by women Ranking by men
Crop © ®

< = s B

o les |2 2. 2. |z2e)2

2% |S535 |8B% |£% |88 558|558

SE |28 |28 |25 |25 |23 |25
Maize 2 1 5 1 2 1 4
Pearl millet - - 2 2 - - 2
Sorghum - - 4 3 - - 3
Finger millet - 4 - - - 5 -
Groundnuts 3 3 - 5 4 3 -
Cowpeas 4 5 3 4 5 4 5
Bambara groundnuts - 6 - 7 - 6 -
Sugar beans 1 - - - - - 1
Sweet potato 5 - 6 3 2 -
Sour melon ("amajodo") | - - 1 - - - 1

Varieties of main cereal and legume crops

Farmers indicated that their choice of variety is normally governed by factors such as
shortest time to maturity, tolerance to drought, yield potential, ease of management and
good storability. Short statured varieties, for example, are generally preferred over tall
varieties for easy harvesting while the "red cob" an Open Pollinated Variety (OPV)
(variety which is produced under non-controlled pollination, through continuous selection
for uniformity until a uniform stand is obtained (Tinsley 2009a) unlike a hybrid variety
which is produced through controlled pollination) of maize is preferred over other
varieties, due to its good resistance to weevil attack. However, in recent years, farmers
have had little varietal choice, due to the economic situation, and what they grow is
mainly dictated by what is available, provided it suits their water stress environments.
Farmers in the study areas use a wide range of crop varieties (Table 4.3) and within one
season a farmer often grows more than one variety of a crop as a way of spreading risk of
complete crop failure in these water stressed environments. For maize, hybrids as well as
OPVs are grown in both communal areas. In Lupane an equal number of farmers
(approximately 75%) grow hybrid varieties and traditional OPVs, while in Lower Gweru
about 90% of farmers use hybrid maize seed while traditional OPVs are used by 40% of
the farmers. Improved OPVs yield higher than traditional OPVs, but are used to a lesser
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extent compared to unimproved OPVs, with only about 20 and 10% of the farmers
growing improved OPVs in Lupane and Lower Gweru, respectively. Early maturing
(110-130d) hybrids are grown in Lupane while in Lower Gweru the range stretches to
medium (130-140d) maturity varieties. Although hybrids generally have a higher yield
potential than OPVs for varieties in the same maturity group (Chiduza ef al., 1994; Pixley
and Bénziger, 2001), farmers in the study areas continue to choose to grow OPVs for a
number of reasons. They are relatively cheap to grow and planting seed is readily
available. When maize is grown from hybrid seed retained from previous harvests, there
is non-uniformity of the crop in the field as well as reduction in yield, due to segregation
of characteristics of the individual parental plants. In contrast, OPV seed can be retained
for several years without incurring significant yield reductions (Chiduza et al., 1994;
Pixley and Bénziger 2001; Tinsley, 2009a). Use of seed retained from previous harvests
is a factor that has cushioned farmers in the study area against shortages of planting seed
on the market during certain seasons, including the 2007/08 and 2008/09 when this study

was carried out.

The use of improved varieties of sorghum and pearl millet by communal farmers in
western Zimbabwe, including Lupane, was reported to be low (Ahmed et al., 1997). The
study has established that about 60 percent of the farmers in Lupane use improved
varieties of either crop, with Pearl Millet Variety 3 (PMV3) being the main pearl millet
variety and Macia (white), the main sorghum variety. Interviews with agricultural
extension officers in Lupane also indicated that improved sorghum varieties SV1 and
SV2 are grown by farmers, but on a limited scale due to shortage of seed. The traditional
"unimproved" pearl millet variety most commonly grown is “Harare” while for sorghum
it is was unclear what the main traditional variety is, since some farmers were not sure of
the names of traditional varieties they were growing. There is an indication that use of
improved small grain varieties has increased and this is most likely due to their earliness
to reach maturity, a favourable trait in low and erratic rainfall areas together with
promotion of the varieties by seed companies, NGOs and Government extension

agencies.
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Groundnut seed is often in short supply and farmers normally grow any varieties made
available to them. Results from household interviews showed that about 30% of farmers
in each of the communal areas, grow the Natal Common variety, 20% Valencia Red and
5% Valencia White. The majority of farmers were not sure of the names of varieties they
were growing, although from their description of the varieties, it appears they are
growing Natal Common. Interviews with agricultural extension officers also confirmed
that most of the farmers grow this variety. Most farmers have for a long time grown these
varieties using seed retained from previous seasons and fortunately self-pollinating crops,
like groundnuts do not lose genetic purity when retaining the seed from generation to
generation (Tinsley, 2009b). Improved varieties such as Nyanda and Falcon, released in
the 1980s and 1990s, have been in short supply since their release and it was unclear
from farmers in Lupane and Lower Gweru, whether they grow them or not. However,
some extension officers in Lower Gweru claimed that these varieties were being grown
by some of the farmers in this communal area. Farmers in both communal areas grow
both spreading and upright varieties of cowpeas. However, most farmers prefer the
upright variety IT18, popularly known as "Mupedzanhamo"” as it matures quite early
(about 90d) providing food before most crops are mature and ready for consumption. The

variety is also high yielding.
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Table 4.3. Crop varieties for crops commonly grown by farmers in Lower Gweru and
Lupane communal areas of Zimbabwe

SC521 (early maturing hybrid)
SC513 (early maturing hybrid)
ZM521 (improved OPV)
"Bogwe"-white cob (local OPV)

Crop Varieties grown
Lower Gweru Lupane
Maize SC403(very early maturing hybrid) | SC403
SC407 (very early maturing | SC513
hybrid). "Bambadhla" red cob (local OPV)

"Bambadhla"
OPV)

white cob (local

Pearl millet

Bird proof, "Tsholotsho" bearded
(traditional variety)

"Long plane" (traditional variety
with long head)

"Short plane" (traditional variety
with short head & large seed)

Bird proof, "Tsholotsho" bearded
(traditional variety)
"Harare"(traditional variety)

Pearl Millet Variety 1(PMVI1) &
PMV2 (hybrids)

Sorghum "Tsheta"(traditional variety) "Tsheta" (traditional variety)

Red Swazi-"Chibuku" (hybrid) Red Swazi-"Chibuku" (hybrid)

Macia white (improved variety) Macia white (improved variety)

Sila (improved variety) Sorghum Varietyl (SV1) and SV2
(hybrids)

Groundnuts | Natal common (early maturing, | Natal common (early maturing,
pink seeded) pink seeded)

Valencia (early red & late pink, | Valencia (early red & late pink
seeded varieties) seeded varieties)

Makulu red (grown mainly in | Red Congo (matures early & grown
wetlands/dambos &  irrigation | by few because seed is not readily
schemes; late maturing) available)

Cowpeas IT 18 ("Mupedzanhamo")-upright & | IT 18 ("Mupedzanhamo")-upright
very early maturing hybrid; | & very early maturing hybrid;
spreading indigenous types (white | spreading indigenous types (white
and red seeded varieties) and red seeded varieties)

Sugar Mostly speckled variety; Mostly speckled variety

beans PAN 148 & PAN 138 (seed in short
supply)

Bambara Black-eyed Susan (black & yellow | "Nyembesi" (black & white mostly

groundnuts | seeded) grown)
Red-eyed Susan (red & yellow | Red variety from Zambia (brought
seeded) into country in 1997)

Sour melon | Traditional varieties Traditional varieties

"amajodo"
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Planting

The majority of farmers who use conventional ploughing either plant behind the plough
as illustrated in Fig. 4.3 or open up planting furrows in winter ploughed fields, at the start
of planting season, when first effective rains are received. With the former method,
variable row spacings are achieved, depending on the number of furrows skipped before
the planting furrow and the plough width used (Table 4.4). As an example, maize is
planted every third row and the plough width is adjusted to 30 cm to give an inter-row

spacing of 90 cm. Farmers then use an intra-row spacing of 25-30 cm resulting in plant

population of 37 000-44 000 plants ha™.

Fig. 4.3. Nicholas Chimusoro (stripped shirt) of Mxotshwa village in
Mdubiwa ward and family planting maize using the "planting
following the plough" method, during the 2008/09 season
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Table 4.4. Inter-row spacing and plant densities achieved when planting behind the

plough and with the plough width adjusted to 30 cm, for major cereal and legume

crops (Source: Lower Gweru and Lupane farmer interviews, 2009)

Crop Number of | Inter- Intra-row spacing | Plant population
furrows row used
skipped spacing
before next | achieved
planting row | (cm) (cm) (plants/ha)
Maize 2 90 25-30 37 000-44 000
(90) (30) (37 000)
Sorghum 1 60 10-25 (after thinning) | 66 000-167 000
(90) (7-10 after thinning) | (111 000-160 000)
Pearl millet 1-2 60-90 10-25 (after thinning) | ~44 400-167 000
(50-75) | (20-30 after thinning) | (53 300-100 000)
Groundnuts 0-1%* 30-45 7-10 ~222200-476 000
(50-75) | (5-7.5) (178 000-400 000)
Cowpeas 0-1%* 30-45 10-15 ~150 000-333 300
(upright (45) (15) (~150 000)
varieties)
Figures in brackets and italics are recommended spacing and populations from the
Ministry of Agriculture.

* When a row is skipped the plough width is maintained at standard width of 20 cm

However, if land is prepared in autumn or winter, farmers open up planting furrows at
start of the cropping season using a plough pulled by animals harnessed to a cultivator
yoke (Fig. 4.4) which is 240 cm wide (full length) and 180 cm between pegs (skeis) to
achieve a 90 cm inter-row space. This yoke is used when opening up furrows to plant
maize, sorghum and pearl-millet, while a plough yoke (similar in design, but shorter than
the cultivator yoke )(Fig. 4.4) with a distance of 90 cm between skeis is used when
opening up furrows to plant groundnuts and cowpeas as its use results in a narrower inter-
row spacing of 45 cm. With this method of planting it is relatively easy to achieve the
desired inter-row spacing as there is no requirement for adjusting the plough width, hence
farmers should be encouraged to winter plough their fields. Ploughing in winter also
conserves moisture from the previous season, promotes early crop establishment and
reduces weeds (Sibanda, 2005; Mpatane et al., 2012). Over and above recommendations
from the Ministry of Agriculture, farmers are also guided by the method of weed control
they use, in their choice of inter-row spacing e.g. if the animal-drawn cultivator (Fig. 4.4)

is used, a wider spacing is required than when the hand hoe is used.
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Fig. 4.4. Photographs of a) plough and b) cultivator yokes and associated implements
(mouldboard plough and cultivator) belonging to farmer Benjamin Mpala (black
T-shirt) of Nsukunengi village in Mdubiwa Ward. In Fig 4.4. c) Extension officer
Mirirai Musasanuri explains the design of the cultivator yoke to woman

researcher, Veronica Makuvaro while extension officer Alfred Pawadyira d)

demonstrates how the animal drawn cultivator is adjusted to achieve the desired
operation width

For the maize crop, the inter-row spacing of 90 cm used by farmers in both study areas
matches that which is recommended for these medium to low agricultural potential areas.
However, the intra-row spacing of 25-30 cm used by farmers gives a population range
whose lower limit is equal to and upper limit about 20% higher than the recommended

population (Table 4.4). To achieve the recommended plant population farmers can adopt

88



the recommended intra-row spacing of 30 cm for upland maize production, while farmers
such as those Nyama Ward, who grow crops in wetlands where soil water is less limiting

may use an intra-row spacing of 25 cm.

Farmers drill sorghum and pearl millet in furrows by hand and then thin emerged plants
to about 10-25cm within the row. For sorghum, the inter-row space they use is smaller
and the intra-row space bigger than is recommended, resulting in a wider plant population
range whose lower and upper limits fall outside the recommended range of 111 000-60
000 plants ha™! (Table 4.4). Recommendations from the Ministry of Agriculture also
stipulate that sorghum plant populations below 90 000 plants ha™ should be avoided
(Ministry of Agriculture, Mechanization and irrigation Development in Zimbabwe,
2011). On the contrary, Ismail and Ali (1996) in their study on effects of plant population
on sorghum yield in dry-land farming systems, established that grain sorghum yield
decreased with increase in plant population from 53 000-106 000 to the range 166 000-
333 000 plants ha™ (the same inter-row spacing of 60cm was used for both ranges, with
the first range being for an intra-row spacing of 30cm and the second for an intra-row
spacing of 10cm, while the lower range values are for one plant per station and the upper
range values for two plants per station). This suggests that populations less than 90 000
plants ha™ could still give good yields in low cropping potential areas such as Lower
Gweru and Lupane. The tillering nature of the sorghum plant will compensate for the
relatively low plant population under wider spacing regimes and farmers can thus use
relatively low seeding rates. To achieve populations within the recommended range,
farmers could maintain their practice of planting sorghum every second furrow (to give
an inter-row spacing of 60 cm) and adopt an intra-row spacing of about 15 cm. For pearl
millet, the 90 cm inter-row that some of the farmers use is outside the recommended
range, while the 60 cm that others use is within the recommended range. However, the
intra-row spacing they usually use is wider than what is recommended. The
recommended plant population could be obtained by farmers adopting an inter-row
spacing of 60 cm, as other farmers are already doing and by using an intra-row spacing of
15-20 cm, instead of 10-25 cm. Farmers are using about the same plant populations for
sorghum and pearl millet, whereas recommended populations show differences between

the two, with sorghum having a lower and upper limit population which is about double
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and one and a half times greater than that of pearl millet, respectively. A lower
population is expected for pearl millet since it produces many tillers and therefore
requires wider spacing compared to sorghum. Farmers are thus likely to be getting below
optimal grain yields for pearl millet due to crop competition for available water, light and
nutrients although according to M'Khaitir and Vanderlip (1992), pearl millet grain yield

is less sensitive to changes in plant population than other grain crops e.g. sorghum.

The practice of planting groundnuts and cowpeas every furrow results in an inter-row
spacing of 30 cm which is much narrower than the recommended 50-75 cm and 45 cm
for groundnuts and cowpeas, respectively. Using the narrow inter-row spacing of 30 cm
in combination with 7-10 cm and 10-15 cm intra-row spacing for groundnuts and
cowpeas, respectively results in higher plant populations than what is recommended
implying that for both crops farmers could be getting lower yields than optimum, due to
intra-specific competition for available resources. By using these populations farmers
could also be wasting seed which is already in short supply. However, if farmers plant
every second furrow and do not adjust the plough width, as some of them are already

doing, they achieve the recommended inter-row spacing.

The recommendations provided by the Ministry of Agriculture, are based on field
experiments where effect of different combinations of inter-and intra-row on grain yield
are tested and the combination that gives optimum yields then recommended. For farmers
who plant behind the plough, it appears to be relatively easy to attain the recommended
inter-row spacing if they skip the correct number of furrows before planting and if they
correctly adjust the plough width. They can then achieve the correct plant population by
adopting the recommended intra-row spacing. The variations in plant populations
between farmer and recommended practices (varying from seemingly small e.g. for
maize to large e.g. for pearl millet), may require on-farm field experiments to verify
whether there are significant grain yield differences due to the different plant populations
and to establish the associated economic implications (e.g. higher unnecessary input
costs). Farmers should be encouraged to plough their fields in winter so that they can
open furrows to sow seed on onset of the rains using a plough drawn by animals

harnessed to the cultivator yoke or plough yoke depending on the intended inter-row
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spacing. The advantages of this system being that it is easy to achieve the correct inter-
row spacing, moisture is conserved, labour is spread, correct planting depth is easy to
achieve and seed can be better covered using a harrow (Moyo, 2012 - personal

communication).

Other planting methods used by farmers include the use of wires or ropes to mark out
rows followed by hand hoe planting or planting in basins. Both methods are suitable for
relatively small fields. Planting basins generally measure 15 x 15 x 15 cm (Hove and
Twomlow, 2007; Twomlow et al., 2008b; Thierfelder and Wall, 2009) and farmers in
Zimbabwe use short hand hoes to dig them (Mazvimavi and Twomlow, 2009; Thierfelder
and Wall, 2009). They are dug during the winter period to reduce peak labour demand
during planting time in early summer (Hove and Twomlow, 2007; Mazvimavi and
Twomlow, 2009; Thierfelder and Wall, 2009). The basins are commonly used for maize
and are spaced either 75 x 75 cm or 90 x 60 cm and the recommendation is to plant three
seeds per basin (Hove and Twomlow, 2007; Twomlow et al., 2008b). Thinning should
then be done after emergence to remain with two plants per basin, giving a target
population of about 37 000 plants per ha (Fig. 4.5). The practice of initially planting three
seeds per basin and then thinning out the third seedling where 100% seedling emergence
is achieved, may be considered wasteful by farmers particularly for hybrid seed which is
relatively expensive and sometimes not readily available and has generally high
germination rates. To reduce the loss, extension officers encourage farmers to thin out
extra plants when the soil is wet and transplant them onto another piece of land

(Musasanuri and Pawadyira, 2013 - personal communication).
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F. 4.5.a) Extension officers Mirirai Musasanuri (bending) and Alfred Pawadyira
demonstrate and discuss thinning maize on a crop grown in planting basins to
farmer Getrude Bonde's sons, in Mlotshwa village of Mdubiwa ward, while in b),
Mr. Benjamin Mpala of Nsukunengi village is thinning maize by hand in his basin
planted crop

Farmers indicated that planting dates were dependent on a number of factors including
availability of soil water, seed and draft power. If there is delay in the availability of any
of these resources, it delays planting. Norton (1988) reckons that the ability to plant on
time as affected by tillage system, is probably the most important factor determining the
success of small scale production in Zimbabwe. Farmers are aware of the importance of
early planting, given their water stressed environments. They thus, aim to plant most of
the crops with the first rains or dry plant before the rain comes. In Lower Gweru maize,
groundnuts and finger millet are sown first, while in Lupane it is maize and pearl millet
that have first priority. Shumba (1989) shows that delaying planting of maize by up to 21
days after first effective rains reduces yield by about 30% in Mangwende District in
northern Zimbabwe and located in Natural Region II. Due to late planting, the crop is
unable to intercept full sunlight radiative load available since, by 22 December when the
sun is overhead, the crop will not have developed full canopy. Other disadvantages of
delayed planting are reduced soil and water conservation due to delayed crop cover
(Norton, 1995). Dry planting, which is also meant to reduce labour demand for planting
at the start of the rainy season, is mostly done in October. According to the farmers, crops

that they normally dry plant are maize, pearl millet and groundnuts. In Lupane, almost all
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of the pearl millet is dry planted. Farmers in this area argue that dry planting of this crop
results in early establishment of the crop and allows it to mature at the same time as wild
grasses, a factor that reduces crop damage/loss from bird attack as the birds will not only
be feeding on the crop at that time, but on wild grasses as well. Staggering of planting

dates is a characteristic feature of the planting process for most farmers.

Cropping calendars drawn up by the farmers (see Table 4.5 for an example) showed that
planting in uplands (as opposed to vleis) stretches from as early as late October (mostly
dry planting) to as late as the first dekad of January in both study areas, depending on
rainfall pattern. In general most of the planting is done during the period from the second

dekad of November until the second dekad of December.
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Table 4.5. Calendar of farmers' main activities for Daluka Ward in Lupane communal
area recorded in October, 2008

Activity

>
=)

<

(o}
(<]
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Oct

Nov

Dec

Jan

Feb

Mar

—
(o8
<

May

July

Land clearing

X Jun

Manuring

+

Winter ploughing

2|

<

Ploughing (main)

+

+

+

+

Planting

+

+

+

+

Weeding

+

+

+

+

Fertilizer application

+

+

Harvesting

+

+

+

Threshing/processing

+

+

+

Earthing-up groundnuts

+

Lifting groundnuts

+

Making yokes from wood

Fencing fields (repairing)

2] 2]

Training oxen

Livestock rearing

+

+

+

+

+

+

+

Plastering houses especially
kitchens, with ant-hill soil

Gardening (ploughing over/ re-
establishing crop)

+

Craft  work/clubs  (sewing;
making mats; crocheting)

Ritual ceremonies (e.g.
unveiling of tombstones
memorial services etc)

+

+

Key: V activities mainly done by men; + activities mainly done by women

Weeding

Crop competition with weeds is always a major constraint as weeds use water, nutrient

and solar radiation resources and yet they do not contribute to production, but rather

reduce crop yield. Hand hoeing is carried out by all the farmers in the study areas,

consistent with the findings of Chatizwa and Nazare (2000) that all farmers in the

different farming sectors of Zimbabwe carry out hand weeding. Farmers with draft

animals and equipment also use cultivators to remove weeds in-between plant rows and

about 50% of the farmers use these cultivators in both Lower Gweru and Lupane

communal areas. However, where farmers use planting basins, the weeding method is

predominantly hand hoeing.
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At least 70% of farmers in the study areas weed twice during each growing season while
less than 15% weed once under the conventional tillage system (Fig. 4.3). The practice of
weeding twice is in agreement with the Zimbabwe Ministry of Agriculture
recommendation to combine fertilizer with weed free management through three tillage
operations per crop (Snapp et al, 2003). The three operations being ploughing and
planting plus two weeding operations. Mudhara (1995) also found that most farmers in
semi-arid Chivi communal area in southern Zimbabwe weed twice. Similarly, a survey
conducted during the 2009/10 and 2010/11 seasons in 15 districts across different Natural
Regions of Zimbabwe, showed that under the conventional tillage system, the majority of
smallholder farmers weed their fields twice, irrespective of Natural Region (Nyamangara
et al., 2013). Field experiments, for example by Kumwenda and Kabambe (1995) in
Malawi and Mabasa and Nyahunzvi (1995) in both low and high rainfall areas of
Zimbabwe suggest that weeding twice has yield benefits. However, from field
experiments conducted at the University of Zimbabwe farm located in northern
Zimbabwe under Natural Region II, Mashingaidze (2004) established that there was no
grain yield benefit from increasing the frequency of hand hoe weeding from once to twice
or thrice during the 1998/99 season and no significant difference in grain yield between a
maize crop weeded once and one weeded twice during the 1997/98. The experiments
were conducted over four cropping seasons from 1995/96 to 1998/99. Results from
simulation modelling also show that in risky environments such as Lupane, only the first
weeding is critical and that a second weeding does not have detectable benefits (Dimes et

al., 2002).

In this study it was apparent that, in the majority of cases, farmers who use planting
basins, also have fields where they practise conventional tillage. They weed three times
on the basin plots, but only twice and rarely once on conventionally tilled fields. The high
frequency in weeding on planting basins is consistent with Nyamangara et al. (2013)'s
findings that farmers in different Natural Regions of Zimbabwe, who use planting basins,
weed at least three times. Thus, the frequency of weeding varies according to tillage
practice used and some farmers use more than one tillage practice. Weeding three times
on planting basin plots is consistent with the observation that weed infestations are high

under minimum tillage (Mabasa et al., 1999; Twomlow et al., 2008b). Thus, farmers who
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use planting basins need more labour during the season as well as during land preparation
and their labour source is mostly family labour. However, with planting basins, weed

pressure is reduced in subsequent years (Twomlow ef al., 2008b).

The method and frequency of weeding depends on the availability of equipment, draft
power and the type of tillage system used. Given that labour is a significant constraint,
farmers in the study areas who use conventional tillage may not necessarily maintain the
tradition of weeding twice. They could, instead, only weed once due to the expected low
return per dollar invested in these dry areas, particularly in Lupane. As suggested
Mashingaidze (2004) and IIRR and ACT (2005), smallholders farmers, particularly those
who rely entirely on hand-hoeing to remove weeds can embark on cultural practices such
as intercropping with good cover crops, reducing inter-row spacing and early planting to
control weeds thereby reducing the need to weed more frequently. The use of planting
basins with its associated benefits could be limited due to high labour requirements for

weeding and other operations such as making the basins.

a) Lower Gweru b) Lupane

83%

B Weed once B Weed once
O Weed twice O Weed twice
B Weed thrice B Weed thrice

Fig. 4.6. Frequency of weeding by farmers in a) Lower Gweru and b) Lupane communal
areas

Fertilizer use

From the household survey, it emerged that farmers in the study areas generally apply
little fertilizer to their fields in most seasons, mostly because fertilizers are expensive
and/or unavailable, with around 10% admitting to not using fertilizer at all. They also use

less fertilizer because of limited available soil water in these areas. The main soil
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ameliorants used during the 2009/10 season are cattle manure and inorganic fertilizers
(compound D, with N:P:K = 7:14:8 and Ammonium nitrate, N =34.5 % or urea, N = 46
% ), while leaf litter, anti-hill soil and ash are used to a lesser extent in both communal

areas (Fig. 4.4).
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Fertilizer type

Fig. 4.7. Fertilizer types used by farmers in Lower Gweru and Lupane communal areas
during 2008/09 cropping season

Although about 15% of the farmers in Lower Gweru and 60% in Lupane own donkeys,
they do not use donkey manure because they believe that the manure burns crops, due to
high nutrient content presumably high N and lack of decomposition. Manure and
inorganic fertilizer rates used are quite diverse and most farmers use amounts that are
below the recommended rates. The majority of farmers who use inorganic fertilizers use
100 kg ha™' of compound D and a top dressing of 50-100 kg ha” of Ammonium Nitrate or
50 kg ha™ of urea on maize in both communal areas. Farmers who use both organic and
inorganic fertilizers, either use manure or Compound D (inorganic) as basal fertilizer and
then top dress with either Ammonium Nitrate or Urea. Blanket fertilizer
recommendations given by extension officers are 200-300 and 150-200 kg ha™

compound D (basal) for Natural Region III (where Lower Gweru is mostly located) and
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IV (where Lupane is located) respectively (Ministry of Agriculture, Mechanization and
Irrigation Development in Zimbabwe, 2011). Corresponding recommended top dressing
fertilizer rates are 150-200 and 100-150 kg ha Ammonium Nitrate for region IIT and IV
respectively. The general recommendation for cattle manure is 20-30 t ha™, but due to
limited supplies farmers often apply considerably less than this. The use of blanket
recommendations rather than specific recommendations that could take into account the
cropping history of the land as well as biophysical and economic factors that affect
resource poor farmers in semi-arid regions, has been considered as one reason for low
adoption rates of fertilizer use (Snapp et al., 2003; Giller et al., 2006). The use of
planting basins allows precision application of the limited fertilizers and as a result of this
and other benefits associated with use of these basins, it was found that more farmers in
Lower Gweru and Lupane are adopting the practice. Some of the farmers and agricultural
extension officers pointed out that there were some farmers who use inorganic fertilizers
only when they get them from government or NGO drought relief programmes. This is in
agreement with what Ahmed et al. (1997) reported and came to the same conclusion
regarding some farmers in south-western Zimbabwe, including Lupane district. Ellis-
Jones and Mudhara (1995) established that nearly all communal area farmers in
Zimbabwe used fertilizers over the period 1992-94 when fertilizer was provided at no
cost, under the government drought relief and recovery programmes. Extension officers
in the study areas confirmed that there was a decline in fertilizer use in these areas from
the late1990s to the early 2000s, following the phasing out of drought relief programmes.
With the launch of new government input schemes such as "Maguta", "Champion
Farmer" and the SADC input scheme (Mare, 2010 - personal communication), inorganic
fertilizer use is likely to increase, but probably only temporarily, and in the targeted
communal areas which include both Lupane and Lower Gweru. Some farmers in Lupane
are skeptical about using inorganic fertilizers as they believe that these fertilizers "kill"
the soil. This observation is consistent with Ahmed et al. (1997)’s findings regarding
perceptions of some farmers in western Zimbabwe on fertilizer use. Of the commonly
used inorganic fertilizers, compound D and Ammonium Nitrate, it is the former that they
believe to be more detrimental to the soil especially when one does not use it

continuously (every season) in a particular field. According to the farmers, “the problem
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is worse if one does not apply the fertilizer every season”. A similar perception by some
smallholder farmers in Western Kenya is highlighted by Misiko ef al. (2011) where the
farmers believe that fertilizers "spoil" the soil in that "the soil gets addicted to the
fertilizer" so much that if it (the soil) is not fertilized, the crop (maize) yields drop
drastically. The perception that fertilizer "kills" the soil probably arises as a result of
increased soil acidity due to use of inorganic fertilizers, particularly nitrogenous
fertilizers which leads to reduced or non-availability of nutrient elements to the crop. To
this effect, farmers should be advised to apply organic fertilizer (manure) or liming

agents every 3 to 4 years to maintain the soil at near optimum pH levels.

Cropping systems and patterns

The "true" rotations that farmers practise are basically cereal-legume rotations and these
are practised by about a third of the farmers in each of the communal areas. Maize-
groundnut-maize rotation is the most common rotation in Lower Gweru while in Lupane
maize, sorghum or pearl millet is rotated with cowpeas. In Lower Gweru, maize-bambara
groundnut rotation is popular with women farmers. Other crop sequences include maize -
pearl millet - maize, maize — sorghum - maize, sorghum — groundnut - sorghum and
fallow - bambara groundnuts (i.e. bambara groundnuts grown on a newly ploughed field).
Some farmers in the study areas, allocate certain fields or soils to particular crops, for
example, in Lupane some farmers plant maize, continuously on the more fertile and high
soil water holding capacity "isidhaka" soils. This practice is a limitation to the
implementation of rotations. In Lupane, farmers believe that pearl millet revives the soil
because of its high tillering ability (more roots are developed) and for this reason, they
alternate it with maize, so that maize benefits from the improved organic matter content
of the soil. However, alternating maize with pearl millet cannot be as good as rotating
maize with a legume crop. Inclusion of a legume in the rotation improves soil fertility
through biological nitrogen fixation by the legume. The disadvantages of growing maize
and millet in sequence are that there could be carry-over of insect pests and diseases from
season to season and proliferation of weeds, since the two crops belong to the same
botanical family and therefore may have similar pests. The two cereals may also have
similar nutrient requirements and thus a cropping system where the two are alternated,

may require the farmer to apply relatively high quantities of fertilizer. This is in contrast
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with the advantages of improving soil fertility through biological nitrogen fixation by the

legume.

It was found that although most farmers are aware of the benefits of a good crop rotation,
they do not practise effective rotations and the rotations they use do not have a consistent
pattern. These findings are consistent with Mudhara (1995), who concludes that in the
third year, farmers in Chivi communal area (southern Zimbabwe) rotate only 40% of the
area planted to maize in the previous year with other crops such as pearl millet, finger
millet, groundnuts and sunflower. Chuma et al. (2001) also highlight the point that
smallholder farmers in Zimbabwe do not practise effective rotations. One reason for
ineffective and/or inconsistent rotations is their decision to allocate more land to grain
cereals in an attempt to achieve household food security each year. This is in line with
Ahmed et al. (1997)’s findings that most smallholder farmers in south-western Zimbabwe
allocate most of their cropping area to cereals, namely maize, pearl millet and sorghum.
So, where cropping land is limited, priority is given to these staple crops. Seed shortages
and labour constraints lead to a reduction in area planted to grain legumes, groundnuts in
particular, and this contributes to ineffective and inconsistent crop rotations in these
communal areas. Shumba (1983) highlights the shortage of groundnut seed as a major
constraint to groundnut production in communal areas of Zimbabwe while labour
shortage is another important constraint, especially for the resource poor farmers

(Shumba, 1983, Waddington and Karigwindi, 2001; Zingore et al., 2009).

Farmers in Lower Gweru and Lupane predominantly practise sole cropping, although
pumpkins, sweet reeds (family Gramineae) water melons (Citrullus lanatus) and sour
melons are often sparsely intercropped with the main cereal crops. A few farmers
alternate single rows or strips of groundnuts, cowpeas or bambara groundnut with cereal
grain crops, especially maize. In Lupane, some farmers are forced to intercrop due to
shortage of planting seed, since they will not have adequate seed of one crop to plant the
whole intended cropping area. Others intercrop sorghum with maize due to shortage of
land, but they do not intercrop pearl millet with maize as they believe that the two crops
are "not compatible". In fact, the farmers ascertain that maize dies when intercropped

with pearl millet. Extension officers in Lupane verified that the common practice is to
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mix sorghum and maize and not pearl-millet and maize, but they were not sure why this
was the case. Although pearl millet has been found to have allelopathic effects on
germination and growth of certain weeds, for example as was established by Narwal et al.
(1998) in weed suppression experiments, the possibility of direct allelopathic effects of
pearl millet on maize germination and growth may be ruled out in this case since farmers
who practise sole cropping indicated that they usually grow maize after pearl-millet and
get a good maize crop. The ability of pearl millet to tiller effectively and fast
(Mahalakshmi and Bidinger, 1986; Maman, et al., 2004 ), may compensate for possible
grain loss from the main stem under intermittent drought (Mahalakshmi and Bidinger,
1986; Vadez et al., 2012). This characteristic of pearl millet probably gives the crop an
advantage over non-tillering cereal crops such as maize under intermittent droughts and
when soil water stress occurs just prior to or during flowering. This may explain farmers’
views on the performance of maize and pearl millet when the two are grown together in
Lupane where, moisture stress is often experienced as a result of prolonged mid-season
dry spells or droughts. However, farmers' claims of a negative interaction between maize
and pearl-millet when the two crops are grown together in a field, could provide a basis

for a detailed crop physiology study.

Water management practices

Inadequate soil water is a limiting factor to crop productivity in both Lower Gweru and
Lupane, although both flooding and waterlogging are occasionally experienced. Water
management, particularly as it relates to soil water conservation and water harvesting
goes a long way in improving water availability in these water stress environments.
Farmers in the two communal areas employ various forms of water management

techniques (Fig. 4.5).
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Fig. 4.8. Water management techniques employed by farmers in Lower Gweru and
Lupane communal areas according to results from interviews conducted during
2009

Less than 50% of farmers use any one form of water conservation measures in either
communal area. However, overall, more farmers in Lupane than in Lower Gweru use
some of the techniques. This scenario is expected since rain water is scarcer in Lupane
than in Lower Gweru. Contour ridges followed by winter ploughing are the main water
managing techniques used by farmers in Lupane, while in Lower Gweru, winter
ploughing is the major water management technique, followed by contour ridging (Fig.
4.5). About 48% of farmers in Lupane and 24% in Lower Gweru use contour ridges
while winter ploughing is practised by 16% and 35% of farmers in Lupane and Lower
Gweru respectively. It was encouraging to note that most of the farmers who used
contour ridges had moved away from the traditional graded contour ridges to the zero
gradient contour ridges which are more suitable for retaining water in the field rather than
the graded ones which drain away excess water from the field. Planting basins, which
farmers dig by hand during the winter season and then plant crops, particularly maize, at

the start of the rainfall season (Twomlow et al., 2008b; Thierficlder and Wall, 2009)
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conserve soil water as the water is concentrated in the basins. These basins, which should
ideally measure 15x15x15 cm (Twomlow et al., 2008b; Thierfielder and Wall, 2009) are
used by 55% of the farmers in Lupane (Fig. 4.1). However, because not all of the farmers
who use basins readily consider them as a water conserving measure, the number of
farmers reportedly using planting basins as shown in Fig. 4.5 is only about 18%.
According to most of the farmers, the major reason for using planting basins is to reduce
the need for draft animals and to save inputs, particularly fertilizer. Some of the farmers
who use planting basins also apply mulch to the basins when it is available, hence the use
of mulch by 30% of farmers in Lupane where basins are more commonly used. Although
in Zimbabwe the concept of planting basins was developed as early as the late 1980s by
Oldrieve (Oldrieve, 1993; Twomlow and Hove, 2006; Twomlow et al, 2008b), the
greatest initiatives to promote the technology were made in the early 2000s when a
Conservation Agriculture Task Force led by the Food and Agriculture Organization
(FAO), was formed in 2003 to spearhead conservation agriculture in the country
(Twomlow and Hove, 2006; Twomlow et al. 2008b). The taskforce comprised donor
organizations such as DFID (United Kingdom’s Department for International
Development), NGOs (Non Governmental Organizations), CIMMYT (International
Centre for Maize and Wheat Improvement), ICRISAT (International Crops Research
Institute for the Semi-Arid Tropics), FAO and the Department of Agricultural Research
and Extension (AREX). Lupane district is one of the 15 pilot districts for this initiative
which initially covered southern Zimbabwe (Twomlow and Hove, 2006; Twomlow et al.

2008b).

Potholing (a practice where small holes are dug in-between the growing crop usually
using a hoe, to harvest and conserve water (University of Zimbabwe, 2006) and tied-
ridging are both used by a few farmers (less than 15%) in both communal areas (Fig.
4.5). Low adoption rates for water conservation techniques such as use of tied-ridges and
potholes is not unique to Lower Gweru and Lupane communal areas, as the adoption of
these technologies by smallholder farmers elsewhere in Zimbabwe and Africa are also
slow and low (Chuma et al., 2001; Mutekwa and Kusangaya, 2006; Chiputwa et al.,
2011; Marongwe et al., 2012; Nyamadzawo et al., 2013). Reasons for low adoption rates

include high labour requirements for implementing some of the technologies, e.g. contour
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ridging and making planting basins; limited land size, lack of suitable implements,
inadequate institutional support and lack of credit (Chuma et al, 2001; Mutekwa and
Kusangaya, 2006; Kabamba and Muimba-Kankolongo, 2009; Mazvimavi and Twomlow,
2009; Nyagumbo, 2009; Nyamadzawo et al., 2013). Nyamadzawo et al. (2013) also
attribute low adoption rates for soil and water conservation technologies to blanket
recommendations given for different biophysical environments, despite availability of
knowledge on the biophysical requirements for effective implementation of the different
technologies (Nyagumbo, 2009; Places and Deews, 1999, cited in Chiputwa et al., 2011).
Some technologies result in waterlogging during periods of high rainfall (Mutekwa and
Kusangaya, 2006) and this discourages farmers from adopting such technologies despite

their advantages during dry spells or droughts.

4.3.2. Constraints to crop production

Farmers ranked the constraints they face in crop production according to the extent to
which the constraints affect food security and income generation as well as according to
the number of households affected. This was done during the FGDs held during 2008.
The overall ranking based on a combination of these criteria reveals that the major
constraints common to both communal areas are shortage of planting seed, shortage of
draft power as well as low and/or unreliable rainfall (Table 4.6). Approximately 60% of
interviewed farmers cited the problem of shortage of planting seed in both communal
areas, while shortage of draft power was cited by 50% and 25% of farmers in Lower

Gweru and Lupane, respectively.
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Table 4.6. Ranking of farmer constraints by ward and gender during focus group
discussions, 2008. IDRC/AACC project (I represents the most important or

serious problem)
Ranking by women *Ranking by men
s | g < |2 |8
Constraint g -E ﬂz 2 g -E °§, § 2
s | B 5 = s |2 | 8 | §3
z = = A z | = | =2 | =8
Unavailability and/or late supply 1 2 3 1 3 3 5 26
of seed and fertilizer :
Lack of transport 2 4 3.0
Inadequate rainfall/high rainfall 6 1 2 4 1 1 1 )3
variability ’
Unavailability of crop chemicals 3 2 2.5
HIV and AIDs pandemic 4 5 4.5
Shortage of draft power 5 4 1 2 6 2 3 3.3
Poor maintenance of roads 3 4 3.5
Lack of capital to buy seed 5 4 4.5
Poor soils 4 2 3.0
Lack of farm implements 3 3.0
Crop damage by elephants 5 5.0

*There were no male farmer participants from Daluka Ward.

Unavailability of planting seed on the formal market, especially of hybrid maize seed, has
been a problem only in recent years due to political and economic challenges. Over the
years, it is the shortage of legume and improved small grains seed that has been a
problem in communal areas (Shumba, 1983; Chuma et al., 2001). While sunflower was
reported to be an important cash crop in the western parts of the country which include
Lupane (Ahmed et al., 1997), the crop is no longer grown by most farmers in Lupane and
Lower Gweru, mainly due to seed shortage. About 30% of farmers interviewed in Lower
Gweru indicated that they used maize grain that had been donated for consumption by
some non-governmental organizations (NGOs) in the area, as planting seed during the
2008/09 season, a clear indication that planting seed was in short supply. Farmers in both
Lupane and Lower Gweru have maintained their traditional Open-Pollinated maize
Varieties (OPVs) over the years. The use of these varieties has gone a long way in
alleviating the problem of shortage of hybrid maize seed, since these OPVs are readily
available locally. Farmers in the study areas “trust” these OPVs particularly "Bogwe" (in

Lower Gweru) or "Bhambadhla" (in Lupane) which most believe yield very well under
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high rainfall, but still give reasonable yields when rainfall is low. Other research work
has also established that smallholder farmers in other semi-arid areas, of Zimbabwe for
example those in Uzumba-Maramba-Pfungwe District in northern Zimbabwe (Progressio,
2009) prefer growing OPVs of maize due to their better performance in a variable
climate, compared to hybrids. In general, farmers retain seed even of hybrid varieties,
from previous harvests to plant the following year. However, at times they are forced to
consume the seed before the start of the subsequent cropping season due to food
shortages. Drought relief programmes have in some seasons, for example 1993/94,
1994/95 and 1999/2000 seasons, provided farmers in these areas with some planting seed,
particularly maize and small grain seed. Recently introduced drought relief programmes,
such as the "Maguta" and SADC input schemes which were introduced in 2005/06 and
2008/09 seasons respectively, are providing farmers with groundnuts and cowpea seed in
addition to cereal grain seed (Mare, 2010 - personal communication). However, these
programmes, just like previous relief programmes have been characterized by late

disbursement of inputs, resulting in late plantings.

Draft animals, which provide about 90% of the draft power requirements of smallholder
farmers in Zimbabwe (Norton, 1995), are inadequate as most farmers own few or no
cattle or donkeys. The draft animals are also sometimes too weak to pull the plough due
to inadequate and poor quality grazing prior to the start of the cropping season. This
problem, which intensified following the severe drought of 1991/92 season, is well
recognized (Shumba, 1984; Ellis-Jones and Mudhara, 1995; Francis et al., 1999; Tsimba
et al., 1999). Farmers in the study areas cope by hiring and sharing draft animals,
exchanging labour for draft power and by practising minimum or zero tillage. These
findings are consistent with those of Wolmer and Scoones (2000) and Tsimba et al.
(1999). In addition, farmers also supplement natural grazing with stover, when available,
while others send their animals to neighbouring commercial farms for grazing. Closely
related to the shortage of draft animals, is the shortage of draft implements as highlighted
by the farmers in Daluka ward (Table 4.6).

Other problems cited by farmers across all wards during household interviews, but that

were not mentioned in FGDs held in 2008, are shortage of labour, cited by about 67%
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and 20% of the farmers in Lower Gweru and Lupane, respectively and unavailability of
fertilizers which was cited by 75% and 30% of the farmers in Lower Gweru and Lupane
respectively. From FGDs held in 2009, it emerged that farmers reduce labour bottlenecks
by working together as groups "majangano” in each other's fields. This practice of
farmers organizing themselves into self-help groups to enhance their access to labour and
other resources has been reported by previous researchers, for example Bratton (1986)
and Dor¢ (2012) in Zimbabwe and Macoloo et al. (2013) in Kenya. Some of the farmers
also hire labour. Farmers in both communal areas realize the need to fertilize their fields
and more than 50% of the interviewed farmers highlighted that fertilizer unavailability
was a major constraint to crop production. Precision farming, where fertilizer is applied
at the plant station and use of small quantities of both organic and inorganic fertilizers in
water stress environments such as Lower Gweru and Lupane (Twomlow et al., 2006;
Ncube et al., 2007; Twomlow et al., 2008c; Twomlow et al., 2010), appears to be an
effective way of using the scarce fertilizers and should be recommended for adoption by
more farmers in the study areas and other semi-arid areas of Zimbabwe and across

southern Africa.

The problem of high inter- and intra-annual variability of rainfall is not uncommon to the
semi-arid areas of Zimbabwe and southern Africa (Kinuthia, 1997; Mason and Jury,
1997; Hulme et al., 2001; Unganai and Mason, 2001). The problem was ranked highly by
both men and women farmers in Mdubiwa Ward (Lower Gweru) as well as by men in
Nyama (Lower Gweru) and Menyezwa (Lupane) Wards. However, farmers in Daluka
(Lupane) rated this problem fourth out of the five constraints they listed and their reason
for the low rating was that they did not have control on the rainfall amount or pattern as it
was God-given, consistent with the findings of Mertz ef al. (2009) in rural Sahel. Women
in Nyama Ward rated the problem of variability in rainfall last, presumably because most
of them derive their livelihoods from vegetable gardens where they rely on wetlands (that
usually have a high water table throughout the year) and on fruit trees which are less
prone to soil water shortages than annual field crops. Hence these farmers are not so

severely affected by poor rainfall pattern or amount.
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The problem of crop damage by elephants is unique to Lupane as the area is in close
proximity to the Hwange Game Reserve as well as to the border with Botswana.
Although this problem was only reported by farmers in Daluka Ward during FGDs, about
50% of the farmers in both wards of Lupane highlighted the problem during household
surveys. Farmers have no means to prevent crop damage by elephants except to report to
the Department of National Parks, who they expect to take the animals back and try to
keep them in the game reserves. However, according to the farmers, for years, the
Department has not done much to assist them. Farmers try and harvest crops as soon as

they can to reduce the level of damage by the elephants.

Farmers in Lupane (Menyezwa Ward) also cited poor soils as a major challenge to crop
production. This finding is consistent with findings of soil fertility studies carried out in
most communal areas located in semi-arid Zimbabwe. The studies concluded that low
soil fertility and poor soil fertility management are major reasons for low yields in these
areas (Grant, 1981; Mashiringwani, 1983; Ncube et al., 2009). Shortage of transport and
unavailability of crop chemicals were highlighted as problems by farmers in Lower
Gweru (Nyama Ward). These problems are peculiar to Lower Gweru, especially Nyama
Ward, where transportation of horticultural produce to the markets is critical and crop
chemicals essential for high yield and good quality vegetable production. Closely related
to the transport issue raised by farmers in Nyama Ward, is lack of road maintenance
reported by farmers in Mdubiwa Ward. Farmers in Nyama Ward (Lower Gweru) also
reported that the HIV and AIDs pandemic affected agricultural productivity. This
problem surfaced in FGDs, but not in household surveys, presumably because individuals
were not free to mention this problem, lest they or their family members would be labeled
as victims of the pandemic, as most people in Zimbabwe are not willing to reveal their
HIV/AIDS status. This scenario is contrary to the view of Gill et al (2008) that
individual interviews are more appropriate for investigating sensitive topics than group
interviews or discussions. The HIV and AIDS pandemic affects agricultural production in
two main ways: first it reduces the capacity to invest in cropping as some of the funds
will be diverted to health expenses; and secondly it reduces the amount and availability of

labour (Zimbabwe Vulnerability Assessment Committee, 2005).
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4.3.3. Coping and adaptation strategies to climate variability and change

Climatic factors, among other biophysical and socio-economic factors influence farmers’
decisions. Farmers in the study areas cited crop choice, amount of fertilizer to use, timing
of application of top dress fertilizer as well as weeding frequency and timing, as the
rainfall-based decisions they make (Fig. 4.6). More farmers in Lupane than in Lower
Gweru indicated that they make such climate-based decisions. This is probably because
rainfall pattern is more erratic and less adequate and therefore more critical in Lupane
than Lower Gweru. Although cropping potential is higher in Lower Gweru than Lupane,
farmers in Lupane appear to value growing of field crops more than farmers in Lower
Gweru who have more alternative livelihoods. Some farmers did not readily acknowledge
climate as a factor influencing their decisions presumably because they had more
critical/pressing issues to consider, for example availability of seed and draft power as
decisions that they considered they had some control over. With some of the farmers, it
only became apparent that some of their decisions were dependent on rainfall, when they
gave reasons for deviations in agronomic practices in the "current" (2008/09) season
compared to the usual practices, for example, planting more sweet potatoes in the
"current" season due to high and persistent rainfall. This indicates that in general, farmers
are aware of the weather patterns and that their reactions are so instinctive and engrained
that they do not really notice this relationship. Therefore these could hardly be classified
as responses to ‘climate change’ but more appropriately considered as part of a wide

variety of options which are then used when needed during a particular rainfall season.

As indicated earlier, farmers in the study area adjust timing of agronomic operations,
quantities of inputs used and crop type and/or variety used, depending on prevailing
climate or weather. The short term adjustments (from one season to another or within a
season) are typical of the short term and tactful strategies that most researchers have
acknowledged as practical applications of seasonal climate forecasts (e.g. Ziervogel,

2004; Patt et al., 2005; Chagonda et al., 2013, Churi, et al., 2013).
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Fig. 4.9. Climate-based cropping decisions made by farmers in Lower Gweru and Lupane
communal areas as collected during the 2009/10 season

Farmers presented a wide array of rainfall-related concerns. These included low rainfall
amount, short season length, late start of the season, abrupt end of the rainfall season,
mid-season dry spells, excessive rainfall, rainfall unreliability especially with regard to
start and end of rainfall season, as well as drought. The diverse rainfall patterns clearly
indicate the wide intra- and inter-annual rainfall variability experienced in these areas.
According to the farmers’ poor crop yields, hunger, shortage of grazing, low animal
productivity and weak draft animals are some of the direct impacts of the poor rainfall
pattern on their farming systems. Summer temperatures were also reported to be too high,
causing rapid drying out of the soil and farmers indicated that there was nothing they
could do about this problem. A number of coping and adaptation strategies are used by

farmers to cope with and adapt to climate variability and change (Table 4.7).
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Table 4.7. Strategies that smallholder farmers in Lower Gweru and Lupane communal
areas of Zimbabwe use to cope and adapt to rainfall variability (Source: Focus
group discussions and household interviews, Jan/Feb 2009)

Driver of coping /
adaptation

Coping / Adaptive Strategies

Low rainfall amounts

1. Winter plough to retain soil moisture; 2. Grow short duration crops
& varieties; 3. Use of contour ridges; 4. Concentrate on growing
vegetables in gardens; 5. Plant early; 6. Cultivate deeply; 7. Dry plant;
8. Grow drought tolerant crops; 9. Use planting basins (conservation
farming); 10. Use less fertilizer; 11. Apply mulch (especially on
planting basins)

Mid-
spells

season  dry

1. Concentrate on growing vegetables in gardens; 2. “No plan”; 3. Use
mulch; 4. Stagger planting dates; 5. Open up furrows to capture water;
7. Carry out cultural cleansing exercises e.g. clearing bushes of dead
animal bones & trees struck by lightning

Short season length

1. Grow short duration varieties/crops; 2. Grow drought tolerant crops;
3. Concentrate on gardening; 4. Early procurement of inputs + early
land prep; 5. Winter plough to retain moisture; 6. Dry plant; 7. Early
plant; 8. Use less fertilizer

Late start of the

rainfall season

1. Grow short season varieties/crops; 2. Concentrate on gardening; 3.
Dry plant; 4. Grow drought tolerant crops; 5. Conduct traditional
ceremonies such as "mukwerere"(beer brewing to appease ancestors) &
praying for rains

Abrupt end of rainfall
season (Earlier than
normal)

1. Concentrate on gardening; 2. “No plan”

Extremely high | 1. Apply more fertilizer if available; 2. Grow more sweet potatoes; 3.
rainfall Grow more maize (in Lupane)
Waterlogging 1. Open up furrows to drain excess water (furrow drainage); 2. “No

plan”

Crop failure, drought
or hunger

1. Sell livestock to buy food & get cash for other uses; 2. Buy items
such as soap & sugar & exchange for maize grain; 3. Get money to buy
food from non-farming activities such as basket making, brick
moulding & gold panning; 4. Buy grain from the Grain Marketing
Board (GMB) if available; 5. Migrate to other areas; 6. Get food aid
from government & NGOs; 7. Rely on remittances from children and/or
relatives working locally or in Diaspora; 8. Get assistance from
local/community social groups; 9. Reduce number of meals per day

Shortage of grazing

1. Supplement natural grazing with stover, if available; 2. Take animals
to neighbouring commercial farms for grazing

Weak draft animals

1. Rely more on donkey than oxen-draft; 2. Reduce number of tillage
operations; 3. Supplement natural grazing with stover, if available

Farmers have a broad spectrum of strategies that they use to cope with rainfall variability

(Table 4.6) and these can be grouped into crop and varietal choice, choice of planting

date, adjustment of crop input levels, soil water management techniques, use of

alternative sources of food or income and resorting to traditional and religious
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ceremonies. These strategies are similar to findings by Mubaya (2010), in a study to
establish adaptation strategies to climate variability in Zambia and Zimbabwe, with the
difference that in this study farmers specified the problems associated with the rainfall
pattern and provided strategies they adopted for each of them. Choice of crop and
planting date as well as adjusting amount of inputs used (especially with regard to
amounts fertilizer used) are the most commonly used strategies. Choice of crop and
variety by farmers in the study areas supports findings from other researchers including
Kurukulasuriya and Mendelsohn (2008b) who showed that African farmers have adapted
their crop choice to climate and Salick and Byg (2007) who reported that over the years,
indigenous people have used biodiversity to cushion themselves against environmental
changes and disasters. With the exception of use of contour ridges and winter ploughing,
adoption of other soil moisture conservation techniques such as use of planting basins
and mulch is fairly low due to availability of limited labour and of inadequate mulching
material. Winter ploughing conserves soil water as there are no weeds to transpire and
use the water and is the major adaptation strategy to low rainfall that farmers currently

use.

As described in section 4.2.2, the economy of Zimbabwe declined over the period 1999-
2008, with the worst decline occurring in 2008. Crop yields were also significantly low
during the 2007/08 season contributing to a general shortage of food among households.
During the 2008 marketing year (April 2008-March 2009) farmers in the study areas
received food handouts from the government and NGOs and this complimented farmers'
efforts to survive hunger and malnutrition (Moyo, 2009 - personal communication for
Lower Gweru; Bhebhe and Nyathi, 2009 for Lupane). According to these sources, some
of the farmers relied on remittances from relatives working in urban areas or in the
Diaspora as most young men and women had gone into South Africa to look for jobs.
Farmers in the study area mentioned that sale of livestock as an alternative source of
income was normally done when droughts and hunger were experienced, but although the
farmers were generally experiencing food shortages during the 2008 marketing year, few
of the farmers interviewed in January and February 2009, had sold livestock. Kinsey et
al. (1998) in their study on coping strategies for drought in Zimbabwe, concluded that

this coping mechanism is consistently employed in Zimbabwe, contrary to the common
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belief that smallholder farmers in the country rarely dispose of their cattle but rather keep
them for prestige as high cattle numbers are associated with wealth. The observation by
Kinsey et al. (1998) perhaps illustrates that droughts are quite frequent and severe in
Zimbabwe. Inter-cropping and pot-holing strategies were mentioned by only about 5% of
the farmers in Lower Gweru. Some farmers perform traditional ceremonies to appease
ancestors and ask for rains and Christians also pray for rain. About 30% of the farmers
who responded to rainfall-related problems do very little, if anything, about mid-season
dry spells and abrupt end of season. They simply have "no plan". However, other farmers
respond to abrupt end of season by resorting to growing vegetables in gardens as well as
non-farming activities such as basket making and brick moulding. Staggering of planting
dates and cropping in gardens are the two main strategies used to reduce the impacts of
mid-season dry spells. Farmers resort to gardens where vegetables and occasionally some
maize are grown as these are normally located in areas with a high water table or close to
water sources or where farmers have dug wells or installed boreholes. This idea matches
the findings by Thomas et al. (2007) that farmers try to gain access to land that gives
good yields during times of drought. According to some farmers in the study area, if
bushes are not cleared of bones and trees/bushes struck by lightning, severe mid-season
dry spells are experienced and to avoid these dry-spells, they hold cleansing ceremonies
where they burn the bones and trees struck by lightning. It appears there is no
documented information pertaining to traditional beliefs or myths on causes of poor rains
or drought. It would be interesting to establish other beliefs that farmers have on this

subject, verify if they are indeed myths or facts and document them.

Under high rainfall conditions farmers use higher fertilizer rates than they normally use,
if the fertilizer is available. They also increase the area planted to crops that require high
rainfall, for example sweet potatoes. In Lupane, where farmers generally grow more pearl
millet and sorghum than maize, some farmers increase the area planted to maize if high

rainfall is anticipated.

Although strategies used by farmers in Lower Gweru and Lupane may be similar to those
identified by other researchers for other countries, strategies such as off-farm

diversification are probably not as intensively practised in the study areas, as they are
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practised elsewhere, for example in the Offin river basin of Ghana, where most farmers
diversify beyond farming (Gyampoh et al., 2009). For communities in Lupane it is
particularly not easy to find alternative off-farm jobs as Lupane is far away from other
urban centres. Shifting away from reliance on agriculture as the main income source and
finding alternative sources of food are also important strategies used by farmers in
Malawi and Swaziland (Stringer ef al., 2009). Strategies such as intercropping which is a
major coping strategy against variable rainfall in West Africa (Cooper ef al., 2008) and
agro-forestry which has been identified as one of the strategies farmers use in dealing
with climate variability in Ethiopia (Deressa et al., 2009) and Ghana (Gyampoh et al.,
(2009). These could be introduced to farmers in the study areas and other semi-arid areas
of Zimbabwe. The practices of delayed fertilizer use and re-planting using seed of early
maturing varieties or using a different crop identified by Cooper et al. (2008) as coping
strategies used by farmers in semi-arid West Africa during the season, in the event of any
emerging climatic shocks such as occurrence of dry spells can also be recommended to
farmers in these study areas. In Zimbabwe it has also been observed that nowadays, some
farmers in low agricultural potential areas do not apply basal fertilizer at planting as is
often recommended, but rather apply it to the just emerged crop (Shumba, 1989;
Mudhara et al., 2002; Mutezo, 2013), as a way of reducing the risk of wasting fertilizer in
the event that adequate rains are not received and crop emergence is poor. Shumba
(1989) also established that smallholder farmers in Mangwende communal area in north-
eastern Zimbabwe, apply compound D fertilizer later to reduce labour requirements at

planting time, a factor that allows quick establishment of the crop.
4.4. Conclusion and Recommendations

This chapter has established which agronomic practices and crop production constraints
are present in the in Lower Gweru and Lupane communal areas of Zimbabwe. The study
also found that smallholder farmers in these areas currently use a wide variety of coping

and adaptation strategies for climate variability.
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4.4.1. Agronomic practices

This study confirmed that conventional tillage, where the animal drawn mouldboard
plough is the main tillage implement, is the major tillage system used in both communal
areas. Farmers, particularly those in Lupane, also plant crops in planting basins, while
some farmers in Lower Gweru practise zero tillage and hand dig some of their fields. The
latter three practices are mainly used by farmers with limited access to draft animals and
implements, but some farmers with adequate draft power also use planting basins as they
conserve moisture and allow precise application of the limited fertilizers. It was
established that for farmers who practise conventional tillage, the main method of
planting is behind the plough and planting in furrows opened in winter ploughed fields.
Other planting methods used by the farmers include hoe planting and planting in basins.
Plant populations that farmers achieve when using these commonly used planting
methods are maize, 37 000-44 000 plants ha'l; sorghum, 66 000-167 000; pearl millet, 44
000-167 000; groundnut, 222 200-476 000 and cowpeas 150 000-333 300 plants ha™.
These populations do not quite match those recommended by extension so field
experiments and economic analyses may need to be carried out to determine if there are
any statistical differences in crop yield due to these population differences. Farmers can
also be advised on the correct number of furrows to skip before planting the next row,
when planting behind the plough, particularly for the legume crops and they should also

be encouraged to practice winter ploughing.

It was found that the range of crops grown by farmers in the two communal areas is
similar. However, the more drought tolerant crops, pearl millet and sorghum, are more
widely grown in Lupane than in Lower Gweru and are the major cereal crops in the
former. The sour melon "amajodo" is also considered an important crop, especially
during dry years, by farmers in Lupane, particularly those in Menyezwa Ward. This study
confirmed that maize is grown by all farmers in the two communal areas and is the major
cereal crop in Lower Gweru. Farmers in both areas grow the legume crops groundnuts,
cowpeas and sugar beans, with more farmers in Lupane growing cowpeas than those in
Lower Gweru. Crop varieties are almost similar for the two areas, except for maize where

the varieties range from very early to early maturing in Lupane, whereas in Lower Gweru
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the range extends to medium maturing varieties. It was noted that both hybrid varieties
and OPVs of maize are grown by farmers in both communal areas, with more farmers in
Lupane using OPVs than in Lower Gweru. However, it was disappointing to find that in
both areas, improved OPVs are used by fewer farmers than the traditional/local varieties.
It is, however, encouraging to report that use of improved varieties of small grain crops

(pearl millet and sorghum) has increased since the 1990s.

The study established that adoption rates for practices such as fertilizer use, crop rotations
as well as soil and water conservation techniques are generally low in both communal
areas. Most farmers are generally knowledgeable about the importance of these practices,
but have limited capacity to adopt mainly due to a poor resource base. In Lupane,
however, it was found that some farmers are skeptical about using fertilizer as they
believe that it "kills" the soil. It was also noted that crop rotations are not effectively
implemented due to limited land size, shortage of legume seed and the allocation of
particular fields to particular crops. Due to the general shortage of seed, some farmers in
Lupane particularly those in Menyezwa Ward, find it economic to grow different crops
on the same field. It was also found that more than 70% of the farmers in both communal
areas weed their fields twice, while about 10% weed once and that where planting basins

are used, farmers weed three times.

Farmers should be encouraged to practise minimum tillage rather than conventional
tillage since minimum tillage promotes sustainable agriculture as there is minimum
disturbance of the soil. Minimum tillage also uses less energy and is ideal for resource
poor farmers who do not have enough draft animals and implements. The minimum
tillage technologies that a few farmers in the study areas are using e.g. planting basins are
rather labour intensive and use of appropriate equipment rather than using hand hoes may
improve adoption of this technology. Tillage practices such as ripping and direct seeding
equipment such as the jab planters can also be introduced to the farmers to promote and
ease minimum and zero tillage. Crop yields of smallholder farmers in the study areas and
other semi-arid areas of Zimbabwe can be improved if availability of improved grain
cereal and legume seed is improved through breeding and seed multiplication

programmes. Farmers in these areas who grow OPVs of maize should be encouraged to
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grow improved OPVs as they yield better than the traditional unimproved OPVs. In
marginal areas such as Lupane, farmers may not need to weed twice, but this may need
verification through field experiments. There is a need to educate farmers who are
skeptical about fertilizer use on effects that fertilizers may have on soil characteristics
such as soil pH and how such effects can be corrected, to improve use of fertilizers by
such farmers. Some observations made by farmers need verification, examples being the
effect of intercropping maize and pearl millet on the yield of maize and the effect of
donkey manure on crop growth and yield. Thus there is room to improve smallholder
farmer crop productivity in the study areas and other semi-arid areas in Zimbabwe,

through both extension and research interventions.

Agronomic practices of smallholder farmers that have been established in this chapter
will be used as input data in simulating climate change effects on maize yields in the later
chapters. Such input data include maize cultivar names, planting times, plant spacing,

plant population and amount of nitrogen to apply as well as when it was applied.
4.4.2. Constraints to crop production

It was found that farmers in the study area face several challenges in crop production.
Constraints common to both communal areas include biophysical constraints mainly
inherently low soil fertility, variable rainfall patterns and low rainfall amounts. Shortage
of production resources namely labour, crop inputs and draft power is also experienced
by farmers in both communal areas. It was encouraging to find that farmers try hard to
deal with some of these challenges. They employ coping strategies such as working
together in each other's fields as groups to deal with labour bottlenecks, believing that
they achieve more as a group than as individuals and can encourage one another, using
seed retained from previous harvests, hiring draft animals and/or implements and to a
lesser extent resorting to minimum tillage. Farmers occasionally receive handouts under
various Government Input Schemes meant to assist farmers to recover from impacts of
natural disasters such as droughts and floods. Shortage of transport to the market is
unique to Lower Gweru due to the need to transport perishable horticultural crops

(vegetables and fruits), especially in Nyama Ward where livelihoods are derived largely
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from these crops, while crop damage by elephants is a major problem in Lupane due to
proximity to Hwange National Park Zimbabwe and to the border with Botswana.
Although the problem of HIV/AIDS pandemic and its effects on agriculture only surfaced
in Nyama Ward of Lower Gweru, it is likely that it is also a problem in the other wards

and other communal areas of Zimbabwe.

Strategies currently used by farmers to cope with constraints they face in crop production
e.g. social/group approach to solving problems should be supported and promoted.
Government support should also put emphasis on capacity building of communities, for
example by having community based seed multiplication schemes. Projects such as the
"Heifer Project International" (HPI)(HPI, 1999) which aims to build-up the national cattle
herd to address the problem of draft power shortage by providing initial heifers to

smallholder farmers should also be strengthened and expanded.
4.4.3. Coping and adaptation strategies to climate variability and change

With the exception of farmers in Daluka Ward (Lupane) and women farmers in Nyama
Ward, it was found that the problem of low and variable rainfall pattern was considered
quite important by farmers in both Lower Gweru and Lupane. Specific climate-related
concerns cited by farmers include inadequate and erratic rainfall, late start and early
cessation of the rains, high frequency of dry spells, droughts and occasional floods. They
also mentioned that effect of high summer temperatures. Farmers, particularly those in
Lupane, indicated that there are farming decisions that they make based on climate
among other criteria. Such decisions include choice of crops and varieties to grow and

timing of operations such as planting, weeding and fertilizer application.

It was also noted that farmers use diverse strategies to cope and adapt to the variable and
changing climate. These strategies include use of appropriate soil water management
techniques; choice of appropriate crops and varieties; adjusting amounts of inputs used,
resorting to growing crops in gardens, where water tables are high such as in wetlands or
where boreholes and deep wells have been sunk. They also resort to income generation
from off-farm activities such as gold panning and brick moulding. Some farmers also

strongly believe that their ancestors, if appeased through traditional ceremonies, can
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make rains fall. Christians also often have prayers devoted to requesting for rains from
God. It was found that some farmers simply have no plan, to deal with the adverse
weather conditions such as abrupt end of the season, dry spells and high temperatures.
Only about 10% of the farmers in Mdubiwa Ward (Lower Gweru) have plots in the two
small holder irrigation schemes in this ward, while there are no irrigation schemes in the
other three wards. The degree to which the farmers can cope with climate variability and
change is however limited by the various constraints faced by these farmers. The
identified current coping and adaptation strategies provide insights into possible
adaptation strategies that farmers may use under future climate scenarios, where climate
is expected to be even drier and warmer, across Southern Africa. The current coping
strategies can be tested for their effectiveness under the envisaged future climatic changes
and the knowledge gathered on farmers’ constraints need to be taken into account when
suggesting adaptation strategies. Strategies that are used by farmers in other semi-arid
areas of Africa, to cope with or adapt to climate variability and change e.g. intercropping
and agro-forestry particularly with legumes should be introduced to farmers in these
study areas as well as other semi-arid areas of Zimbabwe. Irrigation development should
also be expanded to cushion farmers in the study areas against effects of low and variable

rainfall conditions.
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CHAPTER 5

SIMULATION OF CURRENT AND FUTURE CLIMATE EFFECTS ON MAIZE
YIELD AND SOIL WATER BALANCE COMPONENTS UNDER DIFFERENT
AGRONOMIC SCENARIQOS, USING APSIM MODEL

5.1. Introduction

Agriculture is significantly influenced by climate and therefore climate change becomes
one of the many environmental changes affecting this sector. On a global scale,
approximately 70% of the people in developing countries stay in rural areas where
livelihoods are based on agriculture (Easterling et al., 2007). For the southern African
region which includes Zimbabwe, Louw et al. (2007) estimate that 80% of the population
rely on agriculture for subsistence, employment and income. The sector also contributes
35 percent to the Gross Domestic Product (GDP), for the region (Louw et al., 2007). In
Zimbabwe, agriculture has contributed up to about 17% of GDP between 1980 and 2008,
in years that were not affected by factors such as drought, introduction of the Economic
Structural Adjustment (ESAP), introduction of the Fast Track Land Reform Programme
(FTLRP) and the Economic crisis of 2008 (Mapfumo, 2012). Agricultural production in
Zimbabwe is largely rain-fed and the rainfall pattern is variable and characterized by
occurrence of mid-season dry spells and droughts, particularly in Natural Regions III, IV
and V of the country (Vincent and Thomas, 1962), where approximately 90% of
communal farming land is located (Chiremba and Masters, 2003; FAO, 2006). The study

areas, Lower Gweru and Lupane, lie in Natural Regions III and IV, respectively.
5.1.1. Climate change effects on crop productivity

Studies on climate change effects on crop production have been conducted at global (e.g.
Hitz and Smith, 2004; Parry et al., 2004; IPCC, 2007; Lobell and Field, 2007; Parry
2007), regional (e.g. Rasmussen, 2003; IPCC, 2007; Ngaira, 2007; Parry, 2007) and
country (e.g. Downing, 1992; Makadho, 1996; Southworth et al., 2000; Butt et al, 2005;
Crimp et al, 2008; Dimes et al., 2008) levels. Effects of climate change on crop

production can be direct or indirect. Direct effects are brought about through
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physiological effects of changes in specific climatic variables on the crop, for example,
the effect of increased carbon dioxide (CO,) concentration on the rate of photosynthesis
and on stomatal conductance; effect of temperature on the rate of crop growth; effect of
water availability on growth and development of a given crop, and changes in length of
growing season. Temperature increase can also affect crops by changing timing of
development events in relation to occurrence of extreme weather such as frost and
drought (Saarikko and Carter, 1996; Southworth et al., 2000). Thus, critical crop stages
such as flowering and grain-filling may coincide with unfavourable weather due to
changes in timing of crop development stages. C3 plants such as wheat, rice and soybean,
have been found to generally benefit more from an enhanced CO; atmosphere compared
to C4 species such as maize, sorghum and sugarcane (Easterling et al., 2007; Tubiello et
al., 2007; Leakey, 2004). Both Free Air Chamber Experiments (FACE) and crop model
simulations have shown yield increases of 10-25% at 550ppm for C3 crops but only an
increase of 0-10% for C4 crops (Easterling et al., 2007; Tubiello et al., 2007). Mature
forests of C3 species on the other hand, were found to have no significant response to
increased CO,, with young forests, giving slight positive responses (Easterling et al.,
2007). Direct effects of an enhanced CO, atmosphere can, however, be modified by
temperature and precipitation (Streck, 2005; Easterling et al., 2007; Tubiello et al., 2007)
as these variables are also expected to change under climate change. Indirect effects can
be through infestation of crops by insect pests, diseases and weeds, since the prevalence
of these biotic factors is influenced by climatic conditions. Climate change is also likely
to affect soil fertility through factors such as temperature effects on soil processes such as
organic matter decomposition and biological nitrogen fixation. There is variation in
regional climate change impacts on agriculture with crop yields likely to decrease in
tropical and sub-tropical zones due to a shorter (due to hastened crop development arising
from an increase in temperature) and drier growing season (Hitz and Smith, 2004;
Schlenker and Roberts, 2006; Easterling et al., 2007; Tubiello and Rosenzweig, 2008). In
contrast, crop yields in the mid- and high-latitudes are expected to increase due to a
longer and warmer growing season. Multiple cropping will become possible in these high
latitude areas due to longer seasons (Rosenzweig and Hillel, 1995). Considering the

above scenario, more crops could be produced in the higher latitudes to maintain constant

121



global food production, while low latitude areas would have to import food (Parry ef al.,

2004), a situation that will render most developed countries more vulnerable to hunger.

Climate change impacts on crop productivity will obviously depend on the degree to
which climatic variables change. Parry et al. (2004) established the highest global and
regional reductions in crop yield under the A1F1 IPCC - Special Report Emission
Scenario (highest CO, concentration and temperature). They also found yield differences
between developed and developing countries to be highest under the A2 scenario
(intermediate CO; concentration and temperature) and lowest under the B1 and B2
scenarios (lowest CO, concentration and temperature). Crop yields in the African region
have been found to generally decline as a result of climate change (Meadows, 2006;
IPCC, 2007; Schlenker and Lobell, 2010). For Zimbabwe, Makadho (1996) found that
rain-fed maize yield for a short season variety responded variedly to climate change
depending on planting date, at two stations (Masvingo in Natural Region IV and Karoi in
Natural Region II) out of four consistently showing reduction in yield, particularly for
planting dates later than 1 November. Dimes ef al. (2008) also reported a yield reduction
of 25% in maize grain yield for a short season variety due to climate change at Bulawayo

(west of Zimbabwe and in Natural Region IV).
5.1.2. Smallholder farmer adaptation strategies to climate change

In the absence of appropriate adaptation strategies, communities which heavily rely on
agriculture for their livelihoods are likely to suffer from food and nutrition insecurity as
well as increased poverty. However, farming communities across the globe are known to
already be coping with climate variability and change, although the pace is slow (IPCC,
2007; Kurukulasuriya et al., 2006; Mano and Nhemachena, 2007). Farmers have shown
considerable resilience to climate variability and change (Adger et al., 2003; Burton and
Lim, 2005) and adapting to current climate variability can increase resilience to long-
term climate change (Cooper et al., 2008; IPCC, 2007). However, since future climate
changes are likely to occur at a rate faster than has been previously experienced in history
(Burton and Lim, 2005; IPCC, 2007), farmers may not necessarily display the same level

of resilience in future. Challinor et al. (2007) also noted that, in future, individual or
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community adaptation abilities may not adequately deal with intensified and increased

frequencies of climate extremes such as droughts.

Agronomic coping and adaptation strategies to climate variability and change previously
identified include use of crops and varieties tolerant to climate stresses, use of mulch,
intercropping crops adapted to different climatic conditions, cost-effective water
management practices and use of climate forecasts to reduce climate risk ( Challinor et
al., 2007; Howden et al., 2007). In Zimbabwe, some of the adaptation strategies used by
smallholder farmers are dry planting and early planting, altering planting dates and
introducing irrigation (Mano and Nhemachena, 2007). Mubaya ( 2010) also noted
adaptation strategies used by farmers in Zambia and Zimbabwe (including study areas for
this study) to include winter ploughing, pot holing, use of planting basins, embarking on
off-farm activities to get income and reliance on remittances from relatives working in

towns and abroad.

African communities are the most vulnerable to impacts of climate variability and change
(Adger, 2003; Challinor et al., 2007; IPCC 2007; Barrios et al., 2008; Mertz et al., 2009).
Reasons for this scenario include heavy dependence of these communities on agriculture
which is greatly influenced by climate and limited capacity to cope and adapt as most are
resource poor farmers. The majority of these communities are located in geographical
areas where production is already limited by climate, rainfall in particular, a factor that

pre-disposes them to climate change effects.
5.1.3 .Rationale for this chapter

The importance of agriculture to national economies and food security coupled with the
sensitivity of the sector to climate, require that the effects of climate change on
agricultural productivity be quantified in order to guide planning. It is also imperative for
vulnerable regions and communities to be prepared for the predicted climatic changes.
Rural communities in semi-arid regions of Zimbabwe, which include the study areas
Lower Gweru and Lupane, rely on agriculture for their livelihoods and are vulnerable to
climate change as they have limited capacity to cope with a changing farming

environment, due to poor resource bases. In addition, these communities are mostly

123



situated in areas which are degraded due to high population densities. Their soils are also
inherently low in fertility (Grant, 1981; Mashiringwani, 1983; Shumba, 1994; FAO,
2006). Thus research work on potential effects of climate change on crop productivity
and testing effectiveness of possible adaptation strategies are essential. The maize crop

was selected for the study as it is the staple food crop in Zimbabwe.
5.1.4. Objectives

5.1.4.1 Overall objective

The aim of this chapter is to use the Agricultural Production Systems sIMulator (APSIM)
model to evaluate the effects of climate change on maize crop yields and to test selected
agronomic adaptation strategies, under current and future climate scenarios for the Lower

Gweru area of Zimbabwe.

5.1.4.2. Specific objectives

1. To determine the effect of climate change on grain, biomass and stover yield of maize.

2. To determine the effect of climate change on number of days taken by the maize crop
to reach physiological maturity.

3. To determine the effect of climate change on the simulated soil water balance,
(available water at sowing, seasonal soil evaporation, seasonal transpiration, seasonal

runoff and seasonal drainage), with water reset on 1 November of each year.

5.1.4.3 Hypotheses

1. Future climate scenarios do not make significant changes to maize yield (grain,
biomass and stover) compared to the current climate data.

2. There is no significant difference in number of days taken by the maize crop to reach
physiological maturity under current and future climate.

3. There are no significant differences in the water balance (available soil water at
sowing, seasonal soil evaporation, seasonal transpiration, seasonal runoff and seasonal

drainage) under current and future climate.
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5.2. Methods and Materials

According to Hertel and Rosch (2010), the most commonly used methods in climate
impact studies on agriculture are the statistical, Ricardian and crop growth modelling
methods. Statistical approaches have been used by researchers such as Schlenker and
Roberts (2006), Lobell and Field (2007) and Schlenker and Lobell (2010), while Seo and
Mendelsohn (2008), Seo et al. (2009), Kurukulasuriya and Mendelsohn (2008a), Hassan
(2010) and Mendelsohn and Dinar (2009) are examples of researchers who used the
Ricardian approach. Crop growth models have been used by several researchers including
van Ittersum et al. (2003), Crimp et al. (2008) and Dimes et al. (2008). Crop growth
models and statistical methods are concerned with climate impacts on crop yields
whereas the Ricardian methods focus on impacts on land value. This study uses a crop
modelling approach to simulate and compare maize crop yields under different climate
and agronomic scenarios. The strength of this approach lies in the fact that it is process
based and in that crop growth is simulated by stage (Hertel and Rosch, 2010). The
approach also allows researchers to specify crop and soil management practices. Thus,
with this approach, crop response to changes in climate can be determined and possible
adaptation strategies tested. The major limitation with the approach, however, is that
most crop growth models tend to be site specific and may not be appropriate for
estimating climate change impacts for large geographical areas (Murthy, 2004, Hertel
and Rosch, 2010).

Statistical approaches involve determining the relationship between yield and climate
change factors, rainfall and temperature, in particular. Although a statistical model has
less data requirements and can be applied to larger geographical areas, compared to most
crop growth models (Hertel and Rosch, 2010), this approach could not be used in the
current study due to absence of reliable historical records on crop yields. Statistical
approaches have a limitation in that they cannot incorporate adaptation (Hertel and
Rosch, 2010), as they make use of past climate-yield relationships to predict yields. The
need to compare different agronomic practices under current and future climate scenarios
and to test selected adaptation strategies, in this study, also influenced the choice of a

crop growth model over a statistical model approach.
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5.2.1. An overview of APSIM model

The Agricultural Production System sIMulator (APSIM) model (McCown et al., 1996;
Keating et al., 2003) version 7.1 was used to simulate and compare maize crop yields
under different climate and agronomic scenarios. The model operates on a daily time step
and is based on a modular framework where plant, environment (climate, soil) and
management modules can be linked up to simulate agricultural systems (McCown et al.,
1996; van Ittersum et al., 2003; Keating et al., 2003). The model has modules for a
number of crops including maize, barley, wheat, millet, cotton, groundnuts (peanuts),
sorghum, sugarcane, lupin, mucuna, canola, hemp, fababean, navy bean, chickpea,
sunflower, soybean, lucerne, cowpea and pigeon pea (Keating et al., 2003). Soil modules
include soil nitrogen (SOILN) which describes dynamics of both carbon and nitrogen in
the soil, soil water (SOILWAT), soil phosphorus (SOILP), surface organic matter,
manure and residues modules. The model also has a module that enables users to apply
particular management actions and conditions (McCown et al., 1996; Keating et al,
2003). The "met" module contains the long-term climate records for specific
meteorological stations, while the climate change module provides a window for in-
putting magnitudes in climate (maximum and minimum temperature, radiation, CO, and
rainfall) shifts. Details of the various modules of the model are outlined by Keating et al.
(2003). In addition to its application in crop yield prediction in relation to genotype, soil,
climate and management factors, the model is a farming systems model capable of
addressing long-term resource management issues such as effects of crop rotations and
use of residues (Keating et al., 2003). The model is most appropriate for use in areas
characterized by extensive soil fertility depletion and/or erosion to the extent of reducing
viability of crop production, as well as in areas with low and erratic rainfall (McCown et
al., 1996). These conditions are characteristic of the study area, Lower Gweru. The model
has also been found to be effective in augmenting research on crop management in the
semi-arid tropics of Africa and Asia (Carberry, 2005). APSIM data input requirements
include management data (e.g. crop input amounts and timing of agronomic practices),
site specific climate and soil parameters as well as cultivar parameters. Daily climate data
(solar radiation (Rs), maximum (Tmax) and minimum (Tmin) temperatures and

precipitation amount) are required, while soil parameters required include organic carbon
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content, available water at field capacity, bulk density, drainage and soil pH. Model
limitations are that the model assumes that there are no pests and diseases and that
management is optimum. The model also does not simulate impacts of water-logging on

plant growth and development.
5.2.2. Construction of composite climate file for Gweru-Thornhill station

The first step towards simulating maize yields under different climate and agronomic
scenarios was to build a composite climate file for the Gweru-Thornhill station (ID
number 67867050, latitude 19.45 degrees south, longitude 29.85 degrees east and altitude
1429m). APSIM requires continuous daily time series of maximum and minimum
temperatures (°C), solar radiation (MJ s m™) and rainfall (mm). Absence of a continuous
record of daily observed data for these variables from the Meteorological Services
Department of Zimbabwe for Gweru-Thornhill station, necessitated the construction of a
composite met-file. The met-file was build from the existing observed data and other

sources namely: NCDC/NOAA (http://www.ncdc.noaa.gov/oa/ncde.html), NASA

(http://earth-www.larc.nasa.gov/cgi-bin/cgiwrap/solar/agro.cgi and the Risk Management

Project (RMP) - ICRISAT. The climate record is from 01 January, 1970 to 31 October,

2008 and climate data for this period will be used in simulating the different climate
scenarios. Data gaps in the observed / measured data for the station were filled-in using
data from the web based sources as follows: RMP data were used to fill in data gaps on
rainfall; NCDC/NOAA to fill gaps on Tmin, Tmax and rainfall data and NASA data to
fill in gaps on Tmin, Tmax and radiation. Whereas NCDC/NOAA and RMP data were

used as they were, NASA data were scaled up and down as follows:

Tmax =0.897x + 1.9333 equation 5.1
Tmin = 0.961x - 3.238 equation 5.2
Radiation (Rs) as Rs = max(3.0, in(0.8*Ra, 1.088x-2.092)) equation 5.3

to set the lower limit at 3 and the high values at a value with 0.8 transmissivity (SIPEAA,
2004). The decision on which data source to use (NCDC/NOAA or NASA) for gap
filling was based on how well the data (NCDC or NASA) matched observed data, for
those periods when observed data were available. This was done by plotting time series

of these data and comparing the pattern and magnitudes of these data with that of
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observed data. Where the pattern was similar, but magnitudes different, relationship
between the two (e.g. NASA data vs. observed) was established by plotting the variables
against each and fitting a trendline and obtaining a regression equation. The model
developed was then used to calculate values to use for gap filling, provided the R-squared
value was at least 0.75. Where there were only one or two consecutive days with missing
data, average of the values either side of the missing day(s) was used to infill the gaps.
The major source of data used to fill gaps in rainfall data was the RMP. For missing
shortwave radiation the first option was to generate values from sunshine hours using
equation 5 (shown in next paragraph) (Prescott, 1940), whenever these data were
available. Day of year (DOY) average sunshine hours were in some cases used to fill in
missing values of sunshine hours. The second option was to generate solar radiation from
observed Tmax and Tmin data, using the Campbell-Donatelli (CD) method (Donatelli
and Campbell, 1998) (equation 4, shown in next paragraph), where observed Tmax and
Tmin data were available and sunshine hours not available. There were ten major periods

that required gap filling (see Table.5.1).
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Table 5.1. Major periods that had missing data and methods used to fill in gaps in the
Thornhill meteorological climate record used in simulating climate change
effects using APSIM model

Period Sources of data used to fill gaps

01/01/1970 - RMP rain, observed Tmax and Tmin, sunshine hour for Rs
11/01/1971

12/01/1971 - RMP rain, DOY averages for Tmax, Tmin,Rs from DOY
30/06/1971 averages for sunshine hours

01/07/1971 - RMP rain, Mainly observed Tmax and Tmin, mostly
30/06/1989 sunshine hour Rs

01/07/1989 - RMP rain, NCDC Tmax and Tmin , Rs is CD

31/03/1990

01/04/1990 - RMP rain, mainly observed Tmax and Tmin, mostly
30/06/1991 sunshine hour Rs

01/07/1991 - RMP rain, mainly observed Tmax and Tmin, mostly
13/11/2000 sunshine hour Rs

14/11/2000 - RMP rain, observed Tmax and Tmin, Rs is CD

31/12/2001

01/01/2002 - NOAA rain, mainly observed Tmax and Tmin, also NCDC
31/12/2002 Tmax and Tmin, Rs is CD

01/01/2003 - NOAA rain, mainly observed Tmax and Tmin, Rs is
31/12/2003 NASA scaled

01/01/2004 - NOAA rain, NASA scaled Tmax and Tmin, Rs is
30/06/2008 NASA scaled

Campbell-Donatelli (CD)

formula for calculating solar radiation (Rs): (Donatelli, and

Campbell, 1998)

Rs = transmissivity * extraterrestrial radiation (Ra) (day of year, lat).....equation 5.4:

where:

transmissivity = clearskytransm * (1.0 - exp(-CD_b * fTavg * dt"2 * fTmin))
Tavg = (Tmax + Tmin) * 0.5

fTavg =0.017 * exp(exp(-0.053*Tavg))

dt = Tmax - (Tmin + Tminl) * 0.5

Tmin = exp(minT / CD_Tnc)

clearskytransm = 0.8

CD b=0.463
CD _Tnc=285.6
factor)

CD empirical parameter b (temperature range factor for dt)

CD empirical parameter Tnc (summer night temperature
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Calculation of solar radiation from sunshine hours (Prescott, 1940)

Rs=Ra* (a+b * n/N) equation 5.5

where Rs = solar radiation at the earth's surface

a = 0.18, transmissivity with no sunshine

b =0.62, where a+b is the clear sky transmissivity (0.8)

n = observed sunshine hours

N = daylength

Ra = extra-terrestrial solar radiation (at top of atmosphere).
The coefficients a and b, used were those specified for Irene, South Africa (Lat = -25.92
degrees; Longitude = 28.22deg; Clearsky transmissivity = 0.8; CD_b = 0.463; CD_Tnc =
85.6) in the Radiation Estimate (RadEst) parameter document (SIPEAA, 2004) available
at (http://www.sipeaa.it/ASP/ASP2/RadEst DB/parameters_search.html) and Ra was

obtained from the NASA site. Daylength, N was obtained using the following formula
(Hargreaves, 2009):
. (0.8333m . L_TL' inpP
N =24 — %Acos <Sm( 180 )J:m(ls‘))sm > equation 5 6

L
cos(ﬁ)cosP

where L is latitude (for Gweru Thornhill station L=-19.45) and
P = Asin(0.39795*c0s(0.2163108)+2*Atan(0.9671396*tan(0.0086*(J-186))) and
J = day of year.
A composite met_file from 1 Jan 1970 until 31 Dec 2008 (with daily data put in columns)
was thus created and the documentation for this file, in terms of data sources and methods
used, was included on the met _file (see Appendix III for the met file-format). Time series
for all the variables were then checked for consistency using TAMET software (Wall,
1977).The Tav_Amp.exe. file (Hargreaves, 1999) was then run and applied to the created
met_file to calculate and insert values of annual average ambient temperature (TAV) and
annual amplitude in mean monthly temperature (AMP), which are used by the APSIM
SoiIN2 module to calculate daily soil temperature for a site (Hargreaves, 1999).
The resultant solar radiation, temperature, and rainfall patterns and magnitudes for the
composite climate are typical of the climate of Zimbabwe for example rainfall peak
period of DJF and lowest radiation values during winter months (May, June and July) and

highest values around October (Drummond and Vowinckel, 1957; Climate Handbook of
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Zimbabwe, 1981) (Fig. 5.1a to 5.1c). The high year to year variability in rainfall
characteristic of rainfall pattern in Zimbabwe is also quite evident with typical drought
seasons, for example 1981/2; 1991/2 and 2002/3 (Fig. 5.1d). The meteorological year

runs from July of one year to June of the following year.
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Fig. 5.1 a) Mean daily solar radiation; b) Mean daily temperature; ¢) Mean monthly
rainfall; and d) Annual (July to June) rainfall anomalies for the 1980-2008
composite Gweru_Thornhill climate data

5.2.3. Benchmark simulations

Average maize grain yield (800-1000 kgha™) for Gweru district (Moyo and Musasanuri,
2009, personal communication; Rukuni, 1994; FAO, 1999; Muzari et al, 2012) was
benchmarked against its simulated yield, an approach described by Carberry et al. (2009)
in their farmer participatory use of APSIM model for decision making as a "soft"-

evaluation of the model. This was done using the commonly grown varieties SC403, an
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early maturing variety and SC601, a medium season length variety. A sowing window
starting from 15 November and ending 15 January was defined as this is the period
during which planting is normally carried out in the study area (Moyo and Musasanuri,
2009 - personal communication). Although varying sowing criteria have been used by
different researchers and it seems that there is no standard criterion (Fosu-Mensah, 2012).
Dimes et al. (2008) point out that 20 mm received in 5 consecutive days is a common
sowing criteria and this was the sowing criteria adopted in this study. Thus, sowing was
set to occur at the first opportunity when 20 mm were received in 5 days, during the 15
November to 15 January window so that the earliest possible planting date was 15
November and the latest date, 15 January. The amount of initial soil water at the start of
the simulation was set at 10% filled from the top. To remove carryover effects, water,
nitrogen and surface organic matter (surface OM) were reset on 1 November, which is
before the start of each season's sowing window. Sowing density was 3 plants per m®.
Higher yields than expected were initially obtained from the model and the bench mark
yields were achieved mostly by adjusting the fraction of organic matter that is inert (F-
inert) upwards and organic carbon (OC) content downwards. This was done to reduce the
mineralization rate, a factor which was the main reason for over-estimation of maize
yield by the model. (Total nitrogen mineralized was one of the outputs that APSIM was
set to report on at the end of the harvest). Yields simulated for the two varieties were
considered as one data base and quartiles were calculated, noting the yield ranged
between the 2nd and 3rd quartiles. The technique removed some extreme outliers and
assisted in judging if simulated yields fell within normal range (Hargreaves, 2009 -
personal communication). The calibration exercise achieved a situation whereby about 75
of the simulated yields fell between 800-1000 kgha™. The benchmarked set-up provided
the base for subsequent simulations for the sensitivity analysis as well as simulations for

different climatic and agronomic scenarios.
5.2.4. Climate change scenarios

Use of crop growth models in the study of climate change impacts on crop growth and
yield may involve direct or indirect (e.g. post-processing such as weather generators) use

of climate model outputs (predicted temperature and/or rainfall changes from current
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climate) as input to run the crop growth models (Challinor et al., 2009). In some cases,
however, the climate model outputs may be used to perturb observed data, thereby
creating climate change scenarios (Hewitson, 2003; Challinor ef al., 2009). In this study,
climate change scenarios were created by perturbing the observed long-term climate
record for Gweru-Thornhill met station by applying selected temperature and rainfall
shifts. This was done using the "climate change" module in APSIM, an approach which
has been used in similar studies, for example Crimp et al. (2008); Dimes ef al. (2008) and
Hayman et al. (2010). The climate control utility allows one to perturb rainfall and
temperature by different specified magnitudes. The maize module in APSIM version 7.1
includes carbon-assimilation algorithms that respond to changes in atmospheric CO,

concentrations. Thus, the level of CO, was also specified in the climate change module.
5.2.5. Sensitivity analysis

A sensitivity test was conducted by simulating maize yields under varying temperature
and rainfall change magnitudes as well as under varying CO, concentrations. The test
was done to determine the range of effects of projected climate change scenarios on
maize yield in the smallholder farming sector of Zimbabwe. This was done by simulating
maize yields for a relatively short season variety SC403 (with an average of 132 days to
maturity at an altitude of 1200m (Gwenzi et al.,2008)) under different temperature (0;
+0.5; +1.5; + 2.5 and 3.5 °C) and rainfall (0; -5%; -10%; -15%; -20%; and +5%) change
magnitudes above or below the current climate. For this sensitivity test, maize yields
were simulated under four levels of atmospheric CO, concentrations of 370; 490; 580 and
700ppm, for the afore-stated temperature and rainfall shifts. APSIM file generator was
used to generate factorial simulations for the various scenario factors (temperature,
rainfall and CO,) with differing levels. The "Analysis2.xls" spreadsheet developed by
Neil Huth at CSIRO (undated), was then used to import/collect the output results from
the model output files into excel, to enable analysis of the APSIM output data.

Simulations were run for Gweru district using the long-term Gweru-Thornhill met_file
under nitrogen non-limiting conditions. Soil parameters used to initialize the model are

similar to those described in section 5.2.8 (Tables 5.3a and b). A short season maize
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variety SC403 was used. Sowing conditions and practices were as described for
simulations carried out to compare different climate and agronomic scenarios (see section
5.2.7), with water and residues reset on 1 November each year. Conventional land

preparation, namely ploughing, was employed.
5.2.6. Effect of climate change on smallholder maize productivity

The climate scenarios (temperature, rainfall and CO,) adopted in the analyses of climate
change effects on maize productivity are within the A2 emission scenario projections for
Southern Africa for the period 2046-2050 (Christensen et al., 2007). They are also in-line
with projections for south eastern Africa and Zimbabwe (Hulme et al., 2001). The
minimum and maximum temperature changes of +3.0°C applied to the crop simulation
model are also about the same temperature change (+2.7°C) projected for Gweru-
Thornhill meteorological by the Canadian Climate Center (CCC) global climate model
(GCM) (Climate Systems Analysis Group (CSAG) at University of Cape Town (UCT)
(undated). The projections are available from CSAG (http://data.csag.uct.ac.za/doc/). The

CCC model was found to simulate, the "current" temperature for Zimbabwean stations
better compared to other GCMs (Unganai, 1996). There are no probabilities attached to
the occurrence of the IPCC emission scenarios. The A2 scenario was chosen for the
reason that it represents intermediate CO, emissions and climate (temperature) sensitivity
compared to the B1, B2 and Al scenarios, which are lower level scenarios and to the
ATFI scenario which is the highest level scenario (See appendix I). Unlike, with
temperature projections, global and regional models have less agreement in projection of
both direction and magnitude of rainfall change (Hulme et al., 2001; Tadross et al., 2005;
Christensen et al., 2007). Rainfall reductions of 10% and 15% by 2050 were considered
in the analyses, based on projections of significant reductions of 5-15% in summer
rainfall (November-May) for southern Africa by 2050 (IPCC, 2007 WGII Chapter 10)
and a similar reduction for the Limpopo river basin (Arnell, 1999). Hulme et al. (2001)
also projected a significant reduction of 15-25% in mid-summer rainfall over much of
southern-eastern Africa, while Tadross et al. (2005) projected declining rainfall for the
first half of the rainfall season (October to December) and no change for the second half

(January to March).
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Maize yields and soil water balance components were simulated and compared for the

following scenarios, under current agronomic practices (Table 5.2).

Table 5.2. Description of current and future climates used in the climate change impact

study
Description
Climate name Temperature change Rainfall change CO,
°0O) (%) concentration
(ppm)
Current climate 0 0 370
Future climate 1 +3 -10 532
Future climate 2 +3 -15 532

5.2.7. Simulation management data for comparing different climate and agronomic
scenarios
Simulations were carried out under a "continuous maize system", that is, sole cropping
and simulation of planting maize on the same lands each year. Crop parameters of SC401
and SC701 maize varieties, whose descriptions are provided in the APSIM maize crop
module, were chosen to describe the varieties SC403 and SC709 respectively, since the
parameters are similar to those of SC401 and SC701, respectively. The soil parameters
used were those of a soil typical of Mdubiwa Ward, in Lower Gweru (Tables 5.3 & 5.4).
Initial water was set at 10% of maximum available water, filling the profile from the top,
while initial nitrogen was set at 10kgha™ nitrate (NO3) and 5kgha” ammonium (NHy).
Depth of seedbed was set at 150 mm and seedbed preparation done two weeks before
sowing. Sowing was set to occur at the first opportunity when 20 mm of rainfall was
accumulated in 5 days, within the sowing window of 15 November to 15 January. The
crop was sown at a depth of 50 mm, density of 3 plants m™” and inter-row spacing of 0.9
m. Nitrogen, in the form of Ammonium Nitrate (NH4;NOs), was applied at 84kgha™ (14kg
at sowing and 70 kg at 28 days after sowing). Nitrogen, water and residues were reset on
1 November. The parameter U, which describes the first stage (constant evaporation rate,
when soil water is not limiting) of soil water evaporation was set at 2, while Cona, which
describes the second stage (falling evaporation rate) was set at 4 in the APSIM soil

module.
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Table 5.3. Soil water characteristics used in initializing APSIM model, for Mdubiwa site

in Lower Gweru

Depth BD DUL LL15 SAT SWCon | PAWC
(cm) (g/ce) (mm/mm) | (mm/mm) | (mm/mm) | (0-1) (mm)

0-10 1.6 0.13 0.04 0.18 0.7 9.0
10-30 1.5 0.14 0.05 0.20 0.7 18.0
30-60 1.4 0.21 0.14 0.27 0.5 21.0
60-90 1.4 0.22 0.28 0.18 0.5 12.0

BD = Bulk density; DUL = Drained upper limit; SAT = Saturated water content; LL15 =
Lower limit of extraction by the crop; SWCon = proportion of water in excess of DUL
that drains in one day; PAWC = plant available water capacity

Table 5.4. Soil chemical characteristics used in initializing APSIM model for Mdubiwa

site in Lower Gweru

Depth pH (water) F-Biom F-inert oC
(cm) (0-1) (0-1) (%)
0-10 6.0 0.03 0.40 0.667
10-30 6.0 0.02 0.60 0.293
30-60 6.0 0.02 0.75 0.282
60-90 6.2 0.01 0.90 0.126

F-biom = fraction of decomposable soil carbon in the more labile organic matter pool;
F-inert = fraction of soil carbon that cannot be decomposed; OC = soil organic carbon as
percentage

5.2.8. Data analysis
5.2.8.1. Sensitivity analysis

Anomaly and sigma plots for simulated grain yields were plotted, to detect the effects of
varying temperature, rainfall and CO; effects on maize yield.

5.2.8.2. Simulation of maize yield and soil water balance components under different

climate change and agronomic scenarios

Box and whisker plots were used to establish and compare the general characteristics of
simulated output data (e.g. grain and biomass yield, days to maturity and amount of
runoff) from different climate and agronomic scenarios. Cumulative distribution
functions were used to establish non-exceedance probabilities for particular yield
thresholds. Output data were also subjected to the Kolmogorov test for normality, using

SPSS version 17 statistical package, to decide on appropriate statistical test for significant
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differences among treatments (climate and/or agronomic practices). A t-test (parametric
test) or Kruskal-Wallis (non-parametric) test for independent samples was then used to
determine significant differences among treatments, for normally distributed and non-
normally distributed data, respectively. Where the Kruskal-Wallis test (more than two
samples test) showed significant differences at p<0.05, data were further subjected to the
Mann-Whitney test (non-parametric) for two independent samples to test for significant

differences between any two treatments.
5.3. Results and Discussion
5.3.1. Sensitivity analysis

5.3.1.1. Single factor effects of temperature, rainfall and CO; shifts on maize grain yield

effect of change in temperature

Temperature increase in the low range of 0.5-1.5°C above the current climate, increases
maize grain yield at higher CO, concentrations of 580 and 700ppm (Fig. 5.2). At
700ppm, an increase of even up to 2.5°C (denoted as T2.5 on graphs) slightly increases
the yield by about 1%. However, at CO, concentration of 420ppm a temperature shift of
+0.5°C (T0.5 on graphs) reduces yield, while at 490ppm these temperature increases do
not alter yield. For +1.5°C (T1.5 on graphs) and above, yield is reduced at both 420 and
490ppm, while at higher concentrations of 580 and 700ppm yield only starts to decrease
at +2.5 °C and +3.5 °C (T3.5 on graphs), respectively (Fig. 5.2). Thus, increase in
temperature reduces grain yield, with reductions starting to occur at higher temperature
thresholds at higher CO, concentrations than at lower concentrations. For a given
temperature increase, greater reductions also occur at lower CO, concentrations than at
higher concentrations. Thus, the highest grain yield reduction of 14% occurs at 420ppm
and temperature shift of +3.5°C (Fig. 5.2). Increased temperature under climate change
exerts its negative effects on crop yield mostly through shortening of the crop growing
period (see section 5.4.3). It also increases the amount of evaporation thereby reducing

the amount of soil water available to the crop.
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Fig. 5.2. Effect of change in temperature on maize grain yield of variety SC403 simulated
under nitrogen non-limiting conditions, for Lower Gweru site, with current
rainfall, at four CO, levels

Effect of change in rainfall

An increase in rainfall of 5% increases maize grain yield across all CO, concentrations,
with the highest yield increase of 12% occurring at 700ppm and the lowest of about 5%
at 420ppm (Fig. 5.3). Decreases in rainfall amount generally reduce grain yield, with
greater reductions occurring at lower CO, concentrations and higher negative shifts in
rainfall. The greatest yield reduction of about 9%, thus, occurs at 420ppm and -20%
rainfall (Fig. 5.3). At 420ppm, grain yield is lower than baseline yield at -5% and higher
reductions. However, at 490, 580 and 700ppm, yields are below baseline yield at -10%, -
15% and at -20% respectively (Fig. 5.3). The negative effect of reduced rainfall, thus,
appears to be off-set by increased CO, concentrations up to certain levels, depending on
CO; concentration, for example, a 5% decrease in rainfall is off-set by a CO, increase of
up to 490ppm. These results support the view by some authors that crops, particularly C4
crops like maize, will benefit more from a CO, enhanced atmosphere, under drought
stress conditions than under water stress free environments (e.g. Kimball et al., 2002;
Ghannoum ef al., 2000 & 2002; Ghannoum, 2009). Water is vital for photosynthesis and
other plant biochemical processes and therefore inadequate amounts will impact

negatively on crop growth and development. For maize, critical stages for soil water
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stress are the flowering and grain filling stages and significant yield reductions occur

when the crop is stressed during these stages (Ghooshchi et al., 2008; Aslam et al., 2013).
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Fig. 5.3. Effect of change in rainfall on maize grain yield of variety SC403 simulated
under nitrogen non-limiting conditions for Lower Gweru site, with current
temperature, at four CO; levels

Effect of change in CO, concentration

Increased CO, concentration up to 700ppm, in the absence of changes in rainfall and

temperature, increases maize grain yield (Fig. 5.4). The highest yield of approximately

10% above the baseline occurs at 700ppm and the lowest of 1.4% at 420ppm (Fig. 5.4).

These results are consistent with the widely acknowledged positive effect of CO, on crop

yield. Increased atmospheric CO, concentration increase yield by increasing the rate of

photosynthesis (Ghannoum et al., 2000; Kimball et al., 2002; Li et al., 2004; Easterling et
al., 2007; Tubiello et al., 2007; Leakey et al, 2004; Qiao et al., 2010). At elevated CO,
stomatal conductance is reduced, leading to reduced transpiration and therefore higher
water use efficiency (WUE) (Kimball, 2002; Li et al., 2004; Qiao et al., 2010). WUE has

been found to increase more significantly under drought stress (Kimball et al., 2002;

Kang et al., 2002; Qiao et al., 2010) and hence increased CO, concentration will benefit

crops more, under water limiting conditions such as those prevalent in arid and semi-arid

regions. The % increase in yield due to increased CO, concentration is rather low but this

is expected for maize, a C4 crop. C4 species such as maize and sorghum have been found
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to generally benefit less from an enhanced CO; atmosphere compared to C3 species such
as wheat, rice and soybean (Easterling et al., 2007; Tubiello et al., 2007; Leakey, 2004).
For example, Easterling et al. (2007) and Tubiello et al. (2007) report yield increases of
10-25% at 550ppm for C3 and an increase of 0-10% for C4 species.

10.0

9.0

8.0

7.0

6.0

5.0

4.0

% Change in grain yield

3.0

2.0

1.0

0.0 -

420 490 580 700
Carbon dioxide concentration (ppm)

Fig. 5.4. Effect of CO, concentration on maize grain yield of variety SC403 simulated
under nitrogen non-limiting conditions, for Lower Gweru site, with current
temperature and rainfall

5.3.1.2. Combined temperature, rainfall and CO; effects

Combined increases in temperature and decreases in rainfall, from current climate, cause
greater reduction on maize grain yield than single factor effects (Fig. 5.5a-d). Greater
yield reductions occur at lower CO, concentrations than at higher concentrations, with
combinations of highest temperature and rainfall shifts giving the greatest yield
reductions. Thus, the greatest yield reduction of 28% occurs with a temperature increase
of 3.5°C and a rainfall decrease of 20% under CO, concentration of 420ppm (Fig. 5.5a),
whilst the least reduction in yield of 3% occurs with a combination of a temperature
increase of 1.5°C and rainfall decrease of 10% under CO, concentration of 700ppm (Fig.

5.5d). At the highest CO; level an increase in temperature of 0.5°C and a rainfall decrease

140



of 5%, gives grain yield which is 3% higher than the baseline yield, while at 580ppm,
yield is not affected (Fig. 5.5¢). Decreases in maize yield, particularly at higher
temperature increases, greater rainfall decreases and at lower CO; levels, confirm the
widely adopted fact that, under climate change yield benefits of an enhanced CO,
atmosphere may be compromised by changes in temperature and precipitation

(Ghannoum et al., 2000; Streck, 2005; Easterling et al., 2007; Tubiello et al., 2007).

5.3.1.3. Relative contribution of changes in temperature and rainfall to change in grain

yield

Temperature and rainfall shifts due to climate change appear to have equal effect on
maize grain yield as depicted by CO, level contour maps in Fig. 5.6, where the contour
lines are almost at 45 degrees inclination. The contour lines are slightly closer to one
another on the top left corner than on the bottom right hand corner, indicating greater
yield changes at higher magnitudes of decreases and increases in rainfall and
temperature, respectively. Fig 5.6 also indicates that grain yield reduction under,
changing temperature and rainfall conditions, varies with CO, concentration, with highest
yield reductions occurring at 420ppm and lowest reductions at 700ppm. Contrary to the
findings, in this study that temperature and rainfall have an almost equal effect on maize
crop yield, Dimes et al. 2008 (for Bulawayo site, western part of Zimbabwe), concluded
that temperature had a greater effect than rainfall, while Akpalu et al. (2008) established
that rainfall had a greater effect on maize yield than temperature, in the Limpopo river

basin of South Africa.
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Fig. 5.6. Predicted percentage change in maize grain yield from baseline at Gweru, for a
range of temperature and rainfall scenarios at CO, concentrations of (a)
420ppm, (b) 490ppm, (c¢) 580ppm and (d) 700ppm

5.3.2. Effect of climate change on maize grain, biomass and stover yield

Results presented in this section are comparisons of maize yield (grain, biomass or
stover) simulated under current climate and two likely climate change scenarios, for
Lower Gweru area in Zimbabwe, by 2050. The most likely future climate comprising a

temperature increase of 3°C and a CO, concentration of 532ppm is considered. Future
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climate 1 and Future climate 2 differ in the magnitude of rainfall reduction, with Future
climate 1, having a reduction of 10% and climate 2 a reduction of 15%. Maize yields are

compared for a long season variety, SC709, and a short season variety, SC403.

5.3.2.1. Characteristics of maize grain, biomass and stover yield data simulated under

current climate and climate change

Maize grain yield

Median yield for SC403 is higher under current climate than under climate change (future
climate), with the two future climates having similar yields (Fig. 5.7a). The median yield
under current climate is almost equal to the 3rd quartile yield under climate change. Thus,
for approximately 3/4 of the years, yields under climate change were lower than the
median yield under current climate. Under current climate, yields of this variety are
skewed towards the high yield range, but almost symmetrical under climate change (Fig.
5.7a), as depicted by the position of the box between the whiskers. Yields of SC403 are
also less variable under climate change than under current climate (Figs. 5.7a and b). For
the long season variety, SC709, median yields are slightly higher under climate change
than under current climate and median increased in contrast to the lower median for
SC403. Inter-quartile yield ranges of this variety, for the two climate change scenarios
are similar, depicting similar variability in yield, for the two climates (Fig. 5.7a). Yields
for SC709 variety are more variable under current climate (Fig. 5.7b) and are almost
symmetrical under both current climate and climate change (Fig. 5.7a). Overall, yields of
SC709 are more variable than those of SC403 (Figs. 5.7a) and b) under both current and
future climate. However, under climate change scenarios SC709 gave higher median
grain yields than SC403, indicating that it would be a better choice under these scenarios

which are envisaged by 2050.
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Fig. 5.7. a) Simulated maize grain yield and b) standard deviation of grain yield for
SC403 and SC709 varieties, under current and future climate

Maize biomass yield

The median yield for SC403 is higher under current climate than under climate change,
with the two future climates exhibiting almost equal median yields (Fig. 5.8a). For this
variety, yields show about the same variability under current climate and climate change
(Fig. 5.8a and b) and are skewed towards the higher yield range under all three climates
(Fig. 5.8a). Median yields for SC709 are about similar under current climate and climate
change, with yields being more symmetrical under climate change than under current
climate (Fig. 5.8a). For SC709, there is more variability in biomass yield under current
climate than under climate change, with yields under the two climate change scenarios
showing similar variability (Fig. 5.8b). The biomass accumulated by SC709 under
climate change is almost the same as for SC403, thus showing no advantage gained from

the longer season variety for total above ground biomass.
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Fig. 5.8. a) Simulated maize biomass yield and b) standard deviation of biomass yield for
SC403 and SC709 varieties, under current and future climate

Stover yield

For both maize varieties, median stover yields are higher under current climate than
under climate change (Fig. 5.9a), with yield for SC709 under current climate being higher
than the 3rd quartile yield under climate change. Thus, for 3/4 of the years, stover yields
for SC709 under climate change are lower than the median yield under current climate,
thus providing reduced stored fodder for livestock over the dry season. The yield under
the two climate change scenarios are almost similar for each variety. Yields are equally
variable across all three climates for SC403, while for SC709, stover yields are more
variable under current climate than under climate change (Fig. 5.9a and b). Stover yields
are symmetrical for SC403 under all three climates and for SC709 under current climate,

but skewed towards the higher yield range for SC709 under climate change.
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Fig. 5.9. a) Simulated maize stover yield and b) standard deviation of stover yield for
SC403 and SC709 varieties grown in Lower Gweru, under current and future
climate

5.3.2 2. Probability distribution functions for maize grain, biomass and stover yield

under current climate and climate change

Grain yield

For SC403, current climate and climate change appear to give similar yields for the lower
grain yield range (up to about 1000 kgha™, approximately 25% PoNE) and above 4000
kgha™ which represents the extreme yields only obtained in a few years. However, in the
range 1200 - 4000 kgha' maize grain yield under climate change for a particular
probability non-exceedance (PoNE), is lower than under current climate (Fig. 5.10a). For
example, there is 50% probability that yields of SC403 will not exceed 2000 kgha™.
under climate change, whereas under current climate, a 50% PoNE has a higher yield of
about 3000 kgha™. An almost similar trend is observed for SC709, which also has lower
yields for a given PONE under climate change than under current climate for yield ranges
of about 1000-2100 and above 3000 kgha™ (Fig. 5.10b), however, showing smaller
differences in yields under future climates until higher than 60% PoNE. Thus, about 50%
of the time there would be little difference between grain yield simulated under current

climate and climate change conditions.
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Fig. 5.10. Comparison of probability distribution of maize grain yield for varieties a)
SC403 and b) SC709, grown in Lower Gweru, under current and future climate

Biomass yield

Biomass yield for SC403 is consistently lower for a particular PONE under climate

change than under current climate (Fig. 5.11a). For SC709 the same pattern is exhibited

for yields below and above about 7500 kgha™. (Fig. 5.11b), but achieving potentially

high values 1 in 4 years of more than 11000 kg ha™ under current climate conditions.
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Stover yield

For both varieties stover yield is consistently lower for a particular PONE, under climate

change than under current climate (Figs. 5.12a and b), with a 50% PoNE of 4000 and

4500 kgha' under climate change and current climate, respectively for SC403. For

SC709, there is 50% chance that yields will not exceed 4500 and 5500kgha’

respectively, under climate change and current climate (Fig. 5.12b) and all predictions are

higher under current climate. So in all years SC709 will produce less stover under future

climates.
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For grain, biomass and stover yield, there is more chance that yields do not exceed a
given yield under climate change than under current climate. Thus, there is higher
probability of getting lower yields under climate change than under current climate. The
probability distribution functions also show that yields simulated under the two future

climates differ little.

5.3.2.3. Comparison of mean grain, biomass and stover yields of maize grown under

current climate and under climate change

Change (from baseline yield) in maize yield due to climate change

Long season variety, SC709, gives higher yields than the early maturing variety SC403
under both current and future climate, with yields of both varieties, being reduced under
climate change (Fig. 5.13a-c). Grain and biomass yields of SC403 are reduced by about
13-16% and by 12-14% respectively, while for SC709, grain and biomass yields are
reduced by 14-15% and 18-19% respectively. For stover yield, decreases due to climate
change are 12-13% and 20-21% for SC403 and SC709, respectively. The small ranges in
% change in yield reflect a relatively small yield difference between effects of a 10% and

15% decrease in rainfall represented by Future climate 1 and Future climate 2.
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Fig. 5.13. Simulated mean maize a) grain, b) biomass b) and c) stover yields under
current and future climate, for SC403 and SC709 varieties grown in Lower
Gweru
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Statistical comparison of mean yields simulated under current climate and climate
change

Simulated yield data are not normally distributed for 13 out of the 18 yield data sets from
the different climate and variety scenarios (Table 5.5). Only variety SC403 grain yield
data for the current climate and future climate 2 and SC403 biomass yield for all climates
are normally distributed (Table 5.5). This outcome of non-normal distribution for most of
the yield data is consistent with available literature, as most crop yield data have been
reported to be non-normally distributed and to show negative skewness (Hennesy, 2009).
Ramirez (1997) and Ramirez et al. (2003) concluded that some crop yield distributions
are non-normal and show either negative or positive skewness, depending on
circumstances. Their conclusions were based on the Corn Belt corn, soybean and cotton
yields in the USA. Non-parametric tests, the Kruskal-Wallis and Mann-Whitney tests
described in section 5.2 were therefore used to test for significant differences among
yields from different climates, as non-parametric tests have no requirement for normally
distributed data. Under climate change maize gives lower grain yield (p=0.420 for SC403
and p=0.640 for SC709) and lower biomass yield (p=0.077 for SC403 and p=0.114 for
SC709) than under current climate (Table.5.6). For stover, yield differences occur at
p=0.066 and p=0.010 for SC403 and SC709 respectively (Table 5.6). Further subjection
of mean stover yield data for SC709 to the Mann-Whitney test (test was only done where
the Kruskal Wallis test showed significance at p< 0.05) shows that yield under current
climate is significantly higher than yield under the two future climate scenarios (Table
5.7), corresponding p-values being 0.003 for current climate vs Future climate 1, 0.010

for current climate vs Future climate 2 and 0.840 for Future climate 1 vs Future climate 2.
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Table 5.5. Kolmogorov_Smirnov test for normality of yield data, for varieties SC403 and
SC709, under different climate scenarios

Kolmogorov-Smirnov
Climate Statistic | Df. | Significance
Grain yield SC403
Current climate 0.175 28 0.029%*
Future climate 1 0.176 28 0.078
Future climate 2 0.165 28 0.048%*
Grain yield SC709
Current climate 0.132 28 0.200
Future climate 1 0.158 28 0.072
Future climate 2 0.140 28 0.171
Biomass yield SC403
Current climate 0.174 28 0.029%*
Future climate 1 0.175 28 0.028%*
Future climate 2 0.190 28 0.011%*
Biomass yield SC709
Current climate 0.125 28 0.200
Future climate 1 0.159 28 0.068
Future climate 2 0.161 28 0.061
Stover yield SC403
Current climate 0.102 28 0.200
Future climate 1 0.114 28 0.200
Future climate 2 0.114 28 0.200
Stover yield_SC709
Current climate 0.079 28 0.200
Future climate 1 0.122 28 0.200
Future climate 2 0.162 28 0.058

*Normally distributed data; p<0.05

Table 5.6. Test for significant yield differences among three climate scenarios (Results
from Kruskal -Wallis test)

Grain yield Biomass yield Stover yield

SC403 SC709 SC403 SC709 SC403 SC709
Chi-Square 1.718 0.900 5.132 4.351 5.448 13.007
Df. 2 2 2 2 2 2
Significance 0.424 0.637 0.077 0.114 0.066 0.010%*

*Significant difference (p<0.05), Grouping variable is climate

152



Table 5.7. Mean comparison of stover yields for SC709, based on Mann-Whitney test for
independent samples

Treatment (climate scenario) Mean yield (kgha™)

1. Current climate 5297.4°
2. Future climate 1 4229.2°
3. Future climate 2 4166.7°

Means with the same letter are not significantly different from each other at p<0.05.

Maize stover is mainly used as livestock feed during the dry season in the smallholder
farming sector of Zimbabwe, so is vital to survival of the livestock during the winter
period. In recent years farmers in the study area, are being encouraged to use maize
stover as mulch, a component of conservation agriculture, which is being promoted
throughout the country. Thus reduced stover yield under climate change, will negatively

impact on smallholder agricultural productivity and livelihoods.

The decline in maize yield under climate change, found in this study, is consistent with
findings from global studies which established that climate change will reduce crop
yields in tropical and sub-tropical regions (e.g. Rosenzweig and Liverman, 1992; Hitz
and Smith, 2004; Parry et al., 2004; Easterling et al., 2007; IPCC, 2007; Tubiello and
Rosenzweig, 2008). The results are also consistent with a number of research findings on
climate change effects on crop yields in Africa (e.g. Meadows, 2006; Turpie et al., 2002;
Jones and Thornton, 2003; Schlenker and Lobell, 2010). Schlenker and Lobell (2010), for
example, estimate a 22% reduction in maize yield for Africa, due to climate change,
while Brown and Crawford (2007) estimate a 6.9% reduction for the same crop, by 2020
for west Africa. In Zimbabwe, Makadho (1996) found somewhat similar result to the
current study, that rain-fed maize yields responded variedly to climate change, depending
on planting date, with late planting giving lower yields. For two sites (Masvingo in
Natural Region IV and Karoi in Natural Region II) out of the four sites they considered,
maize yields were consistently higher under current climate than under climate change.
Dimes et al. (2008) reported a 25% grain yield reduction for a short season variety at
Bulawayo site, in western Zimbabwe, due to climate change. The % decrease in maize
grain yield established in this study (13-16%) for Lower Gweru is lower than the 25%
established for Bulawayo, most probably due to factoring-in of an increased CO, level

(532ppm) in this study, whereas for Bulawayo, simulations were run for a climate change
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scenario without CO, fertilization. Thus, for this study, increased CO, concentration
reduced the negative effects of reduced rainfall and increased temperature (Single factor
effects examined in this study show that increased CO, increases maize yield whereas
decline in rainfall and increased temperatures reduce yield ). Results from this study thus
agree with findings of Dimes et al. (2008) in that climate change reduced maize grain
yield for the Zimbabwe sites considered, but differ in magnitude of reduction. It should,
however, be noted that the p-values at which significant differences in crop yields occur

due to climate change are unclear from most of the studies cited herein.

Maize is the staple crop in Zimbabwe and in the study area all farmers grow the crop (see
section 4.3.1). The reduction in crop yield due to climate change will thus impact
negatively on food and nutrition security. The reduction in stover yield will have an
effect on availability of livestock feed, especially during the dry season. Viability of the
crop is likely to be reduced in future and farmers may also have to reduce the area grown
to the crop. Irrigation development needs to be further expanded and crop varieties that
are tolerant to heat stress need to be developed (e.g. Hitz and Smith, 2004; Ortiz et al.,
2008).

5.3.3. Effect of climate change on days taken by the maize crop to reach physiological
maturity

5.3.3.1. Characteristics of data on simulated number of days to reach maturity under
current climate and climate change
Median days to reach physiological maturity are higher under current climate than under
climate change for both varieties (Fig. 5.14a). Thus, climate change reduces the number
of days taken by the crop to reach physiological maturity due to higher temperatures
experienced. The median days under climate change are more than the third quartile for
climate change, implying that for 3/4 of the years of analysis (1982-2008), days under
climate change are lower than median days under current climate change. Under current
climate, the number of days to reach maturity was fairly symmetrical, whereas under
climate change, the number of days is slightly skewed towards the lower range (Fig.

5.14a). Number of days taken to reach maturity show more variability under climate
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change than under current climate (Fig. 5.14b), with the drier future climate (future
climate 2) showing slightly more variability than the less dry future climate (future
climate 1). For both varieties and for all three climate scenarios, there are days to
maturity values that fall well outside the upper range of the other values (outliers) (Fig.

5.14a).
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Fig. 5.14. a) Simulated number days to physiological maturity and b) standard deviation
for simulated days to physiological maturity for maize varieties SC403 and
SC709 grown in Lower Gweru, under current climate and climate change
scenarios

5.3.3.2. Mean comparison of days to physiological maturity under current and future
climate

Under current climate the number of days taken by the short season variety, SC403, to

reach physiological maturity is 138. However, under climate change, the number of days

is reduced by 23 to 115 for both future climate scenarios (Fig. 5.15). The number of days

to reach maturity for SC709 is reduced by 29 days from 160 to 131 under both future

climate 1 and 2. Thus, under climate change the number of days to reach maturity for the

long season variety approaches that of the short season variety, under current climate.
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Fig. 5.15. Simulated mean days taken by maize varieties SC403 and SC709
grown in Lower Gweru, to reach physiological maturity under
current and future climate scenarios

Statistical analysis

Data on number of days taken to reach physiological maturity for both varieties are
normally distributed (Table 5.8). A t-test for independent samples was performed to
compare mean days taken by the maize crop to reach maturity, under the different climate
scenarios. There is a significant difference (p<0.05) in days to reach maturity under
current climate and climate change for both varieties (Table 5.9), with the varieties taking
significantly more days to mature under current climate than under climate change (Table
5.10). However, for both varieties, there is no significant difference (p=0.895 for SC403
and p=0.874 for SC709) in number of days, between Future climate 1 and 2, which have
the same temperature increase of 3°C and rainfall reductions of 10% and 15%,
respectively (Tables 5.9 and 5.10). This result is expected since it is temperature that
drives phenological development of a crop, with increased temperature hastening growth

and development and hence reducing the duration from sowing to physiological maturity.
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Table 5.8. Test for normality of data for number of days to reach physiological maturity
for varieties SC403 and SC709

Kolmogorov-Smirnov

Climate Statistic | Df | Significance
SC403 days after sowing

Current climate 0.164 28 0.051%*
Future climate 1 0.277 28 0.000%*
Future climate 2 0.257 28 0.000%*
SC709 days after sowing

Current climate 0.189 28 0.011*
Future climate 1 0.233 28 0.000%*
Future climate 2 0.248 28 0.000*

* Significant (p<0.05)

Table 5.9. Test statistics for comparison of mean number of days to maturity under
current and future climates

T-test of means of number of days for maize to reach maturity

Under current | Variet t df | Sig.2- | Mean s.e 95% confidence

climate Vs, y tailed | differen & difference interval

future climate 1 ce Lower | Upper
SC403 | 7.753 | 54 | 0.000* | 22.96 2.96 17.02 28.90
SC709 | 8.737 | 54 | 0.000* | 29.50 3.38 22.73 36.27

T-test of means of number of days for maize to reach maturity

Under current | Variet t df | Sig.2- | Mean s.e 95% confidence
climate Vs, y tailed | differen | difference interval
future climate 2 ce Lower Upper
SC403 | 7.372 | 54 | 0.001* 22.54 3.06 16.40 28.17
SC709 | 8.218 | 54 | 0.000* = 28.93 3.52 21.87 35.99
T-test of means of number of days for maize to reach maturity
Under future | Variet t df | Sig.2- | Mean s.e 95% confidence
climate 1 ws. y tailed | differen | difference interval
future climate 2 ce Lower Upper
SC403 | -0.133 | 54 | 0.895 -0.43 3.23 -6.90 6.04
SC709 | -0.160 | 54 | 0.874 -0.57 3.58 -7.75 6.61

*significant difference

Table 5.10. Mean comparison of days to maturity for SC403 and SC709 under current
climate and climate change

Climate Mean number of days taken to | Mean number of days taken to
reach maturity for SC403 reach maturity for SC709

Current climate 137.75% 160.11°

Future climate 1 114.79° 130.61°

Future climate 2 115.21° 131.18¢

1. Comparisons are within variety. 2. Means with the same letter within variety, are not
significantly different from each other (p>0.05)
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The reduction in number of days to physiological maturity, under climate change
exhibited by both the short and long season varieties is consistent with trends established
by other researchers (e.g. Tao et al,, 2006; Challinor and Wheeler, 2008; Dimes et al.,
2008; Shively, 2008; Gordo and Sanz, 2010; Ma et al., 2012; Wang et al., 2011). Shively
(2008) for example, estimated that the number of days to reach physiological maturity for
maize would be reduced by 5-10 days by 2050 for Indiana (U.S.A). The reduction in
number of days to maturity for maize, of 17 and 18% (corresponding to a reduction of 23
and 29 days for the short and long season variety respectively) obtained in this study, is
consistent with the estimated reduction in days to maturity for a short season maize
variety grown at Bulawayo (south west of Zimbabwe) by 2050 (Dimes et al., 2008). Both
future climates considered in this study have the same temperature change magnitude
(+3.0 °C), hence one expected the same number of days to maturity (about 115 and 131
days for the short and long season varieties, respectively) for each variety under the two

climate change scenarios.

The main reason for reduced days to maturity under climate change is increased
temperature which hastens growth and development of the crop. Increased temperature
advances the onset and reduces duration of phenological stages such as unfolding of
leaves, flowering and fruiting stages (Gordo and Sanz, 2010), thereby shortening the crop
growing season (Rosenzweig and Liverman, 1992; Wang et al., 2011). The resultant
effect is less time available for CO, assimilation resulting in less total CO, assimilated
during the growing season and reduced dry matter accumulation. A rise in mean daily
temperature was found to reduce maize yield by 16% in central U.S.A (Brown and
Rosenberg, 1997), while yield of wheat decreased by 10% for every a 1°C rise in mean
seasonal temperature (Mitchel et al., 1993 cited in Da Matta, et al., 2010). The greatest
temperature effect on grain crop yield is during the flowering (when the number of grains
per ear, in the case of cereal crops is determined) and grain filling (when the weight of
the grain is determined) stages (Challinor and Wheeler, 2008; Da Matta et al., 2010). In
addition to causing a reduction in crop yield, hastened crop maturity due to increased
temperature is also often associated with reduced quality of crop products, for example
decreased protein and mineral content (Da Matta et al., 2010). Thus, for human

populations that rely on crop products for their diets, health may be compromised by
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climate change, through malnutrition. However, early maturity may have some benefits
for example, it could enable production of more than one crop in one season, where soil
water is not limiting e.g. under irrigation. It also allows early availability of food, before
farming households run out of food stocks from previous season's harvest. Effects of
shortened crop growth cycle due to increased temperature may be reduced by breeding
for varieties that are tolerant to high temperatures. For farmers in the study area, shifting
from the currently grown short season maize varieties to long season varieties may

improve yields, under climate change conditions (as shown in Fig. 5.7a).
5.3.4. Effect of climate change on soil water balance components

Simulated soil water balance components were considered under production of the
currently grown maize variety, SC403. The soil water balance components considered
were available soil water at sowing, seasonal soil evaporation, transpiration, seasonal

runoff and seasonal drainage.
5.3.4.1 Available soil water at sowing (extractable soil water at sowing - sow_esw)

Characteristics of simulated available soil water at sowing (sow_esw)

Although the same sowing criterion of 20mm of rainfall received in 5 consecutive days,
was used for all climate scenarios, average extractable soil water at sowing (sow_esw)
(for whole soil profile) was tracked to establish the exact amount of soil water
accumulated at sowing under the different climates. Median sow_esw for current climate
is higher than that for climate change, with the two future climates showing slightly
different medians (Fig. 5.16). For all three climate scenarios, there are extractable soil
water amounts that fall outside the upper normal range of values (outliers) (Fig. 5.16).
The inter-quartile ranges for current climate and future climate 1 are almost equal
implying similar variability in sow_esw under these climates (Fig. 5.16). The standard
deviation for sow_esw also shows that variability in sow_esw is about the same under
current climate and climate change (Future climate 1 and Future climate 2) (Fig. 5.17).
Data for all three climates are skewed towards the lower range values of available soil

water at sowing.
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Fig. 5.16 a) Simulated total available soil water and b) standard deviation for soil water
available at sowing for SC403 grown at Lower Gweru under current and
future climate change

Mean comparison of available soil water at planting (sow_esw) under current climate
and climate change

Although the criteria for sowing was the same for all three climate scenarios (at least
20mm accumulated in 5 days), the actual amount of extractable soil water (sow_esw) at
sowing was 29.7 mm, 27.3mm and 26.4 mm under current climate, Future climate 1 and
Future climate 2, respectively (Fig. 5.17). Thus, climate change slightly reduced sow_esw
with greater reduction (11%) occurring under a drier climate (Future climate 2) than

under a less dry one (Future climate 1) which results in 8% reduction.
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Fig. 5.17. Simulated average soil water available at sowing under current
climate and climate change for SC 403 grown in Lower Gweru

Data on available soil water at sowing (sow_esw) are normally distributed for Future
climate 1 (p<0.05), but not normally distributed for current climate and Future climate 2
(p>0.05) (Table 5.11). The non-parametric test, Kruskal-Wallis test was used to test for
significant differences in sow_esw, among the different climates. There are slight

differences in soil water available at sowing, between current climate and climate change

(p=0.502) (Table 5.12).

Table 5.11. Test for normality of data for available soil water at planting under different
climate scenarios

Kolmogorov-Smirnov
Climate Statistic df Significance
Current climate 0.156 28 0.079
Future climate 1 0.165 28 0.048
Future climate 2 0.163 28 0.054"

* Significant (p< 0.05)
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Table 5.12.Test statistics for testing significant differences in sow_esw between current
climate and climate change (Kruskal-Wallis test)

Chi- Square 1.379
Df 2
Significance 0.502

Grouping variable is climate

Lack of significant differences among the three climates is expected, since planting was
set to occur at the first opportunity when at least 20 mm of water accumulated in the soil
in 5 days, with the earliest planting set to occur on 15 November and the latest on 15
January. Thus, the amount of available soil water at sowing should be more or less
similar irrespective of climate scenario. Predicted sowing dates were similar for the three
climate scenarios, with approximately 75% of the simulated sowing dates falling within
the period mid to end of November, while 25% of the sowing dates fell during the first
and third dekads of December (data not shown). These results suggest that by 2050,
climate change may not alter timing of the start of the season. Contrary to these results
about 67% of farmers in the study area (Lower Gweru) claimed that they had observed
late start to the season in the past 5-10 years, during a survey conducted during 2008
(Mubaya, 2010), However, farmers' perception of delayed start to the season are not
consistent with trends in historical records, as no significant change was noted in start of

the growing season (Murewi et al, 2012).
5.3.4.2. Simulated seasonal soil evaporation, transpiration and evapotranspiration

Characteristics of simulated seasonal evaporation and transpiration data

The median values for both simulated soil evaporation and transpiration are higher under
current climate than under climate change (Fig. 5.18a). The median soil evaporation
values for the two future climates are almost similar, being 169.5 and 167.8 mm for the
less dry climate (Future climate 1) and for the drier climate (Future climate 2),
respectively (Fig. 5.18a) compared to that of the current climate which stands at 186.5
mm/season. Median transpiration rates show a similar pattern to that of soil evaporation
with current climate, Future climate 1 and Future climate 2 having values of 107, 100 and
98 mm/season respectively (Fig. 5.18a). Thus both soil evaporation and transpiration

decline for a sandy soil and short season variety SC403 in Lower Gweru, under climate
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change. There is greater year to year variability under current climate than under climate
change, for both soil evaporation and transpiration as indicated by the standard deviations
for these simulated parameters (Fig. 5.18b). The standard deviations under current
climate are 34.4 and 27.2 mm/season for evaporation and transpiration, respectively,
while the lowest deviations are those for Future climate 2 which are 30.9 and 26.0
mm/season respectively. The differences in standard deviation between Future climate 1
and 2 are minimal for both parameters being 0.3 and 0.2 mm for evaporation and
transpiration, respectively. Thus generally, under climate change, rates of soil

evaporation and transpiration can be predicted more accurately than under current

climate.
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Fig. 5.18 a) Simulated seasonal evaporation and transpiration and b) standard deviation
for simulated evaporation and transpiration for maize variety SC403 grown
on a sandy soil in Lower Gweru

Mean comparison of simulated seasonal soil evaporation and transpiration under current
climate and climate change
The amount of seasonal evaporation from a sandy soil planted to the early maturing

maize variety SC403 is about 10% higher under current climate than under climate
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change (Fig. 5.19). The mean seasonal transpiration for maize variety SC403 was highest
under current climate (Fig. 5.19), being about 102.3 mm. Under climate change, the
amount of water transpired by the crop is reduced by 5% and 8% under the less dry
(Future climate 1) and more dry (Future climate 2) climate change scenarios, respectively
(Fig. 5.19).

Except for evaporation simulated under current climate all other simulated evaporation
and transpiration data for the three climate scenarios are not normally distributed
(p>0.05) (Table 5.12). A non-parametric test (Kruskal Wallis test) was thus, used to test
for significant differences among simulated seasonal evaporation and seasonal
transpiration under the three climates. Results of the test show significant differences in
mean evaporation and in transpiration simulated under the different climate scenarios at

p=0.08 and p=0.656, respectively for soil evaporation and transpiration (Table 5.13).
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Fig. 5.19. APSIM simulated mean seasonal evaporation and seasonal transpiration from
SC403 maize variety grown on a sandy soil in Lower Gweru, under current
climate and climate change conditions
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Mean comparison simulated seasonal evapotranspiration, under current climate and
climate change

APSIM simulates seasonal soil evaporation and crop transpiration. In this study the
amount of seasonal evapotranspiration (ET) was obtained by summing up amounts of soil
evaporation and transpiration per season. Both soil evaporation and transpiration are
higher under current climate than under climate change (Fig. 5.19) and correspondingly,
ET which comprises approximately 35% water loss through transpiration and 65%
through evaporation from the soil, is higher under current climate than under climate
change (Fig. 5.20). Climate change reduces ET by 8 and 9%, respectively for the less dry
climate and drier climate change scenarios (Fig. 5.20). Simulated ET data are normally
distributed for Future climate 2 (p=0.041), but are not normally distributed for current
climate and Future climate 1 (p>0.05) (Table 5.13), hence the non-parametric test,
Kruskal Wallis test for independent samples was used to test for differences among ET
means under the three climate scenarios. Significant difference in simulated ET among

the three climates occur at p=0.108) (Table 5.14).
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Fig. 5. 20. Simulated evapotranspiration under current climate and climate
change for a sandy soil and maize variety, SC403 grown at
Lower Gweru
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Table 5.13. Kolmogorov Smirnov test for normality of simulated evaporation,
transpiration and evapotranspiration data

Kolmogorov-Smirnov

Climate Statistic df Significance
Seasonal evaporation

Current climate 0.166 28 0.046%
Future climate 1 0.138 28 0.181
Future climate 2 0.129 28 0.200
Seasonal transpiration

Current climate 0.098 28 0.200
Future climate 1 0.131 28 0.200
Future climate 2 0.149 28 0.115
Seasonal

evapotranspiration

Current climate 0.163 28 0.055
Future climate 1 0.154 28 0.088
Future climate 2 0.168 28 0.041*

*Normally distributed data (p<0.05)

Table 5.14. Test statistics for significant differences in simulated seasonal evaporation,
transpiration and evapotranspiration under current climate and climate change

(Kruskal-Wallis test)

Seasonal Seasonal Seasonal

evaporation transpiration evapotranspiration
Chi- Square 5.045 0.845 4.453
Degree of freedom 2 2 2
Significance. 0.080 0.656 0.108

Grouping variable is climate

The projected temperature increase of 3°C by 2050, used in this study to simulate water

balance components under climate change, provides possibility for increased soil

evaporation, transpiration and therefore ET. However, simulated mean values for these

water balance components show a decline from the current climate, although the %

reductions are not statistically significant at p<0.05. The reduction in soil evaporation

under climate change could be constrained by limited amount of water in the soil under

climate change conditions compared to the current climate, since climate change

scenarios used in this study comprised a reduction in rainfall of 10% (Future climate 1)
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and 15% (Future climate 2). Soil evaporation was also simulated under a sandy soil and
this reduces the amount of water available for evaporation due to the low water holding
capacity of the soil. These explanations (effect of reduced rainfall and low water holding
capacity soils) are backed by, for example, Wegehenkel and Kersebaum (2009)'s findings
that the regions in the Ucker catchment in north east Germany which showed a decline
ET under climate change, were those which had a higher reduction in precipitation and
soils with lower water storage capacity. The effect of soil water availability on actual rate
of evaporation from land surfaces is also highlighted by Allen et al. 1998; IPCC, 2007a;
Harmsen et al., 2009; Centre for Ecology and Hydrology, Natural Environment Research
Council (CEH) (undated).

The potential increase in evaporation due to increased temperature, under climate change
could also have been offset by other climatic variables for example, wind speed, amount
of water in the atmosphere and radiation (Wang et al., 2006; IPCC, 2007a; Badawy,
2009; Moratiel et al., 2010; Snyder et al., 2011). However, in dry regions, such as the
study area, humidity may have a limited influence on rate of evaporation (IPCC, 2007a;
Badawy, 2009). The amount of soil evaporation from a cropped area also depends on the
crop characteristics, particularly with regards to the amount of radiation that crop canopy
allows to get through to the soil (Allen, ef al., 1998). Centre for Ecology and Hydrology,
Natural Environment Council (undated) also points out that large plant surfaces may
intercept rainfall before it gets to the soil underneath, thereby reducing the amount of soil
water and therefore amount of soil evaporation. Climate elements namely temperature,
wind and relative humidity which control evaporation are also affected by climate
change, thereby making it difficult to predict the effect of climate change on evaporation.
In modelling the effect of climate change on the water balance, in this study, effect of

wind and relative humidity were not factored in.

Similar to soil evaporation, there is a potential for increased transpiration due to an
increase in temperature, under climate change. However, results from this study show a
decrease (though not statistically significant) of 5-7% in transpiration rate from the short
season maize variety SC403 grown on a sandy soil at a density of 30 000 plants/ha, under

climate change. The most probable reason for the reduction in transpiration under climate
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change is the shorter crop duration under this climate scenario compared to under the
current climate. It was established in section 5.3.3.2 of this thesis that the number of days
taken by maize to reach physiological maturity under climate change decreased by 23-29
days depending on variety. The decrease in amount of transpiration could also emanate
from increased stomatal resistance to water loss, due an increased CO, concentration
under climate change. In this study the two climate change scenarios used comprise a
CO; level of 532ppm compared to 370ppm used for baseline simulations. Several authors
including IPCC (2007a), Ge et al. (2013) and Snyder et al. (2011) have reported
decreases in ET rates under climate change and attributed this to reduction in stomatal
conductance due to increased CO, concentration. Studies on effect of elevated CO;, on
growth of agricultural crops (e.g. Kimball, 2002; Li et al., 2004; Qiao et al., 2010) have
also established that stomatal conductance is reduced, under elevated CO, concentration
leading to reduced transpiration. Similar to soil evaporation, climatic factors such as wind
speed, amount of radiation and humidity can modify the effect of temperature on rate of
transpiration. Whereas in this study, climatic factors such as wind speed may have off-set
temperature effects of increasing evaporation, transpiration and therefore ET, these
factors may lead to overestimation of temperature effects in other situations (Badawy,
2009). The influence of these climatic factors varies with geographical location and time

of the year (IPCC, 2007a; Badawy, 2009).

A decrease in ET reduces crop water requirements per unit of dry matter produced by the
crop, thus increasing the water use efficiency of the crop. WUE has been found to
increase under elevated CO, concentrations and water stressed environments (e.g.

Kimball, 2002; Li et al., 2004; Ghannoum, 2009; Qiao et al., 2010).

Due to wide variation in methods that have been used to estimate effects of climate
change on ET or evaporation from land and/or water surfaces by different researchers for
different geographical locations comparing results from this study with specific results

from other research work is difficult.
5.3.4.3. Simulated seasonal runoff

Characteristics of simulated seasonal runoff data
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Median seasonal rainfall under current climate is higher than that under climate change,
with the drier climate (Future climate 2) having a lower median than the less dry climate
(Future climate 1) (Fig. 5.21a), suggesting the possibility of reduced runoff under climate
change. Inter-quartile ranges (Fig. 5.21a) and standard deviations (Fig. 5.21b) indicate
that there is more variability in seasonal runoff under current climate than under climate
change. Thus, under climate change, amount of seasonal runoff can be predicted with
greater certainty than under current climate. Seasonal runoff prediction for all three

climates is skewed towards the lower runoff range.
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Fig. 5.21. a) Box and whisker plot and b) standard deviation for seasonal runoff under

current climate and climate change, predicted under maize cultivation with
APSIM

Mean comparison of seasonal runoff under current climate and climate change

Seasonal runoff is reduced by 28% from 132 mm under current climate to 94.7 mm under
the less dry climate change scenario (Fig. 5.22). A greater reduction of 38% in seasonal
runoff occurs under the drier climate change scenario (Future climate 2) (Fig. 5.22).
Seasonal runoff data are not normally distributed (p>0.05) (Table 5.15), hence use of a
non-parametric test to test for significant differences in runoff among the different
climates. Test statistics from Kruskal-Wallis test show that there are significant
differences in amount of runoff among the different climates (p=0.010) (Tables 5.16).
Seasonal runoff under current climate is significantly greater than runoff under both

future climates (p<0.05) (Table 5.17 & 5.18). The difference in amount of seasonal
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runoff between the two future climates is significant at p=0.258 (Table 5.17) The null

hypothesis that there is no significant difference in seasonal runoff under current climate

and climate change can therefore be rejected. Reduction in amount of runoff under

climate change is most likely due to reduced rainfall amount under these climate

scenarios.
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Fig. 5.22. APSIM simulated mean seasonal runoff under current climate and
climate change for a sandy soil cropped to maize in Lower Gweru

Table 5.15. Kolmogorov-Smirnov test for normality of data for simulated seasonal runoff

Kolmogorov-Smirnov
Climate Statistic df Significance
Current climate 0.121 28 0.200
Future climate 1 0.132 28 0.200
Future climate 2 0.129 28 0.200

Table 5.16. Test statistics for significant differences in seasonal runoff between current
climate and climate change (Kruskal-Wallis test)

Chi- Square 9.163
Df 2
Significance. 0.010*

Grouping variable is climate
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Table 5.17. Test statistics for significant differences in seasonal runoff between different
pairs of climates (Mann-Whitney test)

Compared climates Statistic V4 Asymptotic
sig.(2-tailed)
Current climate vs. Future climate 1 261.00 -2.147 0.032*
Current climate vs. Future climate 2 221.00 -2.802 0.005*
Future climate 1 vs. Future climate 2 323.00 -1.131 0.258

* Significant difference

Table 5.18. Mean comparison of simulated seasonal runoff under current climate and
climate change

Climate Scenario Mean seasonal runoff (mm)
Current climate 132.00"
Future climate 1 94.73
Future climate 2 82.43°

Means with the same letter are not significantly different from each other (p>0.05).

Many studies have shown that runoff is positively related to rainfall (e.g. Arnell, 1999;
Desanker and Magadza, 2001; Wilk and Hughes, 2002; Arnell et al., 2003; Boko et al,
2007; Love, et al., 2010; Chiew et al., 2009; Mango et al., 2011; Teng et al., 2012) and
that the relationship is non-linear (Arnell et al., 2003; Mango et al., 2011). Global
responses of runoff to changes in rainfall, under climate change vary depending on
whether rainfall amount and intensity are expected to increase or decrease. In temperate
regions, the degree of melting of glaciers due to increased temperatures under climate
change will also determine the amount of runoff. According to IPCC (2007b) runoff will
increase under climate change in high latitude areas and in equatorial Africa and Asia as
well as in south east Asia, while in mid-latitude areas and most subtropical regions,
runoff will decline. Barrios et al. (2008) highlight the high sensitivity of runoff to
changes in rainfall amount in arid and semi-arid regions. The 28-38% reduction in runoff
under a drier future climate (10-15% reduction in rainfall amount) obtained in this study
is consistent with the pattern in runoff established from other studies in most parts of
Africa, including Southern Africa and Zimbabwe. Examples include a reduction in runoff
of about 50% predicted with a rainfall reduction of 10% across southern Africa
(Reibsame, 1989 cited in Barrios et al., 2008) and a reduction of 26-40% from a decline
in rainfall of 10-25% for the Zambezi river basin (Arnell, 1999). For Zimbabwe, national

annual runoff is projected to decrease by 50% by 2075 when rainfall is projected to

171



decrease by 15-19% and potential evapotranspiration to increase by 7.5-13.0 % (Ministry
of Mines, Environment and Tourism in Zimbabwe, 1998b). For the upper Limpopo basin
in Zimbabwe, Love ef al. (2010) found a good correlation between rainfall and runoff for
some discharge stations in the western part of the river basin. Results in that study as well
as those from other studies, show that percentage change in runoff is much more than the
associated percentage change in rainfall and as suggested by Arnell et al. (2003), this

scenario implies that the cause for reduction in runoff is not reduced rainfall alone.

Differences in magnitude of the changes in runoff between findings in this study and
other studies are likely to be due to the scale of investigation. While results from this
study are based on a relatively small grid block representing one meteorological station,
results for the other studies are based on river basins, national and regional scales, where
data for several meteorological stations are considered. Differences could also be due to
differences in climate change scenarios used in projecting runoff and the absolute
amounts of rainfall involved. Magnitude of runoff will also depend on factors such as soil

type, land characteristics e.g. slope and land use.

Amount of runoff has implications on water availability in water resources storage
facilities such as dams and rivers, with reduced runoff leading to lower availability. River
flows are sensitive to changes in rainfall (Desanker and Magadza, 2001) and reduced
runoff may lead to cessation of seasonal streamflows as noted for Zimbabwe by Magadza
(2000). Thus, under climate change, increased water shortages for various uses, including
agriculture (irrigation, livestock and fisheries) and human consumption are expected in
the study area. Similar effects are expected in other areas of Zimbabwe and in other parts
of Africa where climate change is characterized by, among other changes in climatic
variables, a significant reduction in rainfall. Quality of water is likely to deteriorate under
reduced runoff conditions due to low dilution of pollutants by low water flow (Jacobs et
al., 2000). Poor water quality may have implications on productivity of irrigated crops as

well as on livestock and human health.

Effects of reduced runoff are largely negative, particularly with respect to availability of

surface water, which is the main source of water, accounting for 90% of the water used in
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Zimbabwe (Brown et al., 2012). However, reduced runoff will reduce soil erosion,
although as suggested by Varallyay (2010), this may increase wind erosion. Reduced soil
erosion reduces amount of nutrient losses that may occur from crop fields, while general
land degradation and siltation of water sources such as rivers and dams will be

minimized.

Results from this study show that climate change will worsen the water scarcity situation
in the study area. Therefore, there is need for judicious use of this scarce resource, for
example use of efficient irrigation technologies (e.g. as suggested by Karrou and Oweis,
2010), use of crops with low water requirements and recycling of water (e.g. Durham e¢
al., 2005; Heinz et al., 2011). Reduced water availability also calls for adoption of water
harvesting technologies at both macro (large catchment) and micro (e.g. crop field) levels
(e.g. Mupangwa et al., 2006; Oweis and Hachum, 2006; Ibraimo and Munguambe, 2007;
Ibraimo, 2009; Ali et al., 2010; Karrou and Oweis, 2010; Bunclark and Lankford, 2011;
Tesfuhuney, 2012; Tesfuhuney et al., 2013). Issues of the likely reduced water quality,

under climate change will also need to be addressed.
5.3.4.4. Simulated seasonal drainage

Characteristics of simulated seasonal drainage

The median drainage under climate change (Future climate 1 and 2) is lower than that
under current climate (Fig. 5.23a) suggesting less drainage under climate change than
under current climate. Under both current climate and climate change drainage can get to
zero in certain seasons (Fig. 5.23a). The inter-quartile range (Fig. 5.23a) and the standard
deviation (Fig. 5.23b) is higher under current climate than under climate change implying
less variability in drainage under climate change. The variability is less under the drier
(Future climate 2) climate change scenario than the less dry one (Future climate 1). Less
variability under climate change implies that drainage could possibly be predicted with

greater certainty under this climate scenario than under current climate.
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Fig. 5.23 a) APSIM simulated seasonal drainage and b) standard deviation for simulated
seasonal drainage under current climate and climate change for a sand soil in
cropped to maize in Lower Gweru

Mean comparison of seasonal drainage under current climate and climate change

Seasonal drainage is reduced by 28% and 36% from 109.4mm, respectively, under the
less dry climate change scenario(Future climatel) and the drier scenario (Future climate
2) (Fig. 5.24). Seasonal drainage data are not normally distributed (p>0.05) (Table 5.19).
Results from the Kruskal-Wallis test used to test for differences among drainage means
from the different climate scenarios, show that significant differences in drainage among

the three climate scenarios occur at p=0.112 (Table 5.20).
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Fig. 5.24. Simulated mean seasonal drainage under current climate and climate
change for a sandy soil in Lower Gweru
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Table 5.19. Kolmogorov-Smirnov test for normality of data for simulated seasonal
drainage under different climate scenarios

Kolmogorov-Smirnov
Climate Statistic df Significance
Current climate 0.145 28 0.137
Future climate 1 0.114 28 0.200
Future climate 2 0.099 28 0.200

Table 5.20. Test statistics for significant differences in simulated drainage between
current climate and climate change (Kruskal-Wallis test)

Chi- Square 4.378
df 2
Significance. 0.112

Grouping variable is climate

The reduction in seasonal drainage under climate is most probably due to reduction in
rainfall amount. Similar to rainfall-runoff relationships, past research work has shown
that drainage and rainfall are positively correlated (e.g. Verburg and Bond, 2003; Watson
et al., 2004; Conway, 2009). The study area receives about 650mm of annual rainfall on
average and the 28% and 36% reduction in drainage due to a reduction of 10% and 15%
in rainfall (65 mm and 100 mm reduction) respectively, obtained in this study is
consistent with the estimated reduction in drainage for the 400-1000 mm annual rainfall
zone of Africa. For this zone, which covers Zimbabwe and therefore the study area, a
reduction from 500 mm to 450 mm (10 mm or 10% reduction) is estimated to reduce
drainage by 50%, whereas a reduction from 600 mm to 550 mm (10 mm or 8%
reduction) results in a 25% reduction in drainage (Conway, 2009). Thus for the same
reduction in rainfall amount, a greater reduction in drainage occurs in an area which
receives lower rainfall than in one which receives higher rainfall. Amount of drainage
will also depend on the water holding capacity of the soil and for sandy soils, which are

characteristic of soils in the study area, higher drainage is expected than for heavier soils.

A decline in drainage water may lead to accumulation of salts in the crop root zone
(Ayers and Westcot, 1985; McCauley and Jones, 2005) due to inadequate water to leach
off salts from this zone (McClauley and Jones, 2005; Timms et al., 2012). This is,
however, likely to be the case in areas where water tables are shallow. Under saline

conditions there is reduced water uptake by crops as more energy would be needed to
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extract water compared to non-saline conditions (Ayers and Westcot, 1985; Brady and
Weil, 2002; McClauley and Jones, 2005). The net effect of saline soil conditions is poor
crop growth, wilting or even death of crops (Balba, 1995; Brady and Weil, 2002;
McCauley and Jones, 2005). In future farmers cropping fields with shallow water tables
may have to grow crops and /or varieties that are less sensitive to saline conditions for
example sorghum (Hanson et al., 2006) which is already being grown in the drier parts
of the country, including parts of the study area. A reduction in drainage water reduces
groundwater recharge (Watson et al., 2004; Timms et al., 2012) and results in lower
riverflows (Conway, 2009). Thus reduced drainage reduces amount of water available for
agricultural purposes as well as other uses such as human consumption. Low recharge of
groundwater keeps the water table low, making it expensive to draw up water for
irrigation and other purposes. However, reduced drainage may be beneficial, due to
reduced possibility of nutrient leaching from crop root zone. Other factors, remaining
unchanged, reduced drainage will result in more water being available in the root zone of

Crops.
5.4. Conclusion and Recommendations
5.4.1. Sensitivity analysis

Small temperature increases of 0.5-1.5°C from the current temperature have positive
effects on grain yield of the maize crop at high CO, concentrations, but reduce yield at
lower CO, concentrations. Thus temperature effects on grain yield may be off-set by
increased atmospheric CO, concentration. The highest yield reduction of 14% occurs at
the lowest CO, concentration of 420ppm (an increment of 50ppm, from the current
concentration) and at the highest temperature shift of +3.5°C from current temperature.

An increase in rainfall amount of 5% from the current climate increases maize grain yield
at all CO; concentrations, with greatest yield benefit of 12% being obtained at the highest
CO; level of 700ppm. A reduction in rainfall amount generally reduces grain yield, with
reductions starting to occur at greater rainfall reduction for higher CO, concentrations
and at lower reductions for lower CO, concentrations. For example, yield drops below

baseline level at -5% rainfall for CO, concentration of 420ppm, whereas for 700ppm,
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yield only drops below baseline yield at -20% rainfall. Thus, under drought stress
conditions, higher yields can be obtained at higher CO, concentrations than at lower CO,
concentration. This supports the findings by several researchers that an enhanced CO;
atmosphere will benefit plants more under water stress conditions. The yield benefits that
accrue from an enhanced CO, atmosphere are clearly demonstrated by the yield increases
from baseline, obtained in the absence of changes in rainfall and temperature. The
relatively low yield increases of 1.4 -10%, from baseline, obtained at 420 -700ppm are
comparable with yield increases for C4 crops cited in literature. Higher yield increases
due to CO, fertilization have been reported for C3 crops instead. Combined temperature
and rainfall effects on maize yield show that for a combination of high temperature
increases (2.5-3.5°C) and high percentage reduction (10-20%) in rainfall amount, positive
effects of CO, on yield are offset, particularly at lower CO, concentrations. It appears
that increase in temperature and decrease in rainfall, under climate change will have an

almost similar effect on maize grain yield.
5.4.2. Climate change effect on maize yield

Climate change reduces all maize yield components (grain, stover and biomass) for both
short season (about 140 days from sowing to maturity) and long season (about 160 days
to maturity). Grain yield is reduced by 13-16% for both maize maturity groups, while
stover yield is reduced by 13 and 21% and biomass accumulation by 13 and 19% for
short and long season varieties, respectively. The probability of yield not exceeding a
given value is always higher under climate change than under current climate, indicating
less risk of getting lower yields under current climate than under future climate.
However, except for stover yield of the long season variety, the decline in yield due to
climate change is not statistically significant at p<0.05. The decline in yields could,
however, have significant economic implications. Beyond, 2050 reductions in grain and
biomass yields are likely to become significant since future climate is expected to get
drier and hotter, for the southern African region, which includes Zimbabwe. Although
maize yields decline under climate change, they are less variable compared to what they

are currently and thus they can be predicted with more certainty in future.
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Reduced crop yields due to climate change will reduce food and nutrition security of
smallholder farmers in Lower Gweru and other parts of Zimbabwe. Maize stover, which
is an important livestock feed during the dry season will also be less available in future
due to climate change. Farmers may cope and/or adapt to the reduced crop yields by
reducing the area planted to maize or the currently grown varieties. Expansion of
irrigation schemes and breeding of crop varieties that are tolerant to drought and heat
stress will also cushion farmers from effects of climate change. Since cropping is more
sensitive to a dry and hot climate, than livestock production, farmers may also invest
more in livestock, particularly small stock production, in future. Instead of relying largely
on agriculture, as they currently do, smallholder farmers need to exploit and/or strengthen

other forms of livelihoods.

In this chapter effects of change in the long-term mean climate conditions on smallholder
maize crop productivity were established. However, under climate change, the frequency
and intensity of extreme weather events such as drought and floods are expected to
increase. Thus farmers in the study area and other parts of the country will likely
experience the severe negative impacts of these weather events which include damage
and /or destruction of crops and livestock as well as infrastructure, more frequently in
future than they are experiencing currently. Thus strategies to deal with these extreme

climate events need to be strengthened.
5.4.3. Climate change effect on days to physiological maturity

The number of days from sowing to physiological maturity for maize is reduced by 17%
for both short and long season varieties and this reduction is statistically significant (p
<0.05) There is also greater variability in number of days to maturity under climate
change than under the current climate. A decreasing trend in days to maturity, which is
mainly caused by hastened crop growth and development due to increased temperature, is
consistent with findings by various researchers. Reduction in the number of days to
maturity is one major reason for reduced crop yields under climate change and hence,
breeding for maize varieties that are tolerant to high temperatures will help reduce crop

yield losses due to climate change. Days to maturity for the long season variety are
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reduced by 29 days to 131 days which is about the number of days (138) taken by the
currently grown short season variety to mature, under the current climate. This suggests
that growing long season varieties in future may reduce maize yield losses due to climate
change. Although mean yields of the long season maize variety are higher under both
current and future climate, smallholder farmers in the study area currently grow short
season varieties as they show lower inter-seasonal yield variability than late maturing

varieties.
5.4.4. Climate change effect on water balance components

Available soil water at sowing showed similar variability under the current climate and
climate change, implying similar predictability of this soil water component under the
two climates. There is no significant difference in amount of soil water at sowing
between current climate and climate change. Most of simulated planting dates (about
75%) are between mid-end November for both current climate and future climate,
showing that climate change may not change the start of the growing season at least by

2050.

Soil evaporation and transpiration are reduced by about 9% and 6% respectively, under
climate change. The resultant ET is about 8.5% lower under climate change than under
current climate change. The decreases in these variables are, however, not significant.
Thus, there is no evidence that the demand for water by the maize crop for the study area
and other locations with similar soil characteristics and experiencing similar climatic

conditions, will change due to climate change, by 2050.

Climate change reduces both runoff and drainage, with greater reductions occurring
under the drier (-15% rainfall) climate change scenario than the less dry (-10% rainfall)
scenario. This trend, which is largely due to reduced rainfall amount, under climate
change, is consistent with findings from a number of regional and country studies. Runoff
is reduced by 28-38%, while drainage is reduced by 28-36%. The reduction in runoff due
to climate change is statistically significant, but there is no significant difference in runoff
between the two climate change scenarios (-10% and -15% rainfall). The reduction in

drainage under climate change is not significant although beyond 2050, the reduction is
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likely to become significant as the climate is likely to get drier. A decline in both runoff
and drainage leads to reduced recharge of surface and ground water sources, thereby
reducing water availability for agriculture and other uses. Reduced runoff may also
reduce quality of water, threatening human and livestock health, while reduced drainage
may result in accumulation of salts which can reduce crop growth or even damage crops,
depending on level of concentration. Cost of drawing water from deep water tables,
resulting from reduced recharge of ground water is likely to be higher in future, than at
present. Low availability of water from both surface and ground water resources will
require efficient use of water, for example through use of efficient irrigation technologies,
use of water harvesting techniques and recycling of water. Measures to address poor
water quality, will be required. Salinization problems may be addressed by growing crops
that are tolerant to salt concentration such as sorghum and soybean. Breeding for salt
tolerant maize varieties will, in future, allow maize to maintain its status as the major
cereal crop in Zimbabwe and other arid and semi-arid parts of Africa. Irrigation water
may also be used to leach out salts from the root zone of crops, but this may not be

readily adopted by smallholder farmers, due to financial constraints.
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CHAPTER 6

SIMULATING EFFECTS OF TILLAGE PRACTICE ON SOIL WATER
BALANCE AND MAIZE YIELD OF SC403 VARIETY GROWN IN LOWER
GWERU ON A SANDY SOIL, USING APSIM

6.1. Introduction

The objective of this chapter is to generate and present data and information on tillage
effects on soil water balance and maize yield. These data and information are required to
facilitate discussions with farmers in Chapter 7 where the likelihood that farmers may
adopt mulch or planting basins as possible strategies against climate change will be
assessed. The generated information from simulations done in this chapter will also
contribute to literature on effect of mulch and planting basins on soil water balance and
maize crop yield. The chapter contents are limited to a brief outline of the method used to
simulate tillage effects (as most of the simulation management has been described in
Chapter 5). Simulated soil water balance components and maize yield outputs will be
presented in this chapter while discussions of the results will be integrated into Chapter 7
as most important outcomes of the simulations were discussed with farmers at a level the

researchers believed farmers would understand.

6.2. Materials and Methods

Simulated soil water balance components (extractable soil water at sowing, soil
evaporation, seasonal runoff and drainage) and maize yield (grain, stover and biomass)
were compared among conventional tillage treatments (conventional ploughing using
animal drawn plough, CP), CP + mulch and use of planting basins). Two mulch levels, 3
and 10 tha™ were considered. The comparisons were done under current climate, using
SC403 maize variety, grown on a sandy soil in Mdubiwa Ward of Lower Gweru. The soil
characteristics are described in section 5.2.7. Simulations were performed as described in
section 5.2.8. For mulch treatments, the source of mulch used was maize residues, with a
carbon to nitrogen ratio (CNR) of 80 and a carbon to phosphorus ratio (CPR) of 50. The

residues were applied on the soil surface at sowing at 3 and 10 tha”. For the basin
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treatment, tillage date was 15 October and the reduction in curve number due to tillage
effects was set at 20% and amount of accumulated rainfall to dissipate tillage effects was
set at 300 mm (Dimes, 2011 - personal communication). For conventional ploughing,
curve number reduction was set at 10% and amount of rainfall to dissipate tillage effects
at S0mm. With the exception of cumulative rainfall required to dissipate planting basin
tillage effects, the curve numbers and amounts of rainfall sufficient to dissipate tillage
effects are comparable to those used by Mupangwa (2008). A lower amount of
cumulative rainfall of 250mm was considered enough to dissipate planting basin tillage
effects in Mupangwa (2008). For both mulch and basin treatments nitrogen, water and

residues were reset on 1 November of each season as with previous model runs.

Significant differences among the different tillage treatment means were tested using the
T-test for independent variables for normally distributed data and the non-parametric
tests Kruskal Wallis and Mann-Whitney tests for non-normally distributed data. The tests

were performed using SPSS version 17 statistical package.

6.3. Results

6.3.1. Effect of tillage practice on the soil water balance (available water at sowing,

seasonal soil evaporation, runoff and drainage) under current climate

Simulated extractable soil water at sowing (sow_esw)

Although sowing criteria (at least 20 mm accumulated in 5 days) was the same for all
treatments, actual amount of available water at sowing (sow_esw) was lowest under CP
being 29.70 mm and highest under 10 tha” mulch and basin, being about 32.75mm (Fig.
66.1a). Thus 10 tha” mulch and basin increased sow_esw by 10% while 3 tha™ mulch
increased sow_esw by 5% (Fig. 6.1a). Standard deviations for all four treatments fall
within a narrow range of 14.02-17.62 mm, with basin having the highest standard
deviation and CP, the least (Fig. 6.1b). The 3 tha” mulch treatment has standard deviation
almost equal to that of CP, being 14.89 mm, while 10 tha™ mulch treatment has standard

deviation of 16.50 mm.

Simulated sow_esw data are normally distributed for all four tillage treatments (p<0.05)

(Table 6.1), hence a parametric test, t-test for independent samples was employed to test
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for significant differences among treatment means. The p-values for differences in
sow_esw among CP, CP + mulch and basin treatments ranged between 0.440 and 0.970

(Table 6.2).

Simulated soil evaporation

Planting basins had a negligible effect on soil evaporation (Fig. 6.1a). Mulch reduced the
amount of evaporation from the soil, with 3 tha™ and 10 tha™ resulting in 2% and 10%
reduction, respectively (Fig. 6.1a). The standard deviation for soil evaporation is highest
and similar for CP and basin being about 80 mm/season. Mulch treatments have
relatively low standard deviations, with 10t mulch having the lower value of 66

mm/season and 3t mulch, about 78 mm (Fig. 6.1b).

Simulated seasonal evaporation data are normally distributed for CP treatment only
(p=0.05), while data for both mulch and basin treatments are not normally distributed
(p>0.05) (Table. 6.1). Thus, the non-parametric Kruskal-Wallis test for independent
samples was used to test for significant differences among the four tillage treatments.
There were significant differences in soil evaporation among the tillage treatments
(p=0.045) (Table 6.3). The 10 tha” mulch treatment had significantly lower evaporation
rates than CP (p=0.017), 3 tha” mulch (p=0.043) and basin (p=0.019) treatments (Tables
6.4 and 6.5), while p-values for differences in evaporation among CP, 3 tha” mulch and

basin treatments were all greater than 0.50 (Table 6.4).

Simulated seasonal runoff

Compared to CP, both mulch and basin treatments had lower runoff. Basin treatment had
the greatest reduction in runoff of about 36%, followed by 10 tha™ mulch with 20% and
then 3 tha mulch with 5% reduction (Fig. 6.1a). CP had the highest standard deviation
of 68.7 mm/season while the lowest standard deviation of 59.7 mm/season was associated
with 10 tha™ mulch (Fig. 6.1b). The 3tha” mulch and basin treatments had 66.2 and 62.0
mm/season standard deviation, respectively (Fig. 6.1b). With the exception of basin
treatment which had the lowest runoff, but relatively high standard deviation, generally
the greater the amount of runoff, the greater the year to year variability in seasonal

runoff.
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None of the simulated runoff data are normally distributed (p>0.05) (Table 6.1), thus the
non-parametric Kruskal-Wallis test was used to detect treatment differences. Results of
this test show that tillage practice had a significant effect on mean seasonal simulated
runoff (p=0.015) (Table 6.3). Further testing (Mann-Whitney test) to identify which
specific treatments showed mean differences in seasonal runoff indicated that basin
treatment had significantly lower runoff than 3 tha™ mulch and CP (p<0.05) (Table 6.4).
The amount of runoff was, however, not significantly different between basin and

10 tha™ mulch treatments, neither did it differ among 3 tha™ mulch, 10 tha™! mulch and

CP treatments (p>0.05) (Tables 6.4 and 6.5).

Simulated seasonal drainage

Use of mulch and planting basins increased seasonal drainage, with basin treatment
having the highest increase of 42%, followed by 10 tha” mulch treatment with 30% and 3
tha mulch with 7% increase (Fig 6.1a). CP had the least year to year variability in
seasonal drainage corresponding to a standard deviation of 78.2 mm, while 10 tha
mulch had the highest standard deviation of 91.4 mm/season (Fig. 6.1b). Basin and 3 tha™
mulch had standard deviations of approximately 87.3 and 81.1 mm respectively (Fig.
6.1b). Thus, drainage can be predicted with greatest certainty under conventional

ploughing and with least certainty under 10 tha™ mulch system.

Similar to simulated runoff data, simulated seasonal drainage data for all tillage practices
are not normally distributed (p>0.05) (Table 6.1), hence a non-parametric Kruskal-Wallis
test was used to test for significant differences among treatment means. The amount of
seasonal drainage did not differ significantly (p>0.05) among CP, mulch and basin
treatments (Tables 6.3 and 6.5). Thus the null hypothesis that tillage system does not

significantly affect the amount of drainage cannot be rejected.
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Fig. 6.1. Simulated a) mean and b) standard deviation for soil water balance components,
under different tillage practices in the production of maize variety SC403 grown
on a sandy soil in Lower Gweru, under current climate changed

Table 6.1. Kolmogorov-Smirnov test for normality of water balance data simulated for a
sandy soil planted to SC403 maize variety under different tillage practices in
Lower Gweru, under current climate

Water  balance
component Tillage practice Statistic df Significance
Available soil Conventional ploughing (CP) 0.163 28 0.054*
water at planting | 3 tha” Mulch 0.166 28 0.047*
(sow_esw) Basin 0.184 28 0.016*
10 tha” Mulch 0.187 28 0.014*
Seasonal Conventional ploughing (CP) 0.164 28 0.053*
evaporation 3 tha” Mulch 0.146 28 0.128
Basin 0.163 28 0.055
10 tha” Mulch 0.151 28 0.100
Seasonal runoff Conventional ploughing (CP) 0.122 28 0.200
3 tha” Mulch 0.143 28 0.149
Basin 0.121 28 0.200
10 tha” Mulch 0.134 28 0.200
Seasonal drainage | Conventional ploughing (CP) 0.142 28 0.156
3 tha' Mulch 0.152 28 0.098
Basin 0.106 28 0.200
10 tha" Mulch 0.153 28 0.092

* Significant (p< 0.05)
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Table 6.2. Mean comparison of available soil water at sowing for different tillage
practices under current climate, for SC403 maize variety grown on a sandy soil
in Lower Gweru (t-test)

T-test of means

Compared 95% confidence
tillage practices interval
difference
t df | Sig. Mean s.e Lower | Upper
2- difference | difference
tailed
CPvs. 3tmulch | -0.297 | 54 | 0.768 -1.143 3.853 -8.867 6.582
CP s 10t | -0.771 | 54 | 0.444 -3.143 4.076 -11.319 | 5.033
mulch
CP vs. Basin -0.700 | 54 | 0.487 -2.965 4.234 -11.462 | 5.533
3tvs. 10t mulch | -0.477 | 54 | 0.635 -2.000 4.189 -10.400 | 6.400
3t mulch wvs. | -0.419 | 54 | 0.677 -1.821 4.341 -10.533 | 6.890
Basin
10 t mulch vs. | -0.039 | 54 | 0.969 -0.179 4.542 -9.285 8.928
Basin

Table 6.3. Test statistics for significant differences in soil water balance among the
different tillage practices, under current climate (Kruskal-Wallis test)

Seasonal evaporation Seasonal runoff Seasonal drainage
Chi-Square 8.064 10.326 5.422
Df 3 3 3
Significance 0.045" 0.016" 0.143

Grouping variable is tillage practice. * Significant difference (p<0.05)
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Table 6.4. Test statistics for significant differences in soil water balance among different
pairs of tillage practices (Mann-Whitney test)

Water balance | Compared practices Statistic Z Asymptotic
component sig.(2-tailed)
Seasonal CP vs. 3t mulch 353.0 -0.639 0.523
evaporation CP vs. basin 389.0 -0.049 0.961
CP vs. 10t mulch 247.0 -2.376 0.017*
3t mulch vs. basin 354.0 -0.623 0.533
3t mulch vs. 10t mulch 268.5 -2.024 0.043*
basin vs. 10t mulch 249.0 -2.343 0.019%*
Seasonal runoff CP vs. 3t mulch 361.5 -0.500 0.617
CP vs. basin 223.5 -2.762 0.006*
CP vs. 10t mulch 291.5 -1.647 0.100
3t mulch vs. basin 242.5 -2.450 0.014*
3t mulch vs. 10t mulch 311.5 -1.319 0.187
basin vs. 10t mulch 301.0 -1.492 0.136

*Significant difference (p<0.05)

Table 6.5. Mean comparison of water balance components simulated for a sandy soil on
which maize is grown in Lower Gweru, under different tillage practices and
current climate

Extractable Mean Mean Mean
Tillage practice soil water at potential seasonal seasonal
sowing (mm) | evaporation runoff drainage
(mm) (mm) (mm)
Conventional ploughing (CP) 29.7 442.5° 124.9° 109.2
3 tha” mulch 30.9 433.6" 118.7° 117.1
10 tha™ mulch 32.8 399.4° 99.7* 141.5
Basin 32.7 442.2° 79.7° 155.0

Means with the same letter within a given column are not significantly different from
each other (p>0.05)

6.3.2. Effect of tillage practice on SC403 maize yield (grain, biomass and stover) under
current climate
Mulch and basin treatments had negligible effects on three yield parameters (grain,
biomass and stover) of maize variety SC403 grown on sandy soil in Lower Gweru (Fig.
6.2a). Mean grain yield was slightly reduced by 1%, 2% and 5% due to 3 tha™ mulch,
basin and 10 tha™ mulch treatments, respectively. Basin treatment did not affect either
biomass or stover yield, while 10 tha™ mulch slightly increased both biomass and stover
yield by 1.5%. The 3 tha™ mulch treatment reduced biomass and stover yield by about

4% (Fig. 6.2a). Grain yield shows greater variability under conventional ploughing and
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under 3 tha™! mulch treatment, which have standard deviations of about 1387 and 1348
kgha™, respectively (Fig. 6.2b). The standard deviation is lowest for 10 tha” mulch being
1190 kgha™', while that of the basin treatment is about 1325 kgha™'. Thus, there is higher
grain yield stability under 10 tha” mulch compared to the other three treatments.
However, for both biomass and stover, 10 tha” mulch has the highest standard deviation
of 2170 and 996 kgha'1 respectively, while 3 tha” has the lowest standard deviation of
1803 and 891 kgha™ for biomass and stover, respectively (Fig. 6.2b). Biomass and stover
yields for CP and basin show about the same year to year variability, with standard

deviations of about 2 000 kgha™ for biomass and 945 kgha™ for stover (Fig. 6.2b).
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Fig. 6.2. Simulated a) mean and b) standard deviation for maize yield of SC403 variety
grown on a sandy soil in Lower Gweru under different tillage practices, under
current climate change

All simulated grain and biomass yield data are normally distributed (p<0.05) (Table.6.6).
A parametric, t-test for independent samples was thus used to test for significant
differences in mean grain and biomass yields under different tillage practices. However,
not all simulated stover yield data are normally distributed (p>0.05) (Table 6.6), hence
the non-parametric Kruskal-Wallis test was used to detect any significant differences in

stover yield among the different tillage treatments. There were no significant differences
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in maize grain, biomass and stover yield among the four tillage practices (p>0.05)

(Tables 6.7; 68 and 6.9).

Table 6.6. Kolmogorov-Smirnov test for normality of simulated maize yield data for
variety SC403 grown on a sandy soil under different tillage practices in
Lower Gweru, under current climate

Yield component ) ) o o
Tillage practice Statistic df Significance
Grain yield Conventional ploughing (CP) 0.179 28 0.022°
3 tha Mulch 0.176 28 0.027"
Basin 0.172 28 0.034"
10 tha”' Mulch 0.182 28 0.018"
Biomass yield Conventional ploughing (CP) 0.174 28 0.029"
3 tha”' Mulch 0.176 28 0.026"
Basin 0.170 28 0.037"
10 tha”' Mulch 0.179 28 0.022"
Stover yield Conventional ploughing (CP) 0.100 28 0.200
3 tha Mulch 0.117 28 0.200
Basin 0.120 28 0.200
10 tha™ Mulch 0.159 28 0.069

* Normally distributed data (p<0.05)

Table. 6.7. Test statistics for mean comparison of grain yield of SC403 maize variety
grown on a sandy soil in Lower Gweru, under different tillage practices,
under current climate (t-test)

T-test of means

Compared tillage 95% confidence
practices interval difference
t | df| Sig. Mean s.e

2- | difference | difference | Lower Upper
tailed
CP vs. 3t mulch 0.180 | 54 | 0.858 102.100 567.123 | -1034.968 | 1239.168
CP vs. 10t mulch 0.326 | 54 | 0.746 112.634 345.570 -580.553 805.825
CP vs. Basin 0.135 | 54 | 0.893 48.818 362.553 -678.092 775.726
3t vs. 10t mulch 0.238 | 54 | 0.813 80.975 339.970 -600.860 | 762.810
3t mulch vs. Basin 0.048 | 54 | 0.962 17.157 357.219 -699.029 | 733.343
10 t mulch vs. Basin | 0.190 | 54 | 0.850 63.818 336.722 -611.442 739.078
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Table 6.8. Test statistics for mean comparison of biomass yield of SC403 maize variety
grown on a sandy soil in Lower Gweru, under different tillage practices,
under current climate (t-test)

Compared T-test of means
tillage 95% confidence
practices interval difference

t df | Sig. 2- Mean s.e

tailed | difference | difference | Lower Upper

CP s 3t| 0.087 | 54 | 0.931 31.661 365.571 -701.230 764.601
mulch
CP wvs. 10t| 0733 | 54 | 0.467 391.036 533.247 -678.880 1460.952
mulch
CP vs. Basin 0.210 | 54 | 0.834 118.071 561.165 | -1007.116 | 1243.259
3t mulch vs.| 0556 | 54 | 0.580 288.936 519.265 -752.585 1330.456
10t mulch

3t mulch wvs.
Basin

0.029 | 54 | 0977 15.971 547.896 -1082.506 | 1114.449

10 t mulch vs.
Basin

0.532 | 54 | 0.597 272.964 512.751 -755.358 | 1301.286

Table 6.9. Test statistics for significant differences in maize stover yield among the
different tillage practices, under current climate (Kruskal-Wallis test)

Chi-Square 1.466
Df 3
Significance. 0.690

Grouping variable is tillage practice
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CHAPTER 7

OPINIONS OF SMALLHOLDER FARMERS IN LOWER GWERU COMMUNAL
AREA ON PROJECTED FUTURE CLIMATE AND POSSIBLE ADAPTATION
STRATEGIES

7.1. Introduction

The majority of the people in Zimbabwe and the southern African region as a whole
derive their livelihoods from rain fed agriculture. Rosegrant et al. (2002) estimate that
90% of cereal production in sub-Saharan Africa is from rain-fed agriculture, while
according to Ngigi (2009) only 6% of African agricultural land is under irrigation. In
these regions, agricultural productivity is compromised by low and variable rainfall.
Agriculture has been identified as the sector most vulnerable to climate variability and
change (IPCC, 2007; Kurukulasuriya and Mendelson, 2008a; Mendelsohn, 2009), with
dry-land (rain-fed) African farms, being more sensitive to climate especially temperature,
than irrigation farms (Kurukulasuriya and Mendelson, 2008a). African communities, in
particular those in the sub-Saharan region, are thought to be the most vulnerable (Adger,
2003; Barrios et al., 2008; IPCC, 2007; Mertz et al., 2009; Gandure ef al., 2013) because

of multiple stressors and limited adaptive capacity.

Research work has established effects of climate change on agricultural productivity (e.g.
Jones and Thornton, 2003; IPCC, 2007; Thorntorn et al., 2007; Nhemachena et al., 2010;
Schlenker and Lobell, 2010) and on the well-being of farming communities in Africa
(e.g. Adger, 2003; Slater et al., 2007; Barrios et al., 2008). To reduce impacts of climate
change on agricultural productivity, appropriate adaptation strategies have to be put in
place. Maddison (2007) reckons that perception is a prerequisite for adaptation to climate
variability and change. Farmers are reported to have perceived changes in climatic
variables over time. Several authors have established perceptions of some communities in
Africa, on climate variability and change. Examples are from communities in southern
Africa (in South Africa - Maddison, 2007, Nhemachena and Hassan, 2007 & Gandure et
al., 2013; in Zambia - Nhemachena and Hassan, 2007; Mubaya, 2010 & Mubaya et al.,
2012; in Zimbabwe - Nhemachena and Hassan, 2007, Mubaya, 2010 & Mubaya et al.,
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2012); in west Africa (in Burkina Faso, Ghana and Niger - Maddison, 2007 & Akponikpe
et al., 2010; in Senegal - Maddison, 2007 & Mertz, 2009; in Benin and Togo - Akponikpe
et al., 2010 ); in east Africa (in Ethiopia - Maddison, 2007); in north Africa (in Egypt -
Maddison, 2007) and in central Africa (in Cameron - Maddison, 2007). According to
Mubaya (2010) and Mubaya et al. (2012), farmers in the study area’s perceptions of
climate variability and change include increased lengths of dry spells, increased number
of seasons with inadequate rainfall, a rise in temperature, increased frequency of droughts
as well as late start and early end of the rainy season. However, not all farmers perceive
such changes and not all perceptions are true or match climate records. Thus, it is
essential to inform stakeholders such as farmers of the envisaged changes in climate, to
enhance adaptation of possible strategies, in the face of climate variability and change. In
their analysis of factors that determine adoption of adaptation strategies to climate
change, at farm level in Southern Africa, Nhemachena and Hassan (2007) concluded that
lack of information on long-term climate change and short-term climate variations was a
major determinant of adoption of adaptation strategies. Eichberger and Guerdjikova
(2012) also highlight lack of information on climate change as a major barrier to adoption
of alternative agricultural technologies in the light of climate change. In this study,
smallholder farmers were informed about the envisaged future climate of southern Africa,
by 2050 (see details in section 6.2.2). This was done after giving farmers feedback on the
results of a survey that was conducted during 2008 in the study area, to establish farmer
perceptions of climate variability and change (Mubaya, 2010; Mugabe et al., 2010;
Mubaya et al., 2012).

Crop and water management strategies to address climatic change have been suggested
by various researchers including Challinor et al. (2007), Howden et al. (2007), IPCC
(2007), Ngigi (2009), Tubiello ef al. (2002) and Rosenzweig and Tubiello (2007). Some
of these strategies involve appropriate crop choice, use of inter-cropping systems or
cultivars adapted to different conditions, water management practices to either conserve
soil water (for example using mulch and rain water harvesting technologies) or to address
effects of excessive soil water such as water logging and nutrient leaching, development
of smallholder irrigation schemes, employing diversified farming activities including

both crops and livestock and making use of climate forecasts to make appropriate
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farming decisions. Some of these strategies are already being employed by farmers in the
study area and elsewhere in Africa to address effects of current climate variability (e.g.

Cooper et al., 2008; Mubaya, 2010, Chapter 4 of this thesis).

The first objective of this chapter is to establish and document opinions of farmers in
Lower Gweru area of Zimbabwe about the expected future climate of Zimbabwe by
2050. Specific objectives are to establish farmers' envisaged effects of climate change on
agricultural productivity and how they could possibly counteract some of the predicted
negative effects or maximize on positive effects. The chapter also seeks to find farmers'
opinions concerning the likelihood of adopting selected adaptation strategies against a
changing climate. The agronomic strategies considered for this objective are shifting
from growing early maturing maize varieties to late maturing ones and using either
mulchor planting basins. Soil water balance and maize yield simulated under different
tillage practices in Chapter 6 and different climate scenarios in Chapter 5 will be
presented to farmers. This would facilitate discussions with farmers, on their likelihood

of adopting late maturing season maize varieties, mulch and planting basins.
7.2. Materials and Methods
7.2.1. Study area and selection of farmers

Focus Group Discussions (FGDs) were conducted on 22 and 23 October, 2011 with a
total of 36 farmers (13 women and 23 men) in Lower Gweru communal area, to establish
farmer opinions on projected climate and to assess the likelihood whether these farmers
could adopt selected adaptation strategies to climate variability and change. The farmers
were drawn from a total of six villages, three villages in Mdubiwa Ward and another

three from Nyama Ward (Fig 6.1 and Table 6.1).
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Fig. 7.1. Wards in Gweru District, from which farmers were selected for the focus group
discussions

Table 7.1. List of wards and villages in Lower Gweru, from which farmers were selected
for the focus group discussions

Ward Villages

Mdubiwa 1. Mxotshwa

2. Nsukunengi

3. Madinga

Nyama 4. Matonsi,

5. Guduza

6. Siyabalandela

Six farmers were selected from each village using systematic random sampling from
household lists that were obtained from the village heads (the same lists were also
available from the Department of Agricultural Research and Extension Services,
AGRITEX). Each village list had a total of 100 households. Farmers were grouped into

three wealth groups as it was hypothesized that farmers' responses to climate change
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issues would vary depending on their economic and social status. Wealth ranking is a tool
widely used in Participatory Rural Appraisal (PRA) (Jules et al., 1992; Mearns et al.,
1992; Chambers, 1994; Loader and Amartya, 1999; Davis, 2001; Swathi Lekshmi et al.,
2008) and it provides a way of obtaining information pertaining to the economic status of
households (Reddy, 1997). The method considers a number of issues that contribute to
the well-being of households and communities (Loader and Amartya, 1999) for example
the physical assets that households possess. The objective of grouping was explained to
the farmers after which they were asked to spell out the criteria they considered to
classify one as "rich", "intermediate" or "poor". The major criteria that farmers agreed to
use in categorizing themselves into the three wealth groups were livestock ownership
(cattle ownership in particular), the type of homestead one possessed, farm implement
ownership and access to labour (Table 6.2). These criteria have also been used in wealth
ranking by other farming communities (e.g. Kalisa and Nshmyumukiza, 2007 in southern
Rwanda; Swathi Lekshmi ef al., 2008 in Namakkal district of Tamil Nadu, India; Ncube
et al., 2009 in Tsholothslo, western Zimbabwe). After agreeing on the criteria, farmers
were then asked to self-categorize themselves at village level. Farmers belonging to the
same category were then grouped together and the resultant groups were named group A
(for the rich), group B (for the intermediate) and group C (for the poor). The number of
"rich" and "intermediate" farmers was almost the same, while the "poor" constituted the
largest group of 15 (Fig. 6.2). Out of the 11 rich farmers, three were women, while two
and eight women fell into the "intermediate" and "poor" categories which had totals of 10
and15 farmers respectively. Thus, 60% of the women farmers were classified as poor,
whereas men were distributed evenly across the three wealth categories (8 rich, 8

intermediate and 7 poor).
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Table 7.2. Criteria used by farmers in
themselves into wealth classes

Mdubiwa and Nyama Wards to categorize

Criteria Rich Intermediate Poor
1. Number of | More than 5 cattle 2-5 cattle 0-1 cattle
cattle owned
2. Possession of | Normally have a | Have at least a | No farming implements
farm plough & cart plus | plough. May need | except the hoe. Rely on
implements. other implements e.g. | to team up with | others for land
harrow & cultivator. | others to prepare | preparation or dig their
land for planting. | fields using hoes.
3. Type of| Nicely built & clean | Decent Homestead with one (in
homestead. homestead. Brick | homestead. May | most cases a hut) or two
under asbestos or iron | have toilet & a | small buildings used by
sheets houses. Have | protected well. whole family. No toilet
toilet & protected nor protected well.
well or borehole.
4. Access to | Labour not a major | Normally use | Work in "rich" farmers'
labour. constraint. Normally | family labour, but | fields & in return rich
hire labour. sometimes  hire | farmers plough their
labour. fields.
H Rich

M Intermediate

m Poor

Fig. 7.2. Number of farmers in each wealth category (rich, intermediate and poor)
who participated in FGDs in Lower Gweru

Due to a combination of lack of draft animals and implements the poor farmers often

planted their crops late while the rich planted early and the intermediate farmers usually
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planted fairly early (Moyo and Musasanuri, 2010 - personal communication). This
scenario led to relatively low yields being attained by the poor farmers. According to
Moyo and Musasanuri, 2010 - personal communication) poor access to other production
resources such as improved seed and fertilizers (organic and inorganic), further

compromised crop productivity of the poor farmers in Lower Gweru.
7.2.2. Presentation of future climate scenarios to farmers and seeking their reactions

The starting point for providing information on climate change to the farmers was telling
and/or reminding them of the International Development Research Centre/Climate
Change and Adaptation in Africa (IDRC/CCAA) project on climate variability and
change had activities that were conducted in their villages during the period 2008 to
2010. Those activities included a baseline survey to establish farmer perceptions on
climate variability and change as well as mother-baby agronomic trials conducted in
response to national seasonal rainfall forecasts for the 2007/08 and 2008/09 seasons
(Masere, 2012; Chagonda, 2013). It was noted that, out of the 36 farmers who
participated in this current FGDs, three had participated in the 2008 baseline survey,
while four had participated in the mother-baby trials. A summary of Lower Gweru
farmers’ previously collected perceptions (Mubaya, 2010; Mubaya et al., 2012) (Table
7.3 and Fig. 7.3), was presented to the farmers who were then asked whether they agreed
or disagreed with those perceptions. This was done to give them a chance to think about
the climate of their area and any changes that they had noticed over the years and to
enhance their participation in subsequent discussions. The exercise was then followed by
presentation of the climate projections and some comments (by researchers) on farmer

perceptions.

197



Table 7.3. Lower Gweru farmers’ perceptions on climate change and variability, based
on survey carried out in 2008 (Adapted from Mubaya, 2010)

Perception Percentage of farmers concurring with
perception (n= 180 farmers)
Increased seasons without enough rainfall 68
Increased occurrence of excessive rains 43
Rains start late and end early 67
Rain comes earlier 20
Increased lengths of dry spells 42
Extremes in temperatures 38

Projected temperatures and rainfall shifts for Zimbabwe by 2050 were presented to the
farmers. The presented projections, based on the A2 CO, emission scenario, were an
increase in temperature of 2.3 to 4.5 °C (IPCC, 2007) and a decrease in rainfall of about
10-15% (projections according to the ECHAMS and GFDL models; Ministry of Mines,
Environment and Tourism in Zimbabwe, 1998b). Farmers were then asked to give their
opinion as to what they thought would be the impact of such changes on agricultural
productivity. They were also asked to suggest how they could reduce any possible
negative impacts or maximize on any positive impacts. Farmers wrote responses to these

questions on manila charts and presented their findings to the whole group (Fig. 7.4).

Fig. 7.3. Facilitator John Dimes Fig. 7.4. Farmer, Linnet Tshange
presenting Lower Gweru farmer entertaining questions after her
perceptions on climate change presentation on behalf of group C

and variability to farmers who
participated in November 2010
FGDs in the same area
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7.2.3. Presentation of simulated climate change effects on maize yield to farmers and

the effect of using selected adaptation strategies

Farmers were informed that a crop model could be used to establish the possible impacts
of climate change on crop productivity in their area. To this effect, the concept of a crop
model was explained to the farmers and their understanding of a model is reflected on

what they said about a crop model (Box 7.1).

Box. 7.1
Lower Gweru farmers’ excerpts to illustrate
their understanding of use of a crop model

e "A model can help us in preparing for the season, that is, the inputs we can
use and the area we can plant."

e "It helps to make budgets and to save money."

¢ "A model can be very close to what we do in our fields and the results can
be close to those obtained in the model."

e "As farmers, where can we get these computers to enable us to use these
models?"

Following discussions with farmers on the concept of a crop model, researchers then
presented maize grain and stover yields simulated for a crop grown on a sandy soil in
Lower Gweru under current climate and climate change for 2050 (Fig. 7.5 a & b). This
was done despite the seemingly lack of significant difference in simulated mean yields
between current climate and climate change (from chapter 5), to stimulate discussion
with farmers. Emphasis was put on the overall percentage decrease in yield as well as on
the number of individual years that had either lower or higher yields , under current
climate or climate change. Simulated number of days taken to reach physiological
maturity by the maize crop (Fig. 7.7) were also presented to the farmers. The yields and
number of days to maturity were those simulated using APSIM, in Chapter 5.
Presentation of these outputs from APSIM was an objective way of informing farmers
about how climate change could affect maize yield and growing season duration at their
locality, by 2050. The message given to the farmers was that higher grain yields were

obtained under current climate than under climate change for 17 out of the total 28 years
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that were considered in the analysis and in 6 out of the past 10years (1999 to 2008) (Fig.
7.5a). They were also informed that on average climate change decreased maize grain
yield by about 16% and stover yield by 13%. Out of the 28 years considered in the
simulations, 21 years had higher stover yields under current climate while for the past 10
years (1999-2008) 7 out the 10 years had higher yield under current climate than climate
change (Fig. 7.5b). Thus, under climate change the risk of getting lower yields was higher
than under the current climate. Climate change significantly reduced (p<0.05) the number
of days taken by a relatively short season maize variety SC403 to reach physiological

maturity by approximately 23 days (see 5 section 5.4.3) (Fig. 7.6).
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Fig. 7.5. Effect of climate change on a) grain yield and b) stover yield of SC403 maize
variety grown on a sandy soil at Lower Gweru
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Fig. 7.6. Effect of climate change on days to physiological maturity
SC403 maize variety grown on a sandy soil at Lower Gweru

7.2.4. Assessing the likelihood that farmers would adopt selected adaptation strategies

to climate variability and change

The acceptability or possibility of adoption of three selected strategies for adaptation to
climate change, by the farmers, was assessed. This was done by asking farmers to
provide reasons for readiness or non-readiness to adopt the strategies. The selected
strategies were use of mulch, use of planting basins and growing of long season maize
varieties. The first two were selected as these were important components of conservation
agriculture (CA), which was being promoted by the Department of Agricultural
Technical and Extension Services (AGRITEX) in the study area at the time of this study.
CA was also being promoted and practised in other parts of Zimbabwe and Southern
Africa (Rockstrom, 2001; Mupangwa et al., 2007; Siziba, 2008; Twomlow et al., 2008b;
Mazvimavi, 2011). Farmers in this study had also mentioned CA as a possible strategy to
reduce impacts of climate change, while Mubaya (2010) and Chapter 4 of this thesis, also
established that farmers in the study areas (Lower Gweru and Lupane) already used
planting basins and to a lesser extent mulch as coping strategies against climate
variability and change. Selection of growing long season maize varieties as a strategy was
based on the findings in Chapter 5 of this thesis that under climate change the reduction

in maize grain yield was less when a long season variety was grown, compared to when a
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short season variety was grown. To enhance farmer responses to adoption of the three
strategies, soil water balance components namely, available soil water at sowing,
seasonal soil evaporation, seasonal runoff and seasonal drainage under mulch, basins and
conventional ploughing (conventional ploughing + no mulch) were simulated as
described in section 6.2 and presented to the farmers. Simulated maize yields under the
different agronomic practices were also presented. Comparison of simulated number of
days to reach physiological maturity as well as simulated maize grain yield (generated
from Chapter 5) were also shown comparing short and long season maize varieties under
climate change. Discussions on the model outputs were carried out with the farmers, after
which they were asked to indicate any possible barriers to the adoption of the three

strategies.

Facilitators had the opportunity to inform and/or explain to farmers some technical /
agronomic aspects pertaining to climatic change as well as the use of mulch. Researchers
also learnt about how farmers performed most of their cropping activities and the

limitations to the attainment of high crop yields.

7.3. Results and Discussion

7.3.1. Farmers’ reactions to the 2008 survey results on perceptions of climate

variability and change by Lower Gweru farmers

To a large extent, farmers agreed with results of the 2008 survey (Table 7.4) conducted in
their area (Lower Gweru), to establish farmer perceptions on climate variability and
change. With the exception of “increased duration of dry spells”, a greater proportion of
the farmers (100% of them in most cases) concurred with perceptions of at least 50% of
the farmers interviewed during the 2008 baseline survey (Table 7.4). The main purpose
of the exercise was, however, to facilitate a smooth discussion of the subject on climate
variability and change, rather than to generate information, since not all farmers were
aware that a survey of this nature had been carried out in their villages let alone
participated in the 2008 survey. The exercise provided feedback to a community which
had contributed valuable information on climate variability and change. Nearly all

farmers agreed with the perceptions probably because they wanted to agree with the
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“official” position and not necessarily because they had the same perceptions. The

exercise did not also allow for independent thinking. It was only for the additional

climate variability dimension of “increased frequency of dry spells” that there was

variance in farmers’ views (Table 7.4).

Table 7.4. Responses to Lower Gweru farmers' perceptions of climate change and
variability by farmers at the FGDs held in November, 2010

Perception No. of farmers | No. of farmers No. of farmers who

who agreed who disagreed | agreed with perception
during the 2008 survey

(Out of 36) (Out of 36) (Out of 180)

Increased seasons 36 (100%) 0 (0%) 122 (68%)

without enough rainfall

Increased occurrence 0 (0%) 36 (100%) 77 (43%)

of excessive rains

Rains start late 36 (100%) 0 (0%) -

Rains start early 0 (0%) 36 (100%) 36 (20%)

Rains end early 34 (94.5%) 2(5.5%) -

*Rains end late 2 (5.5%) 34 (94.5%) -

Rains start late and end - - 120 (67%)

early

Increased lengths of | 36 (100%) 0 (0%) 75 (42%)

dry spells

Temperature extremes 5 (15%) 31 (85%) 68 (38%)

more often

*Increased  frequency 10 (28%) 26 (72%) -

of dry spells

*These were additional rainfall pattern parameters to those used in the 2008 survey

Researchers emphasized to the farmers, the need by researchers, to verify their

perceptions on climate variability and change by analysing historical records for trends

on temperature and rainfall pattern. Farmers showed much keenness in getting feedback

from researchers on whether their perceptions matched researchers' findings.
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7.3.2. Farmer reactions to climate projections

7.3.2.1. Farmer perceptions of possible effects of future climate on agricultural
productivity
Farmers’ responses to possible effects of climate showed that they were concerned about
crop and livestock productivity as well as availability of water resources, food and
nutrition security and about their general well-being (Box. 7.2). The farmers’ envisaged
effects were all negative and there were no marked differences in the nature of responses
across the three categories of farmers. However, it appears the rich farmers showed
greater concern for livestock than the other groups by mentioning effects on livestock
first and by elaborating on the nature of livestock losses. This response was expected,
given that this group of farmers owned more cattle (at least five head of cattle) than
members of other groups. The more elaborate response on effects on livestock by this
group could also be because more than half of farmers in this group were younger
(between 45 and 60 years) whereas for the medium group more than half the group were
old people (more than 70 years) while the resource poor farmer group had a wide range
of age groups with about a third of them being in the range 25-35 and about two-thirds
being between 45 and 70 years. It appears that the predicted increases in temperatures
were taken by farmers to be dramatic as they envisaged burning of crops to occur
(resource rich and resource poor farmers). This was probably due to a misconception of
the intensity of heat associated with the projected temperature increase by 2050 or limited
knowledge of crop response to such a change, on the part of farmers. However, the
medium group suggested that burning would occur if fertilizers were applied to the crop.
Farmers also mentioned that climate change would reduce crop yields (medium and
resource poor groups) and cause seed losses (medium farmers). According to the medium
group farmers planting seed was generally expensive and not readily available. Thus, if
low yields are obtained due to climate change effects, when a farmer has invested much
in planting seed, then this would mean a great financial loss. Farmers envisaged a
reduction in availability of water resources, a factor that would negatively affect both
livestock and human beings due to shortage of drinking water. According to the farmers,
climate change would impact negatively on their well-being through increased poverty,

hunger and starvation, increased prevalence of diseases and malnutrition as well as
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increased cases of school drop outs. Farmers in Lower Gweru expect these impacts since
their livelihoods are based on agriculture (Mubaya, 2010; Moyo, 2010 - personal
communication) which is the main source of food and income. However, the medium
category farmers did not indicate concern on number of school drop outs. This is
probably because most of them no longer had children of school going age. Similar to
communities elsewhere in the world, and Africa in particularly, responses by farmers in

Lower Gweru show that these farmers know that they are vulnerable to climate change.

Box. 7.2
Farmers’ perceived climate change
effects on agricultural productivity

Resource rich farmers (Group A)
e "We will lose livestock due to poor conception rates and death of some
animals."
e "Crops will be burnt."
e "There will be hunger and starvation."
e "Drinking water will be inadequate for both livestock and human beings."
e '"Diseases and malnutrition will be prevalent."

Medium resource farmers (Group B)
e "There will be waste of seed and yield."

o "If we apply fertilizers, crops will be burnt."
e "Availability of water for livestock and human consumption will be
reduced.”

Resource poor farmers (Group C):
e "Crops will be burnt."

e "Crop yields will be reduced."

e "Availability of water for livestock and human consumption will be
reduced.”

e "There will be increased cases of school drop outs."

e "Climate change will increase poverty and thieving will be more rampant."

Although farmers could not quantify the degree to which agricultural productivity, water
resources and their well-being would be affected by climate change, their perceptions of

climate change effects are consistent with established climate change effects for southern

205



Africa (e.g. effect on crop productivity - IPCC, 2007a, Dimes et al., 2008, Rosenzweig
and Tubiello, 2007, Schlenker and Lobell, 2010; Chapter 5 of this thesis; effect on water
resources - Arnell, 1999, IPCC, 2007a, Eriksen et al., 2008; effect on livestock - Topp
and Doyle, 1996, Baker and Viglizzo 1998, Morgan et al., 2007, Thornton et al., 2007;
Ziervogel et al., 2008; socio-economic effects and poverty - Adger, 2003, IPCC, 2007a;
Slater et al., 2007; effect on health and food security - Case, 2006, IPCC, 2007a,
Schimidhuber and Tubiello, 2007; Nhemachena et al., undated.).

7.3.2.2. Farmers’ suggested strategies to deal with future climate

The medium wealth group, which had more than half of its members above 70 years of
age provided the least number of ideas for adaptations. This is contrary to the expectation
that, since these elderly people have lived through many years of varied climatic
conditions they should have a large wealth of experience to draw from, with suggestions
for possible alternative farming interventions. It is, however, possible that these farmers
were not free to share information on adaptations when other farmers within and outside

their own group were around.

The strategies that were suggested by the farmers were largely concerned with cropping
and tended to address water shortages. The strategies hinged on soil water conservation,
crop choice, fertiliser use, irrigation and soil water conservation (Box. 7.3). Their skewed
focus on cropping strategies was probably because they considered crop productivity to
be more sensitive to climate variability and change, compared to livestock productivity.
The suggested strategies are similar to those that the farmers in this study area use to deal
with current rainfall variability (Mubaya, 2010, Mubaya et al., 2012; Chapter 4 of this
thesis). However these strategies (to deal with current rainfall variability) are in limited
use for example, only about 10% of the farmers in Mdubiwa ward, benefit from the two
existing irrigation schemes, in the ward (see chapter 4). According to findings in Chapter
4 of this thesis, adoption rates for soil water conservation techniques in the area are also
low, for example, only about 5% of the farmers in Lower Gweru practise pot holing (a
practice where small holes are dug in-between the growing crop usually using a hoe, to
harvest and conserve water (University of Zimbabwe, 2006) or ridging. Chuma et al.

(2001), Mutekwa and Kusangaya (2006), Marongwe et al. (2012) and Nyamadzawo et al.
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(2013) also reported low adoption rates for soil water conservation techniques by

smallholder farmers in different parts of Zimbabwe.

Contrary to farmers’ thinking, that the use of early maturing varieties would help reduce
impact of climate change on yield, simulated maize yields show a greater yield reduction
for early maturing varieties than late maturing varieties, under climate change (Dimes et
al., 2008; Chapter 5 of this thesis). Thus under climate change, smallholder farmers in the
study area and other semi-arid areas could improve crop productivity, particularly where
irrigation is employed, by shifting to the current late maturing varieties. Although
simulation results show that mean yields of SC709 are also higher current climate, than
for SC403, the higher year to year variability in grain yield associated with growing the
late maturing variety (SC709), makes SC403 a more suitable variety under the current

climate.

Resource-rich farmers proposed supplementing natural grazing with animal feed — this
being the only strategy to deal with the likely reduction in livestock productivity, that the
farmers suggested. Supplementary feeding with stock feed has its own challenges since
the current source of feed is mostly grain from crop production, an enterprise which is
also negatively affected by climate change. It, thus, appears that the farmers did not quite
integrate livestock and cropping systems in their thinking. Other strategies that farmers
could employ include increasing numbers of small livestock (e.g. goats and sheep) and
reducing those of cattle as small livestock could be better suited to a warming and drying
climate (Nhemachena et al., 2010; Nhemachena et al., undated ). They could also shift
towards keeping more browsers (e.g. goats) than grazers since climate change favours
growth and development of browse tree species, in semi-arid rangelands (Morgan et al.,
2007). Farmers could also resort to keeping indigenous animal breeds (e.g. Mashona and
Nguni cattle breeds) rather than exotic breeds (e.g. Brahman) or cross breeds of
indigenous and exotic breeds, since indigenous breeds are more tolerant to higher
temperatures expected under climate change conditions (Thornton et al., 2007). Most
farmers in the study area and other semi-arid communities in Southern Africa practise
mixed crop-livestock systems and these systems are more suitable under climate change

compared to specialized systems based on cropping or livestock production alone
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(Nhemachena et al., undated). Thus, farmers can intensify their current crop-livestock
systems, while those few practising only crop or livestock production can shift to mixed

crop-livestock systems.

With the exception of irrigation development, all the strategies suggested by farmers are
self-directed showing that farmers have the will power to deal with climate change
themselves. However, there is need for capacity building, for example, through educating
farmers on climate services that address climate variability and change, strengthening of
existing strategies. Some integration of the available weather forecasting products to
address some of the current issues in their farming systems together with the introduction

of new and suitable strategies.

Box. 7.3
Lower Gweru farmers' suggestions on how
to reduce or capitalize on possible impacts of climate change

Resource rich farmers (Group A)
v’ "Practise conservation agriculture."

"Grow small grains."

"Supplement grazing with animal feed."

"Apply low levels of fertilizer."

"Practise winter ploughing and deep ploughing to conserve moisture."
"Government should embark more on irrigation development."

AN N NN

Medium resource farmers (Group B)
v’ "Practise water conservation by ridging and pot-holing."

v "Grow drought tolerant crops such as sorghum, pearl millet, cowpeas
and maize variety SC403 which matures early."

Resource poor farmers (Group C)
v' "Grow early maturing varieties."

"Grow drought tolerant crops."
"Practise conservation farming."

AR

"Apply minimal fertilizer."
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7.3.3. Summary of discussions held with farmers on simulated soil water balance
components and maize grain yield under different agronomic and climate

scenarios

APSIM model outputs presented in section 6.A.3 (effect of mulch and basin on yield and
water balance) and those simulated in chapter 5 (climate change effects on maize yield
and days to maturity) were based on 28 years of climate data (1981-2008). Thus, the
simulated maize yield and soil water balance parameters correspond to the 1980/81-
2007/08 cropping seasons. To allow better and easier comprehension of the subject of
discussion by farmers, results of the simulations were presented year by year only for a
shorter period of 10 years. Graphs shown to farmers were drawn from model output data
for “the past ten years” (1998/99 -2007/08 seasons) (Figs. 7.7-7.9) as it was hypothesized
that farmers would perhaps recall the past 10 years with regards to rainfall pattern and
agricultural productivity. This would, presumably, facilitate discussions with the farmers.
Discussions were also limited soil water balance and to grain yield, although in Chapters

5 & 6 biomass and stover yield were also simulated.

7.3.3.1. Effect of mulch on soil water balance and maize grain yield

The benefits of using mulch on water retention in the soil profile as shown by the soil
water balance were evident (Fig. 7.7). On average (28 years considered) 3 tha™ of mulch
reduced runoff and soil evaporation by 5% and 2%, respectively and increased available
soil water at planting by 4%. Application of 10 tha™ reduced runoff and soil evaporation
by about 20% and 9% respectively and increased available soil water at planting by 10%.
Farmers concurred that mulch improved the potential amount of water available to the
crop. However, the improved water balance did not result in overall increase in average
maize grain yield. Both 3 tha” and 10 tha” mulch gave higher yields than non-mulched
maize fields, only in 13 out of the 28 years (Table 7.5).
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Table 7.5. Summer growing seasons in which mulch or basin treatments gave higher
maize grain yield than CP for SC403 variety grown on a sandy soil in Lower

Gweru, under current climate from maximum of 28 years simulation

mulch or basin yielded
at least 50 kgha™ grain >
than CP

1988/89; 1994/95

1988/89; 1991/92;
1993/94; 1994/95;
2002/03; 2007/08

Treatment
3 tha™ mulch 10 tha™ mulch Basin
Total # years (of 28) 13 years 13 years 13 years
when mulch or basin
yielded better than CP
No. of years when 2 years 6 years 4 years

1982/83; 1988/89;
1994/95; 2007/08

mulch or basin yielded
less than 10 kgha™ grain
> than CP

1981/82; 1982/83;
1983/84; 1985/86;
1986/87; 2000/01

1981/82; 1983/84;
1986/87; 2001/02

No. of years when 2 years 3 years 4 years
mulch or basin yielded 1998/99; 2007/08 1985/86; 1998/99; 1983/84; 1993/94;
at 10-50 kgha™' grain > 2006/07 1998/99; 2006/07
than CP

No. of years when 9 years 4 years 5 years

1981/82; 1985/86;
1986/87; 2001/023
2002/03

2001/02; 2002/03;
2006/07

Key: yellow = drought; grey = Below Normal rainfall; green = Normal rainfall and turquoise =

Above Normal rainfall

Four of the seasons (1981/82, 1991/92, 1994/95 and 2001/02) in which mulch,
particularly 10 tha™ mulch, gave higher yields than zero mulch were drought seasons,
while seven seasons had below normal (BN) rainfall and only two seasons had normal
(N) rainfall amount (Table 7.5). The greatest yield benefit of 974 kgha™ was obtained
during the worst drought of 1992 from an application of 10 tha™ and in this year, CP and
3 tha” mulch produced zero yield or a crop failure. Realization of yield benefits during
poor rainfall seasons, established in this study, is consistent with Vogel (1993)'s findings
that during drought years, mulch ripping systems give higher maize grain yield than
clean-ripping and conventional mouldboard ploughing systems. Erenstein (2002) also
points out that crop residue mulch does not normally have effects on grain yield under
normal years, while Mupangwa et al. (2012) established no significant yield benefit from

mulching, in maize and cowpea yield where soil water was not limiting.
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On average, an application of 3 tha™ of mulch reduced simulated maize grain yield for a
relatively early maturing variety, SC403 by 1.4%, while 10 tha™ reduced yield by about
5% from 2 297 kgha™, relative to conventional ploughing without mulch. However, as
reported in section 6.3, these reductions are not statistically significant (p>0.05) (see
Table 6.7a). Both 3 tha™ and 10 tha” mulch treatments have lower standard deviations
than conventional ploughing + no mulch, with 10 tha™ mulch having the lower value of
1190 kgha. and 3 tha™ mulch, 1387 kgha™. Standard deviation for the CP treatment is
1348 kgha™ (Fig. 6.1).
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Fig. 7.7. Ten years of simulated seasonal runoff (a), soil water at planting (b), soil
evaporation(c) and grain yield of SC403 maize variety (d) under different mulch
treatments for a sandy soil in Lower Gweru
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The most probable reason for the generally lower yields for a mulched crop compared to
a non-mulched crop is limited nitrogen supply to the crop. Decomposition of crop
residues can result in short-term nitrogen immobilization due to microbial activity (Giller
et al., 2009; Verhulst et al., 2010, Grabowski, 2011; Mupangwa et al., 2011b),
particularly for residues with a high C:N ratio (Erenstein, 2002; Giller ef al., 2009). A
relatively low total N-application rate of 84 kgNha" was used in the simulations (farmer
practice for those who use inorganic fertilizers) and this also probably contributed to
lower yields for a mulched crop, consistent with Erenstein (2002)’s findings that at low
nitrogen levels conventional systems (without mulch) out yielded systems that used crop
residues. Farmers were informed that use of mulch required extra nitrogen application
during the first years, to meet the requirements of microbes that decompose the applied
dry matter (mulch) as microbes use nitrogen to decompose mulch. Farmers were advised
to apply an extra 50 kg Ammonium Nitrate (34.5% N) fertilizer for the normally
recommended 2-3 tha™ of mulch (maize stover required to achieve about 30% soil cover
after planting) and as a rule of thumb, for each extra 1 tonne of mulch, they needed to add
10 kgha™ of fertilizer (Dimes, 2011 - personal communication). They were also informed
that immobilization of nutrients due to application of mulch occurs in the short-term
periods while in the long-term, soil fertility would be improved. Farmers were also
advised that when using manure, immobilization also occurs and as such the
recommendation was to use manure in conjunction with a basal fertilizer (compound
fertilizer) and then add nitrogen fertilizer as a top dressing during the vegetative growth

stages.

Negligible effects of mulch on simulated maize grain yield obtained in this study are
consistent with model simulation results obtained by Mupangwa et al. (2011b) for maize
in southern Zimbabwe, using APSIM model (also used in current study) and Walker and
Schulze (2006) on maize in South Africa using the CERES-Maize model. Variable mulch
effects have been obtained from field experiments in Zimbabwe, with some showing
marginal benefits of using mulch (e.g. Moyo, 2003; Mupangwa et al., 2007,
Rusinamhodzi et al., 2011) and others indicating significant positive mulch effects on

grain yield (e.g. Mupangwa et al., undated).
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7.3.3.2. Effect of tillage practice (basin vs. conventional ploughing +no mulch) on soil

water balance and maize grain yield

On average (28 years considered) planting basins reduced surface runoff by 57% (Fig.
6.1) and increased soil water available at sowing and drainage by 9% and 42%,
respectively (Fig. 6.1), for a sandy soil in Mdubiwa ward of Lower Gweru. However,
there was no overall maize grain yield advantage due to that improved water balance
(reduced runoff and increased soil water at sowing) (Fig. 7.8). In 46% of the seasons
where water was most limiting the average yield benefit due to basins was 34 kgha™ of
grain, while the maximum benefit was 153 kgha™. In 54% of the seasons, where soil
water was not limiting, the average grain yield loss with basins was 122 kgha™', while the
maximum loss was as high as 477 kgha™. In four (1982/83; 1988/89; 1994/95 and
2007/08 ) out of 28 seasons maize grain yields were at least 50kgha’ less without basins
compared to with basins, while basins yielded more than 100kgha’ more than
conventional ploughing, in only one season (1988/89) (Table 7.5).The four years were
dry years. Extra available water under basins did not translate into increased average
grain yield, most probably due to increased nitrogen leaching caused by increased deep
drainage of 42 % (see section 6.3).This is supported by the fact that in general, simulated
maize yields under basin tillage were higher than yields simulated under conventional
tillage in seasons with below average rainfall, while simulated yields were lower under
basin than conventional tillage in above average rainfall seasons. Of the 13 years where
basins yielded better than conventional tillage (Table 7.5), 11 of the years had below
average rainfall (Table 7.5), while of the 15 years where basins yielded lower than
conventional tillage, nine of the years had above average rainfall amounts During the
severe drought of 1992, maize grain yield was zero for both basin and conventional
tillage. Related to increased simulated drainage under basin tillage obtained in this study,
Mupangwa and Jewitt (2011) established higher simulated deep drainage losses under no-
tillage (ripping) system than under conventional ploughing for sandy clay loams in

Potshini catchment in South Aftrica.

213



(a) M Basins mCP (b) M Basins mCP
350 T 90
£ 300 £ 80
70
E 250 &
Pt B 60
5 g
2 200 S 5
2 150 ‘é’ 40
E 9 30
S 100 =
k4 2 2
& 50 =
3 3 10
0 0

9 O D> A D > O o QD
PP LT LTL LSS
N AT AT AT AT AT AT AR AT D
Year
M Basin uCP .
(c) 200 (d) mbasin  ECP
—_ 4000
E 3% — 3500
£ 500 _&“3000_
g E)
& 250 X 2500 -
£
© 200 S 2000 -
5 2
S 150 > 1500 -
© c
S 100 ‘% 1000 -
2 S
© 500 -
S 50
(7] 0 - [
9 O D D D> O QA
9 © & A4 O P> H o Q& PP TS LSS
PP LSTL LSS GRS IR KN I L S LI L S
&S S S N A A A A Y Y Y
Year Year

Fig. 7.8. Ten years of simulated runoff (a), soil water at planting (b), drainage (¢) and
grain yield of SC403 maize variety d), under basin and conventional ploughing
(CP) tillage practices on a sandy soil in Lower Gweru

7.3.3.3. Effect of climate change on grain yield and days taken to reach maturity on early
(SC403) and late (SC709) maturing maize varieties

Simulated grain yields under the drier climate of -15% rainfall were selected over the
yields of the less dry climate of -10% rainfall, for presentation and discussion with
farmers. Grain yield potential for the currently grown early maturing variety SC403 was
reduced by about 16% under the A2 climate scenario (temperature increase of 3°C,
rainfall decrease of 15% and CO, concentration of 532ppm) compared to current climate,
while growing the late maturing variety SC709 reduced the potential yield by 3% (Table
7.6). The most probable reason for the decrease in maize yield under climate change is

the reduction in number of days to reach maturity caused by hastened crop growth rate,
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due to increased temperature and thus having less time to fill the grain. Time to maturity
for SC403 was reduced from 138 to 115d while growing the late maturing variety SC709
reduced the number of days taken by this variety to mature from an average of 160 to
131d (Fig. 7.9). Thus, under climate change, the late maturing variety SC 709, behaved
like an early maturing variety, taking about 7 days less than SC403 grown under the
current climate. Under A2 climate scenario, rainfall is also likely to decrease by about

15% and this could also have contributed to the reduction in grain yield.

Table 7.6. Simulated mean grain loss for SC403 and SC709 (grown on a sandy soil in
Lower Gweru) due to climate change

Mean yield Yield loss due to
(kgha™) climate change
(kgha™)
Current yield of SC403 (early maturing) 2314.5 -
Future yield of SC403 1937.7 376.8 (16%)
Future yield of SC709 (late maturing) 2233.5 81.0 (3%)

M SC403+current climate M SC403+climate change [ SC709+current climate W SC709+climate change
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180
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140
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Fig. 7.9. Comparison of simulated number of days taken by early (SC403) and
late (SC709) maize varieties, to reach physiological maturity under
current and future climate, in Lower Gweru area
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7.3.4. Readiness and non-readiness of farmers to adopt selected strategies to cope with

climate variability and change

Farmers’ responses to their likelihood of adopting the selected strategies, were made after
discussing soil water balance components and maize grain yield simulated under the
different agronomic strategies. Farmers, by then, knew the predicted effect of shifting
from early to late maturing maize varieties, in the face of climate change. They also knew
how they could benefit from using mulch and in which seasons good yields could be
obtained from mulching and use of planting basins. The provided responses (Box. 7.4 -
6.6) are direct translations from vernacular languages (Shona or Ndebele) to English from
discussions held during the focus group meetings held at Maboleni in Lower Gweru

during November, 2010.

7.3.4.1. Shifting from early maturing to late maturing maize varieties

Farmers from all three categories indicated that they would readily shift from growing
early maturing to late maturing maize varieties, if the need arose (Box. 7.3). This shift
would not be a major challenge to the farmers as they are already planting certified
hybrid seed of maize (Chapter 4 of this thesis). The only difference would be in choosing
appropriate varieties. The shift will, however, call for a shift towards production of more
seed of late maturing hybrid varieties by private and public seed producers. However,
currently, the cost of certified hybrid seed is quite prohibitive to smallholder farmers and
at times the seed is in short supply. Thus, assuming no changes in pricing policies and
production costs for this important production resource, farmers will continue to
experience difficulties in accessing hybrid seed. Open pollinated varieties (OPVs) which
are relatively late maturing (taking approximately 160 days to reach maturity) are grown
by at least a third of farmers in Lower Gweru (Chapter 4 of this thesis). Some farmers in
semi-arid areas of southern Africa grow OPVs of maize as a coping strategy against
climate variability and change, for example, farmers in Siyavonga and Sinazongwe
districts in western and southern Zambia (Michigan State University Food Security
Group, 2012) and farmers in Uzumba-Maramba-Pfungwe district in northern Zimbabwe
(Progressio, 2009). Hence the use of these OPVs in future may help reduce the effect of

climate change on maize yield. One group (the resource poor), raised concern about
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growing late maturing varieties under rain-fed conditions (Box. 7.4) as, currently, late
maturing varieties are grown only under irrigation, in drier areas of the country such as
Lower Gweru. The reduction in number of days to reach physiological maturity for the
late maturing varieties, due to high temperature under climate change, should allow them
to grow and mature using less soil water. However, under climate change growing crops
under irrigation will be more important than it is now, since the amount of rainfall is

expected to be less.

Box. 7.4
Lower Gweru farmers' responses on
feasibility of adopting long season varieties

Resource rich farmers (Group A)
"Given that SC709 (long season maize variety) will have reduced

number of days to reach maturity and that it will yield better than
SC403 (short season variety) under climate change, we will grow
SC709."

Medium resource farmers (Group B)
"By switching to SC709 we get high yields if there is climate change,

so we can grow the long season varieties instead of the short season
varieties."

Resource poor farmers (Group C)
"Advantage of growing SC709 is that it will yield better than SC403, so

it will be better to grow SC709."
"The disadvantage is that long season varieties require more water. We
will recommend SC709 to be grown in the irrigation schemes."

7.3.4.2. Use of mulch

There were mixed reactions from the three categories of farmers, with the resource rich
farmers showing much willingness to use mulch (Box. 7.5). Some of them were even
applying N-fertilizer to mulch. Their concern was on the limited area they were able to
cover mainly due to limited supply of available stover as much of the stover was also

used to feed animals during the dry season. About a third of farmers in this category were
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the keen farmers who often participated and worked closely with agricultural extension
agencies whenever new technologies were introduced in their areas. For the medium
category farmers, the main barrier was the high labour requirements to implement
mulching and they also thought it better to use stover to feed the animals rather than to
use it for mulching purposes. While some farmers who own cattle did not readily
appreciate using crop residues for mulching purposes instead of using them to feed their
cattle, some were of the view that if conventional ploughing was substituted by practices
such as minimum tillage, then the need to feed draft cattle with crop residues would fall
away, since for these farmers, crop residues were mostly used to feed draft animals.
Trade-offs between these two uses (animal feed and mulching) and any other uses of crop
residues are a concern for the farmers, similar to what has been noted for smallholder
farmers elsewhere in the semi-arid areas (Lal, 2007; Siziba, 2008; Twomlow et al.,
2008b; Giller et al., 2009; Mazvimavi et al., 2010; Mazvimavi, 2011; Rusinamhodzi et
al., 2011). In addition to facing the dilemma on how best to use available crop residues,
most smallholder farmers’ production levels, particularly those of the resource poor,
cannot meet the requirements of CA per se, where at least 3 tha' of mulch is
recommended (Twomlow et al., 2008b; Mazvimavi et al., 2010; Rusinamhodzi et al.,

2011).

The resource poor farmers emphasized advantages of using mulch and expressed concern
about the need to apply N-fertilizer on the mulch (Box. 7.4). This response is expected
since the majority of smallholder farmers in Lower Gweru and other semi-arid areas of
Zimbabwe can hardly afford to apply adequate fertilizer in their crop fields (Mudhara,
1995; Ahmed et al., 1997; Ncube et al., 2009; Chapter 4 of this thesis). Despite this
limitation, farmers need to be educated on the importance of applying adequate nitrogen
to cater for microbial requirements for decomposition of mulch, for full benefits of mulch
to be realized. This is important, since according to Giller ef al. (2009), poor short-term
effects of practices such as mulching may influence adoption rates. Labour shortage was
cited as a limitation to the adoption of mulching as a practice, particularly by the medium
and resource poor farmers who often rely only on family labour, which mostly comprises
women, school children and elderly people. The resource rich farmers can at least

manage to hire labour.
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Box. 7.5
Lower Gweru farmers’ responses to
feasibility of adopting use of mulch

Resource rich farmers (Group A)
- "Itis easy to adopt, because we have stover available. After harvesting,

we have stover which we can use."

- "Some of us are already buying fertilizer and adding to mulch."

- "We work with extension officers and the meteorological office, so we
can get rainfall forecasts to help us know whether to apply mulch or not."

- "The disadvantage is that in most cases we only manage small areas due
to limited labour."

Medium resource farmers (Group B)
"Applying mulch is labour intensive."

"We need stover to feed cattle. It is better to give stover to the animals."

Resource Poor Farmers (Group C)
"The disadvantage is that we can use mulch provided we have ammonium

nitrate."
- "The advantage of using mulch is that weeds will be reduced".
"Mulch also helps in water conservation."

7.3.4.3. Adoption of planting basins

Making planting basins and managing weeds through hand hoeing were cited as the
major labour demanding practices associated with use of basins (Box. 7.6). According to
the farmers, the other negative aspect of using planting basins, is the fact that the practice
did not give them time to rest between harvest of one crop and establishment of the next,
since basins had to be maintained and weeds controlled soon after harvest of the previous
crop (Box. 7.6). This sentiment is supported by Erenstein (2002), who reports a short
turn-around time between crops with the planting basin system of establishing crops. Use
of planting basins has the potential to improve crop productivity of smallholder farmers
in semi-arid Zimbabwe, particularly those without draft power (Mupangwa et al., 2008;
Twomlow et al., 2008b; Twomlow et al., 2008c; Mazvimavi, 2011; Mupangwa et al.,

2011b). Labour constraints have been identified as a major limiting factor in the adoption
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of planting basins elsewhere in Zimbabwe and Africa (Siziba, 2008; Twomlow et al.,
2008c; Giller et al., 2009; Mazvimavi and Twomlow, 2009; Mazvimavi et al., 2010;
Mazvimavi, 2011). Giller et al. (2009) suggested that implementing components of CA
such as planting basins could shift the farming labour burden towards women given that,
unless herbicides are used to control weeds, more hand hoeing (which is normally done
by women) would be required. To enhance adoption of planting basins, constraints such
as labour limitations need to be addressed, for example through use of appropriate
equipment such as jab planters as noted by Mazvimavi et al. (2010). They also need to be
educated about the long-term soil conservation and sustainability benefits of using mulch
and basins as it has been noted that there are minimal benefits of these technologies in the
short term (Mupangwa et al., 2007; Giller et al., 2009). Farmers could also be
encouraged by the fact that in subsequent years, of using these components of CA, labour
requirements are reduced since they would only have to maintain rather than dig basins
and since weed pressure tends also to be reduced with time (Twomlow et al., 2008c¢),
particularly where mulch is used, it may help suppress weeds (Mashingaidze et al.,

2009).

Resource poor farmers indicated that adoption of basins and mulch could be constrained
by the need to fence fields to protect the basins from being destroyed and mulch from
being eaten by the animals during the dry season. Farmers could resort to using live
fences which are durable and cost less cost in the long-term and as suggested by
Mutsamba et al. (2012). Alternatively, crop residues/stover used as mulch could be
treated with organic repellents such as cow dung and tobacco scrap to prevent animals

from grazing them.

At the time of the study, use of planting basins and mulch were still in their infancy in the
study area (Nyama and Mdubiwa wards in Lower Gweru). The few farmers who were
using the technologies were doing so on small areas of less than 0.1 ha and they adopted
the technologies from neighbouring wards, for example Bafana ward, where pilot
projects initiated by Non-Governmental Organizations (NGOs) existed (Moyo, 2012 -

personal communication). At the time of conducting the study, approximately 35-40% of
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the farmers in the study area had joined the CA programme spearheaded by Help

Germany, an NGO (Fig.7.10) (Moyo, 2012-personal communication).

Fig. 7.10. a) From left, Johnson Moyo, extension officer with Help Germany, Mirirai
Musasanuri, Acquiline Gumbira and Alfred Pawadyira (extension officers from
AGRITEX) at the Help Germany Conservation Agriculture demonstration plot in
Nsukunengi village in Mdubiwa Ward. In b) group of farmers from Nsukunengi
village weed a sub-plot on the demonstration plot, in preparation for planting
sunhemp.
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Box. 7.6
Lower Gweru farmers' responses to
feasibility of adopting planting basins

Resource rich farmers (Group A)
e "We would want to use basins because they improve water and nutrient
retention. They also improve aeration."
e "The problem is, one has to go back to the field much earlier after the
previous harvest. One hardly rests."

Medium resource farmers) (Group B)

e "Basins have advantages that they conserve water and prevent runoff™.

e "They confine nutrients to one place."

e "They are however difficult to adopt for elderly people, who find it
difficult to dig the basins. We recommend that a field be ploughed
(conventional ploughing) first and then holes (basins) be made in the
ploughed field."

e "Their other disadvantage is that if one goes for a large area, it becomes
quite difficult to control weeds."

Resource poor farmers (Group C)
e "We recommend use of basins where fields are fenced out to guard them

against animals."

e "Basins require young people and not old people, since it is hard to dig
them."

e "We would need to work with agricultural extension officers because we
need the knowledge and training from them."

7.3.5. Case studies on feasibility of adopting late maturing varieties, using mulch and

planting basins to address negative impacts of climate variability and change

Responses from individual farmer interviews (Fig. 7.11) further reiterated the labour

constraint associated with use of basins (Box. 7.7 and 7.8) as well as the competition for

mulch among various uses (Box. 7.7) that were raised during group discussions with

farmers. Similar to responses from group discussions, the two farmers interviewed did

not consider shifting to late maturing maize varieties as a “new” challenge. Responses
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from the case studies show that farmers are observant and can learn from other farmers’
experiences as revealed by Ms Getrude Bonde’s observation of failure of a neighbour’s
maize crop grown in planting basins during a very wet season (Box. 7.7). They are also
innovative and resourceful as indicated by the suggestion by Mrs Anna Moyo to collect
cow dung outside cattle pens, to apply in planting basins (Box. 7.8) and by acquisition of
planting seed by farmers, as a group (Box 7.7). As highlighted by some authors, for
example Twomlow et al. (2008c), Mazvimavi (2011) and Mupangwa et al. (2011b), the
case study of Mrs Moyo (Box. 7.8) shows that the use of planting basins is appropriate
for those farmers who do not own draft animals and implements. On the other hand,
responses by Ms Getrude Bonde (Box. 7.7), show that there is little chance of some
farmers using mulch or planting basins to reduce impacts of climate variability and

change.
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Box. 7.7 Case study 1

Ms Getrude Bonde
of Mxotshwa village in Mdubiwa ward, Lower Gweru,
interviewed on 25 November, 2010

Ms Getrude Bonde is a widow with three adult children, one school going son and
a grandchild. She is 49 years old and stays with two school going teenager boys
(own son and relative). She has no cattle and owns a few goats. Ms Bonde relies
on hired draft power (both oxen and plough) for her maize field preparation.

Strategy 1: Shift from growing short season maize varieties to long season ones
The farmer's response was that it was not a problem to think of shifting from
growing short season maize varieties such as SC403 and SC513 to long season
varieties such as SC709. "As a serious farmer, [ will grow the variety because I am
convinced that it will be the appropriate one to grow. I will be buying the seed just
as [ am doing now. For example we have just put our money together as a group
and bought maize seed from the Grain Marketing Board. We got Pioneer seed
variety PHB 3258. I also have Seed-Co variety SC513".

Strategy 2: Use of mulch

In her response the farmer said: "There are plenty of termites here. If there is little
water, mulching is a non-starter. [ have seen this in the garden where I use mulch."
When asked whether she could get the mulch to use in the field, her response was:
“Yes, I can get grass or stover from maize, but I would rather use it to make
compost.” She also added that she would not be able to afford the extra fertilizer
required, when one uses mulch.

Strategy 3: Use of planting basins

The farmer had this to say: “I certainly cannot go for “gatshompo” (planting
basins). It has a high labour requirement for weeding since one sows seed on
unploughed land. After planting, one has to quickly go back to the field to weed,
so there is no rest. In addition, I have not seen a real good crop from those basins.
Last year my neighbour had a bad crop from the basins. To begin with rains were
not much, but later in the season there was much rain and her (neighbour) maize
crop tasselled when it was very short. The crop was also yellowish”.
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Box 7.7: Case study 2

Mrs Anna Moyo
of Msingondo village in Nyama ward, Lower Gweru,
interviewed on 25 November 2010

Mrs Moyo is 42 years old and is a widower. She has one son working in the army.
She stays with her daughter in-law and two young grant children who are both
below school-going age. She has no cattle and hires draft animals and implements.

Strategy 1: Shifting from growing early maturing to late maturing maize
varieties

Mrs Anna Moyo saw no problem in shifting from short to long season maize
varieties. When asked whether getting certified seed of the varieties she was
currently growing was a challenge or not, her response was: "Seed is expensive,
but I can afford to buy it if available.”

Strategy 2: Use of mulch
Her response was: "Since only a small area is grown under mulch, I can afford to
use mulch, because stover is available."

Strategy 3: Use of planting basins

Mrs Moyo had the following to say, concerning use of basins: "The problem with
basins is getting inputs in the form of manure or fertilizer (inorganic). However,
use of basins is a good idea since I have no cattle. When one hires draft power, one
always prepares land too late. I can collect and pick up cattle dung outside
people’s kraals and use in the basins." Asked on whether labour availability would
not be a hindrance to the use of basins she agreed that labour was a limiting factor,
but said she could always give herself time to do the basins.
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Fig. 7.11. Mrs Anna Moyo (with hat) of Siyabandela village in Nyama ward explains the
advantages of planting crops in basins to researcher, Veronica Makuvaro and b)
she shows the field where she planted maize in basins during the 2009/10 season

7.3.6. Lessons learnt

Focus group discussions and case studies held with farmers provided a learning platform
for both farmers and researchers. Farmers acknowledged that they had learnt some
concepts and facts concerning crop models, climate change and components of
conservation agriculture namely use of mulch and planting basins (Box 7.9) via the focus

group discussions.

Box. 7.9
Lower Gweru farmers’ learning points,
direct translation of their responses in vernacular languages

» "Under climate change we have to change varieties to long season varieties
such as SC709."

"We learnt about conservation farming especially the advantages and
disadvantages of using mulch and basins."

"We need to apply more fertilizer when we use mulch."

"Basins can also reduce yields in high rainfall seasons."

"It is important to keep records for one to be able to use a model."

"It is important to work in collaboration with (Department of Agricultural
Technical and Extension Services (AGRITEX)."

"We got feedback on results of survey carried out in 2008 about, climate
change."

» "We learnt about expected future climate."

YV VYV A\

A4
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7.4. Conclusion and Recommendations

In this chapter Lower Gweru farmers’ opinions on the impacts of climate change as well
as their suggestions on dealing with climate change were captured. Researchers also had
an opportunity to inform farmers about the expected future climate for Zimbabwe, by
2050. Farmers expressed their opinions on possible adoption of late maturing varieties,

mulch or planting basins as climate change adaptation strategies.

7.4.1. Farmers' envisaged effects of climate change and their suggestions for dealing
with the effects

According to farmers in Lower Gweru, climate change is likely to have a negative impact
on agricultural productivity, availability of water resources, food and nutrition security,
health as well as on their socio-economic well-being. Possible effects of climate change
spelt out by the farmers match those effects that have been established in literature,
except that the former are not quantified. However, it appears that farmers overestimated
the effect of increasing temperature as they envisaged “burning” of crops due to heat
stress, which has not really been previously predicted. Farmers would benefit from
learning about the degree of agricultural other losses they are likely to incur due to

climate change, from researchers and agricultural extension agencies.

Generally, farmers' responses were similar among the wealth groups. It was also
observed that farmers' responses pertaining to livestock production, particularly on
adaptation issues, were rather limited in scope. As might be expected, it was only the rich
farmers (owners of several cattle), who had some ideas on reducing climate change
effects on livestock production. It appears farmers in Lower Gweru are more inclined to
crop than livestock production, as could be expected of subsistence farmers. The
opportunity to boost livestock production in the smallholder farming sector in semi-arid
areas is provided by the changing climate. Extension agencies should encourage
appropriate livestock production systems for smallholder farmers. These may include
intensification of small livestock (e.g. goats and sheep) production, rearing more

browsers (e.g. goats) than grazers and keeping indigenous animal breeds rather than
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exotic breeds or use cross breeds of indigenous with exotic breeds. Mixed crop-livestock

systems should be encouraged and/or introduced where they are not well established.

Also worth noting is the fact that most of the strategies that farmers suggested for dealing
with future climate are similar to those that they are currently using to cope with current
climate variability and most of them address problems of climate change that affect crop
productivity. Failure to produce alternate strategies is perhaps because they were
somewhat depressed by the oppression of the poor state of the economy at that time.
Farmers, researchers and agricultural extension agencies are challenged with
identification of new and viable adaptation strategies that farmers can employ to reduce

impacts of climate change.

It was encouraging to note that the majority of the strategies that farmers suggested
involve farmers taking action themselves rather than strategies that could be initiated
from outside communities. It was, however, discouraging to find that some of the current
strategies of coping with climate variability, for example irrigation farming and use of
water conservation technologies are not well adopted by farmers in Lower Gweru due to

the requirement of extra resources to establish such infrastructure.

Farmers’ strategies to reduce the effects of climate change should be re-enforced by the
extension workers and NGOs. Government policies should promote capacity building of
the farmers and promote development of technologies that reduce vulnerability of
farmers to climate variability and change. These technologies include breeding for
appropriate animal breeds and crop varieties as well as provision for investment to
develop more and appropriate irrigation systems which need to be fed to the higher

authorities in the district and at national level in Zimbabwe.

Although the farmer groups were formed according to wealth ranking, it emerged that the
resultant three wealth groups fitted in identifiable age groups. More than half of the
resource rich were within the age range of 45 to 60, the medium were mostly over 70
years old while for the resource poor, the age range spanned from to 25 to 70 years, with

a third being in the range 25 to 35 and two-thirds in the range 45-70. It would be
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interesting to explore the association, if any, between age and wealth status among

smallholder farming communities, in future research work.

7.4.2. Likelihood of farmers to shift to late maturing varieties and to use mulch and

planting basins

Shifting from growing early maturing maize varieties to late maturing varieties, poses no
serious challenges to the farmers, provided planting seed is available and seed cost
affordable. Adoption of these varieties would thus, require supporting government
policies to ensure adequate and affordable seed supplies. It was apparent that yield
benefits from mulch or planting basin tillage were realized during low rainfall seasons.
To this effect information about the nature of the rainfall season becomes vital as it will
assist farmers to make decisions on whether or not to use mulch and/or planting basins.
Farmers are therefore encouraged to use seasonal rainfall forecasts as a decision
supporting tool. This would also entail meteorologists to produce credible forecasts and

train extension agencies and farmers on the application of these forecasts.

Although farmers appreciated the benefits of using basins and mulch on sandy soils on
the soil water balance and on crop yield (in some years), there are factors that hinder
them from adopting these strategies. The main barrier to adoption of basins and mulch is
inadequate labour especially for weed control and digging of basins. The need to fence
fields, is also a challenge to the farmers, particularly the resource poor farmers. Farmers
were concerned about the limited size of land they could cultivate using hand dug
planting basins, due to the associated family labour limitations. There is need to introduce
appropriate equipment for making planting basins and farmers who can afford herbicides

can reduce the labour requirements for weeding.

There is competition for use of stover among different uses which include use as feed and
use as mulching and composting material. Alternative sources of mulching material, for
example grass could be used where such dilemma in use of stover exists. The need to
apply “extra” N-fertilizer to address the problem of nutrient immobilization is also a

limitation to effective use of mulch.
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CHAPTER 8

SUMMARY OF FINDINGS AND RECOMMENDATIONS

This chapter highlights the implications of findings of this study and suggests how the
findings can benefit communities, particularly smallholder farmers in semi-arid areas of
Zimbabwe. Organizations and institutions which could participate in improving current
and future cropping practices of farmers as well as in generating new information on
effects of climate change on crop productivity and water resources are also indicated in
this chapter. Although the findings are based on case studies conducted in Lower Gweru
and Lupane communal areas in Gweru and Lupane districts of central and western
Zimbabwe, they can be applied to other smallholder farmers with similar biophysical and

socio-economic conditions across southern Africa.

8.1. Current practices and views of smallholder farmers on climate change effects on
agricultural productivity
Lower Gweru and Lupane communal areas are located in Natural Regions III and IV,
respectively and the farmers in these areas are from a range of wealth categories (and
socio-economic status) as indicated mostly by differences in cattle ownership, possession
of farming implements and standard of farmers' homesteads. Farming systems are
broadly similar between the two communal areas, with differences in practices such as
crop variety, type of seed (hybrid vs. open-pollinated varieties) and the amount of land
planted to particular crops being determined by differences in biophysical conditions,
mainly rainfall amount and soil type. Differences in practices also differ among the
different farmers, due to different socio-economic status (represented by the wealth
categories). For example, it was apparent that use of planting basins was more applicable
to resource poor farmers due to their lower economic status and lack of draft power.
These differences demand that more specific cropping recommendations be given to the
different categories of farmers, rather than blanket recommendations, as is currently

commonly done by agricultural extension agencies. This needs to receive attention from
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both research and extension staff so as to provide smallholder farmers with an improved
service based on scientific evidence from field experiments.

Some of the identified farmer practices could be improved to increase household food
and nutrition security as well as incomes of smallholder farmers. This could be achieved
through various stakeholder participation, for example:

e Agricultural extension officers should promote and encourage farmers to grow
improved varieties of small grain crops (millet and sorghum) as well as improved
varieties of open-pollinated maize compared to the traditional varieties

e Farmers should use correct inter-row spacing when they use the "plant following
the plough" method of establishing crops, by skipping the correct number of rows
before dribbling seed into the furrow

e For the current cropping systems, seed companies and other seed multiplication
agencies should produce adequate seed of legume crops, particularly that of
improved groundnut varieties and cowpeas to enhance implementation of
effective crop rotations or intercropping to promote adoption of balanced diets by
smallholder farmers. Seed companies should also supply more seed for improved
small grain crops, open pollinated maize varieties and sunflower

e Fertilizer use efficiency could be improved by employing techniques such as
precision agriculture and micro-dosing, technologies which have been tested
elsewhere in the country

e Effective implementation of the agronomic improvements suggested above can be
achieved by having on-farm demonstration trials in these areas and this could be

funded by seed companies and agro-chemical companies.

Previous studies have established perceptions of smallholder farmers in Lower Gweru
and Lupane communal areas, on climate variability and change. In this study, farmers in
Lower Gweru were formally informed of the expected climate scenario for Zimbabwe by
2050 and asked for their opinion on possible effects of climate change on agricultural
productivity. It is recommended that relevant government ministries, for example the
Ministry of Environment, Water and Climate and the Ministry of Agriculture initiate

collaborative climate change awareness campaigns for farmers as this will enhance
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adaptation using identified adaptation strategies in future. Appropriate policies should
also be developed to support such initiatives, for example, courses in climate change and
its effects on agricultural productivity and water resources could be made compulsory in
schools and agricultural training institutions to equip future agricultural practitioners with
knowledge on the subject. To this effect text books could be written which can be used as

resource materials at different training levels.

Farmers' initial suggestion to grow early maturing maize varieties as a strategy to reduce
the impact of climate change on yield is likely to result in greater yield losses than if they
grow late maturing varieties. Further evidence from research is required to support this
view and if substantiated, farmers could be advised to grow late maturing crop varieties
by 2050. Although farmers indicated that shifting from growing early maturing maize
varieties to growing late maturing varieties, was relatively easy, they highlighted cost of
seed as a likely prohibiting factor just as is the case currently. To this effect, the Ministry
of Agriculture, Mechanization and Irrigation should subsidize prices of seed to afford
smallholder farmers access to the most appropriate seed. The other strategies that farmers
could possibly use to adapt to climate variability and change effects are use of planting
basins and mulch. Mulch and basins resulted in improved soil water balance (reduced
run-off, reduced soil evaporation) but this did not result in significant overall yield
benefit in the long-term analysis. However, during low rainfall seasons there were yield
benefits from use of these technologies. Thus, in poor rainfall seasons farmers can
improve yields through adoption of mulch and planting basin techniques. Farmers could
make informed decisions on whether to use these technologies or not if they have access
to seasonal rainfall forecasts. The Meteorological Services Department is thus challenged
with provision of timely and credible rainfall forecasts with added explanation and
specific advisory messages for each Natural Region. This also needs training of farmers
and intermediaries, such as agricultural extension officers, on use (meaning and
interpretation) of seasonal rainfall forecasts. Similarly indigenous seasonal rainfall
forecasts need to be tested for their credibility.

It was apparent that planting basins are labour intensive and the elderly farmers
particularly find it difficult to implement them. Adoption of planting basins can be

improved by use of appropriate equipment such as Jaba planters used elsewhere (e.g.
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other areas of Zimbabwe and in Zambia) and modified animal drawn ploughs as used in
parts of South Africa. For farmers to benefit from use of mulch, mulched crops need to
get an extra dose of nitrogen fertilizer to reduce nitrogen immobilization by soil microbes

during decomposition.

8.2. Extreme climate trends and simulated climate change effects on maize yield and
water availability for western and central Zimbabwe

There is evidence of warming particularly during day-time and the frequency of hot days
increases over the period 1978-2007 for western Zimbabwe. Maximum temperatures
were found to increase at a faster rate (2-3 times) than minimum temperatures for
Bulawayo Airport station for the period 1978-2007. Thus, future studies (in controlled
environments or involving climate and crop modelling) concerning climate change effect
on crop growth and development may have to consider an asymmetric change in
maximum and minimum temperature for areas such as western and central Zimbabwe.

This warming could have effects on crop growth and development as well as on livestock
performance. Changes in diurnal temperature range (DTR) are positive, but not
significant for all seasons except for mean DTR during the winter season. Positive trends
are inconsistent with climate change. Thus, the established warming trends could be due
to factors other than global anthropogenic climate change and meteorologists could carry
out attribution studies to establish reasons for warming in western Zimbabwe. There is,
however, no evidence of changes in extreme rainfall amounts and proportion of rainfall
from extreme rainfall events. Neither is there evidence of change in rainfall intensity (rain
per rain day or greatest amount of rainfall received in 5 days). On dry-spells, it is only the
duration of the longest dry spell during the first half of the season which is increasing
significantly. Thus, for this part of the rainfall season farmers need to embark on in situ
field studies of appropriate water conservation techniques to promote successful crop
establishment. This also means that the short-term weather forecasts (1-14d) become very
important for these farmers' decision making in the first part of the season. Therefore, the
Meteorological Services Department should be sure to improve the accuracy and
timeliness of these rainfall forecasts and the efficient dissemination to rural areas using

appropriate methods.
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In this study, trends in extreme rainfall and temperature were established from historical
climate data for one meteorological station, Bulawayo Airport, in Natural Region IV,
using STARDEX software. Future research work could improve the value of the current
results by analyzing climate data from more stations, particularly selected from and
representing all the five Natural Regions in the country. The results could then contribute
to Geographical Information Systems (GIS) and provide input into the re-mapping of

Natural Regions and reformulation of farming recommendations.

APSIM model was used to simulate maize yields and soil water balance components
under current and future climate scenarios. Climate change significantly reduces the
number of days taken by maize to reach physiological maturity, by 21 and 28 days for
early and late maturing varieties respectively. Maize grain yields are projected to be
reduced by about 17%, under the A2 climate change scenario, by 2050. This has
implications on both household and national food security as maize is the staple crop.
The increase in extreme temperatures particularly day-time temperatures and frequency
of hot days, resulting in significant decrease in days to maturity of maize, calls for
breeders to develop new heat and drought tolerant maize and other crop varieties and
animal breeds. Government should also develop policies that ensure availability and
access to adequate amounts of seed of appropriate crop varieties for smallholder farmers.
Farmers need to diversify sources of income within and outside agriculture as agricultural
production is negatively affected by current climate variability and change. The Ministry
of Small and Medium Enterprises should put more thrust on "traditionally farming
communities" and encourage and support them to take on viable agricultural as well as
non-agricultural projects. The projects should ideally include product value addition
through processing and marketing, as this would increase farmers' profits and agricultural

sustainability and retain the resources in the rural farming area.

Run-off is significantly reduced under the A2 climate change scenario by about 36% and
this reduces water supply from surface water resources. Decline in water resources will
result in reduced water supply for irrigation as well as livestock and domestic
consumption for both rural and urban communities. Water re-cycling, efficient irrigation

methods and judicious use of water, supported by appropriate government policies, are
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some of the strategies that can be employed to reduce the negative effects of climate
change on water supply.
From the view point of information generation, APSIM model can be used to explore
climate change effects on growth and yield of other important cereal crops namely pearl
millet and sorghum, in future. These crops are currently better suited to the drier regions,
Natural Regions IV and V, than maize. The model could also be used to simulate and
compare yields of legume crops such as cowpeas and groundnuts as well as open
pollinated maize varieties under current and future climate, as these crops were found to
be important crops grown by smallholder farmers in central and western areas of
Zimbabwe. APSIM could also be used to simulate and compare crop yields under
different climate scenarios and cropping systems, for example, rotations, sole cropping
and intercropping. Simulated smallholder crop yield under climate change could be fed
into economics models to assess the economic implications of climate change for
example, income gains or losses. These topics hold potential for future Masters students
research projects.
The following ministries and organizations are therefore identified as possible users of
findings from this study, to improve food security and incomes of smallholder farmers
under current and future climate conditions and to ensure availability of water to all
communities, in the face of climate change.

— Ministry of Agriculture, Mechanization and Irrigation

— Ministry of Environment, Water and Climate

— Ministry of Local Government, Rural and Urban Development

— Ministry of Small and Medium Enterprise Development

— Non-Governmental Organizations

— Agrochemical companies

— Seed companies

— Researchers

However, climate change is cross-cutting and will affect all communities (rural and
urban) and development as a whole. Therefore all development sectors should include

climate change aspects in their long-term planning.
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Appendix I. The emission scenarios of the IPCC special report on emission scenarios
(SRES)

Al. The Al storyline and scenario family describes a future world of very rapid
economic growth, global population that peaks in mid-century and declines thereafter,
and the rapid introduction of new and more efficient technologies. Major underlying
themes are convergence among regions, capacity building and increased cultural and
social interactions, with a substantial reduction in regional differences in per capita
income. The Al scenario family develops into three groups that describe alternative
directions of technological change in the energy system. The three Al groups are
distinguished by their technological emphasis: fossil-intensive (A1FI), non-fossil energy
sources (A1T) or a balance across all sources (A1B) (where balanced is defined as not
relying too heavily on one particular energy source, on the assumption that similar
improvement rates apply to all energy supply and end use technologies).

A2. The A2 storyline and scenario family describes a very heterogeneous world. The
underlying theme is self-reliance and preservation of local identities. Fertility patterns
across regions converge very slowly, which results in continuously increasing population.
Economic development is primarily regionally oriented and per capita economic growth
and technological change more fragmented and slower than other storylines.

B1l. The B1 storyline and scenario family describes a convergent world with the same
global population, that peaks in mid-century and declines thereafter, as in the Al
storyline, but with rapid change in economic structures toward a service and information
economy, with reductions in material intensity and the introduction of clean and
resource-efficient technologies. The emphasis is on global solutions to economic, social
and environmental sustainability, including improved equity, but without additional
climate initiatives.

B2. The B2 storyline and scenario family describes a world in which the emphasis is on
local solutions to economic, social and environmental sustainability. It is a world with
continuously increasing global population, at a rate lower than A2, intermediate levels of
economic development, and less rapid and more diverse technological change than in the
B1 and Al storylines. While the scenario is also oriented towards environmental
protection and social equity, it focuses on local and regional levels.

Source: Adapted from IPCC, (2007).
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Appendix lla. Questionnaire on agronomic practices,crop production constraints and
coping /adaptation strategies to climate variability change

Preliminary data

Enumerator:................... Date:. ...
Name of Farmer.............. Age.......... T2 SRR
District: 1 =Lower Gweru 2 = Lupane

Ward: 1=Mdubiwa 2=Nyama 3=Menyezwa 4=Daluka

Village: 1= Mxotshwa; 2=Madinga  3=Nsukunengi 4=Guduza
5=Mathonsi  6=Msingondo 7=Menyezwa 8=Masenyane
9=Banda 10=Daluka 11=Strip road 12=Mafinyela

Code

1. What tillage system do you use?

Conventional Tillage 1

Zero tillage 2

hand digging of entire field 3

Planting basins 4

Other /specify 5

2. Which crops do you grow?

Maize 1

Groundnuts 2

Bambara nuts 3

Sweet potatoes 4

Sorghum 5

Pearl millet 6

Cowpeas 7

Rapoko 8

Melons 9

Other 10

3. What crop varieties do you grow?

Maize: Very early maturing hybrids(400 series) 1
Early maturing hybrids(500 series) 2
Medium maturing hybrids(600 series) 3
Late maturing hybrids (700 series) 4
Local/traditional OPVs 5
Improved OPVs (ZM series) 6
other 7
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Groundnuts: Natal common 1
Valencia white 2
Valencia red 3
Other 4
Sorghum: Tsveta 1
Pannar 2
Macia 3
DC 75 4
Red Swazi 5
Other 6
Pearl millet:  Tsholotsho bearded 1
PMV1 2
PMV2 3
PMV3 4
Okatshana 5
Other 6
4. What types of fertilizer do you use, if any?
Kraal manure 1
Anthill 2
Compound D 3
Ammonium Nitrate or Urea 4
Leaf litter 5
Ash 6
Other (specify) 7
5. How many times do you weed fields planted to the major crop(s)?
Once 1
Twice 2
Thrice 3

6. What methods of weeding do you use?
Cultivator hand hoe
Hand hoeing

N —

7. Which water management techniques do you use?
Winter ploughing

Contour ridging

Ridging

Deep weeding

Pot holing

Mulching

Furrow drainage

Other (specify)

[oBEN Ie) NV, N SN USIE (O
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8. Which factors influence your investment decisions?
Input availability

labour

Food security

Draft power

Climate

Implements

Cash

Other

9. Which cropping decisions are influenced by climate?
Planting date

Fertilizer application

Choice of crop

Varieties to grow

other

10. Are there any deviations from usual agronomic practices,

Increased range of crops
Reduced range of crops

More area planted to maize
Less area planted maize

More sweet potatoes

Different varieties

Conservation tillage

Hired draft power

Fertilizer not applied at planting
Other (specify)

11. What are the reasons for deviations in 10?
Seed unavailability

Draft power

Climate-related

Fertilizer unavailability

Other (specify)

12. What major crop production constraints do you face?
Seed shortages

Labour shortages

Draft power shortages

Shortage of fertilizers

Other (specify)
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13. How do you cope with and adapt to climate variability and change

Nature of rainfall pattern or problem arising | Coping / Adaptation strategies
from climate variability & change

. Short season length

. Low rainfall

. Mid-season dry spells

. Abrupt end of season

. Late rains

. High rainfall (Higher than normal)

. Water-logging

. Weak draft animals

O |0 QAN n| | W|IN|—

. Inadequate grazing

Appendix I1b. Check list for semi- structured interviews

What are livelihoods of communities?

What infrastructure and institutional arrangements are in place?
What are farming systems employed by farmers?

What influences farmer investment decisions?

What agronomic practices do farmers employ?

Which are the common constraints to agricultural productivity?
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APPENDIX I1l: Format for the met_file used in APSIM

[weather.met.weather]
! Gweru: Record 1-Jan-1970 to 30-Jun-2008

|

latitude = -19.45 (DECIMAL DEGREES)
longitude = 29.85 (DECIMAL DEGREES)

laltitude = 1429 (m)

! TAV and AMP inserted by "tav_amp" on 21/11/2009 at 13:23 for period from 1/1970 to 182/2008
(dddlyyyy)

tav= 18.15 (oC)

! annual average ambient temperature

amp = 9.34 (oC)

site

0
Gweru
Gweru
Gweru
Gweru
Gweru
Gweru
Gweru
Gweru
Gweru
Gweru
Gweru
Gweru
Gweru
Gweru
Gweru
Gweru
Gweru

year
0
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970

mint
°C)
16.4
12
15.3
14.4
12.8
13.9
12.4
10.1
8.8
9
10.2
13.9
17.3
15.8
16.1
16.2
13.3

maxt
°C)
27.9
28.4
26.9
27.3
28.3
25.1
23.8
23.3
252
26.6
28.8
322
28.2
28.6
29.4
27.6
25.7

Rs

(MJ/m"2)

29
32.7
28.6
31.9
30.6
31.3
243
32.7
33.1
32.9
32.7
323
30.5
24.7
28.6
30.7
242
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rain

! annual amplitude in mean monthly temperature

(mm)

0.7

CoCPeesCoc~"CPoooco

! Rainfall from RMP, Rsfrom sunshine hrs
! Rainfall from RMP, Rs from sunshine hrs
! Rainfall from RMP, Rs from sunshine hrs
! Rainfall from RMP, Rs from sunshine hrs
! Rainfall from RMP, Rs from sunshine hrs
! Rainfall from RMP, Rs from sunshine hrs
! Rainfall from RMP, Rs from sunshine hrs
! Rainfall from RMP, Rs from sunshine hrs
! Rainfall from RMP, Rs from sunshine hrs
! Rainfall from RMP, Rs from sunshine hrs
! Rainfall from RMP, Rs from sunshine hrs
! Rainfall from RMP, Rs from sunshine hrs
! Rainfall from RMP, Rs from sunshine hrs
! Rainfall from RMP, Rs from sunshine hrs
! Rainfall from RMP, Rs from sunshine hrs
! Rainfall from RMP, Rs from sunshine hrs
! Rainfall from RMP, Rs from sunshine hrs



