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ABSTRACT

This study was based in the Chobe District in Pandamatenga village in the northern region of
Botswana. The main aim of the study was to assess the socio — economic potential of Conservation
Agriculture (CA) technologies and to predict their future performance on sorghum grain yield
using the Decision Support System for Agrotechnology Transfer (DSSAT) in the vertisols of
Pandamatenga. A field experiment was conducted at the Department of Agricultural Research
station at Pandamatenga during the 2015-2017 planting seasons. A randomized complete block
design was used for the on-station field experimentation. The design had trial plots with four
treatments, namely No tillage (NT), No tillage + mulch (NT+M), Minimum tillage (MT), and
broad bed and furrow (BBF), with four replicates rotated between sorghum and cowpea. Sorghum
grain yicld results were analysed using the Statistical Analysis Software (SAS version 9.2).
Analysis of variance and means were separated using Duncan's multiple range test at 5%
confidence level. The DSSAT model was also evaluated using the experimental data and weather
dnta for the growing period. The model was further used to predict the performance of these CA
technologies in terms of sorghum grain yield in the future,

A structured questionnaire was used for the collectien of the socio - economic and demographic
characteristics of the sampled smallholder rainfed farmers. Farmers' perception and level of
acceptance of CA technologies were also assessed in the study area. The socio - economic
characteristics of the smallholder rainfed farmers included land holding size (ha), labour
availability, livestock possession, education level, and farming experience, Demographic
characteristics considered in this study were smallholder rainfed farmers’ age, marital status,
gender and average number of family members in the household. Descriptive statistics (means,
percentages) from Statistical Package for the Social Sciences (SPSS) Version 22 (IBM Corp, 2013)
were used for data analysis of socio — economic and demographic characteristics of smallholder
rainfed farmers. The binary logistic regression model was also used to analyse the farmers

probability of adopting CA practice given a st of the socio- economic variables.

The results have shown that age, gender and farm size had a significant influence on smallholder
rainfed farmers’ decision to adopt CA technologies in Pandamatenga region. Smallholder rainfed
farmers had a positive perception and a high level of acceptance of CA technologies that were tried

in their fegion. On average no tillage (594kg/ha) and no tillage plus mulch (560kg/ha) technologies
o : Xiv



were found to have the highest sorghum grain yield in different growing scasons in both continuous
ond cowpea- rolaled- with- sorghum trials, The DSSAT crop model provided reasonable
predictions of sorghum grain yield under NT, MT, NT+M and BBF on vertisols of Pandamatenga.
Even though the sorghum grain yields will be decreased in the mid — century (2040-2070), however
the model further predicted that sustained NT+M practice by smallholder rainfed farmers in
Pandamatenga would increase sorghum grain yield production in the future as compared to other

CA technologies which were evaluated.

Research, extension and planning agencies need to be sensitive to the age, gender and farm size of
smallholder rainfed farmers when developing and disseminating agricultural technologies and
strategies in the Pandamatenga area. No tillage mixed with mulch would be a suitable farming
system for smallholder rainfed farmers for increased growth and enhancement of physical
properties of vertisols. Thus, it is recommended that agricultural programmes should focus on the
demonstration of no tillage mixed with soil surface cover to smallholder rainfed farmers in
Pandamatenga. Modelling should be integrated in planning to assist smallholder rainfed farmers

improve crop production to enhance food security sustainably.

Key words: Economic potential, conservation agriculture technologies, adoption, smailholder
rainfed farmers, DSSAT model.
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CHAPTER ONE

1. INTRODUCTION

1.1 Background on the Agricultural Sector

Rainfed Agriculture is the source of livelihoods for the majority of the population in Sub-Saharan
Africa (SSA) (Rockstrém, 2000 as cited in Ngigi, 2009 and AGRA, 2014). Rainfed agriculture in
SSA is characterized by low input and low output features such as extreme rainfall events
variability, high frequency of dry spells and low fertilizer and pesticide use. Thus limited water

and nutrients availability are key factors for low agricultural production in SSA (Dile et al., 2013).

In Botswana, with an sren of 582 000 km? and a population of over 2 million, about 70 percent of
the population live in rural areas and derive their living from agriculture and other subsistence
activities ( UNDP, 2012). The country has a semi- arid climate with mean annual rainfall which
varies from a maximum of aver 650mm in the extreme north — eastern area of the Chobe District,
to a minimum of less than 250mm in the extreme south — west of Kgalagadi District. The rainy
season is in summer during the hot months of October to April and the dry season occurs during
the months of May to September (Botswana Tourism Organization, 2013). Botswana is not well
endowed with agricultural land. Of the 29,100 km? (or 5% of total land area) reported to be suitable
for arable agricuiture only less than 6,000 km? is under cultivation (IFAD, 2011).

At independence in 1966, agriculture contributed about 40 percent to the Gross Domestic Product
(GDP). At present it only contributes 1,9 percent (Statistics Botswana, 2015). Agriculture plays an
important role in rural development by providing food, employment and income for the majority
of rural dwellers (Statistics Botswana, 2013). However, due to recurring droughts and outbreaks
of pests and diseasces, the performance of the sector has been poor, despite the financial support
from the Government over the years (Statistics Botswana, 2012). Nevertheless, agriculture still
remains a viable option for poverty reduction and employment creation because it is labour

intensive (Statistics Botswann, 2014).

The agricultural sector is composed of traditional and commercial farmers, covering both crop and
livestock production. Traditional farming is the most dominant in terms of numbers of people

involved and the geographical coverage, with an average farm size of five hectares (Statistics
1



Botswana, 2013). Crop productivity is lower for subsistence agriculture across crop categories.
For example in the 2013 cropping season, subsistence cereal yields ranged from 62 to 158
kilograms per hectare, compared with 704 to 1113 Kkilograms per hectare for the commercial sector
(Statistics Botswana, 2013). The low subsistence crop productivity is due to low and erratic
rainfall, and the low adoption of improved technologies (Seleka et al., 2014 as cited in Selekn &
Khaufelo, 2016). In the traditional sector maize, sorghum, millet and beans have been reported as
the major crops in terms of area planted (Statistics Botswana, 2014). The beef industry is the only
sub-sector that constantly remained o significant contributor to the agricultural GDP, accounting

for about 80 percent of the output of agriculture (IFAD, 2011).

The agricultural sector has been identified as one of the areas that have a great potential to diversify
the economy and create employment especially in rural areas. Therefore, programmes such as the
Integrated Support Programme for Armble Agricultural Development (ISPAAD) have been
supporting farmers in Botswana and this resulted in the expansion of rainfed cropped areas.
However the yield gap between small — scale and commercial farmers is very large, where
commercial farmers realized up to 2 tons per hectare for maize and sorghum as compared to an
average of less than 0.2 tons per hectare among smallholder farmers under similar agro - ecological

conditions (IFAD, 2011).

1.1.1 Background on the global distribution and uses of vertisols

Vertisols are dark- coloured clays which develop cracks when expanding and contracting with
changes in moisture content. They shrink upon drying and swell upon wetting (Wubie, 2015). The
global area under vertisols is estimated to be approximately 308 miltion hectares (USDA - SCS,
1594: Pal ef al., 2012). According to Pal et al. (2012) however, the reliability of this estimate
remains uncertain because several countries have nat yet been included in the inventory. In
addition, the area under vertisols in a soil survey area may ofien be too small to resolve at the scale

of map compilation (Coulombe et al., 1996 as cited in Pal et al., 2012).

Vertisol areas are located in Australia and India (80 million ha), Sudan (50 million ha) and the
United States, China and Ethiopia (12-15 million ha) (Coulombe ef al., 2000 as cited in Buol e

al., 2003). Many of these soils are underutilised because they are difficult to manage, hard and
n



cloddy when dry and very sticky when wet (Wubie, 2015). Vertisols occur in wide climatic zones,
from the humid tropics to arid areas, but they are most abundant in the tropics and sub arid regions

( Ahmad, 1996; Pal er al., 2012).

The agricultural use of these soils ranges from grazing, collection of firewoed, charcoal burning
through smallholder post riny season crop production { millet, sorghum and cotton} to small and
large irrigated agriculture under cotton and wheat (Dagar e/ al., 2016). These soils occur at low

clevations but they also occur at higher elevations in the Ethiopian plateau (Pal et al., 2012).

1.1.2 Local distribution and uses of vertisols in Botswiana

In Botswana vertisols (black soils) are found in the Northern part, particularly in the Pandamatenga
plains. Pandamaltenga vertisols have a high content of clay. The soils are soft and plastic when wet
and very hard and with deep cracks when dry (Arup - Atkins, 1990). Hence the workability of the
soil is within a very narrow range moisture content. In addition, during increased rain seasons the
area experiences floods which make accessibility to fields difficult during cropping season. The
floods are caused by the high water retention capacity of the soil, as well as the very flat topography
of the area which does not permit adequate water percolation and runofT, respectively (ADB,
2008).

Commercinl agriculture is carried out in the central and southcm plains of Pandamatenga, where
a tolal of 25074 hectares have been demarcated. The production is centred on sorghum as the main
crop. Other crops include maize, cotton and sunflower. Small scale dry land farming is also carried
out in Pandamatenga plains. The major crops grown by these farmers are sorghum, maize and
millet, inter — spaced with other crops such as beans, groundnuts and watermelons (Pardo et al.,
2012).



1.1.3 Potential of Conservation Agriculture on Vertisols management

To maximize production under these vertisols’ unigue properties, a systematic understanding of
the properties and processes of these soils is crucial for the development and implementation of

farming practices. This will keep them productive for the current and future generation.

Better management of vertisols, apart from enhancing crop production is also necessary in the
protection of the environment (Wubie, 2015). This is because under the current conventional
tillage system commonly used by farmers, the whole field is ploughed using either 2 mouldboard
or disc ploughs followed by harrowing before seeding. This system destroys soil structure leading
to problems related to soil degradation and compaction (Tapela et al., 2007). Soil compaction is
caused by high field machinery traffic as well as continuous cropping that results in an increased

exposure of soils to high intensity storms.

To mitigate the physical constraints of vertisols properties, some organizations such as the
International Crops Research Institute for the Semi-arid Tropics (ICRISAT) and International
Livestock Centre for Africa (ILCA) have been promoting alternative methods of crop production
especially in vertisols. These farming systems such ns conservation agriculture enhance

productivity while conserving soil and water.

According to Food and Agriculture Organization (FAO) (2016), conservation farming or
Conservation Agriculture (CA) is an approach to managing agro — ecosystems for improved and
sustained productivity, increased profits and food security while preserving and enhancing the
resources base and the environment, Conservation Agriculture is characterized by three linked
principles namely; continuous minimum mechanical soil disturbance, permanent organic soil

cover and diversification of crop specics grown in sequence and or associations.
Description of the three principles:

i. Minimum soil disturbance (minimum tillage with the aim to achicve no tillage or
zero tillage). In CA crops are planted directly into unploughed soils. Minimum disturbance
of the soil allows the retention of soil organic matter, which is lost through conventional
nllnge This not only provides more nutrients for the growing crop, but also stabilizes the

structure of the soil and makes it less vulncrablc to crusting, compaction and erosion. Less
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moisture is lost through evaporation that occurs in a conventional ploughed field. More
carbon is sequestered in the soil and carbon dioxide emissions can be reduced in
mechanized farming system as significantly less fuel is used than would be required for

ploughing (FAQ, 2010).

2. Permanent soil cover (with crop residues and cover crops) — Crop residues are
retained in the field as mulch and / or cover crops are grown throughout the year. Covering
the soil reduces the splash effect of raindrops. Once the energy of the drops has been
dissipated the drops proceed to the soil without much harmful effect. This results in higher
infiltration and reduced runoff, leading to less erosion. The residues also form a physical
barrier that reduces the speed of wind over the surface and this leads to reduction of soil
moisture evaporation. Additionally, insects, fungi, bacteria and other organisms living in
this environment break down the mulch and incorporate it into the soil, improving soil

fertility over the time (FAQ, 2010).

3. Crop Rotation - Crops are planted in different associations and rotations with one
another in both spatially and over time. Growing crops in mixtures or rotations helps to
control pests and diseases by breaking their life cycles. Some crops help to suppress weeds
and if legumes are used, they can also fertilize the soil through nitrogen fixation process.
Soil structure is improved through penetration of different root systems into the soil and
this also allows different crops of different root depth to draw nutrients and moisture from
different soil layers (FAQ, 2010).

Conservation Agriculture techniques are of great importance in semi-arid areas, because they

constitutc a field rain water conservation and soil fertility improvement strategy that enhances crop

production and economic profitability (Amya et al,, 2016). A study conducted in Ethiopian

vertisols showed that soil losses and run off were significantly higher in conventional tillage

systems (Araya ct al., 2016). [t was also found out that the gross margin was significantly higher

in CA systems as compared to conventional tillage.

The introduction and acioption of CA in Zambia and Zimbabwe has significantly reduced the

constraints of soil moisture to crop production (Thierfelder & Wall, 2010). It was found out that

the infiltration rates were higher on CA plots as compared to conventional plots. This led to higher
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available soil moisture on CA plots. The increase in soil moisture enabled crops to overcome

seasonal dry spells and reduces crop failure.

Conservation Agriculture has a potential for incrensing improved yields regardless of the bad
weather (Owenya et al., 2011). It was also observed that CA was effective in the fight against
hunger and poverty because of intercropping cereals with cover crops that produced three harvests
instead of two (Owenya ef al., 2011). In Tanzania, farmers also experienced a reduction in time
and labour requirement. This was brought about by reducing the number of operations during land

preparation.

Conservation Agriculture technologies are experiencing increasing interest in many countries
around the world {Derpsch & Friedrich, 2009). They are sustainable and offer economic
alternatives as they conserve soil moisture, enhance soil fertility and reduce production costs
(Derpsch et af, 2010). Also in sub Saharan Africa, CA is gaining momentum as the region
struggles to address the worrying increase in population rates which is escalating the deterioration

of agricultural land and increasing the scarcity of water ( [FAD, 2011).

In Botswana the majority of the farmers practice conventional tillage where the field is ploughed
several times and deeper in order to create a seed bed that is firm, granular and contains some
moisture. The tillage system is conducted by using the soil invention mouldboard plough
(Kethobile, 2006). This leads to high moisture loss through evaporation, especially when little
rainfall is received. Also, this tillage system requires the highest level of energy input. Minimum
tillage system which encourages the infiltration of rain water so that crop moisture requirements

are ndequately met is rarely used (Kethobile, 2006).

In the study area, some commercial and small holder farmers practise conventional tillage. In this
tillage system equipment is used primarily to prepare the seedbed, control weeds and incorporate
fertilizer and manure. The narrow range of optimum water content for tillage and the clotting
nature of vertisols are challenges to this tillage system. Clods make it necessary to follow primary
tillage operations with a cultivator to level the seedbed. As a result, more field operations are
required and there is increased energy requirements (Tapela ef al., 2007), Consequently, on
average cercal grain yields have been respectively hovering around 0.2 tons per hectare and 2.5

lqn§ per hectare for small scale and large scale farmers respectively (Baitshepo, 2012).



However, the effectiveness of CA to address the above mentioned problems largely depends on
the capacity of change agents and farmers in applying the actual formulae and techniques of the
principles of CA 1o local context (Ngwira ef af, 2014). Short term to medium term potential
benefits of CA have been assessed on farms. Conservation Agriculture generally results in
increased yields especially after 3-5 years largely due to improved rainfall infiltration, reduction
in number of Inbour hours and increased returns to labour, and reduction in risk of economic

returns.

However, long term studies that report the long-term effects of CA on crop productivity and net
economic returns including risks are lacking in Botswana and southern Africa as a whole. At the
same time, traditional experiments aimed at deriving appropriate cropping practices for the wide
variety of soil types and climatic conditions are time consuming and expensive (Ngwira ef al.,
2014). According to Jones ef al. (2003), the usc of crop simulation models (CSMs) is often
considered useful tool to simulate different soil and crop management and climatic scenarios for
developing the most suitable and site-specific strategies. The Decision Support System for Agro-
technology Transfer (DSSAT) is a collection of several such models, which connects the decision

support system to crop simulation models (Jones ez al., 2003).

1.1.4 Description of the DSSAT cropping system model

The Decision Support System for Agrotechnology Transfer (DSSAT) Cropping System Model
(CSM) is a software package tfmt simulate growth, development and yield of a crop on a uniform
land under pfcécri_bed or simulated management as a function of crop phenotype, soil conditions,
weather and crop mnnugcmcntfthut takes place under the cropping system over time (Jones ef al,,
2003). The DSSAT model is a collection of independent programs that operate together. These
programs include crop simulation model at the centre, databases that describe weather, soil,

experiment condition and measurements, and genotype information (Figure 1.1).

The software helps users to prepare inputs for each of the programs and compare simulation
outcomes with observcd data to achieve improved accuracy (Hoogenboom ef al., 2015). Programs
contnmcd in the DSSAT model also allow users to simulate ophons for crop management over a

number of years to assess the risks associated with each option.



DSSAT was developed through collaboration among scientists at the University of Florida, the

University of Georgia, University of Guelph, University of Hawaii, the International Centre for

Soil Fertility and Agricultural Development, USDA-Agricultural Research Service, Universidad

Politecnica de Madrid, Washington State University, and other scientisls associated with the
DSSAT Foundation (Hoogenboom ef al, 2015). Additionally the recent DSSAT 4.6 has

algorithms which can simulate the influence of conservation agriculture practices such as crop

residue cover and tillnge on soil surface properties and plant development ( Ngwira et al., 2014).

In recent updates, of the software the DSSAT has separate program drivers called seasonal analysis

sequence and rotational analysis, which has the ability to analyse and compare the different

management options biophysically and economically to guide choice of the most efficient

management options ( Ngwira et al., 2014). The structure of DSSAT is shown in Figure 1.1.
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1.2 Problem statement

Vertisols such as those found in the Pandamatenga region have a high crop production potential.
Farmers are however unable to manage these types of soils because of their unique properties that
require a careful special management to translate their high potential fertility into successful crop
production. The physical properties of these soils make them difficult to cultivate and present
inhcrent problems of low infiltration rates, waterlogging and high erodibility. Furthermore, most
farmers in Pandamatenga practice conventional tillage where the whole field is ploughed using a
mouldboard and followed by harrowing. These repeated machinery operations are known to
destroy soil structure. This leads to problems of soil degradation and compaction and result in an
increased exposure of soils to high intensity storms (Tapela ef al., 2007). The long-term effect of
which is the decline in crop yields. There is also scanty information on the impacts of conservation

agriculture technologies in the Pandamatenga vertisols.

The adoption of agricultural technologies in developing countries including Botswana has attracted
considerable attention because it can provide the basis for increasing production and income.
Support programmes such as Integrated Support Programme for Arable Agricultural Development
(ISPAAD) and Agriculture Services Support Project (ASSP) were established to help farmers
adopt and implement improved agricultural technologies across Botswana. The Department of
Agricultural Research is committed to develop appropriate and environmentally f{riendly
agricultural technologies in support of sustninable and competitive agriculture to contribute to food
security, paverty alleviation and socio-economic growth. However, the physical effectiveness and
financial efficiency of different conservation agriculture technology measures have not been
investigated under social and economic setting, soil types and climatic conditions of the
Pandamatenga region and beyond. The extent to which conservation agriculture technologies have
been adopted and the socio-economic factors that influence their adoption have not been
documented. Finally, the future performance of some of these agricultural technologies has not

been evaluated under future weather conditions and this can easily be achieved through modelling.



1.3 Significance of the study

Pandamatenga farms have been the focus of interest in arable agricultural development for a
number of years, and it has more than 100 000ha of fertile black cracking clay soils, a potentially
valuable resource in Botswana where good farmland is scarce (Arup - Atkins, 1990). Therefore,
assessing the socio-economic potential of CA in the study area, where there is high rainfall
intensity, high evapotranspiration during crop season and mostly shrinking and swelling vertisols
is vital. Moreover, assessing the performance of these CA technologies on sorghum grain yield
through modelting in the future climate is important. The use of models will help researchers to
identify the best technologies to counter the effects of climate change since the traditional
experiments are cxpensive and time consuming. The assessment may open vinble opportunitics in
agriculture as the CA technologies offer sustainability of crop production through more effective
management of soil and water. Information from this study will motivate smallholder rainfed
farmers to adopt the CA technologies when high yields are experienced. The study will also help
policy makers and development programmes to develop evidence - based future interventions
aimed st benefiting smallholder rainfed farmers. There is also scanty information on CA in the
Pandamatenga vertisols, so through this study it will help to contribute additional knowledge on
vertisols management. Last but not least, the study will contribute to the enrichment of agricultural
knowledge on vertisols manngement not only in Pandamatenga but in the Southem African region,
since farming practices, soil conditions and climatic conditions in the agricultural sector are

comparable across the region.

1.4 Purpose of the study

This study purports to fill the existing knowledge and information gap on the physical
effectiveness and socio — economic potential of different CA technologies under soil types and
climatic conditions of the Pandamatenga region. The study assessed the socio — economic potential
of the following CA technologies namely no tillage (NT), no tillage plus muich (NT + M),
minimum tillage (MT), broad bed and furrow (BBF) and crop rotation on improving crop
productivity. It nlso assesscd the performance of these CA technologies in the future in terms of

sorghum grain yield using the DSSAT model.
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1.5 Objectives of the Study

This study intended to design and apply a methodology for improving crop productivity under

social and economic setting, soil type and future climatic conditions of the Pandamatenga region.

The specific objectives of the study were:

1.5.1

1.54

1.5.5

To describe the socio economic and demographic characteristics of smallholder
rainfed farmers in Pandamatenga region;

To assess smaltholder rainfed farmers’ perception and level of acceptance of
conservation agriculture technologies in the Pandamatenga region;

To identify social and economic factors that influence smallholder rainfed farmers’
decisions to adopt different conservation agriculture technologies in the
Pandamatenga region;

To nssess the potential of conservation agricultural technologies namely no tillage
(NT), no tillage plus mulch (NT + M), minimum tillage (MT), broad bed and furrow
(BBF) and crop rotation on improving sorghum yields;

To evaluate the DSSAT model in the prediction of yields of sorghum under
conservation agricultural technologies and predict the yield during the mid -

century.
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1.6 Specific resenrch questions to be addressed in this Study;

This study sought to provide answers to the following rescarch questions:

1.6.1 What are the socio- economic and demographic characteristics of farmers engaged
in rainfed agriculture in Pandamatenga region?

1.6.2 What are smallholder minfed farmers’ perceptions and level of acceptance of
conservation agriculture technologies in the Pandamatenga region?

1.6.3 What social and economic factors influence smallholder rainfed farmers’ decisions
to adopt different conservation agriculture technologies in the Pandamatenga
region?

1.6.4 What are the effects of conservation agriculture technologies on the yield of
sorghum in the Pandamatenga region?

1.6.5 What are the implications of the DSSAT model on sorghum yield prediction and
CA technologies using future projected weather data?

1.7 Hypothesis

1.7.1 There is no significant difference in the socio economic and demographic
characteristics of smallholder farmers that adopt CA measures and non-adopters.

1.7.2 Smallholder minfed farmers in Pandomatenga region have negative attitude
towards CA technologies

1.7.3 Social and economic factors have no influence on smallholder farmers’ decisions
to adopt CA measures in the Pandamatenga region.

1.7.4 The conservation agriculture technologies have no potential to improve sorghum
productivity in the Pandamatenga region.

[.7.5 The DSSAT model has the potential to predict sorghum yield and the best CA

technology using future projected weather data.
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CHAPTER TWO

2. LITERATURE REVIEW

2.1 Physical properties of Pandamatenga vertisols

Pandnmatenga vertisols exhibit characteristics that are typical to similar soils found in other parts
of the world. They are characterized by heavy textural features. The clay content is generally more

than 50 percent and they have a very dark colour (Moganane e! al., 1990).

The bulk density of a vertisol has to be reported with the moisture content at which it was
measured, because bulk densities decrease as the moisture content increases, due to the continuous
expansion of vertisols on wetting. Bulk densities for the Pandamatenga vertisols range from

1.3g/cm’ in the untilled top soil to 1.8g/cm’ in the sub soil (Pardo er al., 2012).

In the dry season, the vertisols form structures that are separated from each other by deep vertical
cracks of various sizes at a depth of 50cm down. When dry they have a hard consistence but are
plastic and sticky when wet, hence they have a workability within a narrow soil moisture range.
Pandamatenga vertisols have a poor structure that is not well drained. The infiltration rates are
assumed to be very high due to the cracks when the soils are dry and very low when the cracks are
closing up. Initial fates on naturally occurring soils average to 22.7cm/hr while the final
infiltrations average 0.3cm/br (Moganane et al., 1990). Vertisols have a relative high-water storage
capacity in the root zone because of their depth and high clay content. On an average the available

moisture for the vertisols can be approximately 128mm/m (Joshua, 1991).

2. 2 Chemical propertics of Pandamatenga vertisols

Soil chemical properties include the cation exchange capacity (CEC), soil reaction (pH), organic
matter, macro and micro-nutrients. The CEC of the surfnce horizon of the Pandamatenga vertisols
varies widely but is high in gencral averaging 41centi — mol per kg. In general, vertisols in

Pandamatenga are neutral to moderately basic and non-saline.

13



In spite of the dark colouss, they present a low organic carbon which is used to estimate organic
matter. and it decreases with depth. Reasons for low carbon include high temperatures that promote
organic matter decomposition (Tapela er al., 2007) and little matter accumulation of plant residue
due 1o low rainfall and frequent drought. Calcium and magnesium constitute the dominant bases
in the exchange complex. As in the case in most tropical areas these vertisols are deficient in
nitrogen, which is a limiting factor to crop growth. Available phosphorus in vertisols ranges from
low to normal values of 22 mg kg™ to 32 mg kg™ (Pardo er al., 2012).Vertisols contain copper,
due to high amount of clay and due to the fact that they are derived from basic rocks which are
well endowed (Pardo et al., 2012).

2.3 Importance of Vertisols in Pandamatenga agriculture

Vertisols such as the ones found in the Pandamatenga region are considered good farming soils
(Tapela et al., 2007), but they have unique properties that require special management if full yield
potential is to be realized. Vertisols are considered difficult to cultivate and in many areas of the
semi-arid tropics they are underutilized (Wubie, 2015). Their advantages, however, include the
fact that they are moderately fertile and have high capacities to store both nutrients and water.
Under favourable climatic conditions and appropriate management, vertisols have proved to be
productive and capable of producing a much greater contribution to food production (Pardo et al,,
2012).

2.4 The concept of conservation agriculture in Vertisols physical properties

Vertisals have great potential for agricultural production, but many, especially in the developing
world, are underutilized due to n lack of understanding regarding their behaviour and management
(Pntil et al., 2012). The physical constraints are related to their physical properties and moisture
regimes (Wubic, 2015) Their heavy texture and the presence of cxpanding type clay minerals

resull in a narrow range between moisture stress and water excess {Deckers et al., 2001). The
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sweli-shrink nature of these soils leads to complex hydraulic behaviour, causing difficulties in
managing them. In fact, management of these soils is one of the major challenges in increasing

agricultural productivity (Patil ef al., 2012).

The physical properties of vertisols make them difficult to cultivate and present inherent problems
of low infiltration rates, water logging and high erodibility. In combination with widespread
chemical fertility decline, the physical problems represent a major constraint to the sustainable
management of vertisolic lands (Deckers et al., 2001). In addition to this problem most farmers in
Pandamatenga practice conventional tillage where the whole field is ploughed using a mouldboard
and followed by harrowing. These repeated operations of machinery destroy soil structure leading
1o problems of soil degradation and compaction and result in an increased exposure of soils to high

intensity storms (Tapela et al., 2007), the long term effects of which is the decline in crop yields.

Oicha ef al. (2010) similarly stated that in Ethiopia conventional tillage includes a primary tillage
followed by repeated secondary shallow tillage and these repeated operations cause moist soil to
move to the surface favouring water loss by evaporation, exposing the soil to both wind and water
crosion and causing structural damage. Soil erosion due to high tillage frequency and other soil
management problems has seriously affected over 25% of the Ethiopian highlands (Kruger et al,,
1996; Oicha ef al., 2010). Nevertheless, there is evidence that substantial increases in crop yield
could be obtained on vertisols if excess surface soil water is drained off and if appropriate
gfopping practices are used (Wubie, 2015). This is supported by Araya ef al., (2016), who stated
that conservation agriculture has been practiced around the world to reduce cropland degradation

and improve soil quality, thereby increasing crop productivity.

Conservation ngricul_ture is an important aliemative farming system in the control and
improvement of the soil regimes in vertisols for increased .cmp produciion thus improving
livelihoods (Araya et al., 2016). Conservation Agriculture is a way of managing agro-ecosystems
to achieve higher, sustained productivity, increased profits and food security while enhoncing the
environment. This is achieved through improved management and application of three key
principles in conjunction with other good agronomic practices: Minimal soil disturbance,
‘mn_ihtt:nnncc of a permanent soil caver with mulch or cover crops and practising crop associations
or rotations . (FAO, 2016). |
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Ventisols possess inherent poor structure which is greatly influenced by water regimes {Deckers e/
al., 2001). Soil stricture is the arrangement of soil particles and aggregates of sand, silt and clay
and pores in the soil (Verhulst er al., 2010). Soil structure is often expressed as the degree of
stability of aggregates (Mohanty et al., 2012). Soil structure stability is the soil’s ability to maintain
the arrangement of particles and pores when exposed to environmental stress (Verhulst e af.,
2010). Conservation agriculture minimizes stress due 1o conventional tillage, so the soil profile
stnys undisturbed and the aggregates and roots arc not broken hence affecting positively the
stability of aggregates (Federica, 2015). In addition, the undisturbed soil profile allows the
retention of soil organic matter which provides nutrients for the growing crop and makes it less

vulnerable te crusting, compaction and erosion (FAQO, 2010).

McCarty er al. (1998) and Hati er al. (2015) further reported that for clay soils no tillage is a
suitable management option which minimises sub-soil compaction and also induces natural
structure formation through shrink-swell cycles. The maintenance of a permanent soil cover with
mulch or cover crops also increased the stability of vertisols (Oicha et al., 2010). Residues provide
a constant food source for the soil fauna and flora and a habitation of many organisms. These
organisms produce soil pores and their increased biological activity with crop residue retention
enables the slow breakdown of the residues and incorporate these residues in the soil as organic
matter (Wall & Thierfelder, 2013). Soil organic matter promotes aggregation through the linkage
of clay-organic matter (Mchanty et al., 2012).

In.nn experiment carried out in Central Indin to determine the stability of soil aggregates under
different vegetation cover, Mohanty et al., (2012) reported higher soil aggregates in different
vepetative covers, than in soils under cultivated crops with no vegetative cover. Diversification
also brings stability in soil fertility through cultivating legumes with cereals in rotation (Patil ¢t
al., 2016).

During the rainy scason, infiltration rates and hydraulic conductivity within vestisols control two
important water balance components, intake and runoff. Poar drainage can be an inherent physical
constraint for crop production on these soils during the rainy season when minfalls are high. Also,
in dry seasons, the little amount of moisture needs to be conserved. On a bare vertisolic surface,

aggregates alrendy weakened by tillage systems are broken down by the explosive impact of heavy
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raindrops. The dispersed soil particles block soil pores and seal the surface, thus impeding water
infiltration. In conservation agriculture systems, the soil surface is protected from raindrops,
resulting in high infiltration rates and reduced runoff leading to moisture availability to crops (Wall

& Thierfelder, 2013).

Araya er al. (2012) evaluated the ecffects on runoff, soil loss and crop yield of newly
developed CA versions of traditional tillage using local crop rotation systems, and found
that permanent raised beds planting with retention of crop residues was beneficial for reducing
runoff and soil loss, Federica (2015) similarly stated that residues captured rain and reduced the
runoff and its speed consequently allowing more time for water to infiltrate, hence surface’ s
moisture was higher and more water was available in the soil. Verhulst et al. (2011) stated that this

aspect was very important especially with prolonged drought periods.

In a study to improve water productivity in vertisols of semiarid India using conservation
agriculture, Patil ef al. {2016) found that conservation agriculture had a large impact on reducing
surface runoff as compared to conventional practices. On average, CA practices (minimum tillage
& crop residues) reduced runoff by 28 percent compared to conventional practices, thus enhancing
soil water availability for plants uptake. Conservation agriculture through crop residues improved

infiltration by restricting surface runoff and reducing surface sealing from rain drop impact.

Due to the presence of cracks at the beginning of the wet season vertisols have high initial
infiltration rates which decrease drastically with increased wetting of the soil. As the infiltration
rates are reduced more water runs off the land and leads to erosion. During crop growth, surface
soil cover or mulching is effective in reducing the incidence of cracking, as residues form a
physical barrier that reduces the speed of wind over the surface and this leads to the reduction of
soil moisture evaporation (Bandyopadhyay ef ul., 2003; Federica, 2015). Under CA practices more
water goes into the soil (increased infiltration) and thus less water runs off the land. This leads to
reduction in water erosion. Residues also protect the soil from the wind and the soil is not loosened
by tillage in CA systems (Wall & Thierfelder, 2013). '
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2.5 Socio - econemic potential of conservation agriculture on vertisols

A socio-economic assessment examines how a proposed development will change the lives of
current and future residents of a community (Edwards, 2016) . There are many indicators that are
used to measure the potential of socio-economic development depending on the type of the
proposed development. For this study on the socio-economic potential of CA, it comprised how
CA technologies from other studies have affected the livelihoods of farmers in terms of crop yields
and food security status. It also included the economic factors that determined adoption of

conservation agriculture.

2.5.1 Improved crop yields

Recent reviews of research in Latin America, Africa and Asin have concluded that conservation
agriculture yields are approximately 20 — 120 percent higher than those in conventional agriculture
(Derpsch et al., 2010). Furthermore numerous studies [Mloza-Banda and Nanthambwe (2010),
Sileshi ef al. (2008), Boahen ef al. (2007), Kaumbutho and Kienzle (2007), Nyende er al. (2007),
Shetto et al. (2007), Haggblade and Tembo, (2003)] have conducted experiment to compare the
yields of conservation agriculture systems to those of conventional farming systems as cited in
Milder er al,, 2011). The general pattern from the researchers is that yields increased in both short

term and long term as a result of conservation agriculture.

An nssessment on the status and potential of no—tillage system in the Pandamatenga aren revealed
that Masedi farms were able to obtain yield levels of up to 5 tonnes per hectare and 2.8 tonnes per
hectare for sorghum and cotton respectively due the use of festilizers and adoption of no-tillage
system as opposed to conventional tillage previously practiced by farmers who only harvested

about 0.3 tonnes per hectare (Tapela et al., 2007).

Similar results have been reported from field studies incorporating permanent raised bed planting
system in northem Ethiopia (Araya et al., 2011). CA practices had the ability to reduce soil loss
and impmvcd soil fertility thus increasing crop productivity and avoiding further degradation.

I’ntnl er aI (20]6) also rr:portcd high ylelds in CA as comparcd to conventional agriculture in a

thrcc-ycnr cxperxmcm at the Intemational Crops Research Institute for the Semi- Arid Tropics,
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Patancheru, India. The long-term simulation results showed that CA helped reducing water stress
in dry arcas and reduced the risks of crop failure, with maize yield being enhanced by 46 percent

in low rainfall years compared to conventional system.

A study by Hati e al. (2015) in vertisols of central India, however reported no significant

difference in yield under three tillage (CT, MT and NT) systems.

2.5.2 Conservation agriculture and food security

Conservation agriculture if practiced correctly has the potential to improve food security and

nutritional status for farming households (Harford & Le Breton, 2009).

Rusinamhodzi ef al. (2012) cvaluated the suitability of maize-legume intercropping to allevinte
socin-economic constraints faced by smallholder farmers in central Mozambique, They found out
that maize yield in the within-row intercropping treatment was larger than in sole crop in both
planting seasons. The highest maize yield was 5.8 tonnes per hectare while in sole maize it was
2.6 tonnes per hectare, It was concluded that maize-legume intercropping had a potential to reduce
the risk of crop failure, improve productivity, income and increase food security in vulnerable

production systems,

Corbeels ef al. (2014) meta—analysed crop responses to conservation agriculture in sub-Saharan
Africa, and found that the weighted mean difference between CT and CA was 166kg/ha. Higher
crop grain was observed under no tillage and rotation (NTR) relative to CT. Higher crop grain
yield observed under no tillage plus NTR relative to CT was attributed to combined effects of
multiple factors such as increased nitrogen inputs from biological nitrogen fixation in the case of

legumes and enhanced water infiltration.

Jumbe & Nyambose (2016) identified factors that influenced the adoption and contribution of CA
on household food security using houschold-level data collected in 2010 from Central Malawi.
Thcy found that CA adopters had more than 50 pérccnt higher maize production than non-adopters.
Ovcra!l results showed consistently that CA adopters were better off than non-adopters in various

aspects such as maize production, per capita maize requirements and mea! frequency.
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2.6 Houschold socio - economic determinants of CA technologies adoption in Pandamatenga

region

The response of farmers 1o CA is measured by the rate of adoption of the practice, and the decision
1o adopt is a function of several factors including socio-economic factors; and adoption meant the
process by which a particular farmer is exposed to, considers and finally practices an innovation
(Jumbe & Nyambose, 2016). For this study, the household socio-economic variables that influence
household adoption included; age, gender and marital status of smallholder rainfed farmer, average
number of family members in a houschold, total land holding size, livestock possession, labour

availability, herbicide price and education level.

Age is assumed to be a determinant of adoption of new technology. Older farmers are assumed to
have gained knowledge and experience over time and are better able to evaluate technology
information than younger farmers (Jumbe & Nyambose, 2016). Gender and marital status of

smaliholder rainfed farmer are twa of the determinants of CA.

To optimize the benefits of conservation apriculture, especially at the community and national
levels, the technology should be practised by many farmers and on a large proportion of the
cultivated land (FAO, 2010). Land related variables influence farmers’ adoption behaviour, as land
holding is an important unit where agricultural activities take place. Concerning land holding,
different studies reported its effect positively. For example, a study carried out by Fadare et al.
(2014) reported that farm size contributed positively in farmers’ adoption of improved maize
varietics. Bazezew (2015) conducted a study on adoption of CA practice in Ethiopia and found out
that farm size was positively related to the adoption of agricultural practice. Similarly, Jumbe &

Nyambose, (2016) reported positive relationship of farm size with adoption.

Livestock holding is an important indicator of household’s wealth position. Livestock is also an
important source of income, which cnables farmers to invest on adoption of improved agricultural
technologies. In most cases, livestock holding has positive contribution to household's adoption
of agricultural technologies. Similar results were reported by Kassie ef al. (2012) and Bazezew

. (2015).

- Labour availability in the farm houschold was also found to affect positively adopticn of the

- agricultural technologies (Ngombe er al., 2014). Similar results were reported by Mlenga &
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Maseko (2015), that the number of people contributing to agricultural labour was found to
positively influence adoption of CA. On contrary, a study by (Jumbe & Nyambose, 2016) reported
that labour was not an important factor for CA adoption. The other important factor for sustainable
use of technologies is the supply of herbicides. Lack of inputs negatively affected the adoption of
CA among women in Malawi (Chisenga, 2015). Education is believed to increase farmer’s ability
to obtain and analyse information that helps them to make appropriate decision. Fadare er al.
(2014) and Bazezew (2015) indicated positive relationship between education and adoption.

(Jumbe & Nyambose, 2016) also indicated that education enhanced the adoption of CA.

2.7 The DSSAT Cropping System Model (CSM)

DSSAT and its crop simulation models have been used for many applications ranging from on-
farm and precision management to regional assessments of the impact of climate change. It has
been in use for more than twenty years by researchers, educators, consultants, extension agents,

growers, and policy and decision makers in over 100 countries worldwide (Hoogenboom et al.,

2015).

Many of these applications have been done to study management options at study sites, including
fertilizer, irrigation, pest management, tillage and chemical applications. An important aspect of
many of these studies is a consideration that weather influences the performance of crops,
interacting in complex ways with soil and management. Researchers have thus applied these
models to study uncertainty in crop production associated with weather variability and the
associated economic risks that farmers face under such climate variability.

In a study to determine alternative production activities through yield prediction of several crops
under use of organic and inorganic farming in Rwanda using the DSSAT model, Bidogeza ef al.
(2012) reported that the crop model showed acceptable and realistic predictions, although detailed
~ experimental data were fnissing to vérify model pcrformuncc.

Liu ez al. (2013) evaluated the ability of the DSSAT cropping system model with the CROPGRO
soybean and CSM-CERES-Maize to predict crop yield and root zone soil water dynamics for a |

soybean —maize rotation under conventional tillage and conservation tillage practices in China. 1t
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was concluded that the DSSAT — CSM model provided reasonable predictions of crop yield and

root zone water dynamics.

Similarly, DSSAT modelling system in rainfed semi-arid Spain was studied under combined
effect of tillage system and cereal-legume rotations on crop yield and soil quality by Soldevilla-
Martinez et al. (2013) who concluded that the DSSAT-CERES model performed relatively well
in modelling barley biomass and yield in the experimental field. It was further emphasised that the
use of models to simulate combinations of tillage systems and crop rotations constitute a powerful
tool in assisting decision making to identify efficient system management options, increasing

yields and decreasing environmental impacts, in specific -climatic conditions.

In Malawi, Ngwira et al. (2014) used and evaluated the DSSAT modelling of conservation
agriculture maize in response to climate change. They concluded that the calibration and
validation of the DSSAT model could be used for decision making to choose specific CA practices
especially for no till and crop residues retention, as the simulated results showed the effects of CA

were successful for no till and crop residue retention as compared to conventional tillage.

In Egypt, Harb er al. (2016) investigated the effect of tillage system, fertilizer rates and cereal
legume rotation on crop yield and soil quality. The results showed that the calibration indexes
(RMSE, D-STAT and r-squared) had excellent and good simulation for both seed yield and harvest

index, and that the crop-model could correctly reproduce the observed yield.

Waffa & Benoit, (2015) used the DSSAT model to simulate and estimate wheat yield prediction
under two climatic conditions for adaptation and mitigation. They concluded that the use of the

model provided an efficient method for evaluating impact of climate change on wheat production.

In another study by Msongaleli er al. (2014) the DSSAT model was used to evaluate and simulate
sorghurh yield under current and future climate. The results showed that crop simulation models

showed their applicability as tools for assessing impacts of climate change on sorghum yields.
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CHAPTER THREE

3. MATERIALS AND METHODS

3.1 Description of the study Area

The study was based at Pandamatenga village. Pandamatenga region lies in the northern part of
Botswana between latitude 18° 32' South, and longitude 25° 38' East and it covers an area of 280,
380 ha. The village is about 100km South of Kasane in the Chobe District. The Pandamatenga
farms (in Figure 3.1) cover only 25,074 ha of this total land area (Tapela et al., 2007).

3.2 Socio - economic environment

According to the housing and population census of 2011, the population of Pandamatenga village
is 1798 people exclusive of associated localities. Pandamatenga village has 909 females and 889

males. This implies slightly higher female labour force for the farms (Statistics Botswana, 2011).

The government provides the basic services and amenities based on the size of the settlements (
CAR, 2009). Facilities such as health posts do exist in the village. The village is connected to the
national electricity grid. Lined telephone is connected to the area. Main source of water is borehole.
Pandamatenga village is linked to Kasane, 100km to the North and Francistown about 400km to
the South by a good tarred road. The village has one primary school, a post office and a police

station and some government offices for various services ( CAR, 2009).

The climate for the Chobe district and Pandamatenga in particular is semi-arid characterized by
hot and moist summers and dry mild winters. Rainfall is derived from convective processes and
its highly variable even over small distances and averages 600 mm annually, thus making
Pandamatenga one of Botswana’s least arid areas. Almost all rain falls between October and April,
with December, January and February being the peak months. A substantial proportion of this rain,
falls in short duration of high intensity storms, thus, leading to high run—on into some farms, which
become flooded instantly. Maximum temperatures range between 26°C to 34°C and are
experienced between Octobcr to March. Minimum temperatures range between 11°C to 20°C and
are experienced between November and July. The vegetation is extensive grassland savannah in

association with Mophane (Colophospermum mopane) and acacia species ( CAR, 2009).
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The Pandamatenga plains are underlain by basalt which occurs at the base of the black cotton soils.
This basalt occurs subordinately with the sandstones. This basalt is mostly exposed around
Pandamatenga village and extends eastwards across the border into Zimbabwe (CAR, 2009). The
arca is dominated by vertisolic clay soils, which are potentially good farming soils. The soils are
characterized by very high clay contents dominated by expanding lattice clay minerals which give
them their physical and chemical properties. The area is generally flat with a gentle slope and rain

water flows following natural drainage routes (Tapela et al., 2007).

Farmers in the area are classified as traditional (subsistence) and large-scale farmers. The
smallholder farmers practice livestock farming, mixed cropping, broadcasting of seeds and depend
on family labour for farm operations. Smallholder farm size varies between 6 and 15 ha. Arable
farming under this system is nevertheless constrained by floods and crop damage due to wildlife.
The large-scale farmers hire labour inputs, use kraal manure, fertilisers, pesticides, improved seeds
and mechanize their operations. Farm size is between 300 and 1,000 ha (Government of Botswana,
2005). The large-scale farmers are also constrained by floods due to vertisolic soil properties.
Large scale cereal production in Pandamatenga region contributes significantly to both local and
national economy of Botswana. Commercial agriculture in the study area also provides farm
employment for the locals. Crops cultivated in the area include sorghum, maize, sunflower, cotton,

cowpeas/beans and millet.

Tourism is also a source of employment in the village in which locals are hired as waiters, guides,
administration officers and cleaners. Informal sectors also contribute to family income. These

include, tuck shops, selling of traditional beer, small scale tailoring and carpentry (CAR, 2009).
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3.3 Experimental design

The study used the descriptive research method to obtain all the necessary information in order to
achieve some of the above stated objectives as shown in (Figure 3.2). Descriptive research is used
to describe characteristics of a population or phenomenon being studied and what exists with

respect to variables or conditions in a situation.

The field experiment was conducted at the Pandamatenga Agricultural Research station under
rainfed conditions during 2015-2017 growing seasons. A randomized complete block design was
used for the field experimentation with plot dimensions of 20m * 7.5m. Blocking was included to
cater for variation of slope and soil fertility in the plot layout. The design was subjected to the on-
station trial plots with three treatments, namely No Tillage + Mulch (NT+M), Minimum Tillage
(MT) and Broad Bed and Furrow (BBF) and No tillage as a control with four replicates rotated
between sorghum and cowpea. Sorghum variety Segaolane and cowpea variety Tswana were used
for the experiment as they are the common crops grown by smallholder farmers in Pandamatenga.
The planting dates were on the month of February in 2015 and 2016 while in 2017 the planting

date was on the month of March.

3.4 Population of the study and sampling techniques

The target population for the study included smallholder rainfed farmers in the Pandamatenga
region. A list of smallholder rainfed farmers was obtained from the Department of Crop Production
at Pandamatenga. Simple random sampling by the use of a random number table was used to select
50 smallholder rainfed farmers from the population list. Each farm household was treated as a
sampling unit. In this study, sample size was determined by taking different factors such as
research cost, time, human resource, and availability of transport facility. Furthermore, farmers
were categorized into adopters and non-adopters of Conservation Agriculture (CA) technologies.
In this study, a smallholder rainfed farmer was considered as an adopter of CA technologies if
he/she had practiced at least one or more of the following agricultural technologies (no tillage,
minimum tillage, no tillage plus mulch and broad bed and fumow) on his / her farm during the

2015/16 and 2016/17 cropping seasons. Conversely, a non — adopter of CA technologies referred
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to a smallholder rainfed farmer who had been practising conventional agriculture in the specified

cropping seasons.

3.5 Data Types and data Sources

In this study, both qualitative and quantitative data were collected from primary and secondary
sources to attain the stated objectives. Primary data were obtained from both the smallholder
rainfed farmers and from the field experiment. Secondary data were obtained from reports and
field records provided by the Departments of Crop Production and Agricultural Research of the
Ministry of Agriculture Development and Food Security.

3.6 Methods of data collection for various specific objectives

The activities for data collection were divided into two phases. Phase one involved a formal visit
and consultation of the Extension Officers at the Department of Crop Production in Pandamatenga
to obtain the list of smallholder rainfed farmers in the study area. Simple random sampling was
then done to obtain the sample number of smallholder rainfed farmers to be included in the study
from the given list. Another visit was made to the Department of Agricultural Research station at
Pandamatenga to collect sorghum grain yield, days to flowering and days to maturity from the

experiments which were done at the farms. Phase two involved individual household survey of the

selected smallholder rainfed farmers in the study area.

3.6.1: Specific objective one:

To describe the socio - economic and demographic characteristics of smallholder rainfed

farmers in Pandamatenga region.

According to Jumbe & Nyambose (2016) farmers’ socio - economic and demographic
on agricultural development. After the

to-

characteristics are expected to have a great influence
selection of the sampled number of the smallholder rainfed farmers, they were visited for face-

intervi i i lect the socio - economic and demographic
face interviews. Structured interviews were used to co!l 7 ’ -



characteristics of the smallholder rainfed farmers. The interviews were conducted using a
structured questionnaire (Appendix 2.1) containing relevant questions which were answered by

the respondents with the help of the researcher.

The socio - economic characteristics of the smallholder rainfed farmers included the following:
land holding size (ha), labour availability, livestock possession, education level and farming
experience. Demographic characteristics considered in this study were smallholder rainfed
farmers’ age, marital status, gender and average number of members in the household. These
variables were selected because most literature on agriculture technologies adoption, consider that

the decision to adopt agricultural technologies is affected by the characteristics of the farmer.

3.6.1.1 Data Analysis

Descriptive statistics (means and percentages) from Statistical Package for the Social Sciences
(SPSS) Version 22 (IBM Corp, 2013) were used for data analysis. The t- test was used to compare
the percentage differences of means of the continuous variables between adopters and non-
adopters of CA technologies. Whereas the percentage difference of means for the categorised

variables between adopters and non - adopters were compared using the Chi — square test. Both

tests were set at 5% level of significance.

3.6.2 Specific objective two:
To assess smallholder rainfed farmers’ perception and acceptance of CA technologies in the

Pandamatenga region.
In order to capture the perception of farmers towards CA technologies, interviews were conducted
using a structured questionnaire (Appendix 2.1) comprising of CA issues such as benefits,

constraints, and adoption problems. The respondents were asked to indicate their level of

agreement with a given statement using a 5-point ordinal Likert scale ranging from “strongly

agree” to “strongly disagree”.



3.6.2.1 Data analysis

Descriptive statistics (percentages, median and interquartile range) from Statistical Package for
the Social Sciences (SPSS) Version 22 (IBM Corp, 2013) were used for the Likert scale data

analysis.

3.6.3 Specific objective three:

To identify social and economic factors that influence smallholder rainfed farmers’ decisions

to adopt different CA technologies in the Pandamatenga region.

The literature indicated that several socio - economic variables play a role in determining the
willingness and ability of farmers to invest in agricultural technologies. This study examined the
influence of total land holding size, livestock possession, labour availability, herbicide price,
education level on smallholder rainfed farmers’ decision to adopt CA technologies in the
Pandamatenga region. The socio-economic variables were collected through one-on-one

interviews with selected smallholder rainfed farmers using a structured questionnaire.

3.6.3.1 Data Analysis

The response to questions such as whether a smallholder rainfed farmer has used conservation
agriculture technologies (NT, NT + M, MT, BBF and crop rotation) or not could be yes or no,
which is a typical case of dichotomous dependent variable. Hence a binary logistic regression
model was used to estimate the farmer’s probability or the odds of adopting CA practice given a
set of socio-economic variables. Chi-square and likelihood estimation were used to test the

significance of association between dependent and independent variables and the overall

significance of the model.
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3.6.3.1.1 Logistic Regression Analysis

According to Thomas (1996),the logistic distribution for the adoption decision of CA can be

specified as:

Pi is the probability of adopting CA for the ith farmer and ranges from 0 to 1.

¢ represents the base of natural logarithms and Zi is the function of a vector of n explanatory

variables and expressed as;

z;=ﬁo+2,8£Xi ........................................................................................... (2)

Where 8, is the intercept and f;is a vector of unknown slope coefficients. The relationship
between Pi and X; (and Xi is the independent variable) which is non-linear, can be written as

follows:

B e e N i e R b e 3)

t = Tse-Bot BiXi+—gnxn
The slopes tell how the log-odds in favour of adopting the technology changes as independent
variables change. If Pi is the probability of adopting given technologies, then 1-Pi represents the

probability of not adopting and can be written as:

. 1 B 1 el et 4
i—P= B g R e s ARG SRR A SR TR (4)

T (1tef)  14e-rl 14ed

Dividing equation (1) by equation (4) and simplifying gives:

Pi _ 13e?!

gl s TR AR ARV s e evisman s, s =R £
1-P; (14e-7h) -

Equation (5) indicates simply the odd-ratio in favour of adopting the technologies. It is the ratio of
the probability that the farmer will adopt the technology to the probability that he will not adopt
it. Finally, the logit model is obtained by taking the logarithm of equation (5) as follows:
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L =L, [;j—,,l] B BT N 1 RO S S L A (6)

Where Li is log of the odds ratio, which is not only linear in X, but also linear in the parameters:

Thus, if the stochastic disturbance error term Ui is taken into account, the logistic model becomes:

Zi = ﬁg + ﬁ1X1 2 ﬁzXz + "'ann + Ui ............................................................... (7

Thus, the empirical model estimated in this study was specified as:

2= Bo+ BLAGE + B,GENOFF + B3EXP + B, EDUOFF + BsLABPO + B¢ TLTLU +
BFSIAE BB HERICHPR % § s wvevvssmmonsammnmasonss sammnssiissiy SH S RASRERI 13 55 (8)

Where;

z; is the logit, that is, the natural log of the odds of the smallholder rainfed farmer’s decision to

adopt CA technology given his / her set of explanatory socioeconomic factors.

Adoption of CA is a dichotomous decision variable represented by a value of 1 if a smallholder
rainfed farmer is an adopter (practiced at least one of the stated technologies in the 2015/16 and
2016/17 cropping seasons) and a value of 0 otherwise (practised conventional tillage in the

specified cropping seasons).

AGE: Represented the age of the smallholder rainfed farmer in the Pandamatenga region at the
time of the survey, measured in years. As the age of the farmer increases, the probability of using
conservation agriculture is likely to increase. This is because, older people are often more
experienced and knowledgeable than the younger ones. Thus, age is expected to have a positive

influence on farmers’ decision to adopt CA technologies in the study area.

GENOFF: Referred to gender of the smallholder rainfed farmer, which was measured as a dummy
variable, coded with 1 if the farmer was a male and 0 if female. Males are in a better position to
attend extension meetings in traditional set —ups and thus have more access to information on new
agricultural technologies. Thus, adoption was expected to be higher among males compared to

females.
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EXP: Represented farming experience, the number of years the smallholder rainfed farmer has
been farming, measured as a continuous variable. Experienced farmers are more perceptive of
conservational benefits and hence are more receptive to new innovations. Farming experience is

expected to positively influence farmers’ decision to adopt conservation agriculture.

EDUOFF: Represented the education level of the smallholder rainfed farmer. It was measured as
a dummy variable, coded with 1 if the farmer was literate (can only read and write), and 0 if
illiterate. Exposure to education increases the ability of farmers to obtain, process and use
information relevant to the adoption of new technology, thus level of education was expected to

positively influence farmers’ decision to adopt CA.

LABPO: Labour availability: It referred to the number of active family members between the age
of 15 and 65. It was measured as a continuous variable. A household with larger number of workers
per hectare (unit) is more likely to be in a position to try and continue to use a potentially profitable

innovation thus it is expected to positively influence farmers’ decision to adopt CA.

TLTLU: Livestock possession: This variable was defined in terms of Total Livestock Unit (TLU),
it was measured as a continuous variable. Livestock is a source of income which enable households

that have large number of livestock to invest on adoption better than others who have less, thus it

is expected to positively influence farmers’ decision to adopt CA.

FSIZE: Total land holding size: In this study, farm size is defined as total farm size owned by the
household head in hectares. It was a continuous variable, measured by the number of hectares of
the farm. Farmers with large hectarage under crop production have a greater incentive to invest in

conservation agriculture. Farm size is expected to have a positive influence on household decision
to adopt CA.
HERBCDPR: Herbicides price: This variable was measured on five-point scale based on farmers®

perception as very expensive, expensive, moderately expensive, less expensive and not expensive.

It was measured as categorical variable. It was hypothesized that the higher the perceived price of

herbicide, the lower the likelihood of using CA.

BOTSWANA UNIVERSITY OF AGRICULTURE
& NATURAL RESOURCES
SPECIAL COLLECTION

CLASS
SUPPLIER
PRICE
DATE
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3.6.4. Specific objective four:

To assess the potentinl of CA technologies [namely no tillage (NT), no tillage plus mulch (NT
+ M), minimum tillage (MT), broad bed and furrow (BBF) and crop rotation] on improving

sorghum yields,

The on-station rescarch trials and accompanying field records provided by the Department of
Agricultural Research at Pandamatenga were used as the data source for this objective. A
Randomized complete block design of trial plots with four treatments (NT, MT, NT + M and BBF),
and four replicates rotated between sorghum and cowpea was used. A field book was used to record
all relevant variables (sorghum grain yield, anthesis date and days to maturity) for three

consccutive cropping seasons between the years 2015 and 2017.

3.6.4.1 Data analysis

Data on sorghum grain yield in (kg/ha) were analysed using the Statistical Analysis Software
computer package version 9.2 (SAS Institute, 2002-2008). Analysis of variance and means were

separated using Duncan’s multiple range test at 5% confidence level.
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3.6.5 Specific objective five:

To evaluate the DSSAT model in the prediction of yields of sorghum under CA technologies

and predict the yield during the mid - century,
3.6.5.1 The DSSAT model methodology
3.6.5.1.1 Model inputs:

3.6.5.1.1.1 Daily weather data from the Experimental site for the duration of the growing

season (2015 to 2017)

The weather data for Pandamatenga Department of Agricultural Research was used. The required
minimum weather data for the DSSAT model includes daily solar radiation (MJ/M3), daily
maximum and minimum air temperature (°C) received by the crop canopy and daily precipitation
(mm). The daily weather data for this study (2015-2017) was collected from the Department of

Metrological services in Gaborone (appendix Table 1). The data was formatted and input into the

DSSAT model using the weatherman software.

3.6.5.1.1.2 Soil data for the experimental site

The soil profile input included wilting point water content, field capacity, saturated water content,
(em/em?), bulk density (g/cm3), soil organic matter content (%), saturated hydraulic conductivity
(mfday), soil pH, clay and silt particle size (%). The bulk density and volumetric water content
Were measured from the experimental site at Sem depth. The other soil data for the same

exXperimental site was obtained from the DSSAT soil database. The above data were used to

‘onstruct the model soil profile.
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The DSSAT soil profile data also required a sorghum root distribution (i.e. factor from 0 (o 1). The
sorghum growth factor was estimated using the following relationship; Root growth factor = EXP
(-0.02 * layer centre) where layer centre is the depth from the soil surface to the centre of the soil
layer in question {Wilkens et al., 2004) . Other soil data information that was necded in the model

includes:

Location of the experimental site (country), latitude and longitude of the experimental site, soil
data source and soil classification and the colour of the upper horizon that was used to approximate
the albedo. The albedo for the vertisols of Pandamatenga was 0.09 corresponding to the black
colour of the soils (appendix Table 4). The drainage coefficient was approximated from soil
description based on classification. The drainage of the vertisols is poor which gives a drainage
coefficient of 0.5 (appendix Table 5). The runoff curve number 84 for cropland soils was
approximated from the four hydrological soil group (appendix table 6), from the runoff potential
group and fram the slope of the site using information in appendix Table 7. When all the necessary
soil data information was entered, the soil profile for Pandamatenga vertisols was generated

(appendix Table 2.

3.6.5.1.1.3 Crop data
The crops that were used in simulating the growth were sorghum and cowpeas. The DSSAT model

required the following crop data for simulation; crop name, cultivar, plant density and harvested
grain yield. Furthermore, inputs on crop management practices included date of start of simulation,
sowing dates, tiliage type and tillnge implement used, seed type, depth of sowing, row spacing,

rotations, amount and type of fertilizer and manure application, kind and amount of residue applied
(zppendix Table 3).

3.6.5.1.2 Statistica) evaluation of the model

Model ealibration imulated
Mode] calibration or parameterization is the adjustment of parameters so that simulated values

compare well with observed ones (Harb ef al., 2016). For crop growth mod-c[s . C“lfbm"““
involves determining genetic coefficient for the cultivar to be grown in a location. For this study

calibrate sorghum genetic coefficients from another previous study were used, so the model was
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not calibrated. To evaluate model performance, simulated and measured crop yields and anthesis
dates were compared by changing the soil data initial conditions in the model and analysed by
using the following statistics; the Root Mean Square Error (RMSE), Mean Error (E), Modelling
Efficiency ( EF), index of agreement (d), and linear regression with the coefficient of determination
R, (Willmott er ol 1985; Yang, et al., 2014a). A paired t- test was used to detect whether the
mean error, E, was significantly different from zero (Liu et af., 2013). Statistical evaluation was

conducted using EasyGrapher v4.6 software ( Yang eral, 2014).

The above statistics were calculated as follows;

RMSE = YXIL1 (St = MDZ/1 oo 9)

RMSE is a measure of accuracy to compare the simulated and observed data. The value of RMSE

equal to zero indicates the goodness of fit between predicted and observed data.
Mean Emor, E= =T 1 (5= My vooneeceeneeeon oo (10)

E determines if model predictions tend to underestimate (negative) or overestimate (positive)

the measurements.

EF = 1 — Z(Si=#)?
1 T I T P USSR (1

EF is a relative measure of error, EF =1 correspond to a perfect match of modelled output with the
observed datn, EF = 0 indicate that the model predictions are as accurate as the mean of the
observed data, whereas an efficiency of less than zero occurs when the observed mean is a hetter
Predictor than the model.

d=1 - _Zi(S-mp? i%
zrgg(lslh‘li"ll): ......................................................................... ( -

The ¢ statistic (0 < d < 1} is used primarily to determine the relative “degree of agreement” (or
ahemmively, relative “degree of crror” between simulated and measured values, with d =

mdmﬁ“g O agreement (i.e. complete randomness) and d = 1.0 indicating perfect agreement or
2810 error,

Where St and M, are the ith simulated and measured data, respectively, n is the number of values,

S5/~ Hand M; = M, F, M is the average of the measured values.
i { '
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3.6.5.13 Prediction of sorghum grain yield under CA technologies using mid-century
weather data (2040 -2070)

The DSSAT model was further used to predict sorghum grain yield using mid - century weather
data. The methedology of developing the future weather climate was obtained from the (AgMIP)
under the Representative Concentration Pathways (RCP) 4.5 and RCP 8.5 climate scenario for
Pandamatenga area (Crespo 2015). The future weather data were used to create the weather data
file in the DSSAT model for yield prediction in the future, The RCP 4.5 hot and dry weather data
were extracted from the Canadian Earth System Model, the second generation (CanESM2). While
hot and wet (RCP 4.5) the weather data were extracted from Hadley Centre Giobal Environment
Model, version 2 Earth Systems (HadGEM2 -ES). Furthermore, RCP 8.5, hot and dry weather data
were generated from Max Planck Institute Earth System Model at Lower Resolution (MPI -ESM
~LR). The soil and crop management conditions were kept the same as in 2015 - 2017. RCP 4.5
refers to the intermediate emissions which consist of lower energy intensity, strong reforestation
Programmes and decreasing use of croplands and grasslands due to increased yield. While RCP

8.5 consist of high emissions with a future of no policy changes to reduce emissions (Stocker
2014),
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CHAPTER FOUR

4. RESULTS

4.1 Adoption of conservation agriculture technologies

The adoption rate of conservation agriculture technologies among the sampled farmers in

Pandamatenga was very low. Minimum tillage was the type of CA that was mostly practiced by

adopters (Figure 4.1). The average sorghum grain yield for adopters was | ton/ha and for

non/adopters it was around 0.35 ton/ha (Table 4.1).

CA technologies that were practiced by adopters
8
7 3
56
&
= 5
=
=4
Ft
23
5
=
1
0 N :
No Tillage + Minimum No Tillage Broadbed and
Mulch Tillage Furrows
CA technologies

Figure 4. 1: Conservation agriculture technologies that were practiced by adopters in
Pandamatenga region

Table 4. 1: Levels of sorghum grain yield under farmers’ farming conditions

Farmers Yield (ton/ha)
Adopters ( 1
‘Non -adopters 0.35
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4.2 Socio - economic and demopgraphic characteristics of smallhotder rainfed farmers in

Pandamatenga region.

Table 4.2 presents summary statistics, comparing adopters and non-adopters of conservation
agriculture technologies. The mean age for adopters and non-adopters was estimated at 53 and 47
years respectively and the percentage difference of the mean age was statistically insignificant at

5% with at-value of 1.229.

There was also no significant statistical difference in the average number of family members in
the houschold between adopters and non-adopters of CA technologies. Furthermore, the
percentage difference of means for labour potential between adopters and non-adopters of CA
technologies was not statistically significant. The average number of years in farming (that is,
farming experience) for adopters and non-adopters were estimated at 9 and 8 years, respectively.

The percentage difference was not significant at 5% level of significance (Table 4.2).

It can be seen from Table 4.2 that gender of smaltholder rainfed farmers between adopters and
non-adopters of CA technologies was such that, on average, 76% of the adopters were male.
Likewise, 35% of the non-adopters were male. Results revealed that percentage difference (of
54%) between male adopters and non-adopters of CA was statistically significant at 5% level of

significance.

Table 4.2 also indicates that 67% of the adopters were married while only 9% of the non-adopters
were married. The percentage difference (86%) of married smallholder rainfed farmers between

the two groups was statistically significant at 5% level of significance.

The education level, measured in terms of average number of smallholder rainfed farmers who
were able to read and write between adopters and non-ndopters was statistically significant at 5%
level of significance. Almost 86% of the adapters were able to read and write compared to 65.2%
for non — adopters. There was also a significant statistica! difference in number of livestock owned
expressed as Total Livestock Unit (TLU) between adopters and non-adopters at 5% level of
significance. The average number of livestock owned by adopters was estimated at 5.6 TLU and
1.4 TLU for non-adopters, with a percentage difference of 75%. Finally, the mean land size
between adopters and non-adopters was 16.7 ha and 7.2 ha, and the percentage difference of the

means was statistically significant at 5% level (T able 4.2).
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ible 4.2: Socio - economic and demographic characteristics of adopters and non-adopters
conservation agriculture practices in Pandamatenga region

. o Non- Yo T- Chi?
“haracteristics Adopters adopters Difference  Statistics test P-Value
\verage age of participant (years) 53 47 I 1229

Jender of participant (% of male

»articipant) 76 35 54 7591 0.006"
Marital staws of participant (% of

married participant) 67 9 86 16.482  0.001°
Average number of members in

the household (family size) 53 5.4 2 -0.112

Education level of participant (%

of participant who are able to read

and write) 85.7 65.2 24 11.780 0.00
Labour Potential (Average

number of adults work in the

field) 1.2 1.83 54 -1.365

Average number of livestock

(TLU) 5.6 1.38 75 2.309""

Mean household land size (ha) 16.7 7.20 57 2,654

Average number of years in

farming (farming experience in

yenrs) 9.1 8.43 7 0.317

** Significant at 5%

4.3 Smallliolder rainfed farmers’ perceptions and level of acceptance of CA technologies in
the Pandamatenga region

Table 4.3 presents a summary of farmers’ perception toward CA in the study area. Only twenty
—three percent of the smallholder rainfed farmers had full knowledge about CA while forty —three

percent were nat aware about CA technologies and thirty — four percent were uncertain. From the
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descriptive statistics, most of the smallholder rainfed farmers were not certain about knowing CA

technologies.

Forty - six percent of smaltholder rainfed farmers were in agreecment that CA technologies could
be beneficial to them as it increases yicld and income while 41 % were uncertain because they had

not practiced CA 1o see its benefit (Table 4.3).

In preventing soil erosion, 64% of the smaltholder rainfed farmers were uncertain. The response
of farmers to CA technologies being labour intensive was that more than 50% of them were in
agreement. Almost 91% were in agreement that lack of farming implements was a limiting factor
in CA. For the incorporation of CA in the future, smallholder rainfed farmers showed positive
attitude towards adopting the technology as 77% responded with “agree” (Table 4.3).

Table 4. 3: Summary on farmers’ perceptions toward conservation agriculture in the study
area

Farmers' Agreement Score

Statement Agree Disagree  Neutral

[ have full knowledge of CA technologies 10 (23%) 19 (43%) 15 (34%)
CA technologies can be beneficial 1o farmers 20 (46%) 6 (14%) 18 (41%)
Advantages of CA

Increase yield 20(46%) 6(14%) 18 (41%)
Increase income 20 (46%) 6 (14%) 18 (41%)
Prevent soil erosion 10 (23%) 6 (14%) 28 (64%)
Disadvantages of CA

Labour intensive 24 (55%) 9(21%) 11(25%)

Lack of farm implements are limiting factors in CA 40 (91%) 2(5%) 2{ 5%)
Having tried CA in the farm, will you continue to adopt 34 (77%) 7 (16%) 3 ( 7%)

4.4 Social and economic factors influencing smallholder rainfed farmers® decisions to adopt

different CA technologies in the Pandamatenga region

Binary logit regression model was used to estimate the natural log of the odds of farmers’ decision

to adopt CA technologies given selected socio-economic variable.

Table 4.4 presents socio-cconomic variables, the logistic regression estimates, odds ratios and

significance values at 1% and 5% levels of significance. Results showed that the Log-Likelihood
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function was statistically significant at 1% leve! of significance, This suggests that when variables
are taken together, they strongly influence farmers® decision to adopt conservation agriculture
technologies in the study area. Likewise, 2 statistic of 34.284 showed that the overall model was
significant at 1% level signifying fitness of the model. This shows that the explanatory variables
were relevant in explaining smallholder rainfed farmers’ decision to adopt CA technologies in the

study area.

Table 4.4 shows that age, gender of participants, and farm size were statistically significant factors
in influencing smallholder rainfed farmers’ decision to adopt CA technologies in the study area.
Age of participants positively influenced the odds of smallholder farmers’ decision to adopt CA
technologies in the study area. An increase in age of a farmer by one year, for instance, will
increase the odds of adopting a CA practice by 1.045. The negative sign of the coefficient on this
variable implied a negative association between gender and farmers’ decision to adopt CA
technologies. Male farmers were 0.063 times less likely to adopt CA technologies than females in

Pandamatenga region.

Farm size positively influenced the odds of smallholder rainfed farmers’ decision to adopt CA
technologies in the study area and was statistically significant at 5% level of significance. An
increase in the size of land by one ha, for instance, would increase the odds of adopting a CA
practice by 1.306. Fanming experience and total livestock owned were found to have positive
association with farmer's decision to adopt CA technologies but their respective individual

influences were not significant at both 1% and 5% levels of significance (Table 4.4).

As for the farming experience, an increase of one year, for instance, will raise the odds of adopting
by 1.018. An increase in livestock units will rise the odds of adopting CA by 1.645. Education
level, labour potential and herbicides price were found to have a negative association with farmer’s
decision 1o adopt CA but their respective individual influences were also not statistically

significant at both 1% and 5% levels of significance (Table 4.4).

43



Variables CocfTicients Std. Error Sig. Odds ratio
Constant -3.135 2.439 0.199 0.043
AGE 0.311 0.213 0.034" 1.045
GENOFF -2.757 1.316 0.036™ 0.063
EXP 0.018 0.092 0.845 1.018
EDUOFF -2.217 1.662 0.182 0.109
LABPO -0.653 0.582 0.262 0.520
TLTLU 0.498 0.316 0.115 1.645
FSIZE 0.267 0.131 0.042" 1.306
HERBCDPR -0.007 1.699 0.997 0.993
Log - 26.622

Likelihood

X 34.284

Probability of

A2 0.000"""

Table 4. 4: Binary logit model estimates (Estimated Log Odds and Odds Ratios)

Source Model output: *** Significant at 1%, ** Significant at 5%
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4.5 Effects of CA technologies on the yiceld of sorghum in the Pandamatenga region
4.5.1 Weather data for Pandamatenga Department of Agricultural Research Station

The weather data for the study area is shown in Figure 4.2. The month of February had the highest
amount of rainfall in all the growing seasons. The highest temperatures were experienced in

January and October.
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E  ——Average Air Temperature 2016
=
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Months

Figure 4. 2: Average air temperature (*C) and total rainfall amount (mm) for the growing
seasons (2015 to 2017)

4.5.2 Soil sampling and analysis

Bulk density was greatest in BBF and least under NT+M during 2016 growing season (Table 4.5).
In 2017, the bulk density was slightly higher in NT+M and least in MT. Across the growing
seasons only NT+M showed a slight increase of the bulk density from1.240g/cm? to 1.267g/cm®
whereas it showed a decrease in other practices. Volumetric water content was also highest in BBF
and least under MT in 2016 growing season (Table 4.4). NT + M had the lowest value of

volumetric water content in 2017 growing season. In all the practices the volumetric water content

showed an increase from 2016 to 2017 growing scason (Table 4.5).
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Table 4. 5: Selecteqd soil

2016 and 2017 Browing seasons at §-5¢m depth

Conservation

physical pParameters that were collected from the field trials during

- . Growing
agriculture practice Seasons
2016 2017
Buik Volumetric water | Bulk density ~ Volumetric water

density content {cm’*/cm?) (g/em?) content (cm*/cm?)

(e/em’)
No Tillage 1.320 0.127 1.261 0.270
Minimum Tillage 1.267 0.140 1.242 0.278
No Tillage + Mulch 1.240 0.113 1.267 0.249
Broad bed and 1.362 0.141 1.259 0.278

Furrows

4.5.3 Effect of CA practices on continuous sorghum grain yield

Table 4.6 shows that sorghum grain yield was highest in 2016 cropping season as compared to

2015 and 2017 growing seasons. The continuous sorghum grain yields for 2015 growing season

were not significantly different among CA practices. Although not significant, NT+M had the

highest amount of sorghum grain yield in 2015. In 2016 growing season the sorghum grain yield
was highest in NT (1313kg/ha) but not significantly different from NT+M and BBF. However, the

yield was significantly lower in MT (893kg/ha). Sorghum grain yields were not significantly

different among the treatments in 2017. No tillage had the highest sorghum grain yield (340kg/ha)

in 2017 growing season (Table 4.6).

Table 4. 6: Sorghum grin yicld (kg/ha) for the different treatments under continuous

sorghum

Treatments Years

2015 2016 2017

Grain yield (kg/ha)

No tillage 2221 1313a 340n
Minimum Tillage 231a 893b 260a
No Tillage + Mulch 260a 1153a 112a
Broad bed and furrows 169a 1113a 258a

Difference letters within a column indicate significant difference between values at P < 0.05
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4.5.4 Effect of CA practices on cowpea rotated sorghum grain yield

I 2013 growing season. NT =M had the highest grain vield followed by MT and NT had the
toseest amount of yield. No tillage plus mulch had the highest vield again in 2016 while BBF had
the lowest amount of grain yield. In 2017 growing season however, BBF had the highest amount
of graun vield as compared to NT+M which experienced the least amount of grain yield. In all the

cropping seasons there was no significant difference among the treatments (Table 4.7).

Table 3. 7: Sorghum grain yield (kg/ha) for the different treatments under cowpea rotated
surghum

Treatments Years
2015 2016 2017
Grain yield (kg/ha)
No tllage 1282 1313a 247a
Minimum Tillage 133a 1260a 223a
No Tillage + Mulch 240a 1403a 165a
Broad bed and furrows 131a 1117a 327a

Different letters within a column indicate significant difference between values at P<0.05
4.5.5 Comparison of continnous— and cowpea-rotated sorghum grain yields

Table 4.8 shows that in 20135 the grain yield varied. The difference between the grain vield for
cowpea rotated sorghum and continuous sorghum was statistically significant under minimum
tillage at 0.05 fevel in 2016 growing season. While the other three practices were not significant
(Table 4.8). In 2017 the difference between the grains yields for cowpea rotated sorghum and
continuous sorghum was not statistically significant in ali the conservation practices. BBF had the

highest amount of grain yield under cowpeas rotated sorghum while NT+M had the least in both

cowpea rotated sorghum and continuous sorghum (Table 4.8).
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Table 4.8: Comparison of so
rotated sorghum

rghum grain vield (kg/ha) for continuous sorghum and cowpea

enis Conservation agriculture technologies

2015 Cropping systems NT MT NT+M BBF
Cowpea rotated sorghum 128 133 240 131
Continuous sorghum 222 231 260 169

2016 F -value 1.734ns 2.160ns 0.036ns 0.924ns
Cowpea rotated sorghum 1313 1260 1403 1117
Continuous sorghum 1313 893 1153 1113

2017 F -value 3.85ns 9.035° 3.200ns 0.713ns
Cowpea rotated sorghum 247 223 165 327
Continuous sorghum 340 260 112 258
F -value 0.380ns 0.17Ins 0.287ns 0.281ns

*: P<0.05; Ns = Not significant

4.6 Crop modelling

4.5.1 Evaluation of the DSSAT model in predicting sorghum grain yield under CA

technologics

After all the inputs were entered into the model, the model was evaluated to obtain simulated data

that were close 1o experimental data. The statistical indexes in Table 4.9 were used to determine

the performance of the model.
The mean value of days after planting simulated for anthesis (56 days) was slightly higher

compared to the mean of observed values (54 days). Values of standard deviation for simulated

and observed anthesis werc the same (Table 4.9). The evaluation process revealed that the model
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predicted days 1o flowering for sorghum grain yicld very well as the RMSE value was fairly low
(Table 4.9). This index indicates that the mode] works well in simulating the anthesis, that is. one
of the most important phases for sorghum growth. The E vaiue (0.5 days) indicated a small and

statistically insignificant anthesis overestimated by the model.

The coefficient of determination R? indicated that 90% of the total variation was explained by the
model. Values of the modelling efficiency index (EF = 0) indicated that the model predictions
were as accurate as the mean of the observed data, although the index of agreement showed poor

model data agreement (Table 4.9),

The mean and standard deviation of estimated maturity days was the same as that for the observed
data (132 days) (Table 4.9). Days to maturity were predicted by the model very well as they had
a low value of RMSE (0.01 days). The E at (0) was relatively low indicating that there was no
overestimate or under estimate of the model to the data. The coefficient of determination R?
explained about 99% of the total variation. Values of the modelling efficiency index (EF = 0)
indicated that the model predictions were as accurate as the mean of the observed days to maturity,

although the index of agreement showed poor model data agreement.

The mean value of simulated sorghum grain yield (1 137kg/ha) was less than the observed sorghum
yield (Table 4.9). Values of standard deviation for simulated sorghum grain yield were higher
respect to observed yield. It further showed that sorghum grain yield was perfectly evaluated as it
was indicated by the lower value of RMSE (0.15). Ninety-nine percent of the tota] variation was
explained by the model (R? =0.99). Values of the modelling efficiency index (EF = 0.99) and of
the index of agreement (d-index = 0.98) confirmed the good concordance between values observed

and values estimated by the CSM-CERES-Sorghum model (Table 4.9).
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Table 4. 9: Statistical indexes for the evaluation of CSM-CERES-Sorghum

Statistical indexes Yield (kg/hay  Anthesis (DAP) Maturity (MDAD)
OBS SIM  OBS SIM  OBS SIM

Mean M 1143 1137 34 56 132 132
Standard Deviation SD 155 158 0 0 0 0
Maximum MAX 1313 1311 54 56 132 132
Minimum MIN 893 881 54 56 132 132
Number of samples N 16 16 16 16 l6 16
Root Mean Square
Error RMSE 0.15 0.03 0.01
Mean Error E 1.6ns 0.5ns 0
Modelling Efficiency Ef 0.99 0 0
Index of agreement d 0.98 0 0
Coefficient of i

R~ 0.99 0.90 0.99

Determination

Anthesis: (DAP=day to flowering afler planting) and maturity (MDAP =days to maturity after
planting, ns: not significant, OBS: observed yield, SIM: simulated yield

4.5.2 Simulated yields versus observed yiclds

Grain yields obtained by the model were closer to mean yields obtained in the four treatments in
the three experimental years (Figure 4.3). In 2015 for NT and MT, simulated sorghum grain yield
was the same as for observed yield. Whereas in NT + M simulated sorghum grain yield was slightly
more than observed sorghum grain yield. While in BBF observed sorghum grain yield was also
slightly more than simulated sorghum grain yield. In 2016 growing season all the treatments
sorghum grain yields had a positive difference except in continuous NT. The results in 2017
growing season showed that the sorghum grain yield was underestimated in all the treatments

except in NT (Figure 4.3).
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CHAPTER THREE

3. MATERIALS AND METHODS
3.1 Description of the study Area

The study was based at Pandamatenga village. Pandamatenga region lies in the northern part of
Botswana between latitude 18° 32' South, and longitude 25° 38' East and it covers an area of 280,
380 ha. The village is about 100km South of Kasane in the Chobe District. The Pandamatenga
farms (in Figure 3.1) cover only 25,074 ha of this total land area (Tapela et al., 2007).

3.2 Socio - economic environment

According to the housing and population census of 201 1, the population of Pandamatenga village
is 1798 people exclusive of associated localities. Pandamatenga village has 909 females and 889

males. This implies slightly higher female labour force for the farms (Statistics Botswana, 2011).

The government provides the basic services and amenities based on the size of the settlements (
CAR, 2009). Facilities such as health posts do exist in the village. The village is connected to the
national electricity grid. Lined telephone is connected to the area. Main source of water is borchole.
Pandamatenga village is linked to Kasane, 100km to the North and Francistown about 400km to
the South by a good tarred road. The village has one primary school, a post office and a police

station and some government offices for various services ( CAR, 2009).

The climate for the Chobe district and Pandamatenga in particular is semi-arid characterized by
hot and moist summers and dry mild winters. Rainfall is derived from convective processes and
its highly variable even over small distances and averages 600 mm annually, thus making
Pandamatenga one of Botswana's least arid areas. Almost all rain falls between October and April,
with December, January and February being the peak months. A substantial proportion of this rain,
falls in short duration of high intensity storms, thus, leading to high run-on into some farms, which
become flooded instantly. Maximum temperatures range between 26°C to 34°C and are
=xperienced between October to March. Minimum temperatures range between 11°C 1o 20°C and
wre experienced between November and July. The vegetation is extensive grassland savannah in
issociation with Mophane (Colophospermum mopane) and acacia species ( CAR, 2009).
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“rigrea,

l_lM'nyf_ : Jun Jl Aug Sep Oct Nov Dec
Months' : g

-—-Tmm(: Present condhons —-‘-Tmnx mld century

" 180

i A‘ Presentandmld-rcentury (RCP ‘87.5: ‘_Ijlo_t‘an_d ‘We-t").nrenther dn'to\'t“or'Ennd_mnu_tenga;
T4 e 900

- Monthly Rainfall (mm) =

Ft i i
Pand:mmtengn Depnrtment of Agneultural RESC‘II‘Ch Stntmn e o _7 o e

gure 4 - 7 V:Present .md mrd - eentury (RCP 8.5 Hot and Wct) weuther d1tn for i




| 4532 Predicted sorghum geain yeld from CA technologiesin the mid-century
> Slmulatlon rcsults °f SWghum growlh and yleld under future cllmate condltlons in DSSAT model .r.
“are presented '“ (Toble 4. 10). Accordmg to these results, under chmate change scenarlo (RCP 4.5
ond 8. 5) Sﬂfghum yleld w1ll be decreased m the mld-century as compared to the present condmons :
(2016) whrch wns consrdered as an above average basehne senson Sorghum gmm yleld will be 5
Sl educed by 70% In the mld- Cenmry the growth perrods wrll be reduced as compared to the present : ] ‘ .
condmons (T able 4. 10). Even though the predlcted future sorghum grain yield. showed a decrease
1“ all the CA technologn:s however NT +M w1ll have the hrghest sorghum yield i m the mld - : ‘_ L
century under the RCP 4. 5 ond RCP 85 chmnte seenono in both hot and dry’ and hot and wet P
condstions as compared to other CA technologles (T able 4, 10) Broad bed and furrow wrll have
the Second hlghest sorghum gram yle]d wh:]st MT wrll record the IOWest (Table 4 10) 1If the mld o
‘:.“ _— century wrll be hot and wet, sorghum yleld wrli be-’hlgher as compared to ‘ot and dry m both ¥

(2040-2070)

o Present condmon

Mnd century

_ ch45 T R 1 RCPBS .
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P ——dnys to mamnty aﬁer plrmtmg,
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5 DISCUSSIONS E gt 2 ;. il |
5] Socm'““““mic nnd dcmngmphic chnractcnshcs oi' smnllhulder rnmfctl fnrmers in

S

Pnndamnlenga rcgmn L

' "'Farmcrs 50c10 cconomlc und dcmogmphlc chnmctcnsucs are expeclcd to huve n grcat mﬂuencc ;
-.on ngncultuml dcvclopmcnt. ‘ _ T :
I 'I'nblc 4 2, adoplers were o!dcr than non- adoplers lhough nul smllsucnlly sxgmf cnnt Jumbe & |
5 Nyambose ("016) also found out thnt nge of household hend was not 5|gmf' canlly dlffcrcnt for

P adoptcrs and non-adoptcrs of conscrvuuon ugncu]turc m Mnlaw1. '

L

' ']n contrnst, Ngombe ot a! (2014) nnd Mwnngl & Kanukl (2015) found out that age of household
3_' hcad was, stnustlcally 5|gmf cant and |t Implled lhat older household heads are oi‘ten nssocmtcd

wnh long ycnrs of expenence in farmmg f}-_‘_‘ :::.I ','._‘:'

‘ra.,'.. 5 =:‘.,-.,l

2 :'..Avcrage numbcr of fumtly mcmbers in thc household was not slunstlcally sngmi' cant (Tablc 4 2) , e

: : -Thls mlght lmply thut not all lhe houschold members pnmc:pale equnlly and are producuvc in the

fi elds s0 thnt thc b:g houschold Stze tmnslatcs to avmlabxllty of lnbour und hencc ndoptmn Also, - :

-_A‘:',-'“m thc study nrca fnmlly lnbour wns scnrcc duc to mngmt:on to urbun areas for _|0b5 nnd schnolmg '
j;"-:"fln cuntrast I'anuel (2013) found out lhnt adoptcrs had a lnrge household size compnred lo non-. .

ey ndoplers and it was stntlsncally si grut' cant 1n Z:mbabwe

e ?Tablc 4,2 nlso mdlcnlcd lhat Iubour polcnlml in tcrms of avcmgc number of ndults working in lhc'

......

Ti' eld was not smtlsncnlly mgmt‘ cnnt. On nvcmge thc numbcr of acuve ndults wns 1.2 for ndopters S

b and 1. 83 for non —udoptcrs wh:ch lS not cnough to be assumed as cconomlcnlly active. Somc e

fnrm ers lndlcn[cd ﬁmt the nctlv:ty lhat dcmnndcd most lnbour wns wccdmg and they mcklcd it by _

lhc use of herb:cndes that was supphcd b)’ U“‘- govemmcnt for free. Jumbe & Nynmbosc (2016) e '

o ! found smu
e lnm gmf‘ cnnt.
e lncrcase in ccon

ey ‘to bc a sigmfcnn

|s anmhcr 1mport

lar rcsulls thut lnbour potcntml bcmccn ndoptcrs and non-ndoptcrs wns stmlstlca]_- 3
n contrust, Ngnmbe e a! (2014) nnd Mlenga & Mnscko (20]5) reportcd that nn .‘_v;f‘ .
cmically nctwe falmly membcrs contnbutcd toa gncultuml Inbuur and i it was fuund;- : '
t varmb[c ’]11c nvemgc numbcr of ycnrs m farmmg (that ls, fumung cxpcncncc) Sl

:mt vnnnb!e that hns a rc!atmnshlp lo adoptlon Tnblc 4 2 Ims shown thnl thc



i dlfft.rcncc in pcrccntagc of funmng, cxpcrlcncc m ycars was not stnnstlcally sngmf’cant between '

: "ﬂdDPICl’S ﬂﬂd nOn-ﬂdopters From thc study aren,, most of the rcspondcnts were old . pcoplc,

f:_(cspecmlly thc non-ndnpters) who had more than 10 years of fnrmmg and it is not easy for themto

. convert to modcm ugnculture methES The ﬁndmgs of this study arc contmry with the rcsults of.

" VQ.:'Ttglst ('JOIO) and Fanucl (2013) who reportcd that the mean dtﬂ'erence in years of experience -

- 'between ndoptcrs und non-ndoptcrs was stnhsucnlly 5|gm[' cant and it was further mdlcntt.d thnt

tf.'_longer farmmg expcrtence lmplled nccumulated farmmg knowledge nnd sklll whtch has'_—: 2

2 contrlbutmn to adoptmn

d - 'Ihc study also mdlcatcd thnt gcndcr of smallholdcr rnmﬁ:d fnrmcrs in terms of number of male .

_ "farmers who pamctpntcd in the survey betwccn adupters nnd non-ndopters in the study area was '

2, stutlstlcally sngm['cant wnh a lughcr pcrccntagc dlfTerence This mlght be due to mnlcs havmg

L bettcr chunccs of access to mformauon ns compnrcd to thelr femn]e counterparts in the study nrca

Tcmnle especmlly in rural nrcas tcnd to hnve less nmc foF commumty mcetmgs due to houschold &

chores Thc f'ndmgs of thts study are 1n contmst w:th those of Jumbe & Nyambosc (2016) who -,

B

:frcported none stansttcnl stgmt' cancc m the gendcr of‘ the household bctwcen adopters and non-
; '-i.‘.ndoptcrs (Tablc4 ") _* ': f % __', . '
There was nlso a stgnlf cunt stnttstlcal dlffcrence in, the mnntal status of the smul!holder mmfed %
furmers (T ub]e 4 2) Thls lmplles that mnmed couple are in n better posmon to consult w1th cach
: -othcr to mukc good dcc1510ns Ngombc et a! (20]4) reportcd 51m1]ar 51gmf’ cant rcsults bt.twccn
'_‘f—:‘fadopters and non-ndoptcrs of CA They rcasoncd that mnmcd famters had - htgher soctal -
fconncctmns and mtcmctmns wnth othcr farm househo!ds w}uch gavc thcm bettcr .nccess to
f":i.(‘:\mfonnutlon nbout ngncultural technologtcs 7 o 7' . | ‘ ‘ 1 _‘ Foa |
}t(;r.or;dmg to Jumbc & Nyambnsc (2016), humnn capltnl endowmcnt factors cnnblc potcntml &
o ‘}nduptcrs to undcrstnnd nnd cvuluntc ncw mformat:on, thus aﬁi.ctmg both ndoption nnd dlﬂ'uston

g of new lechnolo gtcs They further stnted thnt exposurc to cducauon mcn:ascs the nhthty of l'nrmcrs _

e,{m obtutn proccss und uscl

n[’ormatton rclcvant to the ndoptlon of ncw tcchnolngy From thc rcsults S

""" cducatlun lcv:l of smnllholdcr mmfcd f'armcrs who wcre nblc to rcud and wntc was . -

3 ;-St&tllstlcn"}' sxgmt‘ cnnt. 'I‘his shows that cducatton is an |mportnnt houschold chnractcrlsuc as 1t

- ?ﬂ:"can lncn:asc the transfcr of rc]cvunt ml'ormutlon to the farmcrs Fadurc c.' aI ("014) 3ﬂd anczcw., g G

i Q@ 0] 5) rv:p ortcd thnt educutton wns Dnc of the Stgmf cant vnrmblcs tu cnhancc thc adoptmn of CA L




I-‘unhermorc lhls sludy rcvcnlcd that lhe nvcmgc number of hvcslock (TLU) was onc of thc
' vnrmblcs that was statlsucally significant wzth n hrgher pcrcenlngc difference, This implies thnt
owncrshlp of lwcstock is an lmportant houschold cconomic chnmctcnsnc as 1t was rcbardcd as a
: ,sourcc ol‘ mcome in lhc study urcn Slmllnr resulls were reportcd by. }\nssu: et al. (2012) and

‘-"‘Bazczcw (20135).. anlly, lhls study rcveuled thnt mean lnnd size dlﬂ'ercncc between ndoptcrs and -

‘ 'non-ndupt(.rs was stnustlcu[]y sngm[‘ cunt (Tnblc 4.2) Thls means that ownershlp of lurgc areas of -

Jand ‘was very vﬂnl in thc sludy area Snmllnr results werc rcponcd by Fadare et al. (2014); In

-{*lcontmst, Ngombe: et al. ("014), found ‘out. that land size"difference bclwecn ndoplers and non- ]

adoplcrs was not smtlstlcally signifi cam

5.2 Smallholdcr raml'ctl fnrmcrs pcrccptlons and Ievel of acccptancc of CA tec!mulogics in

lth’nndnmnteng,n rcgmn -

By e L e - i Py ‘-, : "’. 3

iThc rclntlve supenonty uf thc teclmology m tf:rms of ns advantagc enablcs fnnncrs to‘

lmve fnvourable perccptlon about it. anmg a fnvoumble perccptmn nbout a gwcn tcchnology'

cnhunces dcc1s:on in fuvourof adopt:on of that technology I‘nnners perceptlon nbouttcchnology e, ol

| is onc of lhc faclors whlch can fnmhtﬂte or undcnnmc adoptmn of CA practlccs

'Tnble 4. 3 shuwcd thnt most fnrmers dld nnt hnve a f'ull l\now]edge of CA Only few responded S '

with "ugrcc" 'l‘h:s mlght bc duc to f’urmcrs understundmg of CA m dlffcrcnt ways Some of them . |

:reponed thut they only saw lhc pract:ces on 1clewsnon and hnd ncvcr pmctlced |t in thelr farms to"“_ :

npprccmle lts bcncf‘ t. ‘ .":";_a’—:.-j , s s e

Mosl furmcrs rcspunded wnth “agrec to CA as :t is labour m!enswe La:.k of farmmg lmplcmcnls o _:_ -;:

was pcrccwcd a hmmng fuctor to udopt CA ns fnrmcrs dnd not hnve cnough funds to purchnsc fnrm L B

lmp]emcnls anlly, uvcr 77% of smnllhol der ramfed fnrmcrs showcd mtgrcst towards ncccptancc -

and ndoptlon of conscrvut:on ugncu!turc practlccs (Table 4 3)

TG R cul Ty _-‘.‘._ . *- .(-. g g " "‘i e i £ o 3 +1
".‘ ‘1. 4 r" st .

5.3 Socinl and cconomic fncturs inﬂucncing smnllholdcr rninl‘cd farmcrs' dccisions to ndopt" . a

dlﬂ'erent CA 1lcclmnlogics in lhe Pandamnlengn rcgmn

;ectllon:S l dcalt mnmly wnh dcscnptwc stnnsucs ol‘ thc sample populatmn Tlus study also tcstcd

.vhcther or not 1herc wns nssocmtlon bclwecn farmcrs dcctsmns to ndupt CA technology nnd o S A




selcctcd socno-economtc and’ demogmphtc vnnables. _'I'hcrc was necd ta tdcntlf}’ factors ‘h‘“l‘.:
mﬂuenced CA udoptlon decisions and quantify their re!nttve mﬂuence for purposes of pnonty—
bnsed mtcrventlon In lhlS section, rcsults from the binary logtstlc regressmn model were used to
measure the relative mﬂuence of dlffercnt socm-economlc varmb!es on smnllholdcr rnmfcd
fnrmers ndoptton dectsmns regnrdmg CA technolognes in the study area. Agc wns pos:ttvely .
rclnted to fnrmers dectsmn to ndopt CA practlces The coeﬂ' uent on this vnrmble was stattsttcnlly '
5|gmf' cant (T nblc 4 4) Older farmers are more hkely to adopt CA prncttces than younger farmers
This m:ght bc because older pcople normally have more lnnd ownershtp rtghts thnn thclr younger' .
eounterpnrts ] umbe & Nyambose 2016). - g
Adoptlon of CA technologtcs was cxpected to bc htgher nmong mnles compnred to fcmales The '
results however showed thnt males were less Itkely to adopt than females in the study area ('I’ able <
LM) Tlus mtght bc because |n thc study urea land prcpnratmns for CA tcehnolognes is mnmly '
done by fema!es dunng dry scuson Dunng thts penod men would be busy wrth off furm acnwtles .
whtch would hmder them from parttclpntmg m thc dry Iund prepumtlon hence reductng thetr' '
probablltty of the adoptton of CA technologles in the study area The results orc cons:stent w1th
those of th (2013) who estnbltshed that the htgher adoptton rnte was more ltkely nmong femnle '
f'urrners thun therr counterpart mnle farmers In contrast, Jumbe & Nyambose (20! 6) reported that ‘
mnles wcre morc Ilkely to ndopt CA technologtes lhan f'emales - S j '
l'he results f‘rom thts study show that farm size was posmvely related to farmers dccrsmn to ndopt .
_A pmcttces The coeff‘ cnent on thts vnrmble was stuttstlcully SIgmf' cant (Tablc 4.4). Farmers'
wnlh large hectnragc undcr crop productlon hnvc a grentcr tnccnttve to mvest in CA. This i is olso
'onI' nned by Fndnrc et aI ("014), anezew (2015) und Jumbc & Nynmbosc (2016) From thc.r,r .
icscnpttvc stnttsttcs sltown tn Table 4.2, the adopters hnd more land owned on uveragc thun non- ke
1d0ptcrs zmd the dlfference wns stnttsttcally s:gmt‘ ennt l‘nrm ing expenencc nnd total hvcstock'f‘

aned werc found to pomttvcly mﬂuencc f‘nrmer s det:tsnon to adopt CA tcchnolog:cs but their

tnﬂuence on f‘armers CA ndoptton dectstons wns ‘not stattsttcnlly s:gmf‘ cant Educntton Icvc] =

\ubour potentml und herbtctdcs pncc wcre found to ncgnttvcly mﬂuence fi armcr 5 dcc:s;on 1o adopt 8
‘onscrvatton agrtculture technologtes but thclr tnﬂuencc on fnmters CA ndttptlon dectstons w

1[50 not stnttsttcnlly stgmf’ cnnt (T ablc 4 4)




5 4 Eﬂ'ccls ol‘ CA lcclmologlcs on tlre ylcld ofsorghum in lhc I’undamntcnga rcglon :

5 4 I Sorl snmplmg nml mmlysis from the triuls

BulL dcnsrty showed n dccreasc m |ls vnlucs across lhc growmg sensons for N'I‘ MT nnd BBF
(Tnblc 4 5). ’l'hc dccrcnsc is nllrlbulcd lo thc mcrcnsc of volumr:tr:c morsture contcnt due to thc

: contmuous expansmn of vcrtlsols on wcttmg as n wns stntcd by Pnrdo et al. (2012) Therc wasan-

1ncrcnsc m volumemc wnter conlent from nll lhc trentmems from 201 6 to 2017 Thls rs attrlbulcd- . |

10 the fact thnt collcctlun of soll sumplcs was done dunng wct pcrmds :

g0
i

vy Wy g e s

542 E_ffec(s of‘oohscr_\r':-llt_ion u'grir:ulturc technologies on so'rglru_m grain yiclu o
- 5.4.2:1 Continuous Sorghum yield ~ = 7 0T

Conscrvanon ngrlculture hns a pou:ntml for mcrcasmg ylclds rcgnrdless of the bnd envrronmcnml[

condltlons (O\\.enya et al 201 I) Thc cffccts oflhese pmctrccs on sorghum gram yrt:lds has not_ -

bccn fully npprmsed in Botswnna condmons especrully in lhe Pnndamatenga vemsols desplte thelr HA

_ mﬂuencc on ofﬁ:rm g susmmuhlllty of crop pmducuon through more effectwc munngement of soil

nnd watcr _ }..-ﬁ-.‘_ }' g G 0 Pt E 3 &2 ..;-,{.' }'.i ; i

Thc study s‘nowcd thnt thc hrghcst sorghum grnm ylcld Was expenenccd in 2016 growmg season

as comparcd to 1hc othr:r two growmg scusons (T nblc 4 6). The lughcst sorg,hum gmm ylcld was _ -

mlhm lhc potemml yleld rangc o[‘ the scgaolane vanety (1-3 tonslhu) at opumum condmons in

Botswann. Thls hlghest nmount of gram yzeld was uttnbuted to the hi glrcst amount of mmfnll w}uch_ , i

was reccived in 2016 growmg scnson (Flgurc 4 ) Thr: Iowesl sorghum gmm yu:ld in 2015 and
20]7 growmg scnsons was uttnbutcd to the lowcst amount of raml'ull which was cxpencnced

(F:gurc 4 2) Thc lowcst ylclds cnn u[su be nttnbuled to the drstnbuuon of r:unfnll dunng the .-

growmg scason especmlly in 2017 Addmonnl!y, 1hc cchct of lntc plnntlng for 2017 conlnbutcd ST

el 2 [

" lo declmo m sorghum gmm yleld , ) i iy -_ -; i, -

In thls study, NT and NT+M trcatmcnts had lhc hlghcst sorghum gmm ylcld in nll thc growmg_ .
seasons (’I‘ ub!c 4 6) 'I‘hc hlghcst ylcld from thcsc trcntmcnts m:ght bc nltnbutcd to the fnct that NT A

or mmlmum dlsturbnncc of thc sorl allowcd the rctcmlon of sml orgnmc maucr, whnch pmvndcd 5




5.4 Effecls of CA tt:chnnlogies on the ylcld ol'sorghum in the Pondumutcngn region
: _'_S . 1 Soil snmplmg and nnnlysis from the :rmls “ ' s

i

. BulL densnly showed u dccreasc in lts volues ocross lhc growmg seosons for NT, MT ond BBF

- ('I’ able 4 S) The decrease is nltnbuted to lhe mcrcnse of volumemc molsture content due to thc ' e

fa, - contmuous exponston of‘ vcmsols on Wettmg as 1t was stnted by Pnrdo et oI (2012) There was an -
= 'mcrcaso in volumcmc wnlcr contenl from oll the tmnlmcnts from 2016 1o 2017 This is atmbuted_ a

o e to lhe fact that collectmn of sonl samples was done durmg wct penods

: 54.2 El’fccts of conservation ilg'liculfurc teeho"olo'gios oh sorghium gisin yield -+
- 5421 Continuous Sorghum yield . = "

: :;V-'jCOnscrvotlon agrlculture has a polenlxal for mcreusmg ylelds regurd[ess of the bad enwronmental i

i condlttons (Owenya et al 201 l) 'I‘he effects of these pracnces on sorghum gmm ylc!ds hasnot.-

o been fully npprnlsed in Botswuno condmons especlally in, the Pondnmatengn verusols despite their
mﬂucnce on offenng sustamubxht_y of crop pl’OdUCllUﬂ lhrough more efﬁ.enve manogcment of sail

) '._-'-'_'ond \\atcr., -"'-.':,'"_,f' B el 5 9% ; _.‘,-'.“} S

.- V')"I'he study showcd lhut lhe hlghcsl sorghum gmm }'ICId was cxpcnenccd n 2016 gmwmg e L 7
ns compared to the othcr two growmg seasons (T nblc 4 6) ‘The hlgheﬁ 501’8}1“’" B“““ yield “"’5"
...'{‘j_;._‘.“w lhm te p-o'tenlln] y,ﬁ]d mnge of the .segaolane vnrlety (1-3 tonsfha) nt opumum conditions in
.B otswnnu. Thls h:ghest nmgun[ of gmm yicld wos attnbuted tothe hi ghcst amount of ramfall whlch o
was reeewed in 2016 growmg season (Flgure 42)., Th" '°“’°5t 5"’3"“'“ gmm ylﬂld i 2015 ﬂndf «
7"'--%2017 growmg Seusons was nttnbuted to the Iowest amount of mmfnll which was cxpencnccd'
5 (T igure 4.2) The lowest ytelds can also be nnnbutcd to the dlstnbuuon of rzunfnll dunng the

~;i%-‘growmg scason especmlly in 2017 Addltlonolly. the cffect of lnlc plantmg for "017 conmbuted .

; to dcclme in sorghum gmm yleld

;'_.i':.'-."'j"ln thls sludy NT and N’r-{-M trcntments had the highest sorghum grnm yncld in all the growmg
scosons (Tnblo4 6) Thc hlghest yleld from these treotmcnts mj ght be nttnbuted to the foct lhotNT = ;

; -)or mmlmum dlsturbnnce of lhe SOI| nllowed the relcnl:on of sml organlc mnucr whu:h prowded et



- morc nutnenls far lhc growmg crop and nlso stahlllzcd lhe structure of the soil and made it lcss '
s vulnerablc to crustlng und erosnon thus bcncﬁtmg crop growth under dry condltmn (FAO 2010).
“No nllngc isan optlmnl mnnugcmcnt pracuce which mmlmlses sub - soil compactton and mduces 3
natuml slruclure furmanon thruugh shrink and swcllmg cycles (Hati er al., 2015). The mnmtennnce '
of a pcrmanent sonl cover with mulch also increased the S!nblllty of vemsols Furthermore, soil
surl'ncc was prolcctcd f'rom ramdrops rcsultmg in high ml‘ Itrntmn rates and reduccd runoff leadmg
to mmsturc nvallnblllty to crops. (Wall & Thlerl'elder 2013) Mulch also reduccs cmckmg in-
- vcmsols ns rcmducs form a physncal barricr that reduces speed of wind over the surl'uce and this
lcads to 1he rcductlon of sml mmsture cvupomtmn lhus enhancmg soil avmlahlllty for plnms upmkc h
(Bundyopadhyay et aI 2003 chenca "0!5) Slm:lurly, thng et al (2014) slated thnt no t:llnge-: '
had the hlghest grnm yield as compared to other CA pmctlccs * Similar results were reported by"»‘
: -‘. Arayu etal. (701 l), in whlch yleld of crops Were sngmt" canlly ﬂffecled by CA pmctlce treatments

B TN

: :,‘- ,-- 5'-: S :"_-'_ '—':_:"'“ - 3 ‘[_,"f.:'l‘.\ A : ;‘ . . , : 7 o
: :l-"5.4.2.2,C0\vpcn Rolated Surghum;{i;7'_;_'.;,‘_',{,1.-:_,_., Selop bl A5

Posntsve nnd negatlve cffects of crop rotatlon nnd mnnoculture nrc morc murked in CA f’nrm:ng :
thnn m convenuonnl systems. Crop rotutlon m the f' eld is very lmponnnt in lhe fcrtlllzanon of lhe

sml through mtrogcn f' xatlon process m legumes (Wall & Thlerfclder 2013)

Irl lhls study NT +M hud the hlghcst menn gram yleld for cowpea rotaled sorghum fortwo croppmg |

scasons (T able 4 7) 'I'he h:ghcr y:eld ﬁ-om thls pmctlce mlght bc nunbuted to the fact that | no
;.w- llllage ml'ced wnh mulch tmproved sml fertlllty ns thcre was less sml dlsmrb'mcc nnd this nl]owcd '
sonl orgamc mattcr retentmn ns llvmg orgamsms m lhls enwronmcnt brol.e down the mulch nnd:]” :
mcorpuratcd 1t mto the so:l Mulch nlso |mpmvcd sml mmsturc ccndmons by lmprovmg sml_, "
Struclurc nnd rcduccd 50|l wnler cvapomtlon, thus bencf' lmg cmp growth undcr dry condmons ;
Slmllnrly Zheng er aI (2014) stated thnt no ullnge w1th straw retcmlon had thc hlghest gram yleld
asccmpnredtoothchApracuces . : - ] 5 ‘ .' i <k P 4 'f o i ‘. i
On lhc olher hand BBF hnd t.he lowcst nmount of cowpcn rotntcd surghum grnm yzcld on nverugc'.
(T uble 4 7) chevcr, Wuhle (2015) reported nn mcrease of 59% ns compnred to the contml and - ;

ll"\‘vas nttnhutcd to lhc fuct thal m BBF lhc surfacc dmmagc wns cnhnnccd whlch rcsulted m carly' '

ol

l‘?:".cstnbhshmcnt of' the crop so lhnt 1r relntlvely lchmlcd the “"""‘mm‘ ““d “mped thc tcrmmnl




moisture stress. Finnlly, sorghum gmm ylcld bcmccn contmous sorghum nnd cowpca romtcd

sorghum was not srgmﬁcant n all the tmatments cxcept in 201 6 growmg season f'or M'I'

s "-,. 55 The DSSAT Crop Model

551 Evaluntion of the DSSAT Model
1 "l"hc DSSAT crop simulation model can be- a vnluab!e tool i in cvaluatmg thc efi'ccts of' cllmatc
ch:mgc on yield: under different CA practices: Bcforc accurate results can be obtained from the
modcl, how ::ver, cvaluauon of the model is necessary In th:s study, the DSSAT modcl was used
" to’ srmulnte sorghum gram yreld ‘under CA" technologrcs The cvaluatron of- tht: modcl was -
l pcrformcd usmg the F eld cxpenmcnt for 201 6 gmwmg scason from Pandamatcnga Dcpanmcnt of e
o Agncu]mral Rcscan:h stntron. Thc vnnables that were used for eva]uatron were, amhsrs datc,-' '
-.'matunty dntc nnd sorghum gram vm!d e : ' ' :

N 'Ihc ev n]u:mon process rcvealed lhat the modcl pn:drcted sorghum rmlhc:ns datc, matunty da!e and "

o sorghum yleld very we]l as ‘the RMSE for all vanab!s were very low (Tablc 4. 9) This unplrcs

= o lh:u Lht: modcl pcrformcd m:ll for the fi cld cxpcrrmem in qucsnon 'I'hns is supported by Ngwrm

4 et aI. (2014) “ho found out lhnr. thc DSSAT study cvaluanon was wcll for mmzc gmm yrcld as -

'lhmr mcan dlchrcncc bcl\\ccn srmulntcd and obscrvcd was low A

Tht: cocfﬁcrenl of dctcrmmanon R* cxp[amcd more thzm 90% of Ihc lotal vanann for nll the
!i'vnﬂab]cs, Thls shous thm lhe modcl pmvrdcd exccllcnt com:lauon bcmecn sunulau:d and

| obscrvcd dam. ]n addltlon, vnlucs of the modcllmg effici cu:nr:y in all lhc vamblts md:cau:d that ﬂu: :

:modcl prcdrctwns m:rc as accumtc as thc mean of lhe obscrved datn. Sumlarly, Lru et aI ("013) ,4

cvaluatcd lhc modcl on mmzc )m:ld ﬂﬂd "P‘m"d a good agrccmcnt bct“ccn srmul:m:d :md
mcasurcd gramyr:ldasnthada]o“chMSE 'i-; ;,'-; -_-_. ; i




treatments Carbom ("010) nlso found out that the cvaluatlon of CERES -Wheat crop snmulnt:on _ E

wns done successfully gtvmg exeellent vn!ues of RMSE d- stonsttcs and R?in anthesis, maturity

duys nnd yleld These results are ulso in agreement with' Harb et al: (2016), who found.that .

CERES- Mulzc model evaluatton showed csce!lent and good s:mulanon accuracy for seed yneld

28 5.5.2 Simulutcd sorghum gr:un ywld versus obsen ed sorghum grain yleld

"I'here wns a good ogreement between 51mulated nnd observed yneld for oll the treutmcnts in .

'_sorghum gmm y:eld ns it had a coeﬂ“ icient of dctermmatlon of 0.99 (Toble 4 9) ‘This tmplles that L

o .99% of die total Vn"““o" “"“5 e"P]“'"Cd by the model The model simulated the grain yield well
i for al treatments (Flgum 4. 3) These Compttnsons show lhnt the model hns the potentml to Stmulnte =
s ;5°fghumy1eld ' R R N T R A

' ,-_5 5.3 Predlctlon ol’sorghum gram yleld undcr CA technolonxes usmg mld-eeo_tors' _\t'enttler e

i ;-'tdata @040 -2070)

X 'Smollholder romf'ed farmers in Botswann are expenencmg lower ylelds yet more erranc mmfnllr

: '_whtch ehnllengc thelr ablhty to grow crops nre bnsed on predtcttons on the effeets of cllmate_.f'
:"”:?Vj.chnnge New drought resnstnnt vnnetles can go some wny to help them odnpt, but only by o
i ‘combmmg them wzth ncw croppmg systems to overcome erop productlon challenges Slmulntlon ,

- "'?_.models cun tdenttt‘y the best ﬁummg mellCLS to counter the eﬂ'ects of‘ chmute change '

-‘,‘-;-{7In thls stud:y, the snmulatcd sorghum grmn yleld under the mtd eentury weather dam, showed tlmt o
“'.-"the yseld for sorghum wtll be reduced in 1he mtd -century as compared to ‘the present condtttons:- 8

;‘;;-.l::(T nble 4. 10) Thts cnn be uttnbuted to the htgh temperntures Wthh \wll be expenenoed in the mld- S
E"::r:;'.century (37°C under RCP 4 5 hot and dry nnd 38°C hot nnd wet) Also under RCP 8 5 the L

Iempemtures w1!| be hlghcr, (37°C hot ond dty nnd 36°C hol ond wet) Smce sorghum is sensmve -
to high tempcmture condltlons whlch nﬂ'ect both vegetntlve and reproductlve gromh and lt )

-;;'-:rcqunes tempcmtures of '77-30"C for Optlmum gmwth Hlsh temperaturcs mcrease the"'_‘ i

chelopmen[ rate of sorghurn hence shortenmg the ttme to ﬂowenng which leud to yzeld rcdueuon :

) In the m:d- ccmury agum. lt was pro_|ected thnt thc mtnfnll nmount wrll be decreased espcclally m‘ | “
"}E:the plnmmg months Woter lS one ol' the factors whlch tnﬂuences the physmloglcni pmcesses’.a-. By

nfTectmg crop pmduchwty Woter provnde turgldlty to the cell whtle water stress causesf'




o 'd‘:hydm"o" rcducmg lhc cnlargemmt ofth cell rcsultmg in ylcld roductlon Also Fuetal. (20]6)

_ 'rcported that the modcl demonstmtcd that sorghum grain yield would decrease with increasing
tcmpcmturcs Fu etal, ("016) further stated that Ihc CERES- Sorghum model prov:ded avaluablc o

oy prcvu:w 0f5°f ghum fcspﬂﬂsc to ohmaic ohnngo factors such as tcmpomlurc and precipitntion, nnd

it provcd its cnpnblhty to mmutate the 1mpacts of chmnte change on sorghum producuon

In contrast, Msongnloll et al. (2{)14) reported that snmu[ouon crop modcls from cnght Gcneml '

‘rClrculntlon Modols (GCMs) under RCP 4.5 by mld - century showed a mlxture of increase and

-:'t:'_:- dccrc‘“‘c n Snfgh“m Ylelds Four GCMs projeclcd y:elds to mcreasc by 5% -23% nnd one GCMs
showcd a dccrcasc by 2% - % ' L  we v s :

i : ‘]donnfyrng the most efﬁ:cllvo technologlos is thc f rst step towards prepnrmg smn!lholder rnmfed -'

fﬂrmors to face chnngmg cl:mmes Not alt conscrvntlon ngnculture technologlos are bcst for all

."',’._'fnrmmg sntuntlons.. Sclectmg 1hc most nppropnalo system for.a pamculnr soil and croppmg

et sntunhon rcqu:rcs motchmg lhc operat[ons i the crop sequonce, topogmphy, sonl typo and wcathcr 2,

) 7cond|uons In thls sludy NT +M showod thnt it w1ll havc tho Iughcst sorghum gram yxcld in lhe

i ?vcmsols of Pandamntenga dunng the rmd century both undcr RCP 4.5 and RCP 8 5 s compurcd
- to olher CA techno]ogxes (T ablc 4, 10) ' E ; i ‘

T _ Thc h:ghcst yleld under this pmctlce is nttnbuted to tho fuct lhot no tlllage |mproves soil fomllty

as thorc 1s less so:l dnsturbnnce and l}us allows 5011 orgamo mutter rctentlon. Mulch olso lmproves

’:ﬁ-'*:soll monsturc condmons by rcduomg evapomllon nnd runoff thus bcncf lmg crop growlh under |

21 "";‘_.dly condmons wluch wnll be oxpenenced in lhc mxd - century Slmllnrly, Mchmood et al. (20 14)

found out lhnt tlllagc and mulchmg had a mgnlf' cant effcct on grnm yleld of sorghum whcn :

el comparcd to zcro n]]ngc and mmlmum tlllagc Broad -bcd and furrow had tho sccond h:ghost il

Tsorghum yacld m thc Pnndamatcngn Dcpnrtmenl of Agr:cultuml Rescnrch 1rentmems Thls BBF

’-A_systcm xs nn elT cient soll ond wmcr conscrvutlon stmtegy by rcducmg runoff und dmmmg cxce';s e

Watcr from thc beds us vemsols nro pronc to wnlerloggmg




 CHAPTER SIX
6. CONCLUSIONS AND RECOMMENDATIONS
" 6.1 Conclusions

L Socm cconomlc and demograph:c chamctcnslucs of smnIIholdcr mml‘cd l‘nrmcrs Imd i *signlhcnnt ,

mﬂuencc on. fnrmcrs dcc:smn o udopt dnﬁ'crt.nt CA lcchnoluglcs in Pnndnmnlcnm reglon, -

Undcrstandmg the SpCClr ic socno-cconomlc :and dcmof,mphics lhnt influence ndoptlon of

.ugncultural tcchnologlcs is csscntml in plannmg nnd lmplcmcnlim, lcclmolo;,y rclnlcd programs

; i 'for mccung lhe chullengcs of food production.

" E l‘rom thls sludy, no nl]ngc (N’I’) and no tlllugt. plus mulch (N I‘+M) hnd lhc highcsl sorghum gmln .
7 y:cld in dlff'crent growing scasons in bmh commuous and cqucn- rnlutcd -sorghunt trials, No

J ""'tlllage mlxed wnh mulch is thc most sunnblc cropping systum for ndopllon by smnllholdcr rnlnlcd '

- t'armers m Pandnmntcnga

The DSSA’I‘ crop modcl pcrfonned wcll in 5|mulnlm§, sor,t,hum grnm yicld undcr NT M l' NT +M |
-’.-:,:'and BBF on vcmsols of Pnndnmatenga. Crop sxmului!on modcl (DSSAT) cin idcnlif‘y lho best

- 'fnrmmg pmctu:cs lo cmmtcr lhc cffccts of chmntc Chﬂllb(. -;incc traditional cxpcr!mcms nru_ e

e c\(pcnsw: nnd t:me consumlng g:vcn thc hm:lcd rcsourccs avnilnblc lo rcscurclacrs nnd cnn nld uy

S, ;"dc(:lsmn makmg tool
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Appendix |

APPENDICES

Appendix Table 1: Mean air temperatures, mean solar radiation and mean monthly
precipitation for Pandamatenga Agricultural Research station (2015-2017)

Year Jan Feb  Mar Apr  May Jun  Jul Aug Sep Oct  Seasonal
Temperature (°C) Average
2015 243 252 247 21.7  19.6 17 17.7 207 247 282 2238
2016 268 258 245 23 191 17.5 172 201 246 286 2272
2017 234 242 229 177 199 181 179 20 21,6 269 21.26
Solar  Radiation
(Mj/m2
2015 28.8 299 276 21.5 232 215 21.8 247 263 293 2546
2016 27 28.7 23.6 245 231 212 219 253 266 293 25.12
2017 222 256 252 226 219 203 213 235 264 256 23.46
Precipitation
{mm)
2015 629 176.1 472 778 0 067 0 0.2 0 42 369.1
2016 61,7 182.8 829 23 0 0 0 0 06 06 3516
2017 86.7 128 67.1 276 0 0 0 0 0 10.6 320
Appendix Table 2: Physical and Chemical Properties of Pandamatenga Vertisol
LL Sat. water Organic Clay Sih H
5::1‘1’;" (?:rll:ily (cmlglc'm") (em® ¢cm™)  content cnr!l;)cm (%) (%) i
(o/em?) (cm’em?) (%)
0-5 1.32 0.388 0.236 0.515 0.90 61 10 7.0
5-15 1.33 0.388 0.236 0.518 0.90 64 11 7.10
15-25 1.32 0.377 0.236 0.518 0.80 68 10 7.10
25-40 1.34 0.380 0.235 0.514 0.80 71 9 6.50
40-55 1.33 0.379 0.236 0.523 0.70 73 8 6.50
55-70 1.33 0.388 2.236 0.515 0.70 73 9 6.50
70-100 1.32 0.377 0.236 0.514 0.80. 74 R 7.50

UL - volumetric water content at field copacity, LL-

volumetric water content at wilting point
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Appendix Table 3: Summary of management crop data

Management crop data Description

Crop Name Grain sorghum, cowpens

Cultivar M38

Planting dates 14 February 2015, 2016 and 16" March 2017
Planting methods Dry seed

Plant pepulation per m? 5

Row spacing 75cm

Planting depth 4cm

Tillage Tillage implements used and their depths

Appendix Table 4: Celour of the upper horizon that is used to approximate the Albedo

Colour Albedo
Brown - 0.13
Red 0.14
Black 0.09
Grey 0.13

Yellow 0.17

] Appcndix .;:l'nb'lc‘-S: Drainage classifications

Drainnge Drainage cocfTicient
Excessive 0.85
Somewhat excessive 0.75
well 0.60
* Moderately well 0.40
~_Somewhat poorly ' _ 025
, I’;mrrly_ ‘ — 0.50
"h"‘i‘.”,\'rl;é'{-y.Pogr!y ' T ' 0.01



Appendix Table 6: The soil hydrologic groups neceded for sclection of a runoff curve

number for croplands

Hydrological group

Description

A — Lowest Runoff potential

Includes deep sands with very little silt and
clay, also deep rapidly permeable loses

B — Moderately Low Runoff Potential

Mostly sandy soils less deep then A, and less
deep or less aggregated then A, but the group
as a whole has above — average infiltration
afier thorough wetting.

C — Moderately High Runoff Potential

Comprises shallow soils and soils containing
considerable clay and colloids, though less
than that of group D. The group has below —
average infiltration afier thorough wetting.

D — Highest Runoff Potential

Included mostly clays of high swelling
percent, but the group also includes some
shallow soils with nearly impermeable sub
horizons near the surface.

Appendix Table 7: Runoff curve numbers for various hydrologic conditions, slopes and

conscrvation practices

Hydrological Conditions

% Slope A B
02 . 6 B
s e w

00 o 83

C D
81 84
84 87
88 91
91 94




Appendix Table 8: Mean monthly rainfall (mm), temperature max and min (°C). sular
radintion (Mj.m-2) for present period (2015-2017) and for mid — century (2040-2070) RCP
1.5 HOT AND DRY

e

2015 - 2017 2040 - 2070 _ B
SRad TMax T™in Ram SRad TMax TMin Rain
JAN 259 30.2 19.5 B8.9 2313 330 20.8 1474
FEB 27.8 31.0 19.1 172.9 2.2 325 20.6 124.9
MAR 256 30.0 17.8 73.6 20.8 325 20.7 63.7
APR 229 28.8 15.4 36.9 20.0 324 18.0 10.0
MAY 22.7 279 11.3 0.0 18.3 308 13.8 2.3
JUN 21.0 25.9 9.5 0.3 17.1 283 10.4 1.1
UL 21.5 25.9 93 0.2 18.2 28.4 10.2 0.1
AUG 245 28.8 11.6 0.1 211 32.4 14.0 0.1
SEP 26.4 33.1 16.3 0.0 24.3 357 17.9 0.4
OCT 28.0 35.3 20.5 6.5 25.5 37.1 21.0 10.4
NOV 27.1 332 19.7 48.3 25.3 36.3 219 60.7
DEC 26.8 318 19.9 96.1 24.0 34.2 20.9 110.6

Appendix Table 9: Meun monthly rainfall (mm), temperaturc max and min {°C), solar
radiation (Mj.m-2) for present period (2015-2017) and for mid — century (2040-2070) RCP
4.5 HOT AND WET

2016-2017 2040 - 2070

e

SRad TMax TMin Rain SRad TMax TMin Rain

JAN 259 30.2 19.5 88.9 233 31.7 205 164.5
FEB 27.8 31.0 19.1 172.9 22:] 30.7 20.6 161.1
MAR 25.6 360.0 17.8 73.6 RARY 317 20.1 71.7
APR 22:9 28.8 154 369 19.9 317 17.8 208
MAY 227 279 1.3 0.0 18.3 29.6 14.5 2.2
JUN 21.0 259 9.5 0.3 17.1 238.3 .2 1.0
JUL 21.5 25.9 9.3 0.2 18.2 28.0 112 0.1
AUG 24.5 28.8 11.6 0.1 2L 3135 14.2 0.1
SEP 264 331 16.3 0.0 243 35.7 18.8 0.5
OCT 28.0 35.3 20.5 6.5 254 317 225 14.8
NOV 27.1 33.2 19.7 48.3 25:2 36.3 224 749
DEC 20.8 318 19.9 96.1 240 32.6 gl 162.2
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Appendix Table 1
radintion (Mj.m-2) for present per

8.5 HOT AND DRY

Mean monthly rainfall (mm), temperatu
ind (2015-2017) and for mi

2015- 2010 -
o201 w70
o SRad___TMax TMin Rain SRad  TMax__ TMin
JAN 25.9 30.2 19.5 88.9 234 34.0
FEB 278 31.0 19.1 1729 222 33.0
MAR 250 30.0 17.8 73.6 21.0 333
APR 229 28.8 15.4 36.9 20.0 333
MAY 227 279 1.3 0.0 18.3 314
JUN 21.0 25.9 9.5 03 17.1 288
JUL 215 259 93 0.2 18.2 28.7
AUG 245 288 11.6 0.1 21.1 31.7
SEP 26.4 33.1 16.3 0.0 24.3 354
oCT 28.0 35.3 205 6.5 25.4 36.9
NOV 271 33.2 19.7 48.3 25.3 374
DEC 26.8 31.8 19.9 96.1 24.4 35.4

218
215
210
18.6
1.5.2
1.7
10.5
13.6
17.7
21.1
227
224

1.1
1.0
0.1
0.1
1.4

12.9
41.5
05.0

Rain__
1519
134.5
61.7
12.0

re max and min (°C), solar
1 - century (2040-2070) RCP

Appendix Table
radiation (Mj.m-2) for

11: Mean monthly rainfall (mm),
present period (2015-2017) and for mid

8.5 HOT AND WET

temperature max and min (°C), solar
— century (2040-2070) RCP

2015 -2017 2040 -20170

SRad  TMax T™in Rain SRad  TMax TMin  Rain
JAN 259 30.2 19.5 #8.9 233 34.1 21.8 155.7
FEB 27.8 31.0 19.1 1729 221 33.8 216 119.6
MAR  25.6 30.0 17.8 73.6 20.5 J4.8 220 105.4
APR 229 28.8 15.4 36.9 19.9 339 18.9 11.6
MAY 227 279 11.3 0.0 18.3 119 14.5 1.8
JUN 21.0 259 9.5 03 17.1 20.7 11.5 1.3
JUL 215 259 9.3 0.2 18.2 28.7 10.7 0.2
AUG 243 28.8 11.6 0.1 21.] 320 i3.6 0.2
SEP 26.4 33.1 16.3 0.0 242 36} 18.0 1.7
OoCT 28.0 353 20.5 6.5 251 37.2 2.3 433
Nov 271 332 19.7 48.3 25.1 35.7 215 97.2
DEC 26.8 31.8 199 96.1 23.7 33.5 20.9 146.2




Appendix 2
Appendix 2.1 Questionnaire

Questionnaire sample for smallholder rainfed farmers in Pandamatenga region

BOTSWANA UNIVERSITY OF AGRICULTURE AND NATURAL RESOURCES
DEPARTMENT OF AGRICULTURAL AND BIOSYSTEMS ENGINEERING

Title: AN ASSESSMENT OF SOCI0-ECONOMIC POTENTIAL OF CONSERVATION
AGRICULTURE AND PREDICTION OF ITS FUTURE PERFORMANCE USING THE
DSSAT MODEL FOR THE PANDAMATENGA VERTISOLS IN NORTHERN
BOTSWANA

Questionnaire for smaliholder rainfed farmers

Farmer NO oo oeeereriemmrmemmmns e VIlIREE ... ooevveivnrnr e memmrm e
Date of INEIVIEW L. euriaraennrrreeeern Adopter ......... Non-adopter ..........
COURLEY oo eenmnmeseesornsngasimarsssssesmses st

PART 1: HOUSE HOLD CHARACTERSTICS

Name of family Gender of | Age of Education | Major U\iarilal Tatal l'nmil_vgz—c_]
member (SRF) SRF level of | occupat | status of

Male -1 SRF ion of | SRF

Female - 0 | SRF

- l .

SRF — Smallholder rainfed fanmer (respondent), Education level of SRF: 1- Read & Write
(Literate), Ititerate - O

Major occupution of SRF: 1-Government employment, 2- Private ecmployment, 3-Self-employed.
4= OUhErS SPECIIY ..o ovsrereussssmssssmsssem st
Marital status: 1- Married, 2- Single, 3- Divorced
1.2 Farming experience of the Smaltholder rainfed farmer ... (In years).
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1.3 Land holdings:

Area (hectares) Tenure status 4{ Tenure status: 1- Own plot, 2- Gift, 3- Rented

2. Crops grown and Cultural practices used;

vrea (h)y | Crops grown Production | Variety used Method of Uscd_ . Han’d weeding
(kg/ha) [-improved land Herbicides | 1- Yes
2-local preparation | I- Yes 2-No
2-No

- ——— e —

Method of land preparation: 1- Pair of own oxen/ donkeys, 2- own tractor, 3-Rented tractor 4-
Rented oxen/ donkeys 5- others ...

2.1. If accomplished through hire of oxen, what is the cost of a pair of oxen per day
2.2. If accomplished through hire of tractor, what is the cost of tractor per hour

3. Livestock possession

Livestock Category Number Corrected Number
Cows
Oxen
Goats
Sheep
Donkeys
Horse
Poultry

4. Family labour

4.1 Do you have enough labour for accomplishing farming activities on time? 1- YES 0-NO
42 If the answer is no, which activities are most affecied by labour shortage?
I- land preparation (Ploughing), 2- Planting (sowing), 3- Weeding, 4- Harvesting,

3- in all times, 6- in planting and harvesting, 7-others (specify)
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4.3 How do you overcome the labour shortage constraint?

. . .. o . 5
I- hire labour, 2- hire tractor, 4- use herbicides, 5-hire combiner. 6- both | and 2,

7- other (specify) ...,

1.4 Is labour available for hire easily if you want to do s0?  1-Yes 0- No

4.5 In which of the farming activities female family members participate?
1- land preparation (Ploughing), 2- Planting (sowing), 3- Weeding,
4- Harvesting, 5- others (specify)......coooiiiiiiiiiii i

4. 6 How many active family members participate in farming activities? ..................

5. Herbicides price

3.1 Is herbicide available in time and the right quantity? I-Yes 0-No

5.2 In your view how do you see the price of herbicide in relation to hired labour for weeding

and ploughing?

[-Very expensive, 2- expensive, 3- moderately expensive, 4- less expensive, 5-not

gxpensive

6. Access to credit

6.1 Did you apply for credit in the last 12 months? 1-Yes 0- No

6.2 Did you take any credit for purchasing herbicides during the last 12months?

1-Yes

0-No

7. Participation of non - farm activities

7.1 Household’s participation in non-farm activities in last one year. 1-Yes 0 - No

7.2 Houschold's participation in non-farm activities in last one year.

Type of activity (A) | Participation time (B) | Participation in a | Income per day or

vear(C) year (P)

Kind of activities (A): 1- Trading, 2- Handicraft, 3-Datly labourer, 4-others (specify)..............

Participation time (B): 1-out of the time of farming activities, 2-at any time,

3- throughout the vear, 4- others (specify).

Approximate Participation in a year (C) 1- for a month 2-for two months 3-for three

months d-others (specify).

...............
................................................
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8. Famers' perception towards CA technologies;

8.1 How did vou first hear about CA A WHCT Y oo
Minimum | Broad bed and | Crop rot
tillage furrows '

technologies No till No till + Mulch

technology practiced

ation in years

ement/ Question

Have full knowledge of CA technologies

[ have experience of CA technologies

CA technologies can be of beneficial to me as a farmer
CA technologies can be advantageous as it can help in increase yield _ i
CA technologies can be advantageous as it can help in increase income 1
CA technologies can be used to prevent soil erosion

CA technologies can be disadvantageous as it is labour intensive

Lack of farm implements are the limiting factors for me to employ CA technologies
Having tried CA technologies in my farm, I will adopt using the technologies

WA OD | | W | V| e | ed [ | —

1- Strongly agree, 2- agree,  3-neutral.  4- disagree,  3- strongly disagree

8.2 How do you see CA technology when compared with conventional
agriculture? 1-Good, 2- Bad

8.2.1 If good, why you prefer CA over the conventional one?
1- It is cheaper, 2- Easy to apply,  3- saving labour, 4- others (specify) ...................L.
8.2.2 If bad, what is the reasons? |
8.2. What is the main weakness you observed from CT technology?

1- High cost of the chemical, 2- Danger in handling poisonous, 3- Danger for grazing animals

4- Pollution to environment, 5- any other (specify).............. L
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continued, he only kept them locked up in the kraal when Laura’s grandson
Bertic, who managed the farm, needed to work with them. The work could
be, for example, when the extension officers from the Department of )
Veterinary Services (DVS) came to inspect or vaccinate the cattle in
accordance with BMC regulations, or when they needed to be branded.

Thamae watched as his oldest son and daughter ran around the kraal
playing, and explamed to me that one of the bulls did not like children.
Although the cattle under his care were kept for meat, his family were
altowed to milk them for their daily consumption. He knew the milking
cows quite well, he said, but not the other ones individually, although he .
knew how each and every one of them was related. When the mothers of
the calves had drunk their fill of water, he sorted them out from the herd
one by one by walking strategically behind them, and guided them towards
the sectioned-off calves. One at a time, the cows were let in to the calves,
and the two children went in with them. When the calf recognised its
moather and started suckling milk, the boy bound the cow’s hind legs with a
rawhide rope. He squatted beside the cow's teats with a bucket between his
knees. Pushing the calf away, he squeezed some milk out and washed his
hands and the teats with it, and then started milking. With skilled
movements, he squeezed one teat at a time with both hands so that a steady
stream of milk spurled down into the bucket, making a frothy foam.
Meanwhile, his younger sister was busy with a stick on the other side of the
cow, keeping the calf from suckling. The calf needed to be close enough for
the mother to smell it, as it encouraged her to let the milk go, but having the
calf suckling at the same time ns milking made the task difficult.

The young girl ran around the cattle unafraid, and was eager to help with
them, although the older brother seemed to want to run the show and do it
himself. Once the milking was done, the girl untied the cow, which then -
walked away with her calf close behind her. Only two teats were milked on
each cow, so that the milk from the other two were left for the calf, Some of
the milk was drunk straight away or added to tea, while some was poured
into a plastic container and left overnight to make ‘sour milk’, Milk, in its
different forms, was a staple food for the children and an important sourcc
of energy for the whole family.

When all the cattle had been watered, the milk cows were let back out to
the water trough to drink some more, so that they would be able to produce
a Iot of milk. Meanwhile, we walked back to the compound and sat in the
shnde. Around two o’clock, Thamae went 10 let the milk cows out to gmzc
ngain, and let the calves in to drink water instead. Once they had drunk,
they went back into the closed-ofT section, and nt around four o’clock some
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cattle came in to drink again. Which cows were milked changed during the
year, and with the calving season spread out there were almost always a few
cows to milk. However, in the event of a drought, they did not milk since
the cow then would not be able to produce enough milk for both the calf
and humans. Then the family would become entirely dependent on the
rations from the farm owners that were included in Thamae's salary, and
whatever else they could afford to buy at the farm’s tuck shop,

The minimum salary of cattle-hands was 500 pula per month, and
Thamae was paid slightly more than that, A five kilogram package of maize
meal costs approximately fifteen pula and a five kilogram package of sugar
around thirty pula. Agricultural workers were not expected to pay rent, but
neither could they expect comfortable housing, The prices in the tuck shop
were the same as in the Ghanzi grocery store, but the selection of items was
much smaller, :

For Laura and for Christine, cattle farming involved taking decisions on
breeding and grazing management, selling, as well as organising
vaccinations, branding and all of the other practicalities necessary for selling
cattle on the market. They thus had de facto control over their cattle, although
Laura left managing decisions to her son and Christine consulted with her
husband on issues of beef cattle management. However, the stud breeding
operation was entirely under Christine’s control. Laura thought that she was
too old to be participating in most of the farm work, and left it to her
grandson to manage the hired labour. Christine, in contrast to Laura, was
often out on her farm supervising her employees, giving a hand here and
there, as well as checking on her cattle. Twice a week, Christine drove the
twao hours to Ghanzi town to leave and fetch her daughter at boarding schoal,
do errands, get supplies and groceries and to check on the hardware store her
family owned together with relatives. She ran a stud-breeding programme on
her farm and preparations for the yearly Ghanzi Agricultural Show in late
June, where she showed her breeding bulls, took up a lot of her time,

. Christine’s grandparents furmed cattle in Ghanzi, but her mother moved
to South Africa; where  Christine grew up. She often visited her
grandparents, and always liked the cattle farming therc better than the
potato and maize farming that her parents were engnged in. When she got
older and married, she moved with her first husband to Ghanzi.and they
started a cattle operation together, Christine mainly did the housework and
took care of the children, but she also learned more and more ‘about
- farming, When her first husband died she operated the farm by herself, but
after she married Stuart, she went back to doing more administrative tasks. -
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- Xgaiga, an older Nharo man, was employed by Christine -and !lcr
husband and Jived with his wife and grandchildren at one of the watering
holes on the farm. They had built three mud huts with thatched roofs;
typical for Nharo cattle-hands on fenced farms. His wife, Xaga, was not
employed, but took care of the children and the family. Xf.g,mgn and ?Enga
grew up in the arca and had worked on the farm for a long time. Conditions
varied between farms, but it was common that it was contractually specified -
that farm owners would deliver supplies to their employees once a week, as
part of their salary, These usually included sugar, tea, tobacco, meat and .
mealic meal. Should they have wished anything else, they could have
bought it from a tuck store if therc was onc close by or through the owners
of the farm with credit from the upcoming salary. o .

: Xghiga's salary was however often finished before pay day, and milk
from the cattle was crucial for the families’ dict. The days at Xgaiga’s and
Xaga's compound are similar to those of Thamae and Koaba's above, and
we spent long hours sitting in the shade on the sand, watching the catile
drink. Only in the evening did the family collect again, coming together
around the fire for a cup of freshly brewed tea with several spoons of sugar
before bed time. A small herd of goats lay down in the sand and we could -
hear them shuffling in the dark. The donkey that was used for riding to
check on the borehole pump also slept close by. Xgaiga told me that this
donkey had only been with them for a couple of years, since the old one
was eaten by a lion. ' _ . :

The account above shows how Christine took on the role of the house
wife when first moving to Ghanzi took charge of the caltle operation when
becoming a widow, only to step back into administration again when she
remarried. Whereas she at times had been in charge of the cattle
management, the daily tasks of watering, and monitoring the cattle was
always left to the employees. Cattle management and work was scen as
male, but hands-on cattle chores even more specifically identified as tasks
for male Nharo employees, Even among the children, as described above, it
was the boy who milked the cows, although the girl was enthusiastically
helped. Class, race and gender thus intersccted to shape what is seen as
appropriote engagements for various people, creating opportunities for
some and challenges for others. Christine and Laura, ‘rich, white’ women,
are in n position to easily access fences, cattle and grazing land as well as
cattle-hands — or in Ribot and Peluso’s (2003) terms, technology, capital
and. Inbour. However, in chapter 6, I will show how control over cattle
varies also within this group of cattle owners. Further, Christine, and others
as we shall see in lnter chapters, engaged in *new’ tasks associated with
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commercial production — administration and stud breeding — hinting at a
gendering of the commercialisation of cattle production.

Non-fenced, communal grazing Jand in Charleshill sub-district

Charleshill sub-district was characterised by non-fenced communal grazing
Iand on which many farmers kept their catile according to grazing rights
obtained and issued by the local Land Board. The population in the sub-
district is predominantly made up of Batswana, Bakgalagadi, Herero and
San. When it came to selling cattle, most of the villages in the sub-district
. had a village kraal and loading fucilities so that buyers could set up a cattle
market and then load the cattle they had bought on to trucks that would take.
them to feedlots or buicheries. As shown in the namative introducing this
chapter, cattle owners took their cattle to the village kraal when buyers
announced that they are coming. However, the more remote a village was,
and the poorer the condition of the road, the fewer were the available
market possibilities, Further, as the introductory story also showed, such
sales were not always a straightforward matter. *

Twenty-three of the women cattle farmers | interviewed with different
sized herdskept their cattle on non-fenced communal grazing land in
* Charleshill sub-district, and four of these women had cattle on non-fenced
village grazing nreas. Kabomo, an older widowed Motswana woman, and
Gendrede, an older Herero woman, both had their cattle herds on non-
fenced communal grazing land outside the village areas.

Kabomo lived in Ncojane village, a couple of hours’ drive on a badly
corrugated gravel road south of Charleshill village towards the ‘west of
Ghanzi District. Her house was made out of cement blocks and although it
had electricity, she cooked in her outdoor kitchen on an open fire shielded
from the wind by a stick wall. While we cooked together, sitting on plastic
chairs by the fire, combining her dried beans and spices with my vegetables -
and rice into an evening meal, she told me about her cattle. She spoke in
Setswana and Thato, who is with me to translate, helped us to communicate. -

Her herd of cattle, Kobomo explained, grazed at a cattle post a few
kilometres outside of Ncojane village. She had hired a cattle-hand to stay
there and see to the animals. He opened the gate to the kraal where the
water was in the late moming and late aftemoon, she told me, and made
sure that all the cattle pot to drink. He kept track of how they were doing -
and would notice if one had gone nstray. As there were no fences around
her cattle’s grazing land, they could walk away at any time, but usually
came back home when they got thlrsty Sometlmcs a younger male relative
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would help out, if her hired cattle-hand nccdsd to go away. When he
 former employed cattle-hand quit, it took some time to find a new one.
Kobomo herself went to visit the cattle post evcrg.f week, to make sur
that everything was all right, to bring supplies to the i.ured hand, and simpl
to spend some time at the kraal. She used to go with her husband to th
cattle post when he was alive, and so she knew a good deal about catth
farming, Kabomo told me. The cattle were under hgr control and sh
decided herself what animals to sell and when.. The hired cattle-han
however, had the right to milk the cows for his own consumption. Kabomy
also went to the cattle post when it was time to vaccinate the cattle, or t
oversee other procedures such as selecting cattle to sell. She did not sel
enough cattle at any single time to get the BMC truck to come and fetc!
them from her kraal, but paid someone with a small truck to come and tak
them to the market place whenever a buyer advertised a market.
_-Another day, north from- Kabomo's house, Thato and 1 sat dow
outside a small house built of cement blocks.and circled by a low fenc
made of sticks to talk to Gendred, an old Herero widow. We travelled
good two hours on a wide sand road to the north of Charlgshill village t
reach Gendrede’s house that lay not far from her kraal. Typically, th
Herero women in this area live close to the kraal, 1 was told, unless the
were wealthy and could afford to have a house in the village and emplo
cattle hands. o . | ' | .
Although it was not yet noon that winter morning, the sun was warm an
we sought out the shade. Her house was a small cement square withot
electricity or running water, and sparsely furnished. Gendrede, in h
homed hat, characteristic of married Herero women, wore a long dress thi
reached her feet and had long arms and a high neck. The dress was said 1
be inspired by those worn by missionary wives from around the turn of tk
twentieth century. - '\ . |
She told us that her herd of around twenty individuals were out grazin
on the veld, out of sight. Later they would come in to drink at tf
watering hole close to Gendrede's house. Gendrede told us that hi
children used to help her take care of the cattle, and water them, but no
they were in school. She had hired a man to help her, as she was now tc
~old to walk far, or to catch the cows and tic up their hind legs when it wi
time to milk them. It was not always ensy to find a reliable cattle-han
fmd young boys went to school nowadays. The milking she did herself,
Is customary for Herero women, she added, and she tumed some of it in
sour milk by letting it stand in the shade for a few days. Her husban
who used to take all the decisions concerning the cattle, died some 1¢
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years apgo and since then Gendrede herself had managed the herd. She saw
them twice a day when they come to drink. When she needed to vaccinate
them or take them to the market, her children would come to help, but the
cattle were under her control and it was Gendrede herself who decided
what cattle to sell and when.

' However, contrary to the general understanding of widows’ cattle
ownership discussed earlier in this chapter, Gendrede explained that cattle
would not traditionally be lefi to the widow, but instead would be inherited
by onc of the sons. As the family usually fived together, everyone would.
still benefit from the cattle, she explained, and the sons would of course
support their mother. These days, Gendrede explained, families no longer
lived together and sons would quarrel over who should get the cattle.
Therefore, she decided to keep the cattle herself.

Cattle production at Kabomo’s and Gendrede’s Araals were gendered in
that they both claimed control over the herds only when their husbands had
died. However, they were gendered differently in that Gendrede used to
engage in the hands-on cattle tasks when she was younger, whereas
Kabomo's herd was always tended by a male cattle-hand. Today their
engagements are similar, save for the milking that Gendrede does herself
for her own consumption, In the followmg chapters | show how the way
that widows benefit from their cattle varies, as does their motivation to keep
- cattle. I also show how Herero women’s property relations to cattle vary.

On the fenced and non-fenced grazing land across Ghanzi District, the
daily life of the cattle and the daily tending of the cattle was, as we have
seen, similar. However, farmers on non-fenced land faced greater
challenges to access the market, as the story at the beginning of the chapter
showed, and the level of material welfare as well as the way that women are
involved differ, Further, it is not only widows, Hereros and ‘rich, white’
women who are involved in cattle production in Botswana today, as I will
show, and in the next section 1 discuss how women have different starting
points in terms of access to technology, capital, labour and the market,
providing them with different starting points from which to face the
opponunmes and challenges in cattle farming., Thus access 10 labour,
technology, capital and markels differs greatly among women cattle owners
in Ghanzi District, and access was to a large extent mediated by social
identity linked to hlstoncal property relations based on gender, ethnicity,
race and class and often accessed through other social relations such as
- through marriage or kinship (Ribot and Peluso 2003).
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Different sianing points for women catle owners in Ghanzi

The forty women cattle owners interviewed are all sclt’-i;!emiﬁed cattle
owners. However, their property relations and access to thclr. cattle differ.
Twenty-six had independent ownership with‘thcir own mg.lstcnfd brand
recognised by the state, and eleven were in co-ownership with their
husband. One woman used her mother’s brand, one used that of her
boyfriend, and one used that of her husband, while they all differentiated
ownership with earmarks. Although this allowed them to recognise claims
to different animals, it was the brand owner who _cpntmlled the sales, as we
saw in the story at the beginning of the chapter. B .
Land tenure, herd sizes and labour relations varied among the women [
met in Ghanzi. So did the ways in which they acquired their cattle, as I show
| throughout the following chapters. Inequalities in terms of ethnicity, race and
class discussed on a national level in chapter 4 are to some extent also present
among the women cattle owners that I interviewed. All of the women cattle
owners | interviewed with cattle on frechold Ghanzi Farms had acquired their
land as gifts from their parents or as inheritance from husbands. This Eroup
was made up of all the English and A frikaner women in my sample as well as
one Mokgalagadi woman. These women have different herd sizes, but all
“Affikaner and English women belonged to a higher class of wealthy families,
so even those with smaller herds had a comfortable material living standard.
Five of the women with cattle on tribal land in Charleshill sub-district had
their cattle on leasehold fenced farms (or had access to leaschold farms in
times of drought). They were Batswana, Bakgalagadi and Herero' women
with different sized herds and their access to grazing land was mostly
mediated through other social relations. Two of these women used prazing
land where the leases were registered by husbands, one by a boyfriend and -
two by parents, and one woman was allocated land herself by the Land
Board. In this way, even the women with smaller herds had gained access to
fenced grazing lands, albeit sharing it with others. o
Nineteen of the Batswana, Bakgalagadi and Herero women I interviewed
gfnzcd their _c‘attle on non-fenced, communal tribal land and one on the
wlln.ge grazing area. Six of these women had gained access to water and
grazing Iz.md by registering a borehole syndicate together with their husbands
- and mlut.wes. Five had access to grazing land through their husbands, five -
kept their grazing land rights when' their husbands died, and two shared
grazing land with relatives, Thus, the more attractive forms of property
relations to non-fenced grazing land were accessed through husbands or male
relatives, showing how such property relations are not only mediated through
class but also gender, ,
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Property relations to land are shaped by Botswana’s colonial heritage,
where descendants of the European elite still have private property rights to
freehold land and access to leasehold grazing land, with private usufruct
rights for non-European cattle farmers being limited to those with larger
herds, as we saw in chapter 4. Access to grazing land for the forty women
cattle owners that [ interviewed followed these patterns to a certain extent,
as the table below shows,

Table 2. Land tenure of the women cattle owners.

Fenced ~ Feneed Fenced Communal Communal
Frechold Rented Leaschold tribal ~ “Tribal Village
land Freehold [and land land grazingarea {  Total
*White' 9 3 0 0 0 12
‘Black’ | 0 4 19 | 25
‘San’ 0 .0 0 0 3 3
Total 10 3 4 19 4 40

The kind of property relations farmers have to land has an impact on
cattle management practices, The fact that Elisabeth, from the narrative at
the beginning of the chapter, had a fenced property increased her chances
of ensuring that all of her cattle have boluses inserted in their stomachs at
the time of sale, as she knows where they are at all times and can collect
them easily when the DVS officers come. The fences also increased the
chances that they will obtain sufficient access to grass and water to put on
enough weight to wield a decent price at the weigh-in. Further, it is easier
1o control calving seasons as she can separate the bull from the cows and
heifers at will. With most of the calves born around the same time, it is
easier to administer a larger sale that in turn reduces the proportionate
cost for transport, as well as the time and effort it takes to go through the
sale procedure. . : ‘

Unequal access to capital, in this case in the form of cattle and grazing
land, technology, here in terms of fences, and labour as Ribot and Peluso
(2003) suggest, shape the conditions under which the women cattle farmers
operate. - - \

For all Tswana and Kgalagadi women interviewed, except one who sold
fish nnd one who had newly started her herd, the cattle were their main
livelihood and source of manetary income, although for some, piece jobs,
crops, small stock production or a butcher’s shop supplemented their
livelihoods. For the three Nharo women, cattle were the only altemative
potential income besides drought relief programmes or dependence on their
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relatives, For all the Herero women, except for two who were nl.r:o wage
labourers doing administration or cleaning at the Rural Administration
Centre (RAC) in Charleshill village, onc of whom aiso had goz.ns, cattle
‘production was their main livelihood and only source of monetary income.
* Except for three of the Afrikaner and English waomen on the Ghanzi
farms — one of whom was a wage labourer, one ran a butcher’s shop, and
one was a student supported by her mother — live cattle sales represented
their main livelihood and source of incomc. Some of these women also had
businesses an the side, such as stud breeding, a hardware store or vegetable
plantation, and some also kept goats on the farm. The Afrikaner and
English farmers were thus all part of the wealthiest group in Ghanzi, and
belonged o the highest class of cattle owners. The Batswana, Bakgalagadi
and Herero, with larger herds and fenced grazing land, could be counted as
being members of the higher wealth classes (Bolt and Hillbom 2013a),
although while Batswana and Bakgnlagadi women that 1 met lived and
socialised together, the Herero women made up a more distinct community.

Although Afrikaner and English women were to some extent part of the
same ‘white’ high class community, they mingled more amongst
themselves than between ethnicities. Sometimes, race became important in -
relation to others, while at other times, it was ethnicity that was highlighted.
This was also done through hierarchies of class, as class was racialised, as
discussed above, Again, gender is brought to the forefront in combination
with ethnicity, race and class, shaping what is seen as appropriate and
reasonable for men and women to do, as I discuss further in chapter 6. Thus
multiple dimensions of social relations interact (McCall 2005) so that
relations to others emerge out of different social processes in an ongoing
and interactional manner (West and Fenstermaker 1995). Along which axis
that boundary. work (Kent 2002) is done thus varies. :

The majority of the Batswana, Bakgalagndi and Herero women 1
interviewed lived under poorer material living standards with small cement
houses and less material goods, and belonged to lower social classes than
the English and Afrikaner women, Some, however, with larger herds were
part of a wealthier strata and a higher class. The Nharo women I
interviewed were all part of the lower wealth and social class with poor
material living conditions. In addition, having the money, from cattle sales
ar otherwise, to buy feed for the cattle in times of drought or to send them
to the feedlot to reach the ideal weight for sales also makes a difference to
the ability to benefit from the cattle. ‘

The women farming on communal land in Ghanzi District who said
that they sold cattle told me that they sold either to the BMC, Marie's
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feedlot or to other ‘whites’, referring to other cattle agents functioning
ns middle men to the BMC. Farmers on large freehold farms,
predominantly white, contracted the feedlot to fatten their cattle from
time to time, and also bought feed for the cattle in their own kraals,
Although the weaner production system, focusing on selling calves at
“weaning age, does not intentionally set out to favour some groups over
others, it does play into the hands of those with opportunities to secure
enough feed or grazing to produce heavy weaners, as well as the feedlot
owners making a profit out of being middle men to the BMC (GoB
2013). It is in a sense a situation where those with a more privileged
starting point in terms of capital can benefit from the feedlot system that
encourages export beef production, while those farming under poorer
conditions find it harder to compete, : :
As Ribot and Peluso (2003) suggest, access to capital is crucial in order
to be able to benefit from a natural resource, in this case cattle. In a sense,
cattle can be thought of as both resource and capital, but as we shall see
later in this chapter, a large herd size represents something different than
simply more resources, as size in itself affects both herd growth and how
the herd is affected by removing individuals from the herd, when selling
them for example. As we have seen, access to land and cattle and grazing
land, and thus class, is influenced by gender, ethnicity and racialisation. In
this way, interlinked processes of power articulate historically situated
property relations to land and cattle (McCall "005) Funher. they also shape
farm labour relations in Ghanzi,

Labour relations linked to gender, ethnicity, race and class

Access to farm labour in Ghanzi is also defined by historically situated
social relations shaped through cattle production. Christine declured to me
that she would not know what to do without Xgaiga, and that she would
always take good care of him and his family. She tells me the story of how
she went with one of her Nharo-speaking employees to the healthcare
centre when she fell sick, in order to make sure that she got proper care and
was not discriminated against because of her ethnicity. Through stories of
the initial encounter between Afrikaner settlers and Nharo inhabitants with
an emphasis on a shared love of the land, Christine described the unequal
property relations and labour relations of Afrikaner, or ‘Boer’ and San, who
were often referred to ns ‘Bushmcn in Ghanzi as bcmg natural and
unproblemallc
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© C: When the setilers came in to Ghanzi they cncsmntcrcd-thc Bushman, [

think it's n symbiotic relationship between the Afrikaner flnd the Bushmen;
they were drawn to cach other. I think it’s more somcthu:g about the way -
they live. That's why they.. it’s like magnets. You can't tnkc away the
Bushman, what are we going to do? You can’t take us [the Afrikaner] out of -
the equation, what about the Bushman? We are dependent on each other and
[ don’t think that it would end in the near future — I’'m sorry. [Laughs]

A: Would you want it to end? .
C: 1 don't think s0. You know [...] It goes back to that kind of nnture’s

child. We ns Afrikaner farmers, we are also connected to the land as are the -
Bushmen. (interview 5 August 2013, Ghanzi town) n .

Through such stories, claims to land and labour become reasonable

(Fortmann 1995). They were cooperating in Christine’s view, and now live
in a mutually beneficial relationship. However, while she emphasised both -
her dependence on the San employees and their similarities in that they

were both connected to the land, there was also an unspoken rule

concerning the hicrarchical nature of their relationship. Bath ethnicity and

~ race become important here, as Christine draws on perceived differences

between both ‘whites’ and ‘Bushmen’ (Bhavnani 2001, Ballard 2002) and

at the same time appealed to the connectedness of the land that was

associated with both the San and the Afrikaner, or Boer. Class hierarchies

tied to property relations are in this way painted as ‘natural’ differences

between groups of people by alluding to race (Sundberg 2008). Both ‘race’

and ‘nature’ were here made important in terms of how they have been

related to each other throughout history (Moore et al. 2003).

The relationship between Xgaiga and his family and Christine and her
family was characterised by both closeness and distance. While Christine
praised Xgniga for his cattle skills, reliability and his attitude to life, an
unspoken rule made sure that he never went inside her house. “They don't.
like us sitting on their furniture” (ficld notes 7 May 2013, Ghanzi Farms),
explained Ditiro, the San man who was my translator, when he refused to
come with me into an Afrikaner woman’s house for tea, :

Christine's take on a mutual, historic dependency is in some ways
reflected in Russell’s (1976) as well as in Russell and Russell’s (1979)
reflections over early relations between ‘Bushmen’ and *Boer’ in Ghanzi,
as discussed in chapter 4, where emphasis lies on the similarities between
the Afrikaner and the African lifestyles rather than their roles as colonisers. .
It al_so reflects Guenther's (2015) understanding of the San-Afrikaner
relationship as one of ‘racial paternalism’ and an initial symbiosis.
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. When Thamae told his story, emphasis was on the abundance of food
and the freedom of the life before the fences in Ghanzi, in sharp contrast
with the scarce resources available as a cattle-hand today. When he was a
young boy, he and his family lived in the area, he told me, hunting wild

game and collecting roots, nuts and plants for food. When they were no --

longer allowed to hunt on the land and water sources outside of the farms
became scarce, they came to live on the farms. However, he did not like it,
he says, because he had nothing of his own and was unable to build
something for himself, :

His story, then, starts beforc Chnstme s story in time, and naturalises
different property relntions (Fortmann 1995) than Christine’s story does,
emphasising instead how they had been denied their longstanding access to
the land. His and his family’s property claims ta the land were thus not
sanctioned by the socially legitimate institutions of the new colonial elite who
had the power to enforce or deny them (Sikor and Lund 2009) and without
their claims being legally and socially recognised and enforced by an external
legitimised authority (Agarwal 1994b), they lost their rights 1o the land. Race
was here constructed together with the environment and bound up with ideas
about ‘nature’ and what were seen to be appropriate relations to it for
different people, defining resource allocation (Sundberg 2008). Further, class
relations were simultaneously constructed as the denial of Thamae and his
family's claims to access to the land made them dependent on Christine’s-
family and their neighbours; creating readily available labour for them.
Moreover, the relations were gendered as only men were employed as cattle-
hands at the kraals, with their wives expected to take care nl’ lhEll' household
and live off their husband's salary and rations. -

The hierarchy between the Afrikaner and Nharo people | met in Ghanzi
was upheld even outside of formal working relations, so that Nharo people
as a group were constructed and perceived as being on unequal terms with
Afrikaners as a group. While Christine praised the qualities of the
* ‘Bushmen® (San), it was clear that it was all right for her to engage with
- Nharo people differently than with Afrikaner or English people,
| Further, when | tagged along with Magriet, Peter and other white
farmers, 1 was always invited by white farmers 1o ride inside their trucks
while the ‘Bushmen’ always rode on the back. When driving with an
Afrikaner farmer and stopping somewhere for a visit, there seemed to be no
need for ‘us’ to inform ‘them’ about the plan, and when ‘we’ came back
~ after, for example, a forty minute coffee visit at a relative’s house, the
employees and other ‘Bushmen’ passengers rushed from the shade and
jumped up on to the back of the truck. Without a word, the farmer and I got
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_in the air-conditioned front seat and drove off., This situnltion left me with ar
‘embodicd experience of racial hierarchies and left me uncomfm:mblc.

It is o mutual understanding of a hicmrcl_lical relationship_ expressec
clearly by Ditiro’s comment above, revealing 1ha-t although he was _not' ever
an employee at the farm, he assumed that the Afrikaner farm owners did no

* want him - a ‘Bushman’ ~ inside their house. The apparent acceptance of
the social hierarchy between Afrikaner and Nharo, between white and San
is. also apparent in young Afrikaner. Yolanda’s comment on theis
relationship on the farm where she was raised: “They used to be our friends,
but when we grew up they became our employees” (interview 4 Decembe;
2013, Ghanzi town). Yolanda's statement captured neatly the naturalised
labour relations between Afrikaner cattle owners and San cattle-hands. Iy
provided her and other *white’ women cattle owners on the fenced Ghanzi
Farms with easy access to labour, facilitating their ability to benefit from
land and cattle (Ribot and Peluso 2003). o .

- Christine’s and Yolanda's statements were grounded in historical
socioeconomic relations that construct a world of inequalities, and identify
identified Nharo-speaking people ns - being -inherently different from
Afrikaans or English speakers. The way that cultural distinctiveness
coupled to race was used to differentiate between the two groups of people
in a way that placed them at opposite ends of political and economic
continuum (Hylland-Eriksen 1991, Ballard 2002) gave Xgaiga and
Christine very different starting points and possibilities. Additionally, the
essentialist nature of certain characteristics attributed to the constructed
ethnic category of Nharo made it possible for Christing to avoid a
problematisation of this relationship, while also helping to normalise o
situation of extreme inequalities. Other Afrikaner men were also hired as
- managers on Afrikaner-owned farms, and Batswana or Herero men and
women were hired for manual labour around the homestead, though rarely
living at the kraals like the Nharo employees, -

Labour relations between women cattle owners [ met in Charleshill sub-
district and the cattle-hands taking care of their cattle varied. Among the
Batswana, Bakgalagadi and Nharo women cattle owners, male family
members and relatives would oflen take care of their cattle in exchange for
monetary or other compensation, but unrelated men were also employed.
Similarly, among the Herero women [ met that did not live full time at the
kraal, it was common that family members or hired Nharo or Herero catile-
hands would take care of the daily tasks, while the women living at the
farms would do most of the daily work of watering and milking the cattle
themselves. The racial or ethnic divides between owner and worker were

128



