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Abstract

Growing season rainfall is the most important factor in rain-fed arable agriculture in semi-arid
climates. Knowledge of rainfall distribution is needed to make farmers aware of possible crop
yield obtainable during and at the end of growing season and also help povernments with
information for the attainable of food security. The goal of this study was to examine the
relationship between crop yield and growing secason rainfall distnbution in an attempt to
contribute to food secunity early waming system. Specifically, the study determined the
relationship between total seasonal rainfall, total number of miny days, average maximum
temperature and sorghum yield. The established relationship was then used to determine the most
sensitive growth stage (s) for yicld loss. The study explored the relationship between seasonal
rainfall distribution and total seasonal rainfall with crop yield for Chobe agricultural district and
Barolong agricultural sub-district. In general, seasonal rainfall showed a negative slope while
sorghum yicld had a positive gradient for Chobe agricultural district. For Barolong agricultural
sub-district, a positive trend was observed in both seasonal minfall and sorghum yield. Number
of rainy days and sorghum yield indicated a positive slope for Chobe agricultural district while
for Barolong agricultural sub-district, a negative slope in rainy days was observed while sorghum
yield had a positive gradient. Exploratory results show that sorghum yield fluctuated with
rainfall. Over the years, rainfall and sorghum yield ﬂ-uctunlcd for both districts. Average
maximum temperature at flowering stage had high correlation with sorghum yield (0.62) for .
Chobe agricultural district. For Barolong agricultural sub-district, the following showed high
corrclation with sorghum yield; total rainfall amount at maturity (0.85), total number of rainy
days at pre-sowing, slnge (0.79) and total number of rainy days at maturity stage (0.72). There
were no differences in sorghum yield for both districts because both confidence limits at 95%

vil



include the mean of sorghum yield for the respective study periods. Temperature at flowering
stage was the only significant (P < 0.02) explanatory varable for yield for Chobe. For each
degree Celsius increase in average maximum temperature at flowering stage, sorghum yield
increased by 0.223 kg/ha for Chobe agricultural district. If there was no influence of average
maximum temperature at flowering stage, yield would be less 5.483 kg/ha. For Barolong, rainy
days at pre-sowing stage (P <0 .02}, rainy days at maturity stage (P < 0.002), and rainfall amount
at maturity stage (P < 0.02) were significant. For each increase in number of rainy days at pre-
sowing stage, yield decreased by 0.829 kg/ha while at maturity stage, an increase in a number of
rainy days, decreased sorghum yield by 3.376 kg/ha. An increase in rainfall at maturity stage
increased sorghum yield by 0.912 kg/ha. The maost sensitive stage (s) for sorghum grain yield
loss due to high rainfall experienced in Chobe agricultural distriet was the flowenng stape, with
maximum temperature being the limiting factor while for Barolong agricultural sub-district were
the pre-sowing (minfall distribution more than enough) and maturity stages (total rainfall amount

limiting and rainfall distribution more than enough).

Key words: Botswana, food sccurity, growing season, sorghum, waming system, weather

conditions, yield |
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CHAPTER ONE

1.0 INTRODUCTION

Dryland-arable agriculture will continue to be the base and main source of staple food production
{or the majonty of the rural poor in subTSaharan Africa. Global rain-fed agriculture currently
provides 60% of the world's food (Cooper et al., 2008). Nevertheless, output from rain-fed
agriculture is largely determined by climate especially rainfall (Weare, 1971).Therefore,
production confidence related to rainfall variability remains an essential limitation to many
investors who often over-estimate the negative impacts of climate induced uncertainty (Cooper et
al., 2008). Thus the need to examine the relationship between weather and crop production is
increasingly becoming important especially with a prowing global population and a changing

climate (Sakurai et al., 2011).

Chipanshi ct al., (2003) noted that shortfall in Iacally produced grain in Botswana is due to lnck
of rain. Therefore, subsistence farming houschnlds that primarily depend on the arable sector are
most vulnerable as production is low and highly variable. Mwamba (2007) concurred and
highlighted that most agro-ecosystems in semi-arid countries are characterized by drought both
within and between seasons leading to food insecurity and rural poverty. Hence, an timprovement
in the umicrslﬁnding of the influence of climate on ngﬁﬁultuml prd'ductil:-m is necded to cci[::'c_iwillli |
expected climate change related to weather (Rowhﬁni et al., 201 . This understandiﬁg is crucial
for the development of proactive approaches to deal ivim;'rﬁinfnll varinbility on rain-fed

agriculture if the Millennium Development Goal of eradicating extreme poverty and hunger is to



be achieved (Mwamba, 2007). One way of doing this, is to make farmers aware of the possible

quantity of crop yield that will be obtained at the end of the growing season and during the

season based on the amount of rainfall at different crop growing stages.

| Vossen (1990) noted that a characteristic of the semi-arid regions is not a lack of rainfall alone,
but also the unpredictability of its precise distribution within a season. Therefore, rainfall
variability has a direct and often adverse effect on the quantity and quality of agricultural
production (Mollah and Cook, 1996). In and regions, the total length of dry spells within a
season exceeds that of the period that crop growth without water stress would have been possible
in most years, leading to severe yield reduction (Vossen, 1990). As a result the growing season is
confined to few periods when there is adequate soil moisture. 'I'hcrefnre; the seasonal nature of
the rainfall and the possibility of drought condition arising at the start and during rainy season
are the most factors iﬁﬂuenﬁing rain-fed arablé agriculture (Vif:lor et nl.,l 1994). Rnsenﬁveig et
al.,. (2001) noted that the degree of crop damage due to wc‘arthcth'-t.:lcments depends on the
exposure to stress and crop developmental stage. Thus, crop yie]d# are most likely to suffer if
unfavourable weather cundilinné, especially high temperature and excess or deficit pmciﬁitntiun,

occur duﬁng cridical developmental stages (Eze, 2001),

1.1 Justification of the study

Although many studies have evaluated the effects of climate change on crop yieldg (Lobell unfl -
Asner., 2003; _Eischer et al., 2005; Parry et al,, 2005; Porter ;md Semenov 2005; Mall et al,, 2006;
Lobell and Field 2007; Lobell et al,, 2008; Schlenker and Roberts 2009; Sakurai et al., 2011),

few studies have considered the temporal varinbility in the relationship between rainfall and i:rup |



yield (Eze, 2001; Qian ct al., 2009a; Qian ct al., 2009b; Ibrahim et al., 2011). Thompson et al.,

(2010) highlighted the research gap between rain deficit and crop productivity in Sub Saharan

Africa.

1.2 Statement of the problem

Out of the total arable land area (4074 km:) in Botswana, less than 1% is under cultivation
(SADC, 2008) probably due to low and variable rainfall, which makes farmers’ strategic and
tactical decision making difficult (Chipanshi et al., (2003). Mwiturubani and Wyk (2010)
highlighted the relationship between minfall and area planted at various lag years in Botswana.
As the country is semi-arid, rainfall is unpredictable therefore, a limiting factor to dryland crop
production. Most of the rainfall is generally made up of considerable small amounts of high
intensity downpour resulting in reduced infiltration. Rainfall in the country is marked by
fluctuations in both monthly distribution and total scasonal rainfall amount (Weare, 1971).
Parida and Moalafhi, (2008); Batisani and Yamal (2010) observed a trend towards decreased
rainfall throughout the country, associated with decreases in the number of rainy days. This trend

has an effect on quantity of harvest that is obtained at the end of the growing season (Vossen,

1990).

1.3 Objectives

The overall objective of this study was to examine the rclationship between crop yield and

growing season rainfall distribution in order to contribute to food secunty early warning system,

Specifically, the study



1 Explored the relationship betwcen total seasonal rainfall and crop yield for two sorghum
growing agricultural districts in the country.

2 Delerm_ined the relationship between total seasonal rainfall, total number of Tainy days
(total rainfall distribution), average maximum temperature and sorghum yicld.

3 Used the established relationship to determine the most sensitive growth stage(s) for yield
loss



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Rain-fed farming system

Rain-fed farming systems are the dominant form of agriculture among subsistence farmers in
Africa and the technique is considered cheaper than irrigation due to low technology
requirement, however it suffers the risks of heavy reliance upon rainfall for water resources
(Thompson et al,, 2010). Subsistence agricultural systems are thus particulnrly sensitive to

increased instabitity of rainfall, resulting in impact on food crop yiclds (Cooper et al., 2008).

Performance of agriculture plays a major role in the progress of the economy in achieving the
devélopmcntal' goal of promoting food securnty. Food sccurity is a componentm of a number of
variables such as technological input, government policies and environmental factnré at which
the farmers’ level should understand to take lh-c nntioln to food security level (Adeniyi et al.,
2009). Agriculture being constraint b_;,r lack of rninfall, the productivity remains the most _crﬁciul
factor based on which the country's food secunty goal can be attained if there ié suéminable
agn'.c"ul'ture. Hence, the uﬁsuciulinn between minfﬁll and yields should be investigated regionally

to assess the importance of the water regime in determining yields (Hess ct al., 1995; Stephens

and 'Lyunqs, 1998).

Dcspiic the fact that the contribution of arable pgriculture to ccohnmy of semi-arid countries is -

minirlnal', it plnys a role in the livelihoods of many run.:tl'l'{m_zschnlds, especially femnle headed



households (UN, 2007). Large-parts of some sem; arid countries are devoted to )jvestock
praduction as opposed to arable agriculture. The area under crops varies from year to year
because countries are prone to drought on a regular basis, due to the number of rainy days which
15 decreasing (Batisani and Yarnal, 2010).Thus, there is a disparity between areas planted and
areas harvested in most years, since the harvest depends on rainfall during the growing season.
Mary and Majule (2009); Hess et al., (1995) have noted that as well and the changes have
affected crops in 2 number of ways, resulting in reduced productivity. Mwang’ombe et al,,
(2011) found that successful rainwater harvesting is the most important technique in improving

access of the farmers in reducing the problem of crop failures due to rainfall variability.

22 Crop yield and seasonal weather conditions

Ramfall is a reasonable measure of dryland crop production because:_ dryland cropping has been
found to be sensitive to rainfall but not average maximum tf:tnpcrﬁturc variability (Chikozho,
2010; Jerie and Ndabaningi, 2011; Wimalasuriya et al., 2008; Sowunmi and Akintola, 2010).
However, the degree of sensitivity ta rainfall vanability may differ significantly between regions.
Other factors being equal, farm inputs, for example, fertilizers and chemicals appear to be less

mipartant than rainfall (Wimalasuriya et al., 2008).

Ramfall varies both in space and time (Graef and Haigis, 2001; Ayun]adc and Odckunlc, 2009; ,.
Mwamba, 2007; Batisani and Yamnal, 2010). Ayanlade and Qdckunle (2009) d_iscm{crcd that the
anomalies (such ag decline im annual rainfall, change in the peak and retreat of rinfall and false
start of rainfally are detrimental to crop germination and yield, resulting in little or no harvest at
the: end of the ﬁcasnn;. Changes of precipitation coupled with characteristic high rates of

6



evaporation exhibited by semi-arid areas may lead to increased water shortages and affect soil

moisture content on which crops depend on.

Victor et al., (1994) revealed that the tremendous variability in rainfall from season to season
makes difficult for people to plan for the coming season. They currently have little or no ability
to predict the date of the onset of rains or their amount, distribution, or duration. Hence, this calls
for better and timely seasonal crop yield forecasts model to enable decisions at farm level.
Current estimation of crop yield from the amount of minfall that has been received for the
previous years of the growing season is very important. Mollah and Cook (1996); Graef and
Haigis (2001); Gadgil et al., (2002) noted that the records provide evidence of considerable
rainfall variability and enhance better conditions for agriculture in the region. Vagueness about
rainfall is pointed out when information is available concering the possible variability and

frequencies of historical occurrences of rainfall and its impact on crop yields, thus, the intention

of the study to look at.

Adaptation ‘to negative’ changes brought about by climate can result in positive outcomes
(Cooper et al., 2008). Pcople have dc#elnpcd' mechanisms to survive long periods of water
shurtngc and during dry pi:riud.s when food is scarce. They have traditionally adapted their
cropping pattern, farming systems, and management of water resources to cope with a dry
environment (Ekaya, 2007). Also, with appropriate investment in their farming practice, rural
communities can do much to protect their agricultural pmductivily’ in ﬂu: chg of Jc].ihr.ngti; -
changes. Based on a pmpt;:f understanding of the tcmpoml implications of rainfall variability I'c:r.“'

rain-fed agriculture, the same can be true for Sub Saharan Africa (Cooper et al., 2008).



Forccasting of rainfall based on its historical occurrences during the miny season is important.
This would enable agro-farmers 1o adequately prepare and take advantage of anticipated
moisture surplus or avert production shortfalls if moisture deficits are predicted (Mogotsi et al.,
2011). Thus, easily understood rainfall variability would enable better accuracy of predictions on

crop yields and allow farmers to buffer their livelihoods against the adverse effects of rainfall

variability and ensure sustainable rural development.

Weather data linked to changes in crop yields can also be instrumental in expanding crop
insurance schemes to farmers in risk-prone environments (Wimalasuriya et al., 2008) because
crops principally respond to daily or sequences of daily rainfalt, and thus daily rainfall becomes
the key parameter in rain-fed agriculture. The use of such records allows the determination of the
probability of occurrence of a wide range of parameters of importance to agriculture and hence
the nisk associated (Cooper et al,, 2008). Victor et al., (1994) found that analysis of available
weather record primarily rainfall and evapotranspiration coupled with crop vield data permits
evaluation of the suitability of a given crop for production at the planting site and the carliest and
latest acceptable dates of the onset of the rins for growing the study crop. The method can also
be used to predict the likely yields of the crops two months before harvest and holds great

promisc for use on an operational basis in dry farming areas Victor et al., (1994).

2.3 Agronomy of Sorghum

Sorghum plant (Sorghum bicolor) falls under the categories of cereal crops. The crop can be able

to withstand period of drought better than most cereals and tolerates a wide range of soils

(Aﬁnnh-Agycmnn et al., 2002). It can be grown in a rainfall as low as 250 mm and tempt:i'atufe



of up to 33 °C (DAR, 1999). However, it performs better under more favourable conditions of
moisture, temperature and relative humidity (Eze, 2001). Sorghum is grown on a wide varjety of

soils ranging in pH from 5.2 10 7.5 (DAR, 1999;Armah-Agyeman et al., 2002).

The time of planting for sorghum depend on the region, varicty and season. Planting dates are
important particularly for late maturity cultivars that are likely to be damaged by frost if planted
late. The risk of crop failure increases with the delay in planting (Eze, 2001; Armah-A gyeman et
al., 2002). Late November to early December is considered a good planting period for sorghum
in Botswana (DAR, 1999). Double ploughing is recommended for heavy soils to enhance water
infiltration and in other soils where persistent weeds are a problem. High yield of sorghum crops

requires adequate nutrition, where phosphate and nitropen fertilization can be significantly

increase yield (DAR, 1999),

Row planting is rccommended for sorghum to ensure good plant population and facilitate
mechanization of ficld operations such as weeding and harvesting. The recommended inter-row
spacing.is 75 cm and intra-row spacing depends on the required population (DAR, 1999).
Planting depth of 5-10 cm is recommended on sandy soils as they dry out faster and 3-5 cm for
heavier soils. Sorghum should be weeded at least once at the early vegetative growth stage as

seedlings initially are unable to compete with weeds for water and nutrients (Armah-Agyeman et

al., 2002).

The major insect pests of sorghum are stem borer and African bollworm. Quelea birds are also a

major problem especially in isolated ficlds. Sorghum is susceplible to a range of leaf and panicle



discases (DAR, 1999). The major ones are late blight, downey mildew, charcoal rot, sugarcane
mosaic virus and long smut (Armah-Agyeman et al., 2002). Crop rotation is a good management
practice for maintenance of soil fertility and pest control. Sorghum should be harvested at
physiological maturity when no assimilates are going into sced or dry matter is being

accumulated into the seed (DAR; 1999). At this stage, a black brownish layer forms at the

bottom of the seed.

Sorghum plant develops into different stages with each having distinctive characteristics. The
time required to each stage depends on varieties, planting patterns and environment in which it is
growing (Mutava, 2009). Other factors such as soil fertility, insect or disease damage, moisture
stress, plant population and weed competition may also affect both timing of the various stages
of development and condition of plants at each stage of development. The major stages are
vegetative, flowering and matunity (Table 1). Vegetative stage occurs approximately 30 days
after emergence and is about one-third of the time from planting to physiological maturity (DAR,
1999). Stresses from weed competition, nutrients, water or insects can dramatically reduce yields
if not corrected. During flowering stage, half of the total dry weight of the plants has been
attained (Mutava, 2009). This stage usually represents two-thirds of the time between planting
and physiological maturity. Severe moisture stress can results in poor head filling. Maximum
total dry weight of the plant occurs at physiological maturity. Thus nutrient uptake at this ﬁoint 1S

essentially complete.
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Table 1: Duration of sorghum growth stages

Sorghum growth stages

Duration (Days after sowing-DAS)

Vegetative stage

Flowering stage (50% flowering) 60-65

Matunty stage 125

Source: Department of Agricultural Research (DAR) (1999)
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CHAPTER THREE

3.0 METHODOLOGY

3.1 Description of study area

Botswana is a land-locked country located in Southern Africa (Figure 1). It is bordered by South
Affica to the east and south, Namibia to the west and north, Zambia to the north and Zimbabwe
to the north-east. it lies between approximately 20° to 30°E and 17° to 27°S. Mean altitude
above sea level is approximately 1000 m. The country covers approximately 582,000 square
kilometers with an estimated population of 1,849,681 (Republic of Botswana, 2011). Much of
the country is flat, with gentle undulations and occasional outcrops. About two thirds of

Botswana’s land area is covered with thick sand layer of the Kalahari Desert (Chanda et al.,

2001).

Botswana is close to the sub-tropical high pressure belt of the southem hemisphere and is driven by lwc;
distinct climate zones with the majority falling under the Zaire Air Boundary climate zone to the innrth.
This system brings the summer (Novcxﬁhcr to Apnl) thunderstorms and heavy downpours of rain. Mn;t
of the rains are due to convcclinn-pmccss and are therefore highly variable in incidence in both spabe and
time am;i ténd to occur in the aﬁcmuuns. As the country's position at the ccnlcf of the Southemn Afncan
platéau, aﬁ.c'ra'gc height of 1,000 m, with high evaporation rates of over 5;4,173 mm pi:r annum, mnkcs its
climate to be continental and semi-arid (Weare, 1971). ‘Héncc the effect of low and unreliable rainfall |
makes rain-fed arable farming a risk activity to undertake (Chipanshi ot ﬂ]". (2003). Inter-annual
variabilil? of rainfall is high, combined with high evapotranspiration rates, results in shortage of water in-

the country where drought is a recurring hazard and raising of crops a gamble in the rainy season

(Ramothwa and Minja, 2001).
12



For agricultural administration purposes, the country is divided into ten agricultural regions and
27 agricultural sub-districts (Figure 1).The most productive agricultural sub-districts include
Barolong, Bamalete/T lokweng, Tutume, Ngwaketse South, Tonota, Tati, Kgatleng, Mahalapye
and Machaneng. These most productive sub-districts are feasible in terms of crop yield potential,
spatial distribution of cultivated lands and agricultural development, hence, given first priority
for consideration of development of min-fed agriculture in the country. The second priority
agricultural districts are Serowe, Ngwaketse Central, West and North, Bobonong, Selibe-Phikwe
and Palapye while Kweneng North, Kweneng South and Kweneng West are given the third
priority. Rain-fed crop production is not viable in the greater part of Ngamiland East and West,

Okavango, Ghanzi, Letlhakane, Tsabong and Hukuntsi agricultural sub-districts because of low

soil fertility (MoA, 2000).

For this study, Barolong agricultural sub-district and Chobe agricultural district were evaluated
(Figure 1). Chobc agricultural district is located between latitudes 18°25'S to 18;’40'8 and
longitudes 025°05°E to 025°47E while Barolong is at 25°30'S to 25°45'S and 025°Q0°E to
025°45°’E. These two sites have been chosen because they have a long history of arable
agriculture productivity and output. The soils are predominantly luvisols for Barolong
agricultural sub-district and vertisols for Chobe agricultural district. The vertisols in Chobe
agnicultural district have water holding capacity of 51.1% while luvisols of Barolong agricultural .
sub-district have only 43.8% (Ngole and Ekosse, 2008). The annual vadation of the sun’s .
declination causes the. main pressure systems (tropical high pressure systems) to shift latitudinal

(annthwa and Minja 2001). This results in the annual north/south oscillation of the Inter-
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tropical Convergence Zone (ITCZ). When the ITCZ is active it brings heav_y showers to the
northern parts of the country, hence, results in the type of rainfall experienced in Chobe
agricultural district which is nslhigh as 600 mm in total annually with maximum tecmperatures
ranging between 26°C to 34°C and minimum temperatures ranging between 11°Cto 20°C. But
when other conditions, such as temperature in summer are favourable the ITCZ position over the
southwest Indian is a source of tropical lows and unstable easterly waves which trigger the
formation of tropical storms and tropical cyclones. Cold frost which traverse the Atlantic and
Indian Ocean from west to east occasionally give rise to some rainfall which tend to intrude
further north into the subcontinent. Such rainfall mainly affects the southem parts of the country,
hence, influences minfull in Barolong agricultural sub-district which receives total annual minfall

of about 500 mm with maximum tempcratures generally reaching highs of around 44°C while

the minimum temperatures are around -6°C.
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Figure 1: Study sites and agricultural districts
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3.2 Selection of study crop

Principal arable crops grown in Botswana include; maize, millet, sorghum and cowpeas, Maize

has less labour required, can produce more than one cob and less pest attack. However, it has less
drought resistance as compared to sorghum. Hence, sorghum is the major crop grown in the

country while maize is the second most important crop. Therefore sorghum was selected for this

study.

3.3 Data collection

Rainfall and temperature data from the Department of Meteorological Services for a 25-year
period 1978-2003 growing seasons (October to March), and crop yield data for the same period
were collected. The study used weather data that is over 10 years because it was the only
avatlable data, Dckad rainfall and daily maximum temperature for Pandamatenga, Goodhope and
Kasane synoptic stations were used. Pandamatenga and Kasane synoptic stations represented
Chobe agricultural district while Goodhope represented Barolong agricultural sub-district. Crop
yield data for Barolong agricultural sub-district and Chobe agricultural district was obtained
from the Central Statistics Office, Crop yield data for Chobe was from traditional farmers while
for commercial farmers, the data was inaccessible. Missing data for rainfall and temperature at
Goodhope synoptic station was filled using data from Kanye, the nearest weather station (59 km)
[Pi!anc et al.,, 2004). Planting datt;:s of sorghum for the past years (average five years) ‘was
dbtained from Southem agricultural regional office (for Barolong agricultural sub-district) and -
Chobe district agricultural office and were qscd to establish sorghum gfo'.Wh stages. Crop growth

itages are distinct morphological landmarks of the crop at a specified point in its life cycle

16
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(Pujaret al., 2006). The growth cycle of sorghum were described in tenms of the following

development phases (Ibrahim et al., 2011):

(1) Vegetative phase (from sowing to head initiation)
(2) Flowering or panicle development phase (from panicle initiation to anthesis)

(3) Grain ﬁlling or physiological maturity (from heading to the end of grain filling)

The pre-sowing period (for rainfall only) and total growing season was considered in the study
mnlysis together with these phases (Ibrahim, et al., 201 1). The pre-sowing period was included
in the study analysis because agro-climatic conditions before the growing se;zsnn might have
some influence on yield, although such influence could be indirect, that is through connections
between pre-season and growing season climate (Qian et al., 2009b}. The data set also includeﬁ
the number of 10 rainy days for the growing season, which was defined as wet days with
effective dekad rainfall amount =10 mm (Araya and Slmqsnijdcr, 2011) or else considered as

dry days, Effective minfall was the amount of rainfall infiltrated into the soil and was calculated

based on the following relationship:

D:ﬂ':'Drlinx(]'o-zs) . X o T ' (1'0)

Whﬁe; D.qris the dekadal effective rainfall (mm), Dpig ts the dekadal mainfall and the factor 0.25
accounts for the estimated average runoff of 25% (Araya and Stroosnijder, 2010). Temperature

was introduced in the study as a confounding factor.
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3.4 Methods of data analysis

Exploratory relationship between crop yield and minfall was carried out and graphs were
constructed to study the relationship between total seasonal rainfall, rainy days and'crop yield.
Time-series analysis was also used to reveal trends and seasonal variations in minfall and crop
yield. Descriptive statistics were calculated to determine the relationship between crﬁp yield and
rainfall, These included: corre]ulinn.coefﬁcient, coefficient of determination (R?) and Root Mean
Square Error (RMSE). Confidence limits were used to evaluate the differences in sorghum yield
within Chobe agricultural district and Barolong agricultural sub-district. The total study periods

were divided into three periods and the average of sorghum yield for those years was computed.

Corrclation analysis between minfall, temperature and final sorghum yield at various crop
growth stages was undertaken to determine the rclationship between the variables and 1o
compare sorghum yield with the total seasonal rainfall, number of rainy days, and average

maximum temperature at various crop development phases over time for the growing season.

The relationship established between rainfull, temperature and final sorghum vyield at various
crop growth stages was used to determinc the most sensitive stage (s). This analysis was carried

out through a multi-linear regression model (equation 2) (Lobell and Ficld, 2007; Omonona and

Akintola, 2009; Ibrahim et al, 2011).

—ﬁo'*' ﬁmi + Bax 15 +83X 1k HBsX tm +BsX1n + BeXai + 57)(21 '*‘ﬁasz _ -
+59sz +@310X2n + ﬁl 1X35 FB12X 3k HB13Xam FR1aXan + € _ (2.0)

Y = sbrghum vield, By= y- intercept (constant), X 1= total rainfall amount, = total number of

miny days, x3 = average maximum temperature, i, j, k, m, n = pre-sowing stage, vegetative stage,
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flowering stage, maturity stage and total growing season stage respectively, g i 31 B3 Bs=

coefficient of total rainfall amount at pre-sowing stage, vegetative stage, flowering stage,

maturity stage and total growing season stape respectively, B¢ 87, Bs f9 B0 = coefficient of total
number of rainy days at pre-sowing sta ge, vegetative stage, flowering stage, maturity stage and
total growing season stage respectively, Bi1, 12, Bia Bis = coefficient of average rmaximum

temperature vegetative stage, flowering stage, maturity stage and total growing season stage

respectively, and € = error component

To cater for the variability brought about by management practice, the difference between the

final yield at each growing scason and mean long-term yield for all gmwing seasons was

computed. These differences were used as input data for yield in all analyses.

The regression model was dcvclopéd using Statistical Analysis Sofiware (SAS.). Rainfall and
yield data input inlo the software for correlation and regression analyses were log trans formed to
correct skewed distributions. Stepwise regression was cmployed for the selection of the
predictors in multi-linear regression model used for estimating sorghum yield from pre-sowing
stage through harvest (total growing season). Thus, the model was used to establish the most
sensitive growth stage (s) for yicld loss. The goodness of fit of the model was judged by the
coefficient of determination (adjusted-R?) statistic (Sawa and Tbrahim, 2011; Ibrahim et al,,
2011), which mecasured how much of the total variability in yield was accounted for by
regressing yield on rainfall and temperature. The accuracy of the mode! was examined by the

Root Mcan Square Error (RMSE) (Qian et al., 2009b).
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CHAPTER FOUR

4.0 RESULTS

4.1 Time-series for rainfall and sorghum yield

Rainfall fluctuated with sorghum yield at Chobe agricultural district except in 1984/85, 1987/88,
1989/90, 1996/97, 1998/99 and 2002/03 seasons where a negative relationship was observed
(Figure 2). Thus, a rainfall increased, yield increased and vice versa while during some years an
increase in rainfall resulted in a decrease in yield. For some years, rainfall remained constant
whereas yield fluctuated and vice versa. In general, seasonal rainfall showed a slight negative
sfope (Y = -0.338x + 363.3) and did not explain any variati.un 0.0%. Sorgh-um yield indic:;tcd a

positive slope (Y = 3.510x + 107.2) with a variation of 11. 2%.
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Figure 2: Relationship between total seasonal rainfall and sorghum yield (Chobe
agricultural district)

For Barolong agricultural sub-district rainfall fluctuated with sorghum yield except in 1984/85,
1989/90, 1994/95 to 1997/98 and 1999/00 to 2001/02 growing scasons where rainfall increased
while sorghum yield decreased and vice versa (Figure 3). During 1982/83, 1983/84, 1985/86 and
1986/87 growing seasons rainfall remained constant while yield fluctuated. A positive trend was
observed in both seasonal rainfail and sorghuin yield (Y= 1.257x + 272.9 and Y= 24.16x + 181

respectively.) with differences of 0. 5% and 7.3% respectively.
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Figure 3: Relationship between total seasonal rainfall and sorghum yield (Barolong

agricultural sub-district)

Comparatively, total seasonal rainfall showed similar trends with sorghum yield response at
Chobe and Barolong district (Figure 2 and 3). For 1978/79 to 1981/82, positive fluctuations of
rainfall with yield were Dbscwcd for both agricultural districts. A negative relatmnshlp between

total sensonal rainfall and final sorbhum yield was obscn'cd for 1984/85, 1989/90 und 1997/93

sSCasons.

Number of rainy days and surghum yleld ﬂuctualcd with surghum ylcld fur Chobe agncu]tural |
dlstnct except in 1984/85, 1992/93 101997/98 and 2002/03 periods where a ncgnuvc relationship
had been nbscwcd (Figurc 4). For 1982/83 to 1983/84 and 1988/89 to 1989/99 seasons, the

number of rainy days remained constant while yicld fluctuated. Number of rainy days and



sorghum yicld showed a positive gradient (Y= 0.047x + 8.252 and Y= 3.510x + 107.2

respectively) with variations of 3.2% and 11.2% respectively.
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Figure 4: Relationship between rainy days and sorghum yield (Chobe agricultural district)

For Barolong agricultural sub-district the number of rainy days ﬂﬁctuatcd with sc:;rghum jield
Excepl .in 1982[83, -198.5136, 1992/93 to 1997/98 and 2000/01 to 2001/02 (Fi.gt-lrc. 5). Duﬁﬁg
1980/81, 1981/82 and 1997/98 to 1999/00 scasons, the number of rainy days remained constant :
whilc yicld ﬂ_uc:tuuled. Generally, a ncgative slope in rainy 1:1:154'13= (Y= -0.003x + 7.7_5‘_?)@&5
observed while_‘snrghum yield had a positive gradient (Y= 24.16x + ]‘Bl.l). The vaﬁ_nlipﬁs in’

rainy days and sorghum yield were 0.0% and 7.3% respectively.
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Figure 5: Relationship between rainy days and sorghum yield (Barolong agricultural sub-
district)

Relatively, Chobe and Barolong districts showed similar trends for the relationship between the
number of rainy days and sorghum yicld for 1978/79 to 1979/80 seasons (Figure 4 and 5).
During this period, the number of rainy days fluctuated positively with yield. For 1992/93 to
1997/98 scasons, o negative relationship between the number of rainy days and sorghum yield

was observed,

Total seasonal rainfall and number of rainy days showed similar trends with sorghum yield
response at Chobe agricultural district (Figure 2 and 4). For the 1978/79 to 1981/82, 1990/91 anﬁ

1999/00 seasons, a direct positive fluctuations for total rainfall, number of rainy days and

sorghum yield was obscrved. As total seasonal rainfall and number of rainy days increased, yield

responded in the same manner and vice versa. Nevertheless, total seasonal rainfall and number of
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rainy days had negative rclationships with sorghum yield in 1984/85. As total seasonaj rainfail

and number of rainy days increased, grain yield decreased. During 1996/97 and 2002/03 seasons

total rainfall and number of rainy days decreased while yield increased.

For Barolong agricultural sub-district rainfall had a positive relationship with yield for 1978/79,
1979/80, 1985/86, 1987/88 and 1988/89 seasons. Total seasonal rainfall and number of miny
days showed similar response with sorghum yield during those periods (Figure 3 and 5). An
increase in rainfall was accompanied by an increase in yield whereas a decrease in rainfall was
related to low yield. A negative relationship between total seasonal rainfall, number of rainy days

and sorghum yicld was observed for 1994/95 to 1997/98 and 2000/01 to 2001/02 growing

5€a50mns.

Over the years, seasonal minfall (five-ycar avemages) increased and then decreased while
sorghum yicld fluctuated, at Chobe agricultural district (Figure 6). At Barolong agricultural sub-

district, seasonal rainfall decreased and then increased while yield fluctuated (Figure 7).
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Figure 6: Seasonal variations In rainfall amount and sorghum yield (Chobe agricultural
district)
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Figure 7: Seasonal variations in rainfall amount and sorghum yield (Barolong agricultural
sub-district)
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At Chobe agricultural district, rainy days

increased and then decreased while sorghum yield

fluctuated over the years (Figure 8). Rainy days and sorghum yield fluctuated topether at

Barolong agricultural sub-district (Figure 9).
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Figure 8: Seasonal variations in rainy days and sorghum yield (Chobe agricultural district)
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Figure 9: Seasonal variations in rainy days and sorghum yield (Barolong agricultural sub-

district)



Table 2 shows correlation of rainfall and lemperature at different development phases (pre

sowing, vegelative, flowering, maturity and growing scason) with final sorghum yield for Chobe

final yield while for the vegetative stage, no climatic élements correlated well with the fipal yield
although rainfall had a weak positive correlation but insignificant. Average maximum |
tcmperature had a negative relationship with final yield and insignificant at vegetative stage,
Nevertheless, average maximum temperature was found to be significantly (P <0.01) and
positively highly correlated with the final yicld of sorghum during the flowering stage. There
was a negative relationship between rainfall and sorghum yield at flowering stage. Also, minfall

was insignificant at this stage.

No climatic variable comrelated significantly with final grain vield for the maturity stage for Chobe
agricultural district (Table 2), Total rainfall amount had a weak positive correlation with yie]d‘
while number of rainy days and average maximum temperature each had negative correlations
with sorghum yield. Rainfall had a negative correlation with the sorghufn yield for total growing

season while average maximum temperature had an insignificant weak positive correlation with

the final yicld.
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Table 2: Corrclation between climatic variables and sorghum yield at different prowth
stages (Chobe agricultural district)

Climatic element Sorghum yield
Total rainfall amount at pre-sowing stage

0.20

Total rainfall amount at vegetative stape , 0.07

Total rainfall amount at flowering stape -0.26

Total rainfall amount at matunty stape | 0.08

Total minfall amount at total growing season |

Total number of rainy days at pre-sowing
Total number of rainy days at vegetative stage
Total number of rainy days at flowering stage -0.26

Total number of rainy days at maturity stage

Total number of miny days at total growing season -0.24

Average maximum temperature at vegetative stage -0.25
Average maximum temperature at flowering stage G.62**

Average maximum temperature at maturity stage

Average maximum temperaturc at total growing season 0.23

*** = significant at 1% |

=]
e
I

** = significant at 5%

For Barolong agricultural sub-district, total rainfall amount was insignificant and had a negative
correlation with the sorghum yield for the pre-sowing stage (Table 3), Total number of rqiny

days was significant (P < 0.02) and highly corrclated with final yield at pre-sowing stage. For
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vegetative stage, no climatic variable correlated well with sorghum yield, rainfall had a negative

relationship with the final yield at this stage while average maximum temperature, had an

insignificant weak positive correlation with the final yield

Even though rainfall had a weak positive correlation with sorghum yield at ﬂowéring stage, it
was found to be insignificant (Table 3). Average maximum temperature was insigni ficant and
negatively correlated with the final yield at flowering stage. During the maturity stage, total
rainfall amount and total number of rainy days were significant (P < 0.02 and P < 0.002
respectively) and highly correlated with sorghum yield at Barolong agricultural sub-district.
Average maximum temperature was insignificant during this stage though had a weak positive
correlation with final yield. For total growing season, rainfall was negatively correlated with

sorghum yield and insignificant while average maximum temperature, though was insignificant,

had a weak positive correlation with the final yield.
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3: Correlation between climatic varinbles and sorghum yield at different growth
stages (Barolong apriculturg] sub-district)

Total rainfall amount at pre

-s0wing stape -0.32

Total rainfall amount at vegetative stage -0.50

Total rainfall amount at flowering stage 0.36

Total rainfall amount at maturity stage

Total rainfall amount at total growin g season -0.12

Total number of rainy days at pre-sowing stage 0.70**
Total number of rainy days at vegetative stage -0.63

Total number of riny days at flowering stage 0.24

Total number of rainy days at maturity stage 0.71%**

*** = sipnificant at 1%

** =gignificant at 5%

3l



4.2 Within-district sorghum yield varintions

There were no differences in sorghum yield for both districts'because both confidénce limits ‘at

95% include the mean of sorghum yield for-the respective study periods (Table 4).\Né*\feﬁh’éle‘ss,

Tainfall in semi-arid arcas such as Botswana-display- great'spatio-temporal variability - (Batisani

and Yarnal, 2010).

Table -4: Within-district yield ‘variations for ‘Chobe agricultural -district ‘and "Bni‘ﬁliiﬁg

agricultural sub-district

| Variable Period N )

‘Mean Lower 95% Upper95% o
CL for Mean “CI.._T(E‘Mézin
Chobe Yicld 1 15 .38.10 14.08 62.12
2 15 57,10 17.78 96.42
3 15 48710 12.04 '84.16
Barolong  Yicld 1 15 320.00 131.08 508.92
2. 1S 494.00 -203.41 1191.41
3 15 573.00 10.39 1135.61

m M—_—

“
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4.3 Determinants of sorghum yield

6. For Chobe agricultural district, each Degree Celsius increase In average maximum

temperature at flowering stage increased sorghum yield by 0.223 kg/ha and it was statistically
significant at 95% level (P < 0.04) (Table 5). Yield decreased by '5.4B3kg/ha if there was no

influence of average maximum temperature at flowering stage for Chobe agricultural district

(significant at 95% level, P < 0.02).

Table 5: Determinants of sorghum yield (Chobe agricultural district)

Climatic variable Co-cfficient

Average maximum 0.223 0.02
Temperature at flowerin g stage |

F = 8.03, Adjusted R* = 0.33 and RMSE = (.33

The regression equation for sorghum yield estimation for Chobe agricultural district is:

Y = 0.223X3; - 5.483 o o (3.0)

Where Y is sorghum yield, Xj the average maximum temperature, k the flowering stage, 0.223 the .
coefficient of average maximum temperature at flowering stage and — 5,483 the y-intercept

(constant).
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For Barolong agricultural sub-district, for each increase in rainy days at pre-sowing stage,

sorghum yield decreased by 0.829 kg/ha and was statistically significant at 95% level (P <0.02)
while for maturity stage an increase in a number of rainy days decreased sorghum yield by 3.376
kg/ha and was significant at 99% level (P < 0.002) (Table 6). An increase in mm of rainfall at
matunity stage increased sorghum yield by 0.912 kg/ha and was significant at 95% level (P <
0.02). Sorghum yield was 2.798 kg/ha and significant at 99% level (P < 0.0001) if there was no

influence of total minfall amount at maturity stage, and total number of rainy days at pre-sowing

and maturity stages

Table 6: Determinants of sorghum yield (Barolong ngricultural sub-district

Constant 2.798

Total rainfall amount

at maturity stage |
Total number of rainy -0.829 0.02 |

days at pre-sowing stage —
Total number of rainy -3.376 0.002

F =17.95, Adjusted R* = 0.62 and RMSE = 0.25 -

The regression equation for sorghum yield estimation for Barolong agricultural sub-district is:

Y =2.798 +0.912X 1, — 0.829X3; ~ 3.376X2m (4.0)
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Where Y is sorghum yield, 2.798 the y-intercept (constant), X, the total rainfall amount, m the
maturity stage, 0.912 the coefficient of total rainfall amount at maturity stage, X- the total

number of rainy days, ; the pre-sowing stage, — 0.829 the coefficient of total number of rainy

days at pre-sowing stage and — 3.376 the coefficient of total number of rainy days at maturity

stage.
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CHAPTERS

3.0 DISCUSSION

Rainfall pattem corresponded with yield for Chobe agricultural district and also for Barolong

processes affecting crop productivity (Farah et al., 1957). Water provides turpidity to the cell
while water stress causes dehydmtion, reducing the enlarpement and expansion of the cell,
resulting in reduction in yield. Increased number of miny days also resulted in an Increase in
sorghum yield while a decrease in number of rainy days reduced yield. Thus, lengthening of
rainfall distribution over the growing seasons allowed the soil to acquire less variable
distribution of soil moisture status during the growing season, hence, increase in the final yield.
At the same time, confined temporal rainfall distribution or poor temporal distribution of rainfall
reduced moisture within the soil to a level which was detrimental to crop growth during some

periods within the growing scason, thercfore reduced the final yield (Turk et al., 2002).

Neveﬁh'eless, increased total seasonal rainfall during some years resulted in o decrease in yield
probably due to waterlogged soil. This situation is in agreement with Farah et al., (1997) who |
observed that uddilionul water resulted in non-significant increase in sorghum yield and also
| rcduced grain yicld of the crop. Other factors such as damage from wildlife and pest inf’csmtior_ls
(quelea birds) may also result in a decrease in sorghum yield especially at Chpbe ngricultural

district (MOA, 2009). At the same time reduced total scasonal rainfal] resulted in an increase in
’ | .
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implies that extending temporal distribution of rainfall over the growing seasons Jed to ‘a
reduction in yield and for yield to increase, rainfall could have been far apart temporally so as to

allow drying up of the soils. Continuous rains within growing seasons might have resulted in an

TNAU, 2008).Gebrekidah, (2003) also revealed high sorghum yield in season with low or poorly
distributed rains, Reduction in the number of rainy days produced high yield because the residual
soil moisture from the previous season continued to support the growth of the émp as vertic soils

have high water holding capacily,

Rainfall remained constant while yicld increased and then decreased because vertisols and
luvisols have higher soil moisture holding capacity which might have permitted crop growth to
continue on residual moisture, hence, high yield was experienced. A reduction in sorghum'yi'eld
was observed probably because the rate of water redistribution thfbugh the soil decreased with |
time and often became so slow that little change in water content was dc-tected'aﬂe} sometimes,
consequently, a.fTecting the crop (Spackman, et al., 2001).'Als.ﬂn, m'ay be olhcr production factors

such as fertility could be limiting (Munodawafa, 2012).
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The same scenario above was noticed with the number of rainy days where it remained constant
while yield increased then declined, this indicates that soil moisture received by the crop was
sufficient for the increase of the final yteld and then dropped below optimum amount of sorghum
water requirement, hence less yleld. This situation was as result of $oil moisture which was
reduced with time as there was no increase in water recharge, thus corresponded to the increase
In water suction at the root zone, hence, affected the productivity of the crop (Spackman, et al.,
2001). Also, the number of rainy days remained constant while yield fluctuated and then
remained constant. This condition was experienced probably because soil moisture reservoir was
less than sorghum water requirement hence less yield was experienced previously and with time
an increase in yield was noticed and may be was a result of sorghum adaptive mechanism of the
leaves which roll along the midrib to keep the crop from losing water and wilting, hence enabled
crops to balance sorghum water requirement with available soil moisture (Armah-Agyeman et
al., 2002). In other cases the number of rainy days remained cbnstnnt' while yield decreased .This
state was due to uniform rainfall distribution which provided soil moisture reservoir which could

be casily depleted by crops thereby reduced jrield.

There were significant differences in growing seasons for -Chnbe_ agricultural district and
Barolong agricultural sub-district. These variations could have led to fluctuations in the yield of
sorghum at Chobe agricultural district and Barolong agricultural sub-district. This condition is in |

line with Mehta et al., (2002); Gebrekidah, (2003); Ekpoh, (2010) who noted that uneven -

distribution of rainfall during the growing season are the principal factors affecting yield. .
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The positive fluctuations and negative relationship between total seasonal rainfalls, number of
rainy days and sorghum yield implics that rainfall varies within the growing season and this
might have an influence on yield cven though there were no differences in means of sorghum

yvield for both districts. Rowhani et al,, (2011} also revealed that rainfall during the growing

season affect sorghum yield, Therefore, rinfall is an essential determinant of yield for Chobe

and Barolong districts.

Average maximum temperature at flowering stage of sorghum in Chobe agricultural district was
very essential as opposed to rainfall and can translate to high yield. This means that average
maximum temperature was vital to dry up the soils so as to promote good environment for
sorghum ﬁctubnlic processes to take place for better grain yield. Blair, (2010) revealed that
drying temperature affects the results of soil water content particularly for the high clay soils and
also lonsens‘ soil particles, whereby high aggregate stability in soils is maintained, hence,
essential for the preservation of agricultural pmductiun through the pmvisiﬂn of conditions that
are favourable {or plant growl__ll and soil microbial activity. Also, sorghum is a warm-weather
crop t_hat requires high temperatures for good growth (du Plessis, 2008). Hence, favourable
temperature conditions at flowering stage affected heading, and increased the number of grains,
consequently resulting in high yicld (du Plessis, 2008; Craufurd and Wheeler, 2009).Average
maximum temperature at flowering stage accounted for 33.4% of the variation in the yield of

sorghum at Chobe 'ﬁ"f;ricultuml district.
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For Barolong agricultural sub-district, sorghum yield showed strong relationship with rainfall as

opposed to average maximum temperature. Nevertheless, high yield could still be obtained even
if there was no influence of minfall distribution because increased number of rainy days at
maturity stage reduced yield dramatically while for pre sowing stage incrcaséd number of rainy
days has less decrease in the final yield. All the same, increased rainfall amount at maturity stage
increased final sorghum yield. For pre sowing stage, rainfall should be at least moderately s;:réad
prior to sowing stage to allow adequate soil moisture for crop germination, hence, the moisture
status of the soil at planting is more important for good germination or sustained growth of
seedlings (Ibrahim ct al., 2011). At maturity stage, increased rainfall amount was essential for the
development of the crop as opposed to rainfall distribution. Hence, rainfall amount determined
the soil moisture availability that might have resulted in full grain fill and therefore high grain
weight, thereby, increased the manufacturing of carbohydrates and ultimately increased yield
(TNAU, 2008). Mwiturubani and Wyk (2010) also noticed high correlation of land cultivation to
total rainfall in Botswana. Total number of rainy days at pre-sowing stage, total number of rainy
days at maturity stage and total rainfall nmount at maturity stage accounted for 61.6% of the
variation in the yicld of sorghum at Barolong agricultural sub-district. The model was found to

be accurate because the computed RMSE was low (24.6%), hence, fits well in the prediction of

sorghum yield at Barolong agricultural sub-district.

The most sensitive stage for sorghum grain yield loss for Chobe agricultural district was the
flowering stage while for Barolong agricultural sub-district included the pre-sowing and maturity
stages. The results from this study confirm findings of other studies that sorghum yicld potential

is high with fairly high temperaturc at flowering stage (Eze, 2001). Maman et al., (2003) also,
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noticed high sorghum yield with an increase in rainfall amount at maturity stage. However, the

study noticed a decrease in sorghum yield when there is lengthening of rinfall distribution at

pre-sowing while Fze (2001) revealed an increase in rainfall amount at pre-sowing stage which

stages, hence, increased yicld, Total seasonal rainfall amount was found to be adequately

estimate sorghum yield (Abunyewal et al., 2011: Munodawafa, 2012) while in this case is the

opposite.
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CHAPTER SIX

6.0 CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion

Temperature and rainfall are important determinants for sorghum grain vield. Maximum
temperature at flowering stage had positive effects on sorghum yield for Chobe agricultural
district. For Barolong agricultural sub-district, total number of rainy days at pre-sowing and
maturity stages had negative effects on yield whereas total rainfall amount at maturity stage have
positive effects on sorghum grain yield. From the study it has been found that contributions of
temperature and rainfall during various growth stages of sorghum, accounted for variations of
sorghum yield in Chobe agricultural district and Barolong ngﬁcuituml sub-district. As the two
districts have soils which have high clay content, different water holding capacities and do not
experience equal rainfall, sorghum crop responded differently to weather elements. Rainfall in
Chobe district is high, hence water is not a limiting factor to sorghum as it is intolerant to water
stress. That is for Barolong, total rainfall distributions at pre-sowing stage estimate 0.829 kg/ha
decrease in yield while for Chobe, average maximum temperatures at flowering stapge estimates
0.223 kg/ha increase in yield as an early waming. Hence, this can contribute to food security.
With time at maturity stage, total rainfall amounts predict 0.912 kg/ha increase in sorghum grain
yield while total rainfall distributions predict 3.376 kg/ha decrease in yield for Barolong
agricultural sub-district. Sorghum yield had high currcllu.liqn with total minfall amount at
ﬁmtnﬁty stape (0.85), total rainfall distribution at maturity stage (0.79) and total rainfall

distribution at pre-sowing stage (0.71) for Barolong agricultural sub-district. For Chobe district,
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the potential for flooding which can lead to ergot diseases.

distribution of a climatological variable at each growth stage, as an carly waming system for the

final crop yield that wil] be obtained at the end of the growing season. Thus earlier information

of climatic variables on crop yield influences the economic prosperity of the country, hence, a

necessity in policy making. That is, optimum environmental conditions should be provided at

these stages to increase sorghum grain yield at both agricultural districts in order to attain food

security in Botswana.

6.2 Recommendations

Considering the results of this study, maximum temperature has positive effect on sorghum yield

at flowering stage for Chobe agricultural district, hence sorghum should be planted in such that

flowering stage concedes with months of high temperatures for high sorghum yield. While for

Barolong agricultural sub-district, sorghum should start to be planted early during first rains so

as for seeds not to be in the middle of the rainy season, thus they should experience required

rainfall distribution, hence good establishment therefore high yield. Also, for Barolong sorghum

should be planted during periods where maturity stage concedes with months of high rinfall

amount provided the rains are fairly distributed. Findings of this study are specifically to Chobe
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Barolong agricultura) sub-district to relate growing season rainfall to crop yield as an early

waming system to food security in Botswana. Also other arable crops such as maize, millet and

cowpeas should be studied.
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APPENDICES
Appendix 1

SAS input data for differences in means of sorghum yield (Chobe agricultural district)

options formdlim = ',
data crop;

input amountseas yield dayseas period G@ ;

cards;

355.35 42.5 7
295.5 42.5 7
381.3 57.5 8
385.5 42.5 9
555.225 5.5 9 1
378.9 9.5 11 2
373.8 67.5 10 2
362.25 55.5 B 2
345.575 87.5 11 2
370.65 55.5 10 2
260.325 54.5 6 3
316.2°75 B6.5 8 3
291.15 5.5 9 3
522.6 42.5 10 3
271.275 51.5 8 3

proc print;

run;

proc means mean std stderr clm;

var yield;

class period;

run;

proc means mean std stderr clm datascrop;
var yield;

run;

1
1
1
1
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AS output data for differences in means of sorghum yield (Chobe agricultural district)
The MEANS Pracedure

Analysis Variable : yield

N

period Obs Mean StdDev  Std Error

il i
1 5 3B.1000000 19.3468344 B.6521674

2 5 57.1000000 31.6670175 14.1619208

3 5 48.1000000 29.0396281 12.9869165

hiinthntmn a0 i

Analysis Variable : yield

N lower85% Upper95%

period Obs CLforMean CLforMean
st i
1 5 14.0777323 £2.1222677

2 5 177802044 96.4197956

3 5 12.0425383 84.1574607

it
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SAS input data for differences in means of sorghum yield (Barolong agricultural sub-
district)

options formdlim = ' ¢,

data crop;

input amountseas yield dayseas period 6@

caxrds;

315§5.35 42.5 7

295.5 42.5 7
B
9

381.3 57.5
385.5 42.5
555.225 5.5 9 1
378.9 9.5 11 2
373.8 67.5 10 2
362.25 55.5 8 2
345.575 97.5 11 2
370.65 55.5 10 2
260.325 54.5 6 3
316,275 86.5 8 3
291.15 5.5 9 3
522.6 42.5 10 3
271.2775 51.5 8 3

1
1
1
1

’
proc print;
run;
proc means mean std stderr clm;
var yield;
class period;
Iun; |
proc means mean std stderr clm data=crop;

var yield;
run;
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SAS output data for differences in means of sorghum yield (Barolong agricultural syb-
district)

The MEANS Procedure

Analysis Variable : yield

N

period Obs Mean Std Dev  Std Error

atiniiiitiiiisnn i

1 5 320.0000000 152.152B836 68.0448382

2 5 4940000000 561.6702769 251.1865840

3 5 573.0000000 453.1098101 202.6368673

ithkiihiinisisistiiinigininiiigininiiing;

Analysis Variable : yield

N Lower95%  Upper 35%

period Obs CLfor Mean CLforMean
FESEEs ST Assass s st ns s nssassasissnassnssssast
1 5 131.0772422 508.9227578

2 5 -203.4057617 1191.41

3 5 10.3898616 1135.61

Fniaiiiiihiii i
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Appendix 2
(Chobe agricultural district)

optionsformdlim = '+,

title'Multiple Linear Regressicn using PROC REG Procedure’;
data crop;
fnput year amountpre amountveg amountflo amoun
dayseas tempveg tempflo tempmatu tempseas;
cards;
B3 O 1.993 2.167 2.053 2.552 1.63 0 0.301

E4 0 1.500 2.233 1.982 2.472 1.63 0 0.301 0.659 0.477 0.5%03 33.5 30.0 31.9 31.3

85 0.775 1.511 1,825 2.373 2.582 1.76 0 0.602 0.602 0.477 0.854 32.9 31.7 30.0 31.9
B6 O 1.605 2.451 1.817 2.87 1.63 0 0.301 0.778 0.602 1.000 33.5°30.68 29.7 31.5

88 0 1.552 2.249 2.538 2.745 0.74 0 0.301 0.778 0.602 1.000 36.3 30.6 31.4 312.7

B9 O0.641 1.431 2,229 2.193 2.580 0.%8 O 0.477 0.69% 0.699% 1.07% 34.0 30.2 31.1 31.0
50 0 1.777 1.992 2.340 2.574 1.83 0 0.477 0.699 0.699 1.041 33.5 33.2 29.4 12.3

51 1.440 1.124 2.374 2.065 2.560 1.74 D.301 0 0.778 0.602 0.554 36.3 32.5 29.4 33.5
95 0 1.778 2.139 2.178 2.539 1.99 0 0.&02 0.778 0.602 1.079 34.6 32.8 31.1 32.9

96 0.061 1.804 2.046 2.258 2.570 1.74 © 0.477 0.778 0.602 1.041 235.1 31.4 28.7 31.8
37 0 1.560 1.604 2,120 2.417 1.74 0 0,477 0.477 0.477 0.845 35.7 31.1 28.7 31.9

98 1.323 1.953 1.796 2,223 2.501 1.54 0.301 0.599 0.477 0.477 0.903 33.5 32.5 32.1 1312.7
33 0.114 2.116 2.040 1.730 2.467 0.74 O 0.602 0.699 0.47% 1.000 34.4 30.6 30.1 32.1
GO O 1.630 2.324 2.435 2,719 1.63 0 0.477 0.778 0.602 1.041 34.4 31.1 25.9 31.8

03 1.357 1.827 2.00B8 2.022 2.433 1.71 0 0.477 0.477 0.699 0.903 34.2 32,7 32.2 33.0
;

procprint;

run;

Frocreg,;

model yileld=amountpre amsountveg amountflo amsuntrmat amountseas daypre dayveg dayflow daymat
dayseas tempveg tempfle tempmatu tempseas /sslus2corrb

selection=stepwise details=summary;

Tun;

proccorr;

var ylield amountpre amountveg amountflo amountmat amountseas daypre dayveg dayflow daymat dayseas

tempveg tempflo tempmatu tempseas;
in;

tmat amountseas yield daypre dayveg dayflow daymat

0.6C2 0.602 0.903 31.9 33.3 30.2 32.0

SAS output data of correlation analysis (Chobe agricultural district)

The CORR Procedure

Pearson Correlation Coeflicients, N= 15
Prob> |r} under HO: Rho=0

yield
amountpre 0.20482
0.4640

amountveg 0.07122
0.8009

amountflo -0.26063
0.3481]

amountmat 0,08094
0.7743
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amountseas -0.18436
0.5107

daypre 0.28075
0.3108

dayveg 0.08494
0.7634

dayflow  -0,26303
0.3436

daymat  -0.03404
0.9042

dayseas  -0.24311
0.3826

tempveg -0.25226
0.3644

tempiflo  0.61782
0.0141

tempmatu 0.13632
0.6281

tempseas 0.23328
0.4027
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SAS output data of the regression analysis (Chobe agricultural district)

The REG Procedure

Model: MODELI
Dependent Variable: yield

Summary of Stepwise Selection

Variable Variable Number Partial Maodel
Step Entered Removed  VarsIn R-Square R-SquareC(p)

1 tempflo 1 03817 0.3817

Multiple Linear Regression using PROC REG Procedure

The REG Procedure
Model: MODELL
Dependent Variable: yield

Analysis of Variance
Sum of Mean
Source DF Squares Square FValue Pr>F
Model 1 0.86364 0.86364 B8.03 0.0141
Ermror 13 1.39900  0.10762

Corrected Total 14 2.26264

Root MSE 0.32805 R-Square 0.3817
Dependent Mean 1.56200 AdjR-Sq  0.3341
CocfiVar21.00177

Parameter Estimates

Paramcter Standard

FValue Pr>F

8.03 0.0141

Varable DF  Estimate Emor tValue Pr>|t| TypelSS Typell SS

Intercept 1 -5.48284  2.48824 220 00462 3659766
tempflo 1 022270 007861 283 0.0141 086364
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SAS input data of the correlation and regression analysis (Barolong agricultural sub-
district)

optionsformdlim = * 1,

title'Multiple Linear Regressicon using PROC REG Procedure';
data crop;

input year amountpre amountveg amountflo amcuntmat amountseas yleld daypre dayveg

dayflow
cards;

a6
a7
BB
B9
30
23
95
86
97
28
35
00
01
02

H

procreqg;
model ylelds=amountpre amcuntveg amountflo amountmat amocuntseas daypre dayveg dayflow

1.322
1.760
1.954
1.916
0.535
1.351
0.958
1.708
1.455
1.507
1.756
1.525
1.659
1.837

daymat dayseas tempveg terpflo tempmatu tempseas;

1.865
1.667
1.B56
1.519%9
2.039
2.285
1.483
1.8985
<.038
1.745
2.173
2.109
1.917
2.107

1.921
1.900
2.104
4.182
1.772
1.534
1.523
2.139
2.149
4.105
1.901
2.4136
1.463
1.758

1.503
1.547
2.443
1.944
1,925
1.695
1,337
1.691
d.252
2.031
1.288
1.525
1.866
1.033

2.275
4.280
<.588
2.446
2.403
2.470
2.299
2.491
4.682
2.519
2.420
2.664
4.498
2.315

2.616
2.542
1.792
2.711
2.401
1.785
J.15%
2.358
2.685
3.124
2.708
4.728
2.435
4.375

0.301 0.477 0.602 0.301 0.B45 33.1 32.9 13.3
0.602 0.301 0.602 0,301 0.778 30.7 33.9 35.2
0.659 0.602 0.778 0.699 1.114 32.9 13,0 30.5

33.1
33.3
2.3

0.477 0 0,778 0.477 0.903 25.4 31.3 29.1 30.1
C 0.693 0.477 0.699 1.041 30.6 12.5 30.3 31.3

0.301 0.778

0.301 0.602 1.000 31.2 33,2 31.0 31.9

O 0 0.602 0.301 0.699 32.7 34.4 32.8 33.4

0.477 0.602

0.778 0.477 1.041 31.7 30.0 2B.7 39.2

O 0.477 0.778 0.602 1,114 30.4 30.7 31.6 30.9

Q.477 0.477
0.301 0.602
0.477 0.477
0.301 0.477
0.602 0.699

0.602 0.477 0.503 32,2 32.2 31.8 132.7
0.602 0.301 0.903 30.1 32.0 33.5 31.8
0.65% 0.301 0.903 32.0 28.8 28.2 29.6
0.302 0.477 0.778 31.2 232.5 30.3 31,8
0.602 0,302 0.954 28.0 31.3 29.8 29.AR

daymat dayseas tempveg tempflo terpmatu tempseas /sslss2corrb
selection=stepwise detailsegummary;
run;
proccorr;

var yleld amountpre amountveg amountflo amountmat amountseas daypre dayveg dayflow

daymat dayseastempveq tempflo tempmatu tempseas;
Tun;

SAS output data of correlation analysis {Barolong agricultural sub-district)

Pearson Correlation CocfTicients, N = 14
Prob> [r| under HO: Rho=0

amountpre

amountveg

amountflo

amountmat

amountseas

Yield

-0.32411
0.2583
-0.50156
0.0677
0.35924

0.2071]

-0.19859

0.4961

-0.11584
0.6933

01

The CORR Procedure



daypre -0.32644

0.2547
dayveg -0.62646
0.0165
dayflow 0.23591
0.4168
daymat -0.54566
0.0436
dayseas -0.55675
0.0386
tempveg 0.06264
0.8315
tempflo -0.0773}
0.7928
tempmatuy 0.33573
0.2406
lempseas 0.13887
0.6359

SAS output data of the regression analysis (Barolong agricu.ltural sub-district)

The REG Procedure
Model: MODEL1
Dependent Variable: yield

Summary of Stepwise Sclection

Variable Variable - Number Partial Model

Step Entcred Removed  Varsin R-Square R-Square C(p) F Value Pr>F

| dayveg l 0.3924  0.3924 : 775  0.0165

2 daymat 2 0.1183 0.5108 : 266 0.131]

3 daypre 3 0.1196  0.6304 . 324 0.1022

4 amountma 4 - 0.0940  0.7243 . 307 0.1138
3

J - dayveg 0.0198 0.7045 : 065 04417
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The REG Procedure
Model: MODEL!
Dependent Variable: yield

Analysis of Variance

Sum of Mean |
Source DF  Squares Square F Value Pr>F
Model 3 1.44448  0.48149 7.95 0.0053
Error 10 0.60589  0.06059

Corrected Total 13 2.05037

Root MSE 0.24615 R-Square 0.7045
Dependent Mean 2.53279 Adj R-Sq0.6158
Coeff Var 9,71846

Parameter Estimates

Parameter  Standard
Variable DF  Estimate Emor tValue Pr>|t] TypelSS TypellSS

Intercept 1 2.79766 0.36690 7.63 <0001 89.81005 3.52271
amountmat |  0,91181 0.33071 2,76 0.0202 0.08086 0.46057

daypre 1 -0.82943 030241 274 00207 024334  0.45579
daymat 1 -337601 078512 430 0.00i6 1.12028  1.12028

Where:

amountpre is the amount of total rainfall at pre-sowing stape
amountveg is the amount of total rainfall at vegetative stape
amountflo is the amount of tota] rainfall at flowering stape
amountmat is the amount of total rainfall at maturity stage
amountseas is the amount of total seasonal rainfall

daypre is the total numbcr of rainy days at pre-sowing stage
dayveg is the total ﬁumbcr of rainy days at vegetative stage
dayflow is the total number of rainy days at flowering stage
daymat is the total number of rainy dnys at maturity stage

dayseas is the total number of rainy days for the growing season
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tempveg is the average maximum temperature at vegetative stage
tempflo is the average maximum temperature at flowering stage
ternpmatu is the average maximum temperature at maturity stage

ternpseas 1s the average maximum temperature for the total growing season
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