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ABSTRACT 

 
Globally, floodplains have experienced floods of different magnitudes at different times.  

As such the inundations of floodplains affect agricultural activities and such impact is 

evident.  In Namibia, the Zambezi Region has experienced high variability in rainfall 

patterns, extreme rainfall and flood in space (spatial) and time (temporal) more than any 

other region as a result of climate variability.  The non-flooded landscape units 

consequently become the only available option for crop farming activities during 

flooded years.  The agronomic productivity status of these non-flooded landscape units 

in terms of soil and climatic factors as well as their land suitability for maize production 

in space and time given the prevailing climatic conditions has not been investigated.  At 

the same time our understanding of how small-scale farmers in the region incorporate 

soil and climate factors into their crop production decisions is limited and affects the 

provision of extension advice.  Yet soil and climatic factors clearly influence land use 

activities, including rain-fed maize production.  The overall objective using maize as a 

case study crop was to assess possible ways that might optimize the non-flooded 

landscape units to support arable production in the Zambezi Region.  The study was 

undertaken at both local and regional level using the Kwalala non-flooded landscape 

unit in the Kabbe North Constituency.  Thus, the soil moisture and temperature were 

measured at various soil depths (20, 40 and 60 cm) between October 2012 and October 

2015 using the Decagon data collection system (data loggers and sensors).  In addition, 

secondary climatic and soil data were collected.  Hence, Multiple Regression Analysis 
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(model) and the CropWat model (K4 research model) as quantitative methods were used 

for data analysis. Findings in this study suggests that the observed soil moisture content 

varied from 9.7 to 33 VWC % loamy sand soils; 7.9 to 26.1 VWC % sandy loamy soils; 

and 4.9 to 22.9 VWC % sandy soils during the growing period between October and 

April.  At the same time the maize crop water requirements (CWR) and maize water use 

(ETo) observed for the area ranged from 1.25 to 5.79 mm/day (CWR) and 4.01 to 4.44 

mm/day (ETo).  Therefore water content sufficiency was significantly (p< 0.05) 

available to sustain the agronomic crops during the growing period between October and 

April.  Thus these findings implies that the non-flooded landscape units are suitable for 

rainfed maize production in the context of rainfall, soil type, soil depth, soil temperature, 

and soil water content sufficiency as well as maize CWR and ETo as long as November 

is the planting date or 130 days growing period.  The incorporation of these findings 

may mitigate the effects of land conversion by guiding such transformation in an 

ecologically appropriate direction to ensure sustainable agronomic production, for 

example, if such non-flooded landscape units are aimed to be used for maize production 

purposes.  It is therefore recommended that further studies on soil moisture induced by 

the flood be carried out to provide an insight on the soil moisture content driven to top 

soil surface by flood, since during the period of this study extreme flood did not take 

place and led to question one of this study not been answered.   
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CHAPTER 1 
 

RATIONALE FOR MAIZE PRODUCTION ON THE 

NON-FLOODED LANDSCAPE UNITS 

 

1.1. ORIENTATION OF THE STUDY  

If land is the ultimate source of wealth and the foundation on which development is 

built (Rossiter, 1990), then agriculture is the driving force behind food production on 

such land.  Hence, land is an essential natural resource in rural livelihoods, both for 

the survival and prosperity of humanity and for the maintenance of all terrestrial 

ecosystems (FAO & UNEP, 1999).  Regions in Namibia are administrative units 

headed by Governors.  There are 14 regions and Zambezi Region (formally known as 

the Caprivi Region), is one of them.  Therefore the word Region throughout the text 

is used in the administrative context.  Zones on the other hand are delineated on the 

agronomic and horticultural cropping basis.  There are seven Zones that are reported 

in the Country.  In rural Namibia (Zambezi, Kavango, North Central, Karst, Central, 

South and Orange zones), subsistence farming is a primary livelihood activity and 

the availability of arable land is, therefore, of primary significance in supporting 

rural communities.  The availability of arable land is not seen in terms of acreage in 

Namibia, but land that is free from both biotic and abiotic stresses.  Typical abiotic 

stresses in Namibia are, for example, either too much rainfall causing flooding or too 

little rainfall causing drought.  Either scenario has serious consequences for food 

security in the country. 
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Food security is diminished when food provisions and the systems that lead to its 

provision are stressed.  In addition to the above mentioned range of factors include 

over-utilization, loss of soil fertility, and soil salination.  Flood induced by the 

changing climate increases food insecurity due to loss of yield while also leading to 

land degradation.  The recurrent and high magnitude of flood becomes a disaster 

when the inhabitants of any given area are so negatively affected.  However, disaster 

prevention and mitigation is a multidisciplinary endeavour that should be embraced 

in whatever ways possible to prevent disasters and reduce the vulnerability of the 

society (APFM, 2007).  The Zambezi Region in Namibia is a classical example of 

recurring flooding that has caused inhabitants to vacate their homes and abandon 

their crops and croplands for higher ground.  Although the annual flooding that 

inundates the Zambezi Region in Namibia comes from catchments in Angola and 

Zambia, the impact of such flood waters is felt by the inhabitants of the Region.  In 

addition to the more visible effects, however, De-Campos et al. (2009) reported that 

massive flooding rapidly depletes soil oxygen levels and alters plant metabolism, 

thereby inhibiting growth and consequential low or no yields.  The non-flooded 

landscape units have therefore become the only available opportunity for crop 

farming activities in the region during flooded years.  In effect, as safety nets, non-

flooded landscape units ensure food security.  The non-flooded landscape units are 

those units that are surrounded by water during flooded years and are available to be 

utilized for rain-fed crop production. 

 



3 
 

 
 

Rain-fed crop production will continue to produce the bulk of the world’s food in 

rural areas.  By 2005, it was being practiced in 80% of the world physical 

agricultural area and generated 62% of the world’s staple food (FAO, 2005).  Thus, 

evidence of increased climate change and rainfall variability and its significant 

impacts on crop yield has become stronger than ever (Odekunle et al, 2007).  The 

authors further explained that maize (Zea mays) in particular, which serves as the 

staple food in most parts of Sub-Saharan Africa, has been one of the most affected 

crops by variability of rainfall and floods. 

 

However, in Namibia agriculture is critical and contributes 7% to the Gross 

Domestic Product (GDP) and is the third largest economic sector (Volkmann, 2011; 

Spears and BFAP, 2014).  Agriculture supports 25 to 40% of households in the 

country thus it continues to receive support from Government due to its potential for 

growth and employment creation (NDP4, 2012).  The crop production subsector 

contributes 24% to the overall agricultural output value (NDP4, 2012).  Currently 

Namibia is a net importer of white maize grains whereby 75 % of total demand or 

consumption is imported and only 25 % of maize grain consumed in the country is 

locally produced (AMTA Annual Report, 2016).  According to the report by Spears 

and BFAP (2014) dry-land maize production that is consumed in the Country is 

produced in Tsumeb, Otavi, Grootfotein, Omaheke and Zambezi Region.  Due to the 

favourable climatic and soil condition the Zambezi Region has more potential to 

increase the dry-land maize production in order to close the import gap.  

Nonetheless, the Region in terms of maize production is threatened by annual floods 
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that inundate cropland and climate variability that causes uncertainty of rainfall to 

sustain maize production.   

 

Therefore in a bid to justify the rationale for maize production on non-flooded 

landscape units during flooded years, the sections below are part of the introduction.  

It highlights the effect of flood and climate variability on crop production.  It also 

explains the effects of spatial and temporal variability of available soil moisture in 

the top layer of the soil surface on maize production.  At the same time it explains 

the significant aspects of land suitability evaluation approach as a tool to select 

potential land for crop production.  

 

1.2. PROBLEM STATEMENTS OF THE RESEARCH 

The study was guided by a number of key problems related to the use of non-flooded 

landscape units for maize production as discussed below.  

 

1.2.1. The problem of floods on cropland and yields  

Globally, floodplains have experienced floods of different magnitudes at different 

times.  As such the inundations of floodplains affect agricultural activities and such 

impact is evident.  The effect of flood becomes negative when the magnitude of the 

flood is high and when it becomes difficult to control.  Flood is a time-bound 

phenomenon which imposes its impact on a space-bound terrain (Chakraborty, 

1985).  Flood and extreme weather have caused damage on crop production 

worldwide in  previous years and decades (Rosenzweig et al, 2002;, Conway, 2008;, 

Viglizzo et al, 2009;, Ogallo, 2009;, Opondo, 2013;, Phiri, et al, 2013;, and Challinor 
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et al, 2015).  In Asian countries such as Bangladesh and Nepal, flood caused damage 

to crops, agricultural land and infrastructure with severe impact to the economy 

(Dewan, 2015).  Dewan further reported that in Nepal, monsoon floods resulted in 

inundation and sand deposition over large areas and thus damaged crops and land 

resulting in long term food insecurity.  In Bangladesh, 30% to 35% of the total land 

surface of the country is flooded every year during the rainy season between July and 

August.  Such condition makes rain-fed rice – a staple grain in the area - highly 

susceptible to flood and as a result, a crop that has become negatively affected by 

flooding in recent years (Dewan, 2015 and Khan et al, 2012). 

 

In Africa as well, floods have negative impacts on crop production in both space and 

time.  As a result, crop production is expected to be adversely affected as the amount 

of agricultural land, the growing season length and yields in semi-arid and arid 

regions decreases.  However, the positive side of frequent flood in semi-arid and arid 

regions is that it replenishes nutrients, recharges aquifers and makes soil more fertile.  

It is a fact that in semi-arid and arid areas, rainfall is erratic hence flood water 

provides the water resources that are needed for agricultural activities.  Therefore, 

flooding has both positive and negative effects on cropland production.  In positive 

terms, in semi-arid West Africa, seasonal inundation of rivers and lakes is of crucial 

ecological and economic importance due to the potential of annual floods renewing 

the fertility of the soil through regular additions of inorganic and organic nutrients 

(Adams, 1993). 
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In negative terms, however, Conway (2008) has raised the concern that many regions 

of Africa will suffer from droughts and floods with increased frequency and 

intensity.  In, Kenya, for instance, most crop losses have been witnessed during 

flooded years (Gichere et al, 2013, and Opondo, 2013).  The losses were either 

indirectly through climate induced diseases and pests or directly through the physical 

impact of floods on crops and their production.  In Tanzania, a combination of dry 

periods followed by heavy rainfalls along with inadequate land maintenance systems 

exacerbated land degradation processes.  The erosion of natural resource base and 

decreased crop production made the country’s agricultural production extremely 

vulnerable to weather-related shocks as reported in the Agriculture Climate 

Resilience Plan (ACRP) in 2014 (ACRP, 2014).  In Zambia, a study by Mwape 

(2009) revealed that at that time, 94% of sampled households indicated that their 

crop fields were damaged by floods.  It was also evident that 92% of the crops which 

were damaged by floods was the main staple crop, maize. Thus, high flood was 

actually considered as disaster, imparting a number of negative impacts on the socio-

economic and environmental factors.  Furthermore, other major impacts of flood 

events in Zambia included waterlogged agricultural fields and the destruction of 

crops (Phiri et al, 2013; and Koelle et al, 2014).  In Namibia, floods have always 

submerged low-lying areas in different parts of the country for over 13 years.  As a 

result, the negative impact on crop fields was felt in Regions such as the Zambezi, 

Kavango East, Kavango West, Oshana, Ohangwena, and Omusati.   

 

The Zambezi Region has experienced high variability in rainfall patterns, extreme 

rainfall and flood in space (spatial) and time (temporal) when compared to the other 
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abovementioned regions.  The Ministry of Agriculture, Water and Forestry (MAWF) 

in 1997 quantified the average crop field size for small-scale farmers in the Zambezi 

Region as around 1.7 ha to 2.5 ha with an average yield of 700 kg/ha for maize crop 

without fertilizers and improved seeds (MAWF, 1997).  According to Mendelsohn 

(2006) the average size of cultivated areas is affected by several factors.  These 

factors are:  

a) wealth – where wealthy families plant bigger fields of between five to ten 

hectares 

b) unavailability of land due to densely populated areas in which land with 

good soil are occupied instead of being cultivated 

c) no labour as work is done manually, and 

d) bigger areas are planted only during times of good rain, especially when 

the rains start early.   

e) floods 

 

The abovementioned factors were confirmed by Mushabati (Personal 

Communication, 2011) that past flood reduced both the area of available cropland 

and yields of the maize staple food crop.  According to Mushabati, the reduction of 

available cropland in the low-lying areas due to flooding appeared to have affected 

the 2011 crop production, resulting in yield declining by 25% of the average 

expected grain yields (350 to 1500 kg/ha) or 175 kg/ha for maize.  For example, in 

the Zambezi Region in 2000, 18 600 ha of land was cropped with white maize with a 

total yield of 12 100 tonnes.  During subsequent years, both cropland and total yields 

per season for white maize significantly reduced to 9 500 ha with 6 600 tonnes in 



8 
 

 
 

2004, and 12 900 ha with 5 900 tonnes in 2007 (MAWF, 2009).  The decline in both 

hectares and tonnes has been attributed to the occurrence of flood during those years 

in which croplands were flooded.  The trend from MAWF report (2009) has shown 

that when more hectares of land (18 605 ha in 1999/2000 season) were cropped for 

white maize, high yields of 655 kg/ha were obtained.  However, except for 2004 

when compared to 2007, even though it is known that high yields can be obtained 

when fewer hectares are productive.  These weather-related shocks such as flood and 

droughts were identified as a major problem that is induced by climate variability as 

a result of climate change.   

 

In addition, various socio-economic factors in Namibia exacerbate the vulnerability 

of regions such as the Zambezi where its population is effected by flood.  Such 

factors include acute poverty and high population densities, low literacy rates and 

public awareness.  Other factors are poor land use planning and environmental 

degradation.  Additionally, there is only limited economic and food diversification 

(APFM, 2007).  The impact of flooding on maize production which is the most 

important crop in the Region is most felt by small-scale farmers and communities 

when their croplands have been inundated.  

 

1.2.2. The problem of spatial and temporal variability of soil moisture on 

non-flooded landscape units 
 

Wendroth et al (2012) defined spatial soil process as a change of variable or state 

vector consisting of several variables (i.e. soil moisture, soil texture, soil chemistry) 

across the underlying agro-climatic effects.  Therefore soil moisture distribution on a 
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landscape varies by spatial differences due to evapotranspiration and rainfall as 

influenced by topography, soil type, soil texture, vegetation type and condition and 

management (Pandey and Pandey, 2010;, Oyedele and Tijani, 2010;, Gaur and 

Mohanty, 2013;, Wendroth et al, 2012;, and Das and Maity, 2014).  In effect, small 

scale spatial variations of soil moisture are influenced by soil texture; larger scales 

are influenced by precipitation and evaporation.  

 

Likewise Wendroth et al (2012) also defined temporal soil process as a change of a 

soil variable or state vector observed at the same location over time caused by 

underlying effects.  The temporal variability of soil moisture contents are influenced 

by occurrences of rainfall, evapotranspiration, drainage, tillage, cropping and other 

management practices.  The authors further explained that subsequent stages of a 

process either in space and time do not vary randomly but depend on each other.  

They argued that if later stages of a process do not depend on each other but rather 

vary arbitrarily, the monitoring of a sequence of stages would not allow us to derive 

causal or statistical relationship between numerous ongoing changes.  In other words, 

the spacing and time increment between observations would be inappropriate to 

identify the process meaning that the process of temporal and spatial variability of 

soil moisture contents may also be a problem on non-flooded landscape units in 

contrast to the problem of flooding.   

 

Thus both spatial and temporal variability of soil moisture affects the supply of 

moisture to crops at different growth stages.  Pandey and Pandey (2010) articulated 

that the variability of soil moisture in space and time coupled with insufficient water 
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supply leads to uneven yield in a given area.  As a result, adaptive responses and 

opportunities to utilize resources such as increased soil moisture contents in non-

flooded landscape units brought by the surrounding floods and seasonal rain is 

critical.  The knowledge of spatial and temporal variability of soil helps in 

characterization of the soil and is also critical for understanding the land 

characteristics and crop water requirements (Pandey and Pandey, 2010).  Climate 

change and climate variability will continue to impact the spatial and temporal 

variability of soil moisture in different landscapes across the world.  Spatial and 

temporal soil process is essential to understand the variability of soil moisture on 

non-flooded landscape units.  Hence the ability to utilize each non-flooded landscape 

unit depends on our knowledge of spatial and temporal variability of soil moisture 

since it influences yield.  

 

In the Zambezi Region, small-scale farmers and communities have limited 

understanding of the spatial and temporal variability of available soil moisture on the 

non-flooded landscape units during flooded years.  This is because the influences of 

the occurrence of the surrounding flood on the spatial and temporal variability of soil 

moisture contents on non-flooded landscape units has not been studied 

systematically.  At the same time, the capability of the available soil moisture 

(induced by the floods at the top layer of the soil surface) and the timing of utilizing 

such moisture to support maize production without depending on natural rainfall are 

also not known.  
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1.2.3. Climate variability as a global problem also affecting Namibia 
 

Climate change refers to any change in climate over time, whether due to natural 

variability or as a result of human activity (this is called anthropogenic climate 

change) (IPCC, 2007).  Also, it refers to a statistically significant variation in either 

the mean state of the climate or in its variability, persisting for an extended period 

(typically decades or longer) (IPCC and WMO, 2016).   

 

Climate variability refers to variations in the mean state and other statistics (such as 

standard deviations and the occurrence of extremes) of the climate on all spatial and 

temporal scales beyond that of individual weather events (IPCC and WMO, 2016).  

Variability may be due to natural internal processes within the climate system 

(internal variability), or to variations in natural or anthropogenic external forces 

(external variability).  

 

After the effects of individual weather events, farmers will first experience the 

effects of climate variability, not climate change.  In September 2014 Dr. Henning 

Steinfeld, an FAO visiting expert from Rome, Italy, advised farmers at an agricultural 

outlook conference in Namibia to concentrate on climate variability and said, “You 

should worry the most about the fluctuation of conditions – not about the absolute 

change.  It is the frequency of the variability that has a huge impact because it 

includes extreme climatic events like droughts and floods, decreased water 

availability and quality”.  As alluded to by Reid et al in 2007, that Namibia cannot 

afford to ignore the contribution of the environment to national wealth in the face of 

climatic shifts is logical, since extreme events such as floods and drought has been 
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experienced in Namibia in the past years.  At the same time, about 70 % of the 

population are living on farming as livelihoods, while 40 % of the country’s exports 

are agricultural products that are particularly vulnerable to the impacts of climate 

variability (Dirkx et al, 2008).  

 

However, our understanding of how small-scale farmers in the region incorporate 

soil and climate factors into their crop production decisions is limited and affects the 

provision of extension advice.  Yet soil and climatic factors clearly influence land use 

activities, including rain-fed maize production (Bronsveld et al, 1994; Malla, 2008).  

These factors include temperature, solar radiation, soil moisture, water holding 

capacity of the soil, and rainfall and are directly influenced by climate variability.  In 

addition to the above mentioned, there is limited knowledge of the impact of climate 

change and climate variability in space and time on the yields of rain-fed maize in 

the Zambezi Region.  It is therefore imperative that maize production on non-flooded 

landscape units is understood by determining how best maize yield can be increased 

to avert food shortages.  At the same time the study is relevant and in line with the 

global call made by FAO (2012), “to improve the efficiency and productivity of water 

use for crop production to ensure future food security and address the uncertainties 

associated with climate change and climate variability that it signifies the urgent 

need to investigate sustainable ways of crop production”. 
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1.2.4. Land suitability evaluation for non-flooded landscape units to 

support maize (Zea mays) production in flooded years is lacking 

and therefore a part of the problem in the Zambezi Region 
 

The importance of land evaluation is based on the assessment of land performance 

(Bouma et al, 2012).  It is done by comparing the requirements of a given land use 

with what the land has to offer.  Therefore the aim of land evaluation is to predict the 

potential and the limitations of land for a specific land use type (Bouma et al, 2012; 

and Nahusenay and Kibebew, 2015).  Several researchers articulated that under 

changing climatic conditions, the estimation of physical land suitability is important 

for land use planning and the selection of the best land uses for a given land type.  

Because land suitability provides guidance for the optimal use of a given landscape 

unit for any given land use type (Bouma et al, 2012; Kassa and Mulu, 2012; and 

Nahusenay and Kibebew, 2015).  Though many researchers and institutions have 

tried to provide a framework for optimal crop based land use, various landscapes are 

used below their optimal capability (Esa, 2014).  Akundabweni (Personal 

Communication, 2016) observes the latter aspect in terms of a wider topography 

encompassing:  

(i) parts of upland Southern Angola, Southern Zambia and Northern 

Botswana as upland terrain 

(ii) steep slope land  

(iii) flat plain terrain contiguous to the Zambezi River within which the exit 

non-flooded patches with potential for maize production.   

Hence, land should be utilized with great care to ensure its long-term productivity 

and sustainability.  To achieve such long term productivity, it is important to ensure 

that land use types are appropriate for a given piece of land in question.  One way to 
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achieve this is to perform a land suitability evaluation which is a process of 

predicting land performance over time according to specific types of use.  These 

predictions are then used to guide strategic land use decisions.  

 

In the Zambezi Region, despite non-flooded landscape units becoming the primary 

option for crop farming activities during flooded years, their suitability to support 

rain-fed maize production or any other possible crop-based land use type is not 

known.  An evaluation of these landscape units’ suitability to cultivate the white 

maize crop during flooded years is, therefore, needed to understand the suitability of 

such land and the sustainability of utilizing these units for different land use types.  

 

1.2.5. The problem of rain-fed dependant maize yield effects 

Rain-fed, in contrast with irrigated agriculture, depends on both seasonal consistency 

of rainfall, soil and temperature or lack of it. In temporal terms of the season, 

flooding may be year after year for some period or sporadic as it occurs in the 

Zambezi Region.  For instance, the extreme rainfall and flooding patterns were 

continuous annually between 2007 and 2012.  Thereafter the severity considerably 

declined.  This decline may be due to the relation between rain water and 

temperature changes.  Temperature increase often influences crop yields (UNEP, 

2006) by shifting optimal crop growing zones; changing patterns of precipitation, 

that is, quantity and variability and potential evapotranspiration; shifting the habitats 

of crop pests and diseases; the effects on crop yields as a result of the effects in 

relation to carbon dioxide; reduced size of available cropland through flooding and 

vulnerability of crops to flooding as a result of climate change.  Such episodes are 
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becoming increasingly difficult to associate with occurrence on either short-term or 

medium time scale changes along cycles such as 5-year or 10-year or the like.  This 

uncertainty is a function of emerging concern on climate change phenomenon.  

Climate is indispensable to agriculture and the two are inseparable.  Thus agricultural 

productivity is reactive to climate variability.  The current global food production 

system is in effect at risk to shocks from extreme weather, particularly under rain-fed 

crop production.  It, therefore, follows that climate variability is probably the most 

complex and challenging environmental threat facing yield achievement.  Already in 

2008 there was a general consensus across global, regional and sub-national scale 

studies that yields of maize crops could decrease with climate change (Conway, 

2008).  This is especially a concern under rain-fed production. In Nepal it was 

determined that yield declined by 26.4 % at a 4 
o
C temperature rise (Malla, 2008).  

Similar results were obtained in Tanzania that the projected seasonal temperature 

increase of 2 °C is predicted to reduce average maize, sorghum, and rice yields by 

13, 8.8, and 7.6 % respectively (Rowhani et al, 2011).  In addition, the authors 

further articulated that a 20 % increase in intra-seasonal precipitation variability will 

reduce agricultural yields by 4.2, 7.2, and 7.6 % for maize, sorghum, and rice 

respectively.  

 

Africa is thus highly susceptible to climate variability due to low adaptive capacity 

and arid conditions in certain regional zones.  In 2007, the IPCC reported that in 

Africa, agricultural production and access to food is projected to be severely 

compromised by climate variability.  The area suitable for agriculture, the length of 

growing seasons and yield potential, particularly along the margins of semi-arid and 
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arid areas are expected to decline.  The impacts of climate variability on the 

agricultural sector in Tanzania include a shift in agro-ecological zones and prolonged 

dry episodes (Paavola, 2008).  Also included are the unpredictability of rainfall, 

uncertainty in cropping patterns, increased weed competition with crops for 

moisture, nutrients and light and ecological changes for pests and diseases (Paavola, 

2008).  However the shortening or change of the growing season, a trend that has 

already been observed in Tanzania is seen as a direct consequence of the warming up 

and changes in rainfall as result of climate variability.  According to Thurlow et al 

(2009), the negative effect of climate variability on maize production in Zambia was 

mainly the yield and decline in the cultivated land area during major flood seasons.  

 

Reid, Sahlen, Stage, and MacGregor (2007) articulated that climate change is likely 

to exacerbate the dry conditions already experienced in Southern Africa.  They 

further indicated that when rainfall does come, it is likely to be in eruptions of 

greater intensity leading to erosion and flood damage.  In addition to this, if rain does 

not come then drought is experienced.  Hence, to understand and communicate the 

impact of climate change and climate variability on crops effectively and efficiently, 

it is necessary to distinguish between climate, weather, climate change and climate 

variability and their consequences (Mwazi and Ndokosho, 2011).  However, for the 

purpose of this dissertation, weather is the current state of the atmosphere on a day-

to-day basis for a given area or region (IPCC and WMO, 2016).  Climate, on the 

other hand, is the average weather of the area over a long period of time; at least over 

30 years (IPCC, 2007 & IPCC and WMO, 2016).  In retrospect, rain-fed agriculture 
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is a complex challenge particularly for the decision making in relation to maize 

production within the non-flooded landscape units in the Zambezi Region. 

 

Thus, the arising research questions are:  

1. Whether or not repeated flooding into subsequent periods is likely to act as a 

serious constraint for maize production by Zambezi small-scale farmers and 

communities. Since the consequences of flood impact on the maize crop 

fields and yields are likely to be dire. 

2. The second question is whether or not the soil moisture induced by flooding 

and rainfall is subsequently available to support maize and other possible 

crops on non-flooded landscape units in a given growing season after the 

receding water. 

3. The third question is how small-scale farmer’s decision making can be guided 

on the utilization of the non-flooded landscape units for maize production 

given the prevailing climate variability. 

4. The fourth question is how suitable are current and potential crop based land 

uses on non-flooded landscape patches in the floodplain of the study area.  

1.3. HYPOTHESES  

1.3.1. The soil moisture in space and time induced by flooding and rainfall has 

no effect on the utilization of non-flooded landscape units in the 

Zambezi Region. 

1.3.2. Climate variability between 2004 and 2015 did not affect maize 

production in the Zambezi Region. 
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1.3.3. The non-flooded landscape patches in the floodplain are not suitable to 

support rain-fed maize production according to the prevailing land use. 

 

1.4. OBJECTIVES  

The overall objective using maize as a case study crop was to assess possible ways 

that might optimize the non-flooded landscape units to support arable production in 

the Zambezi Region. 

Specific objectives: 

1.4.1. To determine soil moisture at various soil depth levels in time and 

space that can result in successful maize production.  

1.4.2. To investigate the effects of climate variability between 2004 and 

2015 on maize production in the Zambezi Region. 

1.4.3. To apply the findings of the above objectives to the suitability of 

non-flooded landscape units in the Zambezi floodplain to support 

rain-fed maize production.  

1.5. SIGNIFICANCE OF THE STUDY 

Annually, small-scale farmers in the Zambezi Region are forced to vacate their 

homes and abandon their crop farming activities on low-lying land due to floods.  

The non-flooded landscape units consequently become the only available option for 

crop farming activities during flooded years. An evaluation of their suitability to 

grow crops during flood years is, therefore, significant in order to understand the 

potential of such land and the sustainability of utilizing these units for the production 

of maize.  Also, this study is necessary because an agricultural practice depends on 
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site-specific variables including climate, ecology, geography, demography, affluence 

and regulations.  Climate change and climate variability continue to impact 

agricultural activities and therefore, can only be understood if scientifically 

investigated results are shared with extension agents and farmers.  Consequently, 

highly adaptive responses and opportunities to utilize resources such as increased soil 

moisture levels in non-flooded landscape units brought by the surrounding floods and 

seasonal rainfall is explored.  Ultimately, an insight into the influence of rainfall, soil 

depth and soil temperature for the availability of the soil moisture on the top soil is 

imperative for crop production.  In addition, food security will be enhanced if these 

units are utilized sustainably.  Once the needed knowledge is available, some support 

from the government will be necessary to enable communities to produce their own 

food even in flooded situations - hence the significance of this study.   

1.6. LIMITATION OF THE STUDY 

One of the limitations is that the findings within the specified period (2012 – 2015) 

are not necessarily extrapolated for the future given the uncertainty of climate 

variability.  At the same time, the study relied on the fact that there will be flood 

during the time of soil moisture and temperature data collection in the region, which 

was not the case.  In addition, the absence of a farm management handbook as per 

the Agro-Ecological Zones for the Zambezi Region so that farmers, researchers and 

extensionist have access to information is also a limitation.  The other limitation is 

funding to procure the services of more data loggers to capture soil moisture and soil 

temperature which could have led to the utilization of more landscape units at 

various places.  As a result, only three sites were utilized on a 35 ha Kwalala crop 

field non-flooded landscape unit.
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CHAPTER 2 
 

LITERATURE REVIEW 

 

2.1. INTRODUCTION 

Section A of this chapter reviews the locations, land types, topography and soil, 

climate as well as the vegetation types of the Zambezi Region.  This section also 

gives a general overview of the population, their livelihoods and current land use of 

the Zambezi Region.  It also gives a general overview of the cropland types, cropland 

tillage practices and flood patterns.  Section B of this chapter reviews the problems 

of flood, soil moisture and climate variability with regards to crop production as a 

global problem that affects Namibia.  Section C discusses the anthropogenic land 

evaluation based on the FAO framework for land evaluation and level of complexity 

scales in addressing research problems.  This section reviews the applications of the 

crop simulation model, CropWat, which was used to evaluate the effects of climate 

variability on maize production between 2004/2005 and 2015/2016 seasons.  At the 

same time it explains the infiltration rate measurement method and DataTrac 3 soil 

moisture analysis tool.  The final part of this chapter provides a list of operational 

definitions used in this dissertation.  
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SECTION A 

 

2.2. A REVIEW OF THE ZAMBEZI REGION 

2.2.1. Location  

Namibia is located on the south-west of Africa and covers an area of around 825,000 

km
2
.  It is bordered by the Atlantic Ocean in the west, Angola to the north, Botswana 

to the east, Zambia to the north-east and South Africa to the south.  The Zambezi 

Region of Namibia (formerly known as the Caprivi Region) covers a land surface of 

around 14 400 km
2 

and forms the north eastern part of the country as shown in Figure 

1.  The capital city of the Region is Katima Mulilo (17.5000
o
 S, 24.2667

o 
E).  The 

Region may be split into two parts – the western part constitutes the Bwabwata 

Game Reserve while the eastern section is communal land.  In this dissertation, only 

the eastern section of the Zambezi Region is considered.  The border between the 

Zambezi Region and Botswana in the south is formed by the Chobe River which 

contributes part of the floodwaters to the floodplains in the Region.  On the other 

hand, the Zambezi River forms the border between Namibia and Zambia which 

contributes most of the floodplain’s flood water.  
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Figure 1: Location of the Zambezi Region in Namibia (Data Source: Ministry of Land Reforms, 

2014) 

 

2.2.2. Land type  

Mendelsohn and Roberts (1997) identified five major land types in the Zambezi 

Region.  These are:  

1. Open Water which covers approximately 166 km² 

2. Riverine Woodlands 

3. Mopane Woodlands  

4. Kalahari Woodlands  

5. Impalila Woodlands  

These land types cover only 18 km² and less than 1% of the Zambezi Region’s total 

land area.  Open Water is defined as rivers and associated deep channels and 

backwaters.  The vegetation is based on outcropping basalt rocks and covers Impalila 

Island.  Out of the five identified land types, only three are considered important in 

the eastern floodplains, namely:  
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1. Open Water,  

2. Impalila  

3. The Floodplains   

The Floodplains cover more than 25% of total land area and are flat lands dominated 

by old channels and grasslands which are flooded annually.  Flood water that 

inundates the floodplains comes from the catchments in Angola, DR Congo and 

Zambia and is channelled through the Chobe River, the Okavango River, the 

Linyanti River and Kwando River which are the major rivers that continue to flow 

throughout the year in the Zambezi Region (Purvis, 2002). 

 

2.2.3. Topography and soil  

The Zambezi Region is a floodplain with a general altitude range of between 925 m – 

950 m above sea level.  The Region is within a regional slope of 0 - 2%, with a very 

low relative relief of < 10 m and no preferred orientation for the drainage pattern, 

while the geological substrata is quaternary alluvium (de Pauw et al., 2001).  In 

terms of the Agro-Ecological Zone (AEZ) area, the Region falls within the Kalahari 

(KAL7) Sands Plateau, floodplain of the Zambezi and Kwando – Linyanti – Chobe 

River systems which is 3556 km
2
.   

 

The soils of the Zambezi Region were classified as part of an Agro-Ecological 

Zoning (AEZ) of the country as a whole under the direction of the Ministry of 

Agriculture Water and Forestry, Namibia as shown in Figure 2.  The zones were 

delineated at a scale of 1:1 million according to the Map for Namibia (de Pauw et al., 
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2001).  The FAO Soil Units and Fertility Capability Classification methods were 

used in AEZ.  This is at present the most detailed soil classification available as there 

has been no other AEZ study done afterwards. 

 

 

Figure 2: Soil types of the Zambezi Region (Data Source: Ministry of Land Reforms, 2014) 

 

Around 50% of the soils in the Zambezi Region are classified as Eutric Fluvisols - 

alluvial soils with fair to good nutrient status and dominated by sandy to loamy 

topsoil.  The remaining 50% are Eutric Vertisols with dark cracking clays (> 35% 

clay) and with deficient drainage (i.e. prone to water logging) but with good nutrient 

status (de Pauw et al, 2001).  In terms of the cropping potential, these soil types are 

considered suitable for short-maturing crops due to their high degree of fertility.  
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The land that is flooded frequently holds water for a longer period, and often has a 

high content of organic material derived from decomposed reeds, sedges and other 

plants that grow in water.  In some areas such as the Linyanti swamps and around 

Lake Liambezi, these soils have developed into large deposits of mulch.  On the 

other extreme of the spectrum, are the pure sands (100% sandy).  These deep sandy 

soils do not hold water for long; therefore plants with shallow roots grow only once 

good rains have fallen despite other suitable environmental and climatic factors.  

 

2.2.4. Climate  

As stated by du Pisani (1997), Namibia is rated as the driest country in sub-Saharan 

Africa with unpredictable climate that is subject to great temporal and spatial 

variations in rainfall.  Climate, together with the available soils, is a primary 

determinant of which crop can be grown where, when, how, why and by whom.  

Thus, it is important to understand climate variables such as temperature, rainfall, 

wind speed, relative humidity, and radiation for any given landscape unit and its 

yield potential in order to utilize such land for a given crop-based land use.  The 

above abiotic factors are particularly influential to the development and growth of 

crop life in terms of growing period days.  Therefore they do not directly influence 

the yield except through the latter context.   

 

The incidence and amount of rainfall in Namibia increases from the west, where less 

than 20 mm of rainfall a year occurs and increases progressively to the north-east, 

which can receive over 600 mm of rain a year (NMS, 2016), depending on the 

prevailing decade characteristics.  Hence the Zambezi Region in the north-eastern 
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part of the country is considered more tropical than any other part of the country with 

an average annual normal rainfall of between 550 mm and 750 mm (NMS, 2016).  

With warmer winters, less evaporation and higher rainfall, the Region sustains plants 

that are unable to survive in Namibia’s drier regions.  Despite its tropical 

classification, the Zambezi Region is still affected by rain that is highly variable in 

space and time and is prone to experiencing serious seasonal droughts from time to 

time (Mendelsohn and Roberts, 1997).   

 

The average crop growing period is 135 days with a dependable growing period of 

122 days (de Pauw et al., 2001).  The growing period is the time of the year when 

both moisture and temperature conditions are suitable for crop production (FAO, 

1998).  It is, therefore, important to understand the AEZ of the Zambezi Region and 

the cultivation of crops where/ when soil gets inundated to various depths during the 

rainy season and soil moisture available may be influenced by the prevailing 

vegetation.  

 

2.2.5. Vegetation types 

The vegetation of the Zambezi Region was originally classified as Tree Savanna and 

Woodland (Giess, 1971 and Müller, 1984).  The vegetation of the Region is 

influenced by four main factors: soil, grazing, flooding and fire (MAWF, 2009).  

According to the report by MAWF (2009), soil texture, soil depth, nutrient content, 

the concentrations of salts, and water holding capacity all affect the kinds of plants 

found, their vigour and size.  Water drains through sand easily, washing nutrients 

away and leaving both the sands and many grasses deficient in nutrients.  Flood 
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restricts the growth of most woody plants because they cannot withstand the oxygen 

deficit in the root zone.  For this reason, areas subjected to flooding are dominated by 

grasslands with different species growing in areas subject to different frequency and 

severity of inundation.  Reeds and sedges predominate in the wettest areas, while 

coarse grasses grow on leached sands.  

 

The effects of fire may be dramatic.  Frequent, hot fire can kill large trees, prevent 

the growth of young trees, and may lead to the development of uniform thickets of a 

few fire resistant species.  The Region’s vegetation is therefore characterized by 

forest savanna and woodland due to the influence of the subhumid climate (Næraa et 

al, 1993).  The woodlands are dominated by Terminalia woodlands, Aristida 

woodlands (Mapane) mostly on the clay soils found on ancient floodplains 

(Mendelsohn, 2007).  

 

2.2.6. Population and livelihoods  

The Zambezi Region is a mixed farming economy and the people of the Region are 

involved with producing both livestock and crops.  The population size of the Region 

is presently estimated at around 90 600 which is 13.5% of the total national 

population of Namibia (NSA, 2011).  The Zambezi Region is densely populated with 

an average of 6.1 persons per km
2
 whereas Namibia population density was 

estimated at 2.6 persons per km
2
 in 2011 census (NSA, 2011).  In 2009, the Office of 

the Prime Minister in Namibia (OPM, 2009) reported that the risks associated with 

the local people’s livelihoods in the Zambezi Region are frequent flood conditions, 

frequent drought conditions as well as wildlife, crop and livestock destruction.  
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Furthermore, the impacts of projected climate change on farming systems in Namibia 

are expected to be severe and have a significant impact on the livelihoods of rural 

households and the economy of farming-related businesses as was reported by MET 

(2010).  In the Zambezi Region, the main activity that supports livelihood is 

agriculture (Nyambe and Belete, 2012) with a farming mix of livestock and crop 

production.  Livestock are reared for social status as well as for the funding of 

modern necessities such as school fees.  Cattle are owned for beef production, milk 

production, as draught animals, store of wealth as an investment and insurance of 

against sporadic crop failures.  The rangelands in the Zambezi Region are also 

suitable for large stock grazing, which makes livestock farming a norm for the 

people of the region (de Pauw et al., 2001).  In terms of crop production, maize 

production dominates as the staple food crop in the Region.  It has been suggested 

that the frequent floodplains are suitable for recession cropping.  Planting maize 

immediately after the floods has become annual practice especially in the far eastern 

part of the region (OPM, 2009).  According to Purvis (2002) the diversity of the 

floodplain environment and the changing patterns of the land and water interface 

present opportunities of resources to the inhabitants of the Region to be explored at 

any given time.   

 

2.2.7. Cropland types 

Access to farming land and related natural resources remains a top priority for the 

survival of rural households in the Zambezi Region.  The Region has three types of 

land that are used for crop production as described by Purvis (2002).  These include 



30 
 

 
 

the Forest Zone known locally as Mushitu, the Bushed Valleys known locally as 

Saana and the Floodplains locally known as Kwa-Nuka as described by Purvis 

(2002).  In terms of their use for crop production, the floodplains can be further 

divided into raised gardens which locals refer to as Mazulu, village gardens known 

locally as Mandameno and river-fields better known as Litapa.  The main crop 

grown in these lands are the maize, pearl millet and sorghum crops. 

 

The annual inundation of the floodplains results in two distinct agricultural/ 

cultivation systems being adopted on and adjacent to the floodplains namely; a rain-

fed system on the dry lands and river-field systems on the river banks.  Because of 

their residual moisture after the recession of floods, river-fields or Litapa are 

regarded as the most important land resource for maize production.  Around the 

eastern end of the flood plains, maize can be planted in August with the soil moisture 

that remains from the floods and harvested in December.  However, there is generally 

poor management of field fertility and people rely on the floods to replenish many of 

the growing areas.  There is very little crop or field rotation practised and the use of 

fertiliser or manure is rare.  The area of cultivation on the plains varies but is 

commonly estimated at around two to five hectares per floodplain household. 

 

2.2.8. Cropland tillage practices 

It has been shown that good coordination of farming activities enhance yields 

(Newsham and Thomas, 2011).  Though the resultant effect of low yields, manual 

crop cultivation is labour intensive, time consuming and does not cover a large area 

compared to tractor and animal draught methods.  In years of good rains, farmers in 
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the Zambezi Region with access to tractors stand a good chance of better harvests 

because the preparation of their crop fields is expedited.  However, because the 

floodplains landscape is largely compounded with economic hardships, manual and 

animal drawn cultivation methods are the only available options as the majority of 

the region’s inhabitant cannot afford to lease tractors for farming purposes.  Because 

using private tractors to cultivate the crop field is very expensive, farmers depend on 

government supplied tractors (Newsham and Thomas, 2011).  Tilling the land with 

tractors is effective as the ripper discs dig deeper into the soil and reduce soil 

compaction (though depends on the types of soil), allowing air pores and water 

infiltration to the crop root zones.  The use of tractors is comparatively fast and can 

cover a larger portion of land within a short period of time, unlike other manual 

labour methods.  However, the study by Teweldmehidin and Conroy (2010) found 

that the use of animal power performs better in terms of productivity per ha 

compared to the usage of tractors in Zambezi Region.  This could be the reason why 

the animal draught system is still preferred by the inhabitants of the floodplain areas. 

Another reason could be that accessing floodplains with tractors to undertake flood 

recession farming becomes difficult.  

 

2.2.9. Flood patterns 

In his discussion paper on fish livelihoods, Purvis (2002) stated that the flood seems 

to follow a pattern within a yearly cycle.  According to the author, there are usually 

two flood peaks in the floodplains of the Zambezi Region; the first occurs early in 

the season, between February and March, as the full stage of the river is reached.  

Accordingly, the river then breaks its banks and the water spreads out laterally across 
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the floodplain.  As a result of this spread, the level of water in the channel 

temporarily drops.  The level begins to rise again as the flood prone areas are 

inundated and the water can no longer be accommodated (Purvis, 2002).  He again 

further noted that by the middle of May and/or June, floodwaters start receding.  It is 

estimated that the water remains at its highest level for only about two weeks, 

depending on the rainfall received from the catchment that feeds the Zambezi River.  

If and when the water has reached its full soil storage capacity, it can extend a 

growing period for another nine days or there about (de Pauw et al, 2001).  Purvis 

however cautioned that the impact on the timing or duration of the flood could upset 

a complex set of natural balances which drastically affect the socio-economic 

conditions of inhabitants who depends on the flood.  
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SECTION B 

2.3. REVIEW ON THE PROBLEMS OF FLOODS, SOIL 

MOISTURE AND CLIMATE VARIABILITY  

 

2.3.1. Problem of floods on cropland and yields 

The last decades have seen occurrences of extreme weather events such as flooding 

around the world (Gautam and van der Hoek, 2003; Khan et al., 2012; Opondo, 

2013).  This is attributed to the changing climate.  Similarly, in 2015, Smakhtin 

(2015) articulated that the variability of water resources as a result of the changing 

climate is expected to increase as well as increased risk of disasters.  The author also 

expressed that flooding, as well as drought, had negative implications on both the 

social and economic status of the society in Asia.  Thus, flood is a natural disaster 

that causes damage to crops and cropland as well as on other infrastructure of 

communities.  The impact of extreme flood differs from place to place since it may 

be based on the magnitude of each flood scenario as well as on the resilience and 

adaptation mechanisms of a given community (Gichere at el., 2013).  It was reported 

by Khan at el (2012) that most land is uncultivated during flooding years.  At the 

same time, the authors report that flash floods damage crops due to a lack of 

adaptation mechanisms put in place when such events occur.  

 

However, the damage caused by flood depends on different factors. Butzen (2016) 

stated thus:  

“the extent of the damage depends on the specific crop, its growth stage, the 

duration of flooding, and temperatures during flooding.  Damage occurs 

because flooded soils are quickly depleted of oxygen, and most crops require 

oxygen for normal metabolism, growth and development.  In addition, 
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flooding frequently results in higher levels of plant diseases that reduce 

stands and yields.  At the same time flooding usually causes soil nitrogen (N) 

losses, which can severely limit yields, if, N is not replaced”.   

 

In the case of maize and possibly other crops, production is easily affected by flood 

since they can only survive within two to four days of being inundated and some 

damages are unavoidable.  The effects of flooding and other calamities over maize 

production and other crops have been researched globally by several scientists using 

different methodologies based on the problem researched.  In Sub-Saharan Africa, it 

is known that global warming has increased the incidences and severity of flooding 

as was investigated by Conway (2008).  On the other hand with regards to the 

positive effects of flood and drought, Smakhtin (2015) expressed that floods are good 

for floodplain agriculture especially the recession crop production, while, droughts 

may kill pests within an ecosystem.  

 

However, it is evident that flood has inflicted devastating effects on agriculture, 

infrastructure and the people of Namibia located in the flood prone areas as was 

reported by the Office of the Prime Minister Report, (2009) and Gilau et al, (2012).  

The effects were felt by the majority of the crop producing population especially 

taking into account that half of the population of Namibia lives in the flood prone 

areas of the Northern Communal Areas (NCA) of Omusati, Ohangwena, Kavango 

West, Kavango East and Zambezi Regions.  River-bank erosion and sand casting, 

where large amounts of sand are deposited by flood water, are the most frequent 

water-induced hazards in the Zambezi Region (Green et al. 2000).  These hazards 

affect all aspects of the land, lives, and livelihoods of communities living in the 

region to a significant degree.  Floods leave people homeless and displaced, destroy 
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crops, damage public property and damage development infrastructure.  Victims who 

become destitute always suffer from trauma and shock of homelessness and loss of 

their crops and livestock.   

 

Therefore, the annual cycle of hazards cripple people’s resilience and intensify the 

poverty spiral.  This has resulted in indigenous communities living in the affected 

areas attempting to develop mechanisms that counter the effects of flood.  These 

mechanisms are developed over time and have become part of their lifestyles and 

traditions.  They include for example, temporary housing structures, winter cropping, 

livestock movement to higher ground before the floods, food storage granaries being 

built several meters above the flood levels, and weather and flood predictions 

becoming part of the mitigating mechanisms (Das et al., 2009).  The mechanisms 

help to cope with and adapt to the immediate and long-term impacts of the perennial 

flood hazards.  MAWF (2009) reported that there were 2 790 hectares of crop fields 

affected while 2 854 crop fields were damaged in Zambezi region.  Linkemer et al 

(1998) explained that the extent of damage to yield depends heavily on the stage of 

development as well as on more obvious factors such as duration of waterlogging 

and temperature.  Once germinated, stages in subsequent development of crops 

influence susceptibility to flooding injury.  Excessive moisture during the plants’ 

vegetative stages reduces root development (Wenkert et al, 1981).  The excessive 

moisture results in root systems not becoming fully developed and unable to access 

water in the subsoil.  It is during the early part of the season that floods have the 

greatest impact. Smaller maize plants are more easily submerged with their growing 

point below or just above the soil and vulnerable to damage in saturated soils.  The 
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mineralisation of nutrient elements from organic matter requires a considerable 

amount of oxygen whose deficiency during floods and heavy rainfalls minimises 

microbe activity.  In the event that flooding and heavy rains do not destroy crops, it 

still has a long-term negative impact on growth performance since flood results in 

nitrogen losses through de-nitrification and leaching.  Where estimated, nitrogen loss 

is significant in maize fields not yet tasselling and yield potential is reasonable, the 

maize may respond to additional applied fertilizer (Ellis, 1998).  

 

Thus, previous studies indicate that when maize plants at a height of 12.6 cm were 

flooded between 24 and 96 hectares, yields were reduced by 14 to 30%.  With a high 

level of nitrogen in the soil, very little yield reduction occurred even with 96 hectares 

of flooding.  When flooded near silking, no reduction in yield occurred at a high 

nitrogen level, but yield reduction by up to 16% occurred with 96 ha of flooding at 

the low level of nitrogen (Mukhtar et al., 1990).  Because of early season stress, the 

crops may be predisposed to root and stalk rots later and harvest timing of fields may 

need to be adjusted accordingly.  Therefore, due to the recurring floods in the 

Zambezi Region, local communities are socio-economically underdeveloped.   

 

In spite of all the above-mentioned, the incidences of flooding are likely to increase 

and threaten the overall productivity of the land due to climate change in the 

Zambezi Region (Gilau et al., 2012).  In 2012, the Region had already experienced 

extreme flood events in terms of occurrence and extent more than any other Region 

in Namibia (Gilau et al., 2012).  Thus, between 2008 and 2009, only the Zambezi 

Region had the highest number of people (19 738) in 30 relocation camps, whereas 3 
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750 traditional housing structures were destroyed as reported by the Office of the 

Prime Minister in 2009.  With such a large number of communities dependent on 

farming for survival, and being forced to abandon their cropland in the floodplain, 

crop losses in terms of yield and access to food by the communities were imminent.  

As a result, the inundation of low-laying cropland during the growing season led to 

crop failure; reductions of total yield and area available for cropping (SADOCC, 

2010).  In such flood situations, soil oxygen rapidly gets depleted and alters plant 

metabolism, inhibiting growth and resulting in low yields or even the death of the 

plants itself (Kozlowski, 1984 and Butzen, 2016).  Thus, the reoccurrences of 

flooding leaves the people of the Region dependant on food relief from government.   

 

However, with the reoccurrences of flooding expected to increase and threaten the 

lives of people globally, the effects and challenges coupled with adaptation 

mechanisms needs to be researched.  Thus, Roudier et al (2011) using the empirical 

and process based model, determined the impact of climate change on yields and 

analysed sources of uncertainty.  However, the change in rainfall and its impact on 

crops was still uncertain in climate projections during the investigation by Roudier et 

al (2011), even though different climate models have been applied.  

 

However, in the Zambezi Region the flood frequency, coverage and its magnitude in 

space and time has been examined by Gilau et al (2012) and Mudabeti (2011) and  

Nathanial & Mendelsohn (2013) assessed the risk of flooding in the Caprivi Region 

(now the Zambezi Region).  Gilau et al. (2012) using the Standard Precipitation 

Index (SPI) method, determined that if severe to exceptionally wet conditions occur 
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in the catchment areas of the Zambezi River, disastrous flooding is expected to take 

place in flood prone areas.  The outcomes of SPI analysis for 50 years (1949 – 2009) 

showed that the frequency of occurrence of wet conditions (abnormally wet to 

exceptionally wet) ranged from 11 to 16 times in the region.  This suggests that wet 

conditions, which are the main cause of flooding, occurred about every three to five 

years.  Mudabeti (2011) on the other-hand investigated the causes, coverage and 

movement of flood waters from 2000 to 2010.  According to Mudabeti (2011), 

elevation, soil properties and rainfall were found to be the major causes of floods in 

the Zambezi Region.  That is in addition to external forces such as higher rainfall 

received in the upstream of the Zambezi River in Angola and Zambia.  At the same 

time Nathanael & Mendelsohn (2013) spatially assessed the vulnerability of eastern 

Zambezi Region to flooding in order to improve the planning processes during the 

occurrences of flood.  In their study, the authors assessed a series of satellite images 

to identify the presence or absence of surface water as determinants of flood. The 

results by Nathanael and Mendelsohn (2013) showed that the places in which water 

was found always symbolized frequently flooded and are vulnerable than others.  

Thus, there is a gap to be investigated with regards to the effects of flood level and 

seasonal rainfall on maize cropland and yield in the Zambezi Region.  Such an aspect 

has not yet been investigated.  Because of the size of cropland and yield status in the 

flood plain, it is assumed that it depends on the occurrence of flood and rainfall 

received in a given season.  Therefore, the question is whether or not repeated 

flooding into subsequent periods is likely to act as a serious constraint for maize 

production by Zambezi small-scale farmers and communities.  The question warrants 
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further research.  Since the consequences of flood impact on the maize crop fields 

and yields are likely to be dire.  

 

2.3.2. Problem of spatial and temporal variability of soil moisture on non-

flooded landscape units 

 

One of the functions of soil is to regulate and partition water flow through the 

environment while the condition of the soil surface determines whether rainfall 

infiltrates or runs off its surface (Adhikari et al., 2010 and Al-Kaisi, 2006).  Hence, 

soil is essential to the well-being of soil moisture and its contribution to the 

productivity of any given landscape unit in space (spatial) and time (temporal) (Rai 

et al, 2010).  Therefore, it is vital to understand the variability in soil properties on 

any landscape unit since it is an inherent natural phenomenon and unique to 

ecological settings and influences the availability of both spatial and temporal soil 

moisture (Adhikari et al, 2010).  Various studies have shown that soil texture 

governs many soil properties such as the physical, chemical and hydrological 

properties of the soil (Adhikari et al., 2010; Al-Kaisi, 2006 and Earl et al., 2001).  In 

effect, the variation in soil texture in the field directly contributes to the variations in 

nutrient storage and availability, water retention as well as availability and 

transportation of soil moisture.  

 

Both spatial and temporal soil moisture content can be understood in relation to its 

availability on any given non-flooded landscape unit.  Thus, the ability to utilise each 

non-flooded landscape unit depends on the knowledge of spatial (space) and 
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temporal (time) variability of soil moisture content available.  The spatial process of 

soil water content on a given landscape unit can be influenced by spatial changes in 

soil type, topography, vegetation, rainfall, evapotranspiration and management 

system applied for a given land use (De Lannoy et al., 2006 and Wendroth et al., , 

2012).  Whereas the temporal process of soil moisture content on any given 

landscape unit can also be influenced by temporal occurrences of rainfall, 

evapotranspiration, drainage and capillary rise (Wendroth et al., 2012).  Hence, soil 

moisture is critical to control the water balance since it influences the infiltration, 

runoff and evapotranspiration (Das & Maity, 2014).  

 

In respect of the aforegoing, several authors expressed that the knowledge of the 

spatial and temporal variability of soil water properties is of great importance when 

investigating the management and utilisation of agricultural land (De Lannoy at el., 

2006; Molin & Faulin, 2013; Das & Maity, 2014 and Shittu & Amusan, 2015).  Gaur 

and Mohanty (2013) investigated the effects of topography (slope), vegetation (type) 

and soil (texture) on soil moisture spatial distribution in watersheds of Oklahoma and 

Iowa states.  The authors used Kruskal-Wallis and Shannon Entropy as analysis tools 

to assess the soil moisture variability in space and time.  Their result indicates that 

soil texture has a dominant effect on soil moisture’s availability when compared to 

the effect of topography and vegetation.  They also found that topography has a more 

dominant effect on spatial variability of soil moisture especially during very wet 

years than soil texture and vegetation.  It is apparent that both soil texture and 

topography plays crucial roles in understanding the dynamics of soil moisture spatial 

variability.   
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Similarly, Viglizzo et al., (2009) investigated the dynamics of cultivation and flood 

to determine the relationship between the rainfall and groundwater level.  They 

applied simple correlation analysis using best-fitting linear models and found that 

groundwater level and rainfall are significantly correlated in the highlands.  

However, such correlation is not significant in the lowlands.  The lack of correlation 

in lowlands is attributable to the fact that water tables are always shallow and less 

sensitive to rainfall supplies, whereas, the subsurface water transport from the 

highlands are critical in controlling groundwater levels than rainfall received in a 

given landscape (Viglizzo et al., 2009).  Moreover, Molin and Faulin (2013) 

analysed the relationship of soil electrical conductivity to soil moisture using 

geostatistical and regression analyses; mainly Semivariogram models.  Their result 

indicates that soil moisture had a strong spatial dependence even though this was 

only obtained in one experimental field and was attributed to the higher soil moisture 

and clay contents.  Similar results were obtained by De Lannoy et al (2006) when 

they investigated spatial and temporal characteristics of soil moisture in an 

intensively monitored agricultural field.   

 

Although the above-mentioned studies focused on several factors that influence soil 

moisture in a given area, there is still a knowledge gap on soil moisture in relation to 

the flood, seasonal rain, soil temperature and depth on non-flooded landscape units in 

the Zambezi Region.  Thus, increased soil moisture levels in non-flooded landscape 

units brought by the surrounding floods and seasonal rain in space and time in the 

Zambezi Region needs to be systematically investigated to close the knowledge gap.  
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It is therefore, the goal of this study to answer the question as to whether or not the 

soil moisture induced by flooding and rainfall is subsequently available to support 

maize and other possible crops on non-flooded landscape units in a given growing 

season after water has receded.  In doing so, soil moisture and temperature data 

measurements using ETM decagon sensors were collected over three years in space 

and time.  Similar methods of measuring soil moisture and temperature using soil 

moisture probes or sensors at various depths has been applied by various researchers 

in different situations related to soil moisture monitoring (De Lannoy et al., 2006; 

Oyedele & Tijani, 2010; Das & Maity, 2014; ).  At the same time, multiple 

regressions (model) is applied to the data to obtain the effects of independent 

variables (soil depth, rainfall, flood and soil temperature) on the dependant variable 

(soil moisture).  Multiple regressions (model) are used since such models are aimed 

at identifying the effects of dependent variables into independent variables (Joel et 

al, 2012) which is line with the objective of this study. 

 

2.3.3. Problem of climate variability as a global agenda also affecting 

Namibia 

 

The climate change indicators include weather variability, flood, drought, increased 

greenhouse gas emissions and temperature and these challenges are being 

experienced by different countries around the world in the past years.  Climate is the 

statistical description in terms of the mean and variability of relevant weather 

quantities over a period of time ranging from months to thousands or millions of 

years (IPCC, 2007).  Climate includes variables such as temperature, rainfall, relative 

humidity, sunshine, radiation and wind as examples.  It is, therefore, essential to 
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understand the variability of these climatic factors and their influence on crop 

production in the context of climate change.  Climate variability is expected to be 

worsened as an outcome of climate change due to temperature increases. Thus, the 

four direct consequences of climate change as a result of temperature rise are 

flooding, drought, sea level rise and extreme weathers (Qu and Shilling, 2012).  The 

authors further explained that as a result of drought and flooding, reduced crop yield 

is expected to be experienced.  Similarly, in 2014 the IPCC reported that an increase 

in temperature by two degrees Celsius is projected to have detrimental effects on 

crop yield, especially for major staple food crops around the world and this presents 

why climate variability is a global problem.  For example, it has been indicated that a 

temperature increase of two degrees Celsius, decolonises the centre of diversity in 

eastern Africa in which the Arabic coffee crop is adapted.  Climate variability as 

intensified by climate change is expected to affect crop adaptation, food security by 

disrupting food availability, decreasing access to food, and making utilisation of land 

more difficult at global, regional, local and household levels (Brown et al, 2015).   

 

In East Africa, particularly in Ethiopia and Tanzania, the effects of climate 

variability has been experienced and has led to shifting of planting dates and the 

length of the growing season.  As a result, the crop type, or cultivar, and yield 

obtained are influenced (Rowhani et al., 2011 and Admassu et al., 2012).  Admassu 

et al (2012) expressed that climate variability changed the productivity of most land 

in Ethiopia and that food shortages increased due to adversity of climate conditions.  

In the Southern African Development Community Countries (SADCC), climate 

variability is expected to lower maize grain yield over a long period of time 
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(Thurlow et al., 2009, and Beletse et al., 2014).  Furthermore, Beletse, et al, (2014) 

articulated that despite maize‘s adaptation ability to harsh climatic conditions, the 

expected increase in temperature and high variability in rainfall will lower or have a 

negative impact on the yield.   

 

In Namibia, high variability of climatic factors such as rainfall and temperature as a 

global problem is also expected to affect the country negatively as was foreseen by 

Qu & Shilling (2012).  The impact is likely to be severe since Namibia’s climate is 

generally hot and dry with variable and unpredictable rainfall patterns that have a 

major influence on all aspects of life (Mendelsohn, 1999).  Such factors include the 

availability of water, as well as where, when and how crops can be grown as stated 

by Mendelsohn, et al (2009).  It had been predicted in the past that Namibia would 

become hotter throughout the year with a predicted increase in temperatures of 1 - 

3
o
Celsius in summer and 1 - 4

o
Celsius in winter from 2046 – 2065 (Reid et al., 2007 

and MET, 2010).  Dirkx et al (2008) reported that maximum temperatures increased 

in the last 40 years, exceeding the 30°C mark.  The authors further explained that 

minimum temperatures below 6
o
C became less common in 40 years under review 

and suggested an overall warming in the same period.  Rainfall was predicted to 

decrease by 10% in the northern and southern regions and by 20% in the central 

regions by 2050 (MET, 2010).   

 

Therefore, the impacts of projected climate change on farming systems in Namibia is 

expected to be severe, and as a result will have a significant impact on the 

livelihoods of rural households and farming-related businesses (MET, 2010).  At the 
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same time it was also reported by MET (2010) that the rainfall pattern shifted over 

the past 40 years with an increase in late summer rainfall over major parts of the 

country.  In addition, crop production under rain-fed conditions has been declining 

by about 33% on average every year in the last few growing seasons (Schneider et al, 

2015).  Furthermore, the prediction reported by MET in 2008 suggested that by 

2050, it is likely that only the eastern parts of the Kavango East and the Zambezi 

Regions will be able to produce crops under rain-fed conditions.  Hence the greatest 

negative impact of climate change for crop production in Namibia relates to 

unpredictable and variable rainfall patterns experienced thus far (Schneider et al, 

2015).  The authors further explained that the below normal rainfall performance 

during the 2014/2015 rain season and poor crop harvested weakened the household 

food security situations in rural Namibia and especially those of marginalised groups 

of society dependent on a pastoral economy.   

 

In terms of the economy, Reid et al (2007) suggested that annual losses of income to 

the Namibian Economy over a 20 year period, due to climate change and climate 

variability, impacts on the natural resource base alone, could be between 1% and 6 % 

of Namibian GDP.  In monetary terms, this translates to annual losses ranging from 

N$490 million to N$1.4 billion, if climate change adaptation measures are not put in 

place.  At the same time, due to the impacts of climate change on rain-fed crop 

production in Namibia, the costs of importation increases at national level due to 

poor yield (Schneider et al., 2015).  However, in the Zambezi Region, 

Teweldemedhin et al (2015) examined the economic impact of climate change and 

benefits of adaptations for maize production.  In their findings, the authors 
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articulated that the projections of the impact of climate change and variability show 

negative economic impact with the highest going up to 76% and lowest to be around 

46% loss without any adaptation strategies (e.g. plant breeding varieties to 

environment while agronomy matching them to environment) in the Region.   

 

In spite of the above studies in the Zambezi Region on the economic and physical 

effects, the negative effects of temporal climate variability on maize and other 

possible crops has not been investigated in the Region.  Studies conducted by various 

researchers on the impact of climate variability and change were done at national 

level and do not depict specifically on the Zambezi Region though they give casual 

reference to the region (Reid et al., 2007.; MET, 2010.; Qu & Shilling, 2012.; and 

Schneider et al., 2015).  The studies did not investigate the temporal climate 

variability impacts on maize production in the region, but generally indicated that 

projected climate change will have a negative effect on crop production.  As eluded 

by Mendelsohn (1999) that annual climate varies significantly, a general consensus 

on how crops are expected to be impacted still leaves a knowledge gap in the 

provision of advice to producers by extension agents.  Therefore, how climate 

variability will impact maize production in the Zambezi Region needs to be 

understood and allow effective communication (Mwazi & Ndokosho, 2011).  Given 

the above, this current study has investigated the effects of climate variability 

between 2004 and 2015 on maize production in the Zambezi Region by applying 

quantitative land evaluation based on the CropWat model which is a K4 (Bouma, 

2000) research approach. The K4 research model gives quantifiable results and is 

applied also to understand the land suitability in quantitative terms.  
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SECTION C 

2.4. ANTHROPOGENIC EVALUATION 

Land suitability evaluation for non-flooded landscape units to support maize (Zea 

mays) production in flooding years is lacking for the Zambezi Region.  In this respect 

the following review is undertaken.  

 

2.4.1. FAO Framework for Land Evaluation 

At a landscape scale, humans can change the pattern and amount of different 

habitats, while reciprocally, the environment constrains human activities.  One of the 

greatest challenges for landscape ecology, and an area of pressing concern, is the 

incorporation of landscape ecology principles into land-use planning (Golubiewski 

and McGinley, 2008).  Such incorporation may mitigate the effects of land 

conversion by guiding such transformation in an ecologically appropriate direction to 

ensure sustainable agricultural production, for example, if such landscape is aimed to 

be used for crop production purposes. 

 

Sustainable agriculture is a key goal for efficient land utilisation of any nation to 

ensure food security, employment and economic growth.  The pillars of sustainable 

agriculture are economy, society and environment.  Thus, well-organized crop based 

land use is needed to feed billions of people globally in the face of climate change 

and climate variability effects (Bouma et al, 2012).  The assurance of sustainable 

landscape utilisation be it for livestock or crop production, requires the 

understanding of land suitability for a specific land use type.  Therefore, land 
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evaluation is very important for the consideration of actual and potential land use as 

a function of land characteristics or, in simple terms, what the land can offer.  The 

trends in land evaluation since 1950 (Van Diepen et al., 1991) and in recent years 

(Bouma et al., 2012) have been a shift from broad to specific assessments, increasing 

use of non-soil factors, and increasing quantification, while taking into account the 

pillars of sustainable agriculture.  

 

In response, the FAO in 1976 jointly with the Dutch Working Group in consultation 

with a number of international experts developed the Framework for Land 

Evaluation (Van Diepen et al, 1991).  According to Van Diepen et al (1991), modern 

land evaluation gradually developed into an interdisciplinary field of study.  The 

studies are aimed at the integration of knowledge of land resources and land use to 

determine the best use of such land.  Hence, FAO stated that land evaluation is a 

multi-disciplinary process that requires the use of a standardised framework, i.e. 

FAO Framework (1983) which is essential to ensure logical qualitative and 

quantitative analysis of the suitability of the land for a wide range of possible land 

uses.  The framework as such does not constitute an evaluation system but is 

primarily designed to provide tools for the construction of local, national, or regional 

evaluation systems in support of rural land use planning in a given landscape by any 

user (Van Diepen et al., 1991).  The Framework for Land Evaluation sets out basic 

concepts, principles and procedures for land evaluation which are universally valid 

and applicable in any part of the world and at any level, from global to single farm 

level situation (Van Diepen et al., 1991 Bouma, 2000 and Bouma et al., 2012).  
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According to Van Diepen et al (1991) the basic concepts of the Framework include 

land, mapping the land unit, and major kind of land use, land utilisation type, land 

characteristics, land quality, diagnostic criteria, land use requirement and land 

improvement.  Thus, based on the objectives of the assessment, relevant land use 

types, land characteristics and land qualities are identified and compared to each 

other.  There are two land use types as distinguished by FAO (1983) such as simple 

land use type and compound land use type.  A simple land use type is about one use 

at a time; in agricultural Land Utilization Types (LUTs), for example this could 

mean one crop species per season.  A compound LUT means several uses (multiple) 

at a time (intercropping) or more than one activity in a given season (FAO, 1983).  

The distinction of the land use types is critical in the process of land suitability 

assessments on whether the land in question is to be used for single or multiple land 

uses.  

 

Land suitability is the fitness of a given type of landscape for specified kind of land 

use (FAO, 1983).  The FAO framework does not allow the use of land characteristics 

directly to assess land suitability, but recommends describing the land in terms of 

land qualities (Van Diepen et al., 1991) which are measureable.  This means a 

conversion of land characteristics into measurable land quality.  Though both are 

properties of the land, the advantage of using land qualities have a distinct influence 

on land use and constitute the integrating expression of a large number of interacting 

land characteristics (Driessen & Konijn, 1992 and Van Diepen et al., 1991).  Thus, 

the land qualities are inferred from a set of diagnostic land characteristics.  Van 

Diepen et al (1991) enlightened further that land qualities are usually rated on a scale 
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ranging from 1 (very good) to 5 (very poor) and ratings are compared with the 

requirements of a given land use.  Land quality “refers to the conditions of land 

relative to the requirements of land use, including crop production, environmental 

management, and conservation” (Dumanski & Pieri, 2000).  The critical practice is 

the matching process which is the core of land evaluation in which the land qualities 

are compared with the land use requirements. 

 

Therefore, the framework for land evaluation allows comparing or matching of the 

requirements of each potential land use with the characteristics of a given land type 

(FAO, 1983) in the form of land qualities.  In the end, land suitability of a specific 

piece of land for a specific land use is evaluated from a set of more-or-less 

independent land qualities which may each limit the land-use potential as explained 

by Rossiter and van Wambeke (1995).  Furthermore, Rossiter and van Wambeke 

articulated that these evaluations in most cases classify map units of natural resource 

inventories, such as the legend categories of soil survey, into land suitability 

subclasses, based on the number and severity of limitations to a given land use.  

Subsequently, land evaluation is achieved or is performed.  

 

2.4.2. Land Evaluation  

Land evaluation is the assessment of land performance to determine its suitability for 

a given land use (Vink, 1975 and Bouma 2000).  The aim of land evaluation is to 

predict the most important changes to the land in response to specific activities and 

help to decide whether these are desirable or acceptable in order to categorise the 

proposed changes as a wise or unwise use of such landscape unit (FAO, 1980).  Land 
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performance can only be assessed when a specific land use has been defined.  Then, 

attention is focused to current and potential forms of its use, which may be more or 

less promising depending on the objectives undertaken in such an evaluation 

(Bouma, 2000).  Such evaluation then, attempts to predict the behaviour of each land 

unit for each actual and proposed land use (Bouma et al., 1993; and Rossiter and van 

Wambeke, 1995).  The application of the framework for land evaluation in 

determining the land suitability is facilitated by a computer driven system.  The 

selection of such a system is based on the level of complexity scale as explained by 

Bouma (2000).  Bouma (2000) further explained that land evaluation is based on the 

Degree of Computation (Qualitative to Quantitative), Degree of Complexity 

(Empirical to Mechanistic) and Level in the Scale Hierarchy (Molecular Interaction 

to World) and different knowledge levels.  Thus, each research problem requires its 

own research approach based on the objective to be obtained in the land evaluation.  

 

2.4.3. Levels of complexity scales  

“The complexity of agricultural systems and the need to fulfil multiple objectives in 

sustainable agro-ecosystems, calls for interdisciplinary analyses and input from a 

wide variety of disciplines in order to better understand the complete agronomic 

production system “as articulated by Kropff et al (2001).  Thus, in the older land 

evaluation work, attempts were made to find alternatives for land qualities (Land 

Characteristics) which are attributes of land that can be measured or estimated 

(Bouma, 2000).  Bouma explained that land evaluation is based on the Degree of 

Computation (Qualitative to Quantitative), Degree of Complexity (Empirical to 

Mechanistic) and Level in the Scale Hierarchy (Molecular Interaction to World) and 
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different knowledge levels (Figure 3).  Kropff at el (2001) explained that systems 

analysis in agronomic systems entails the use of various types of knowledge.  Thus, 

it is evident that different research approaches occur to address different problems.   

 

Therefore, it is outlined by Bouma (2000) and Bouma et al (2012) that:  

 

“K1 represents user knowledge; K2 represents expert knowledge; K3 

represents knowledge to be obtained through semi-quantitative models, in 

which real soil processes are not known; K4 represents knowledge through 

quantitative models where processes are characterized in general terms; and 

K5 represents the same, but processes are described in great detail which can 

imply that the entire soil/crop system cannot be characterized anymore and 

attention is focused on one aspect only”.   

 

This modelling approach is important since it allows selecting an appropriate 

approach to address a given study based on the question that might have been raised.  

For example, a regional planner who operates at level i - 4 may apply K2 & K3 

knowledge levels in order to obtain both descriptive and quantitative trade off 

analyses (Bouma, et al., 2012).  In most cases, a combined approach is done when 

one approach does not give the desired outcomes.  For example, in a situation where 

a land use planner wants to determine crop based land suitability and how he can 

obtain high yield and be profitable, but could not obtain such information using a K3 

approach.  Then, a K4 approach may be applied to give or simulate crop growth in 

order to have a clear picture of yield reductions expected in a specific landscape 

given the prevailing climatic conditions in such an area (Bouma, et al., 2012).  

Bouma (2000) enlightened that the application of the knowledge level is facilitated 

by an automated computer-driven decision support system that integrates economic, 

social and environmental factors or other factors to obtain the desired results.  Thus, 
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the use of expert knowledge based on K2 may require such knowledge to be captured 

in a system such as Automated Land Evaluation System (ALES) (Rossiter, 1990).  It 

implies that the evaluation of all land units is carried out quickly (van Lanen, 1991).  

Van Lanen revealed that fast results can only be possible when expert knowledge is 

captured in a computer system and is linked to a geographical information system 

(GIS).   

 

However, the use of expert knowledge, a K2 level, is characteristic of qualitative 

methods.  Qualitative physical land evaluation methods indicate the degree of 

suitability of land for a particular land use in qualitative terms (e.g. well suited, 

marginally suited) (Driessen and Konijn, 1992., and van Lanen, 1991).  Experts 

determine which land use requirements are relevant to the functioning of a particular 

system, the adequacy of the corresponding land qualities, and the overall suitability 

(Driessen and Konijn, 1992).  According to Rossiter (2003) expert models assist to 

process and validate the expert judgments about specific land qualities by applying 

the FAO framework for performing land evaluation.  
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                   Scale Hierarchy 

 

Figure 3: Scale diagram showing a series of hierarchy scales (i Levels) and modelling 

approaches expressed in terms of four characteristics, which are summarized in terms of 

knowledge levels K1-K5. Source: Bouma (2000) 

 

On the other hand, the use of quantitative models, a K4 level, such as CropWat 

software, is characteristic of quantitative methods.  Quantitative physical land 

evaluation methods yield quantitative expressions for crop production, such as crop 

yield in kg dry matter per unit of area (van Lanen, 1991).  For example, the 

simulation of soil water regime yielded quantitative results for all land qualities that 

were considered in the study by Bouma et al (1993) on the use of expert systems and 

simulation modelling for land evaluation.  Nonetheless, Driessen and Konijn (1992) 

explained that the methods differ among applications but matching relevant land-use 
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requirements against the corresponding land qualities or land characteristics in 

single-land-use systems forms the core of the procedure in all cases.  According to 

Rossiter (2003) a quantitative model (at right side of the plane on Figure 3) K3 or K4 

gives numerical predictions of crop yields and environmental effects.  

 

However, the level of complexity scales as described by Bouma (2000) allows 

having an option to select the right research approach in order to address the problem 

to be studied be it using qualitative or quantitative model.  In the Sahelian region, 

contradictory statements at the K1 level (Farmer’s knowledge) indicated the need for 

K2 level (Expert knowledge) when investigating soil conditions, and due to lack of 

data, a complex and highly heterogeneous agro-ecological environment (Bouma, 

2000).  Similarly, in Europe, van Lanen et al (1991) when performing land 

evaluation using a K2 approach could not get satisfactory results when analysing soil 

in terms of suitability for wheat.  They then applied a K3 simulation model to predict 

crop growth (in Bouma et al., 2012).  Thus, a combination of approaches is required 

due to other land qualities that cannot be characterised well enough by one 

simulation modelling alone.  Especially if a mix can be obtained in a decision tree 

based on qualitative data combined with quantitative data obtained by simulation 

(Bouma et al., 1993).  Hence, a quantitative research approach such as CropWat is 

applied to address the question raised in this study: how can small-scale farmer’s 

decision making can be guided on the utilisation of the non-flooded landscape units 

for maize production given the prevailing climate variability.  Systems such as 

CropWat model were developed within this tradition to facilitate the process in order 
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to predict crop growth and yield reduction given the climatic and soil conditions 

(Rossiter and van Wambeke, 1997).   

 

2.4.4. CropWat Model 

As described by FAO (2009), CROPWAT 8.0 for Windows is a computer 

programme used for the calculation of crop water requirements and irrigation 

requirements based on existing soil, climate and crop data.  In addition, the 

programme allows the development of irrigation schedules for different management 

conditions and the calculation of scheme water supply for varying crop patterns.  

CROPWAT 8.0 can also be used to evaluate farmers’ irrigation practices and to 

estimate crop performance under both rain-fed and irrigated conditions as described 

by FAO (2009).  

 

CropWat uses monthly climate data to estimate evapotranspiration (ETo) and the 

monthly ETo has to be distributed or smoothed into equivalent daily values.  The 

monthly rainfall is divided into a number of rain storms per month.  CropWat does 

this in two steps (FAO, et al., 1998):   

1) the rainfall from month to month is smoothed into a continuous curve and the 

default curve is a polynomial curve;   

2) it assumes that the monthly rainfalls in six separate rainstorms, one in every five 

days.   

CropWat predicts crop yield reductions caused by water shortage based on climate 

data, soil data and planting date (Bronsveld at el, 1994., Kuneepong, 1994., and 

FAO, 2009).   
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CropWat has been applied in several studies to simulate the crop water requirements, 

rain-fed evaluation and water use. Thus, several authors have used the CropWat 

model to provide information necessary for decision making on the irrigation and 

rain-fed conditions for maize (Nazeer, 2009 and Abideen, 2014) and peanut (Gohari, 

2013) crop production.  In Pakistan, a result obtained by Nazeer (2009) indicated that 

if maize water requirements exceeds what is provided by rainfall, then yield losses is 

unavoidable unless, the deficit is supplemented by irrigation.  Similar results were 

obtained in Iran by Gohari (2013) and the results showed that more yield reductions 

were experienced as a result of increasing readily available soil moisture, even 

though irrigation can reduce the chance of yield reductions to occur.  In Iraq, Sheet 

(2013) utilised CropWat to study the effect of deficit irrigation for wheat crop 

production and concluded similarly to the study by Nazeer (2009) and Gohari (2013).  

In Morocco, Turkey and Pakistan the study by Smith & Kivumbi (2002) revealed 

that the CropWat model can be used adequately to predict the effects of water stress 

on crops such as cotton, sugar beet and potato are investigated.   

 

In the Sub-Sahara Africa, CropWat was used in the modelling of rain-fed agriculture.  

The aim was to show the historical trends of productivity of water for selected crops 

and identify the forces dictating the productivity of water (Igbadun et al, 2005).  

Their results indicated that productivity of water under rain-fed is influenced by 

evapotranspiration deficit if the dry spell occurs during the middle of the cropping 

season and early end of rainfall.  CropWat has also been applied as a crop growth 

model to support land evaluation (Kuneepong, 1994).  In Namibia, the CropWat 
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model has been applied to perform quantitative land evaluation for rain-fed based 

maize, cowpeas, sorghum and pearl millet.  The results showed that reference crop 

evapotranspiration for these crops exceeded their crop water requirements based on 

the climatic condition of the Oshikoto Region in 2005 (Mwazi, 2006).  Mwazi 

further stated that the average yield was reduced due to water deficit and shallow soil 

rooting conditions at different land evaluation units.  In all the above mentioned 

studies, local climate and soil data were only limited to a one year data set.  Hence, 

the result gives the scenario of the variability within a season but did not assess long 

term seasonal variability data of more than five years or so.   

 

Therefore, the CropWat model is applied in the current study and the result provides 

reliable information for decision making on the effects of climate variability over 

time (12 years) at a local level for which the regional and global model showed high 

uncertainties in the impact of climate change and climate variability (Nazeer, 2009., 

Teweldemedhin et al., 2015; Schneider et al, 2015).  Ettema & de Bie (2013) had 

similarly believed that general climate models do not generate accurate quantitative 

results and make it difficult to make realistic recommendations that might benefit 

producers.  Thus, it is important to note that CropWat accounts well for the relative 

sensitivity of different crop growth stages and it is able to indicate the negative 

impact due to climate variability in terms of yield reduction percentage and water 

deficit in space and time (Nazeer, 2009 and Gohari, 2013).  Therefore, the results to 

be obtained from the CropWat model aids in outlining on how small-scale farmer’s 

decision making can be guided on the utilisation of the non-flooded landscape units 

for maize production given the prevailing climate variability.  Thus, the CropWat 
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method, which is a K4 simulation model (Bouma, 200), is critical as decision making 

tool in providing a quantitative analysis of crop production at local level (Khan and 

Walker, 2015), because moisture availability is such an important land use 

requirement for maize crop and is affected by climate variability.   

 

2.4.5. Soil moisture measurements using Decagon Sensors and DataTrac 

software 

2.4.5.1. Decagon Sensors 

The decagon’s soil moisture sensors and data loggers system have been applied in 

various studies related to soil moisture.  For example, studies on performance 

evaluation and calibration of soil water content and potential sensors (Varble & 

Chavez, 2011); monitoring the brightness, temperature and soil moisture validation 

at different scales (Montzka et al., 2013); precision and accuracy of three alternative 

instruments for measuring soil water content in two forest soil (Czarnomski et al, 

2005).  In addition several studies to calibrate the sensors have been done and found 

that decagon sensors are reliable to monitor soil moisture and temperature (Spelman 

et al., 2013; Saito et al., 2013; Vaz et al., 2013; and Ganjegunte et al., 2012).  Thus, 

the Decagon sensors are used and found to be reliable to provide information on soil 

moisture and temperature in order to fulfil the objective of the study. 

 

2.4.5.2. DataTrac review 

Saxton & Rawls (2006) applied the Decagon DataTrac software to calculate the 

estimates of soil moisture in order to understand the amount of plant available water 

or, in other words, the water above wilting point.  DataTrac 3 is designed to help 
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users monitor the soil moisture and temperature or any other soil variable that is 

monitored using the Decagon sensors and data logger system and makes the sensor 

measured data available instantly to solve the problem (DataTrac Manual, 2015).  It 

therefore processes, updates and displays data in a usable formant.  
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2.5. OPERATIONAL DEFINITIONS  

These are definitions or meanings of terminologies frequently used in this study 

and are as follows: 

 

1. Actual Effective Rain – In this study it means the total amount of rainfall 

water that is available to the crop from the date of planting to the date of 

harvesting thus depends on the planting date. 

 

2. Crop Water Requirements – is defined as the total water needed for 

evapotranspiration, from planting to harvest for a given crop in a specific 

climate regime, when adequate soil water is maintained by rainfall or 

irrigation and does not limit plant growth and crop yield (FAO. et al., 1998; 

WCA, 2005). 

 

3. CropWat – means a Computer Program for Irrigation Planning and 

Management developed by FAO in 1992 and latest version (CropWat 8.0) 

update in 2009 (FAO, 1992). 

 

4. Effective rainfall – is the amount of rainfall that enters the soil and is stored 

in the crop root zone (FAO. et al., 1998; UNL and USDA, 1996).   

 

5. Evapotranspiration – Amount of water transferred into the atmosphere by 

evaporation from the soil surface and by plant transpiration (FAO. et al., 

1998;). 

 

6. Indirect effective rain – In this study it means that the effective rainfall 

received before the planting date as it may infiltrates and get stored within the 

root zones and could be utilized by the crop at the later growth stage but not 

entirely available to support the crop within its actual growing period.  
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7. Length of growing period (LGP) - The continuous period of the year when 

precipitation exceeds half of Penman evapotranspiration plus a period 

required to evapotranspire an assumed soil moisture reserve and when mean 

daily temperature exceeds 6.5 degrees Celsius (FAO, 1998). 

 

8. Loamy sand – is the soil material that contains 70 - 91 % sand and the 

percentage of silt plus 1.5 times the percentage of clay is 15 % or more, the 

percentage of silt plus twice the percentage of clay is less than 30 (USDA 

soil) 

 

9. Maize yield – In this study maize yield means maize grain yield 

 

10. Potential effective rain - In this study it means that the total amount of 

rainfall water that is made available during the growing period and could 

have become available to the crop should the planting date have taken place 

earlier or later since it depends on the total rainfall per season. 

 

11. Sandy - is soil material that contains 85 % or more sand, the percentage of 

silt plus 15 times the percentage of clay does not exceed 15 %. (USAD soil) 

 

12. Sandy loam – is the soil material that contains 7 – 20 % clay, more than 52 

% sand and the percentage of silt plus twice the percentage of clay is 30 or 

more; or less than 7 % clay, less than 50 % silt and more than 43 % sand 

(USDA soil).  

 

13. Water deficit - The precipitation is smaller than the potential 

evapotranspiration during a certain period of time (FAO, 1998). 
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CHAPTER 3 
 

METHODOLOGY FOR THE WHOLE STUDY 
 

3.1. INTRODUCTION  

Section A of the methodology introduces specifically the study area, the conceptual 

framework of the study, research design, population of the study, sample, sampling 

procedure and model selection.  Section B describes the data collections process for 

flood, soil moisture, temperature, as well as the method used to analyse the data in 

order to determine soil moisture at various soil depth levels in time and space that 

can result in successful maize production.  Section C explains the types of climate, 

soil and infiltration data that were used in this study.  This section also outlines the 

procedures that have been followed in the application of the CropWat 8.0 model in 

the process of investigating the effects of climate variability between 2004 and 2015 

on maize production in the Zambezi Region.  Section D describes the approach used 

for the application of the findings of objectives one and two in determining the 

suitability of non-flooded landscape units in the Zambezi floodplain to support rain-

fed maize production.  

 



64 
 

 

SECTION A 

 

3.2. DESCRIPTION OF STUDY AREA, CONCEPTUAL 

FRAMEWORK, RESEARCH DESIGN, SAMPLE AND 

MODEL SELECTION 

 

3.2.1. Study Area  

 
The research was undertaken at both local (i.e. Constituency level) and regional level 

in the Zambezi Region (Figure 4) using the Kwalala non-flooded landscape unit in 

the Kabbe North Constituency.  The Kwalala non-flooded landscape unit is 35 ha 

(Figure 4).  The crop field was selected due to the willingness of the owners to avail 

their land to be used in the research project.  The landscape unit was surrounded by 

annual floods between 2004 and 2011 and the soil and temperature data were 

measured in the field for the purpose of the study.  

 

 

Figure 4: Kwalala non-flooded landscape unit (35ha) in the Kabbe Constituency, Zambezi 

Region (Data source: Ministry of Land Reform, 2014) 
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3.2.2. The Conceptual framework of the study 

The Conceptual framework as illustrated in Figure 5 acted as beacons to guide the 

operationalisation of the study.  

 

 

Figure 5: Conceptual framework of the study for non-flooded landscape unit (s)  

(Prof. Akundabweni highly acknowledged for this model) 

 

GOAL: 

Sustainable agronomic production 

PURPOSE: 

Improving Agrono-socioeconomic status of small-

scale farmers in the Zambezi Region/ any other 

similar ecologies

OBJECTIVE: 

1. Determine Soil Moisture

2. Investigate climate variability

3. Land suitability of non-flooded landscape units

ACTIVITIES:

1. Measured soil moisture, Temp, Soil depth, 

Infiltrations measurements

2. Collected soil samples

3. Collected secondary information

FIELD COLLECTED DATA

INPUTS:

1. Soil moisture sensors

2. Data loggers

3. Mini-Disk Infiltrometer 

4. Climate

5. Soil

6. Money

COSTS (BUDGET) 

N$250 000.00 (4 years)

REALISABLE RESULTS:

Potential yield versus Actual yield 

expectation; stability performance; abiotic 

and biotic tolerance; nutritional value; 

farmer/consumers preference; 

environmental sustainability etc.

Dependent 

variables 

(Empirical) 

Independent 

variables 

CAUSATIVE ENTRY POINTS: 

Kwalala Non-flooded landscape unit (35 ha)

(Factors: Farmers, Maize, Land, Rainfall, 

Temp, Flood, Soil moisture)

Limitation: 

Flooding frequencies, fiscal, Climate variability
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3.2.3. Research design 

The overall objective of using maize as a case study crop is to assess possible ways 

that might optimize the non-flooded landscape units to support arable production in 

the Zambezi Region.  To enhance the validity of the research findings, multiple 

research methods were applied.  Methodological triangulation is one of the six 

principle types of triangulation allowing for different research methods to be 

employed on the same object of study as a check on validity (Cohen and Manion, 

1994 and Denzin, 1970).  Hence, regression models using SPSS statistics and the 

CropWat model (K4 research model) as quantitative methods were used.  SPSS 

Statistics and CropWat 8.0 software were used for data analysis.  The exploratory 

approach according to Bouma (2000) was followed in identifying representative 

climate, soil data obtained and land-use options for the Kwalala non-flooded 

landscape unit.  Based on the approach (Kropff et al, 2001), biophysical insight in 

the system as a starting point and optimisation of land use was evaluated based on 

the study objectives (see Figure 5).  Questionnaires (quantitative), semi-structured 

interviews (qualitative) and biophysical information sheets were used to allow the 

collection of agrono-socioeconomic and environmental data from the field. 

 

The data was inputted into SPSS Statistics and CROPWAT 8.0 (K4 research 

approach) software for analysis.  The information obtained was used in determining 

land suitability status for non-flooded Landscape Unit.   

 

Figure 6 illustrates the research design for the study starting with the design and 

development of research survey instruments up to achieving data.  The initial activity 
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was to conduct a baseline field survey of actual and potential land use types and 

interpret secondary information that was relevant to the study area about soil and 

climate. 

 

 

Figure 6: Research Design and Approach in the Context of the Objectives of the Study 

 

3.2.4. Experimental units 

The non-flooded landscape units available for crop production were the experimental 

materials population of the study.  

RESEARCH DESIGN

SOCIO-ECONOMIC 

QUESTIONNAIRE 

AND INTERVIEW 

SCHEDULE 

DEVELOPMENT

BIOPHYSICAL 

DATA SHEET 

DEVELOPMENT

DATA SOURCES

QUANTITATIVE 

APPROACHES

DATA INPUTS  

(DATA ANALYSIS 

INSTRUMENTS)

DATA ANALYSIS 

(CROPWAT MODEL 

& SPSS 

STATISTICS)

Status of land suitability for non-

flooded landscape units in the 

Zambezi floodplain to support rain-

fed maize production

DESIGN AND DEVELOPMENT 

OF RESEARCH SURVEY 

INSTRUMENTS

SAMPLE SELECTION

DATA COLLECTION

ANALYSIS

RESULTS
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3.2.5. Sample and sampling procedure  

3.2.5.1. Sample 

The sample of the non-flooded landscape units depended on the availability and 

accessibility of such land to be used for crop production.  However, four (4) non-

flooded landscape units from Kabbe, Ioma, Ngoma and Miyako areas and their 

owners (four farmers) were identified in the process.  At the same time, the non-

flooded landscape units were demarcated and coordinate and ground control points 

taken for planning purposes.  As a result of financial constraints, data loggers and 

soil moisture sensors were used on only one non-flooded landscape unit after 

discussion and guidance from the Agricultural Extension Agents.  Only farmers who 

owned the non-flooded landscape units or volunteered to be in the project and lived 

near or within accessible zones were considered in the study.  Thus, purposive 

sampling was used to select the Kwalala non-flooded landscape unit found in the 

Kabbe Area due to its accessibility and use as cropland by the farmer.  Purposive 

sampling was used because an element or unit is selected based on the particular 

purpose of the research.  However, the 35 ha was demarcated into three (3) sites 

based on soil types where the soil data loggers were installed. At the same time 

random sampling was used to take soil samples at around each three site within the 

Kwalala non-flooded landscape unit (35 ha). 

 

3.2.5.2. Sampling procedure 

The social survey was conducted during the time of undertaking soil and landscape 

survey to select the final non-flooded landscape cropland that is used in the study.  
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The exploratory approach was used; hence, an exploratory visit was undertaken to 

the Zambezi Region in collaboration with the Agricultural Extension Agents for 

Katima Mulilo office in April/ May 2012.  The aim of the exploratory visit was to 

collect information such as planting dates, land use (crops/ livestock), yield and 

market information and to seek permission to utilise non-flooded landscape units for 

the study. 

 

3.2.6. Model selection 

System analysis in land evaluation implies the use of various types of knowledge, 

such as expert knowledge, including stakeholder expertise and knowledge derived 

from scientific measurements, literature and model-simulation (Kropff et al., 2001).  

The authors explained that thus, each problem requires its own research approach.  

Based on the output requirements and data availability, a proper system approach can 

be selected.  In the current study, a K4 research model (CROPWAT 8.0 Model) 

(FAO, 2009), based in the scale hierarchy of Bouma, (2000) was found to be a more 

realistic tool for data analysis and as quantitative research approach.  A K4 

(CropWat) simulation method was used to provide a quantitative analysis of crop 

production.  Because moisture availability is such an important land use requirement 

for maize crop and that such model is a reliable tool in assessing climate variability 

effects on crop production.  
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SECTION B 

 

3.3. FLOOD AND SOIL MOISTURE DATA COLLECTION AND 

ANALYSIS  

3.3.1. Flood data collection and analysis 

The flood data for the Zambezi River’s highest water level measured at Katima Mulilo 

from 1965 to 2016 was obtained from the Hydrological Service Namibia, in the Ministry 

of Agriculture, Water and Forestry.  The descriptive statistics in Microsoft excel was 

applied to the data in order to understand the trend of flood in terms of variables such as 

minimum, maximum, mean, standard deviation and co-efficiency of variation of flood 

level.   

 

3.3.2. Application of 5TM Decagon sensors and Em50 data loggers for soil 

moisture and temperature measurements 
 

In the current study, the soil moisture and temperature measurements were taken 

between October 2012 and September 2015.  They were measured using the 5TM 

Decagon sensor instrument connected to the Em50 Data logger series as shown in 

Picture 1 (Decagon Catalogue, 2012).  Thus, soil moisture and temperature were 

measured at various soil depth levels at three different sites (Site A, B & C) of the 

Kwalala non-flooded landscape unit in the Kabbe Constituency, Zambezi Region.  Site 

A is characterised by loamy sand, Site B by sandy loam and Site C is characterised as 



72 
 

 

sandy.  Three sensors were setup at each site at 20 cm, 40 cm and 60 cm soil depth 

respectively.  Across the three sites, nine sensors were used for the entire experiment.  

The sensors were setup to capture real time status of the soil moisture and temperature in 

space and time after every one hour for three years consecutively.  For this analysis, the 

data was aggregated to achieve a monthly smoothing average.  

 

 

Pictures 1: 5TM Decagon sensors and Em50 data loggers  

 

3.3.3. Data Retrieval and display using DataTrac 3 Software  

DataTrac 3 is a programme that allows collecting, manipulating and analysing data from 

the Em50, Em50R, Em50G, and Em5b data loggers (DataTrac Manual, 2015).  The data 

retrieval (downloading) and monitoring was done every three months until the end of the 

experiment using the Decagon DataTrac 3 software to download the data as shown on 

Picture 2.  DataTrac software has been used by various farmers elsewhere but not in 

Namibia to monitor and get-up-to date hourly soil moisture and temperature status of 

their crop fields (DataTrac Manual, 2015).   
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Picture 2: Data retrieval (downloading) and monitoring 

 

3.3.4. Data analysis to determine the soil moisture availability 

To answer the question; whether or not the soil moisture induced by flooding and 

rainfall is subsequently available to support maize and other possible crops on non-

flooded landscape unit in a given growing season after the receding water, the multiple 

regressions model in SPSS software was applied to the soil moisture, temperature, 

rainfall and soil depth data.  The multiple regression models are aimed to identify the 

effects of dependent variable into independent variables (Joel et al, 2012).  In the 

research, the dependable variable is soil moisture, whereas the independent variables are 

soil depth, rainfall and soil temperature.  Soil depth is based on the depth in which the 

soil sensors were setup upon (20 cm, 40 cm and 60 cm respectively) and took into 

account the maize rooting depth hence soil moisture monitoring were done from 20 cm 

to 60 cm. 
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However, relationships may be nonlinear; independent variables may be quantitative or 

qualitative, and one can examine the effects of a single variable or multiple variables 

with or without the effects of other variables taken into account (Cohen et al, 2003).  A 

Multiple regression equation used for predicting Y is expressed as follows: 

𝑌 ̂ = 𝑏0 + 𝑏1𝑥1 + 𝑏2𝑥2 +

𝑏3𝑥3 … … 𝑏𝑛𝑥𝑛……………………………………………………………………. (1) 

 

As applied in Teweldemedhin (2015) to measure the magnitude and extent of elasticity 

of the estimated coefficient, and also to avoid problems related to normality, 

multicollinearity and heteroscedasticity.  It was, therefore, a necessary conduction to 

transform the model to log-linear and in the multiplicative forms, as follows: 

 

𝑙𝑛𝑌 = ln(∝) + 𝛽0𝑖𝑙𝑛𝑋𝑖  ………………..……………………………….……… (2) 

 

Assume ln (∝) represent dummy variables for autonomous for dependant variable, 

which is changed 𝛽0 becomes autonomous of Y and 𝑋𝑖 represent as main factor 

(determinant), and 𝛽𝑖 is the estimated effect.  

 

𝑙𝑛𝑆𝑀 =  𝛽0 + 𝛽𝑖𝑙𝑛𝑋𝑖…………………………..……………………………….. (3) 
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Where: dependent variable SM (soil moisture); and independent variable 𝑋𝑖, thus 

includes Soil Depth, Soil Temperature and Rainfall (mm), respectively. 

 

The linear functions fulfil the following basic assumption of the parametric regression 

model: (i) significant ANOVA and p < 0.01 (ii) normally distributed population, (iii) the 

collinearity test, indicated by “Tolerance” and “Variance Inflation Factor” (VIF) of a 

two tailed test predicating a predictor of multicollinearity.  The “tolerance” shows the 

degree of multicollinearity, which if it predicted a value less than 10 %, would be an 

indication that there are redundant variables among the independent variables (i.e. 

collinearity among variables), in which case requiring further investigation.  On the 

other hand, the VIF can be used to measure the degree of multicollinearity among the 

independent variables in a regression model analysis, even though there are procedures 

to test against hypothesis, although less than ten is acceptable as a rule of thumb for 

obviating a need to process the output/results further.  If it should be more than 10 %, it 

requires to be investigated in detail (Teweldemedhin, 2015).   
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SECTION C 

 

3.4. CLIMATE, SOIL, INFILTRATION DATA COLLECTION, DATA 

ANALYSIS AND CROPWAT MODEL  

 

3.4.1. Climate data collection and analysis 

The climate data such as temperature (degree Celsius), rainfall (mm), relative humidity 

(%) and wind speed (km/day) were obtained from the Namibia Meteorological Services 

(NMS, 2016).  The climate data used in the study only dates back from 2004 due to 

unavailability of data before 2004, except for rainfall data that dates back from 1945 to 

2015.  

 

However, descriptive statistics was applied to the rainfall data in Microsoft excel in 

order to have a basic understanding of the data on variables such as minimum, mean, 

maximum, standard deviation, and co-efficient of variation.  This information is critical 

in analysing the climate variation between the 2004 and 2015 seasons and impacts on 

crop production in the Zambezi Region. 

 

3.4.2. Soil data collection and analysis  

Soil samples were collected in March 2013 at the Kwalala non-flooded landscape unit.  

Random sampling methods were used to take 30 samples for all three sites.  Soil auger 
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was used to take soil samples at a depth of 20 cm in order to determine the soil texture, 

soil nutrients status and soil pHw. 

 

The soil samples were analysed at the Laboratory of the Ministry of Agriculture, Water 

and Forestry to determine macro-elements in parts per million (ppm) such as calcium 

(Ca), magnesium (Ma), potassium (K), sodium (Na), and pH (water), electrical 

conductivity (water (uS/cm)) and organic matter (%) (MAWF, 2013).  Prior to analysis, 

soil was oven dried at temperatures not exceeding 35
o
C for 72 hours.  Parts of the 

sample retained on a 2 mm sieve, called the fine earth fraction, were used for analysis.  

The fraction >2 mm is referred to as stones and gravel and were excluded from the 

analysis.  In order to determine soil texture and particle sizes, a dispersion of soil with 

sodium hexameta phosphate/sodium carbonate was done.   

 

Afterwards, the determination of silt and clay were done by pipette method while the 

sand fractions were determined by sieving to retain >53 micron fraction as per USDA 

soil classification system.  The Ohlsen method was used to extract sodium bicarbonate 

after which the phosphate (P) was measured spectrophotometrically using the 

phosphomolybdate blue method.  An extraction with 1M ammonium acetate at pH 7 was 

done in order to measure Ca, Ma, K and Na by atomic absorption spectroscopy.  

Generally, the Ohlsen method is widely used in determining soil nutrients in the crop 

production industry (Drewry et al., 2013 and Molina, 2011).   
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3.4.3. Infiltration measurements using Mini-Disc Infiltrometer and data 

analysis  
 

In the study, water infiltrations were measured with Mini-Disc Infiltrometers inserted in 

the soil at all the three sites (Sites A, B, & C) of the Kwalala non-flooded landscape unit.  

The Mini Disk Infiltrometer is a quick way to test unsaturated hydraulic conductivity 

and infiltration rates (Decagon, 2016).  It requires entering the infiltration and elapsed 

time data in the provided spreadsheet calculator to find unsaturated hydraulic 

conductivity.  It provides the information needed to understand the changes in 

infiltration characteristics of a given soil.  

 

The process was started when both the upper and lower chambers of the infiltrometer 

were filled with water and the process was done only once per site in 2014.  The 

infiltrometer was placed on the soil and water began to leave the lower chamber and 

infiltrate into the soil at a rate determined by the hydraulic properties of the soil.  As the 

water level dropped, the volumes were recorded after every 30 second time interval until 

all the water had infiltrated into the soil.  The process was repeated for the three sites 

and for all soil types (A, B and C) to ensure consistency in the data.  The process 

described above followed the procedures as prescribed in the Mini Disk Infiltrometer 

manual (Decagon, 2016).  It is crucial to note that such data was utilised in the CropWat 

model for the simulation of yield reductions due to water deficit since infiltration rates 

are a requirement in simulating crop water requirement.   
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The water infiltration data (Mini Disk infiltrometer available at 

www.decagon.com/macro) was analysed using the Microsoft Excel spreadsheet to 

calculate the hydraulic conductivity and to plot it on the chart.  The calculation 

according to Fatehnia (2015) for steady state rates allowed deriving infiltration rates 

through the linear regression of the measured cumulative water infiltration rates. 

 

3.4.4. CropWat 8.0 Model a K4 research approach as an analysis tool  

The CropWat 8.0 model (quantitative approach) was used to analyse long-term climate 

data and soil data to investigate the effects of climate variability between 2004 and 2015 

on maize production in the Zambezi Region.  In the study, the CropWat model was 

restricted to the rain-fed schedule to assess the effect of rainfall deficits on crop growth 

over time and to determine yield reductions due to rainfall deficits.   

 

The methods for calculating yield reduction, effective rainfall, evapotranspiration and 

crop water requirements requires various climatologically and soil physical parameters.  

Thus, the following data types were inputted into the CropWat model: Annual seasonal 

rainfall (mm), temperature (degree Celsius), relative humidity (%), sunshine (hours), 

wind speed (km/day) from 2004/2005 to 2014/2015 seasons.  Consequently, the 

radiation was calculated per seasons as well in CropWat.  The data was obtained from 

Namibia Meteorological Services (NMS, 2016).  
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The crop coefficient (Kc) parameter was assumed to be the default data in the CropWat 

model based on the FAO standards (FAO, 2009).  The only parameters entered were 

total available moisture, maximum rooting depths (as per sensor depth) and infiltration 

rates that were measured at Kwalala non-flooded landscape unit.  The planting dates for 

maize crops were adjusted to the cropping calendar as provided by the farmer or owner 

of Kwalala crop field.  The owner of the non-flooded landscape unit indicated that their 

planting date is the first week of December each year regardless of the onset of rainfall 

over time.  The 1
st
 of December was used in the simulation since the CropWat model 

does not recognise weeks but recognises a specific date.  To determine the best planting 

date for a given season (from 2004 to 2015), simulations were run in CropWat and the 

best planting date for a given season was chosen in relation to the lowest yield reduction 

achieved if maize was grown on such date.   

 

The simulated best planting date scenario was run before and after the 1
st
 December in 

the study.  CropWat was run for a maize crop with climate data from 2004 to 2015 (12 

years) for the three sites (Site A, B, & C) of a 35 ha Kwalala non-flooded landscape unit.  

However, different sites have different soil types, hence different soil types were used in 

the simulations such as Heavy or Clay (Site A); Medium or Loam (Site B) and Light or 

Sand (Site C).  

 

The equations used through CropWat 8.0 in this study to calculate the Reference 

evapotranspiration (ETo), Crop Water Requirements (CWR), Effective rainfall and 
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Yield reductions, is based on FAO (1990) Penman-Monteith (FAO, 2009).  The ETo 

provides a standard to which: a) evapotranspiration at different periods of the year or in 

other regions can be compared; and b) evapotranspiration of other crops can be related.  

The equation uses standard climatological records of solar radiation (sunshine), air 

temperature, humidity and wind speed.  Therefore the ETo equation that was used is 

expressed as: 

ETo=
0.408∆(Rn-G)+γ

900

T+273
∪2(es-ea)

∆+γ(1+0.34∪2)
………………………………………………….…………. (4) 

whereas:  

ETo – reference evapotranspiration [mm day-1], 

Rn – net radiation at the crop surface [MJ m-2 day-1], 

G – soil heat flux density [MJ m-2 day-1], 

T – mean daily air temperature at 2 m height [°C], 

u2 – wind speed at 2 m height [m s-1], 

es – saturation vapour pressure [kPa], 

ea - actual vapour pressure [kPa], 

es - ea – saturation vapour pressure deficit [kPa], 

∆ – slope vapour pressure curve [kPa °C-1], 

𝜸 - psychrometric constant [kPa °C-1] 

 

The crop water requirement (CWR) was calculated as the difference between crop 

evapotranspiration and effective rainfall using the FAO Penman-Monteith method to 

estimate CWR and the equation is expressed as: 

CWR = ETo × Kc……………………………………………………………..……………. (5) 

Where: 

               ETo – Reference evapotranspiration  

Kc – Crop coefficient 
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The effective rainfall is calculated based on the dependable rain FAO/AGLW formula.  

However, “based on an analysis carried out for different arid and sub-humid climates, an 

empirical formula was developed in the Water Service of FAO to estimate dependable 

rainfall, the combined effect of dependable rainfall (80% probability of exceedance) and 

estimated losses due to Runoff (RO) and Deep Percolation (DP).  This formula may be 

used for design purposes of the rain-fed and irrigation production where 80% probability 

of exceedance is required” and the equation is as expressed: 

(a) Monthly step: 

 

Peff = 0.6 * P - 10 for Pmonth <= 70 mm………………………………………...… (6) 

Peff = 0.8 * P - 24 for Pmonth > 70 mm 

 

(b) Decadal rainfall data: 

 

Peff(dec) = 0.6 * Pdec - (10 for Pdec <= (70 / 3) mm………………………...….... (7) 

Peff(dec) = 0.8 * Pdec - (24 / 3 for Pdec > (70 / 3) mm 

 

“The Yield reduction due to soil moisture stress is expressed as a percentage of the 

maximum production achievable in the area under optimal conditions.  It can be 

computed with reference to a single stage of crop cycle or to the whole growing season.  

Yield reduction is expressed by applying the following equation”: 

(1 - Ya/Ymax) = Ky (1 - ETc adj / ETc)……………… ………………………….. (5) 

Where: 

Ya = Yield achievable under actual conditions 

Ymax = Maximum crop yield achievable in case of full satisfaction of crop water 

needs 

Ky = Yield response factor 

ETc adj = Crop evapotranspiration under non-standard conditions 

ETc = Crop evapotranspiration under standard condition 
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CHAPTER 4 

 

RESULTS 
 

4.1. INTRODUCTION 

This chapter is presented in three sections.  Section A presents both primary and 

secondary data.  The latter were from Hydrological Service Department on flood levels, 

and primary data measured soil moisture and temperature at Kwalala non-flooded 

landscape unit.  Findings from the analyses on available soil moisture as influenced by 

soil depth, temperature and rainfall in space and time are presented.  Section B presents 

data analysed from secondary sources (Namibia Meteorological Services) on rainfall, 

temperature, wind speed, humidity and radiation.  Primary data on infiltration rate and 

soil nutrients were also analysed.  From both the primary and secondary data findings 

deduced from the analysis of effective rainfall, evapotranspiration, crop water 

requirements, soil moisture deficit, planting dates and yield reductions are presented.  

Concurrently, the outcomes of the analysis in terms of the effects of climate variability 

between the 2004/ 2005 and 2015/ 2016 seasons on maize production in the Zambezi 

Region are presented.  Section C consequently draws from the empirical findings of 

section A and B from which the best option(s) that optimise the non-flooded landscape 

units in terms of land suitability for maize production or other potential crops.  
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SECTION A 

4.2. FINDINGS ON FLOOD AND SOIL MOISTURE AVAILABILITY  

4.2.1. Findings on Zambezi River’s seasonal annual flood levels between 

1965 and 2016 

Figure 7 shows the Zambezi River’s highest water level measured at Katima Mulilo 

between 1965 and 2016 during the flood season.  The highest water level was 

experienced in 1969 and 2009 which recorded 8.16 metre (m) and 8.15 m respectively.  

The lowest water levels experienced was in 1992 (2.40 m) and 1996 (2.45 m) as shown 

on table 4.1 on the finding from descriptive statistics.  However, the co-efficient of 

variances indicates that water levels fluctuate at 3.55 % as indicated on Table 1.  That 

means the Zambezi River’s highest water level measured for 51 years differs from year 

to year.  

 

Figure 7: Trend of the Zambezi River’s highest water level measured at Katima Mulilo between 

1965 and 2016 (Data Source: Hydrology, MAWF) 
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Table 1: Descriptive statistics for the Zambezi River’s highest flood level between 1965 and 2016 as 

measured from Katima Mulilo 

MINIMUM 2.40 

MEDIAN 5.71 

MEAN 5.49 

MAXIMUM 8.16 

Standard Deviation 1.55 

Co-efficient of variation of flood level (%) per year 3.55 

 

4.2.2. Findings on spatial and temporal variability of soil moisture and 

temperature at different soil depth levels at the Kwalala non-flooded 

landscape unit 

4.2.2.1. Results on spatial and temporal variability of soil moisture and temperature 

at Kwalala non-flooded landscape unit from DataTrac 3 software 

 

Figures 8 to 10 and Table 2 shows the result on the spatial and temporal variability of 

soil moisture Volumetric Water Content percent (VWC%) and temperature (°C) 

between October 2012 and September 2015.  The red line at the bottom of the graphs 

(P1 5TM: VWC %) represents the soil moisture and the red line at the top (P1 5TM: °C 

Temp) represents the soil temperature at 20 cm soil depth.  The blue line at the bottom 

(P1 5TM: VWC %) represents the soil moisture and the blue line at the top (P1 5TM: °C 

Temp) represents the soil temperature at 40 cm soil depth.  The green line at the bottom 

(P1 5TM: VWC %) represents the soil moisture and the green line at the top (P1 5TM: 

°C Temp) represents the soil temperature at 60 cm soil depth.  Thus, findings on spatial 

(space) and temporal (time) variability of soil moisture and temperature suggest that 

there were variations in space and time between October 2012 and September 2015.   
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In terms of Spatial variability, both the minimum and maximum soil moisture varied 

between loamy sand (Site A), sandy loam (Site B) and sandy (Site C) at different soil 

depth levels (20 cm, 40 cm, and 60 cm) as can be observed on Figures 8 to 10 and Table 

2 respectively.  Result shows that at 20 cm soil depth, the minimum soil moistures was 

9.7 VWC% (loamy sand - Site A), 7.9 VWC% (sandy loam - Site B) and 4.9 VWC% 

(sandy soil - Site C).  The spatial differences of the minimum soil moisture at different 

soil type or sites was 23% (loamy sand – site A and sandy loam – Site B); 98% (loamy 

sand – site A and sandy – Site C), and 61% (sandy loam – site B and sandy – Site C) 

respectively.  The maximum soil moisture at 20 cm soil depth logged between sites was 

33 VWC% (Site A), 26.1 VWC% (Site B) and 22.9 VWC% (Site C) with soil moisture 

differences of 26% (loamy sand – site A and sandy loam – Site B); 44% (loamy sand – 

site A and sandy – Site C) and 14% (sandy loam – site B and sandy – Site C) between 

soil types or sites.   

 

Similarly, in terms of time, the minimum and maximum soil moisture varied between 

rainy seasons (October to April) in both loamy sand (Site A), sandy loam (Site B) and 

sandy (Site C) and at different soil depth levels (20 cm, 40 cm, and 60 cm) as can be 

observed on Figures 8 to 10 and Table 2.  Results showed that in time October 2012 to 

October 2015 the minimum soil moisture between growing seasons (October and April) 

was 9.5 VWC% (2012/ 2013), 9.8 VWC% (2013/ 2014) and 11 VWC% (2015/ 2016) at 

20cm soil depth in sandy loam soils (Site A).  The temporal differences of the minimum 

soil moisture in loamy sand soil during the growing (October and April) period from 
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season to season was 3.0% (2012 / 2013 and 2013 / 2014); 14% (2012 / 2013 and 2014 / 

2015) and 12% (2013 / 2014 and 2014 / 2015).  Results on the temporal maximum soil 

moisture (October 2012 to October 2015) at 20 cm soil depth in sandy loam between 

growing seasons (October and April) was 32.8 VWC% (2012 / 2013); 32.3 VWC% 

(2013 / 2014) and 33 VWC% (2014 / 2015).  The temporal differences of the maximum 

soil moisture in loamy sand soil during the growing season (October and April) was 2% 

(2012 / 2013 and 2013 / 2014); 1 % (2012 / 2013 and 2014 / 2015) and 2% (2013/ 2014 

and 2014/ 2015).  

 

These findings suggest a high amount of soil moisture logged mostly during the rainy 

seasons between October and April in a given season as shown in Figures 8, 9 and 10 for 

both sites.  The high amounts of soil moisture were as a result of the events of rainfall 

received.  Findings seem to suggest that when the soil moisture increased during the 

rainy seasons between October and April, the soil temperature decreased and these are 

observed at all soil depth levels as shown in Figures 8, 9 and 10 for both sites in space 

and time. Thus, the results seems to confirm that soil moisture was available during the 

growing period between October and April in space and time since it was logged at 

different depth levels (20 cm, 40 cm and 60 cm) in a given soil (loamy sand, sandy 

loam, and sandy soil).   
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Figure 8: Temporal variability of soil moisture versus temperature trend measured in loamy sand 

soil over time between 10 October 2012 and 31 March 2015 at Site A of Kwalala non-flooded 

landscape unit 
 

 
Figure 9: Temporal variability of soil moisture versus temperature trend measured in sandy loam 

soil over time between 10 October 2012 and 10 October 2015 at Site B of Kwalala non-flooded 

landscape unit 
 

Figure 10: Temporal variability of soil moisture versus temperature trend measured in sandy soil 

over time between 10 October 2012 and 10 October 2015 at Site C of Kwalala non-flooded 

landscape unit 
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Table 2: Descriptive statistics for soil moisture and temperature measured at Kwalala non-flooded 

landscape unit (October 2012 to October 2015) 

 

  Soil Depth 20 cm 40 cm 60 cm 

Site & Soil 

Texture Units 

% 

VWC 

°C - 

Temp 

% 

VWC 

°C – 

Temp 

% 

VWC 

°C - 

Temp 

Site A 

(Loamy 

Sand) 

Average: 15.50 27.90 18.30 27.40 16.60 27.60 

Minimum: 9.70 19.20 12.20 21.00 12.90 22.30 

Maximum: 33.00 38.00 36.00 33.70 39.90 32.50 

Std. Deviation 4.56 3.61 3.85 2.97 2.83 2.59 

Coefficient of variation 

(%) 
2.13 5.32 3.17 7.08 4.55 8.62 

 

Site B  

(Sandy 

Loam) 

Average: 12.30 27.20 13.40 27.10 14.10 27.10 

Minimum: 7.90 18.30 9.00 20.70 11.70 21.90 

Maximum: 26.10 37.60 25.10 34.10 25.00 32.30 

Std. Deviation 3.76 3.57 3.04 3.15 2.94 4.19 

Coefficient of variation 

(%) 
2.10 5.12 2.96 6.57 3.98 5.23 

        

Site C 

 (Sand) 

Average: 9.30 27.90 8.30 27.60 7.80 27.90 

Minimum: 4.90 17.90 4.80 21.00 5.50 22.40 

Maximum: 22.90 41.70 17.90 35.30 17.50 33.60 

Std. Deviation 4.41 4.16 2.75 3.09 4.41 2.84 

Coefficient of variation 

(%) 
1.11 4.31 1.74 6.81 1.25 7.89 

 

4.2.2.2. Findings on spatial and temporal variability and availability of soil 

moisture as influenced by temperature, rainfall and soil depth for Kwalala 

non-flooded landscape unit obtained from Ordinary Least Square 

Regression analysis approach 
 

Before presenting the findings, it is important to note that the data to transform to natural 

log for each observation was given relatively small observations.  Also, the major 

weakness of Ordinary Least Square that might have sets of absolute weights can have 

identical effects, which was corrected using this technique, is an important conduction in 

statistics.  Furthermore, the advantage of transformation would be:  
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(i) It is an efficient method that makes good use of small data sets  

(ii) It also shares the ability to provide different types of easily interpretable 

statistical intervals for estimation, prediction, calibration and optimisation, 

and  

(iii) It also enjoys its ability to handle regression situations in which the data 

points varying quality;  

(iv) Furthermore, it is useful to measure elasticity from transformation 

(Zuwarimwe, Teweldemedhin, Nafele & Katjiua, 2016) 

 

Table 3 below presents findings on the factors influencing soil moisture as the function 

of rainfall, soil depth and soil temperature of the experimental data from October 2012 

to September 2015 aggregated to monthly.  The R
2 

(0.5, p< 0.05) showed a good fit.  

The good fit (equation) predicts that as soil temperature, soil depth and rainfall changes, 

soil moisture was likely to change with the magnitude or with the value shown in Table 

3.  Thus, the R
2 

has been found to be 70.4%, 72% and 55.2% for Kwalala non-flooded 

landscape units for sites A, B, and C respectively.  However, ANOVA shows that it was 

significant at P<0.05, which accepts the alternative hypothesis which established that all 

the site regression output had a linear relationship.  At the same time, the “tolerance test” 

in this study was found to be more than 10% and shows there was no redundancy among 

variables.  On the other hand, the VIF was less than five; that indicates there was no 

multicollinearity existence.   
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An F-test indicates that there was normal distribution under the null hypothesis (Figure 

11).  It is often used when comparing statistical models that have been fitted to a data set 

in order to identify the model that best fits the population from which the data were 

sampled.  Under normal circumstance as a rule of thumb, more than 2 is acceptable.  In 

this study, it was found to be more than 34 in all sites as indicated in Table 3.  Therefore, 

the contributions of each and every variable to the dependant variable (soil moisture) 

were found to be significant at P<0.05 with an estimated coefficient constant found to be 

accounted for 3.7 for soil depth, soil temp and rain to be 0.11,-0.45 and 0.07 respectively 

for site-A.  For example, it means that one unit increase/ decrease in the soil temperature 

led to a decrease/ increase in the soil moisture of 0.45 VWC%.  Similarly, one unit 

increase/ decrease in rainfall led to an increase/ decrease of 0.07 VWC% of soil moisture 

content.  In terms of soil depth, an increase in depth by one unit will eventually lead to 

an increase in soil moisture of 0.11 VWC%.  In the case of the constant (error term) 

which showed 3.7 estimated coefficients that mean an increase of one unit in other 

factors which were not captured in the model such as condensation, evaporation, 

vegetation, colour of the soil, moisture content, (e.g. a soil with higher moisture content 

is cooler than dry soil), tillage, soil texture, organic matter content and slope of the land 

that led to an increase in soil moisture by 3.7 VWC%.  Therefore, the above 

interpretation and explanation also explains the experimental sites of B and C in the 

same way. 
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SECTION B 

4.3. FINDINGS ON THE EFFECTS OF CLIMATE VARIABILITY 

BETWEEN THE 2004/ 2005 AND 2015/ 2016 SEASON ON 

MAIZE PRODUCTION IN THE ZAMBEZI REGION  

4.3.1. Findings on the analysis of Climate variables 

4.3.1.1. Seasonal rainfall distribution between 1945/1946 and 2015/2016 

 

The trend in seasonal rainfall in the Zambezi Region shows variations between 1945/ 

1946 and 2015/ 2016 seasons as indicated on Figure 12.  The annual seasonal rainfall 

occurs between Octobers and April (Figure 13.) with a mean seasonal rainfall of 646 

mm as shown in Table 4.  Findings of the analyses show that the highest amount of 

rainfall received was 1464 mm during the 1957/ 1958 season and the lowest received 

during the same period was 269 mm during the 1964/ 1965 season.  The lowest rainfall 

that was received suggests that a drought was experienced since it was 58% less than the 

seasonal average of 646 mm for the region.   At the same time, the highest rainfall 

received suggests that the season was extremely wet and could have contributed to the 

flood in the floodplain.   

 

However, the agronomic rule of thumb states that rainfall above 650 mm is regarded as 

adequate for rain-fed agriculture irrespective of the soil type.  Hence, the rainfall above 

the baseline is considered to be suitable for rain-fed agriculture and below the baseline is 

considered to be unreliable for rain-fed agriculture (Figure 12).  In addition, Figure 14 

shows the five yearly rainfalls for certainty (above 650 mm per season) and uncertainty 
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(below 650 mm per season) for rain-fed agriculture.  The findings from the analysis of 

seasonal rainfall data from 1945/ 1946 to 2015/ 2016 seasons in terms of certainty and 

uncertainty for rain-fed agriculture, indicate that on average, 43% of seasonal rainfall 

during the 71 seasons was adequate for rain-fed agriculture.  On the other hand, 57% of 

the seasonal rainfall was unreliable for rain-fed agriculture.  Therefore, if unreliable 

rainfall is experienced, it is likely that there would be a shortage of soil moisture to 

sustain the maize crop during its growing period in a given season since the rainfed 

maize crop water requirements is 450 mm.  The only five yearly seasons that had 100% 

seasonal rainfall (above 650 mm) adequate for rain-fed agriculture was during the 1950 

to 1955 seasons.  On the other hand, the seasons between 1990 and 1995 had below 650 

mm rainfalls that were unreliable for rainfed agriculture.   

 

 

Figure 11: Zambezi Region’s total seasonal rainfall between 1945/ 1946 and 2015/ 2016 (Katima 

Mulilo Station) Data source: NMS, 2016 
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Figure 12: Zambezi Region’s average monthly rainfall from 1945/ 1946 to 2015/ 2016 (Katima 

Mulilo Station) Data source: NMS 2016 

 

 

 
 

Figure 13: comparison of the five yearly rainfalls (%) for reliable (above 650mm per season) and 

unreliable (below 650mm per season) for rain-fed agriculture 
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(148.6mm) as indicated in Table 4.  The standard deviation was highest in February 

(123.7mm) followed by January (92.3mm).  To determine the reliability of rain, the first 

deciles and quartile of rain was calculated from the previous rainfall data over the past 

71 seasons.  The first deciles and quartile values are value of rainfall within 10% & 25% 

of the expected range in a given season (the calculation of deciles was based on quartile 

-for example in January, 90.7mm - by 10%, and first quartile was 25
th

 percentile of 

rainfall data per month from 1945 to 2016).  However the co-efficiency of variances 

indicates that during the rainfall months (October to April), rainfall in January and 

December varies significantly at 1.8% and 1.9% respectively.   

 

Table 3: Descriptive statistics for monthly and seasonal rainfall (mm) from 1945 to 2015 (Katima 

Mulilo Station) Data source: NMS 2016 

Month 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Seasonal 

rainfall 

(mm) 

MIN 21.8 3.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.5 252.5 

First 

Decile 
9.1 7.7 4.2 0.0 0.0 0.0 0.0 0.0 0.0 0.3 3.6 7.7 51.2 

First 

Quartile 
90.7 76.6 41.8 0.2 0.0 0.0 0.0 0.0 0.0 3.0 35.8 77.0 512.0 

MEDIAN 171.3 125.9 78.8 7.4 0.0 0.0 0.0 0.0 0.0 11.0 63.0 132.8 606.0 

MEAN 166.5 148.6 91.9 18.8 1.4 1.9 0.0 0.2 2.0 19.7 72.6 136.1 645.9 

MAX 434.1 881.5 291.3 97.0 16.4 108.6 0.0 6.0 27.1 124.3 247.6 319.0 1464.1 

std. 

Deviation 
92.3 123.7 67.3 23.0 3.5 13.2 0.0 1.0 4.9 23.8 49.4 73.0 233.8 

Co-

efficient of 

variation 

for rainfall 

(%) 

1.8 1.2 1.4 0.8 0.4 0.1 0.0 0.2 0.4 0.8 1.5 1.9 2.8 

 

4.3.1.2. Temperatures between 2004 and 2015 

Figure 15 shows the result for the average monthly minimum and maximum temperature 

of the Zambezi Region between 2004 and 2015.  The summer time is hot with an 
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average maximum of 36.5
o
C with October being the hottest month.  The winter time is 

mild with July being the coolest month with an average minimum temperature of 7
o
C.  

 

 

Figure 14: Zambezi Region’s average minimum and maximum temperature (2004 to 2015) (Katima 

Mulilo Station) Data source: NMS 2016 
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month experiences the highest wind speed as it influences the loss of soil moisture and 

water through evapotranspiration. 

 

Figure 15: Zambezi Region’s monthly average wind speed from 2004 to 2015 (Katima Mulilo 

Station) Data source: NMS 2016 

 

4.3.1.4. Relative humidity between 2004 and 2015  

Figure 17 shows that on the average annual relative humidity from 2004 to 2015 was 

52%.  However, January experienced the highest relative humidity at 70% while the 

lowest is experienced in September.   

 

Figure 16: Zambezi Region’s monthly average relative humidity from 2004 to 2015 (Katima Mulilo 

Station) Data source: NMS 2016 
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4.3.1.5. Hours of Sunshine between 2004 and 2015 

Figure 18 indicates that the average number of hours of sunshine for the Zambezi 

Region is 7.0 to 8.0 hours per day.  More hours (10 hours per day) of sunshine are 

experienced during the winter months of May, June and July, whereas fewer hours of 

sunshine are experienced during the summer months of December, January and 

February at between 6 or 7 hours per day.  Sunshine is the duration of daylight where 

there are no clouds and also depends on the direction of the sun (FAO, 2009).  It is, 

therefore, a function of latitude and day of the year as described by FAO (2009) and is 

crucial in the calculations of Reference (ETo) when using the FAO Penman-Monteith 

approach in CropWat 8.0 (FAO, 2009). 

 

 

Figure 17: Zambezi Region’s monthly average hours of sunshine (Katima Mulilo Station) 
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4.3.1.6. Solar Radiation between 2004 and 2015 

Figure 19 indicates findings on the solar radiation for the Zambezi Region and that the 

average is 19.9 MJ/m
2
/day as estimated in the CropWat 8.0 model (FAO, 2009).  The 

maximum solar radiation is always experienced in the months of January (21.5 

MJ/m
2
/day), March (21.4 MJ/m

2
/day) and November (21.3 MJ/m

2
/day). The minimum 

radiation is experienced during July and June at 17.4 MJ/m
2
/day and 18 MJ/m

2
/day 

respectively.  Solar radiation represents the amount of extra-terrestrial radiation reaching 

a horizontal plane on soil surface that is reflected or absorbed by the atmospheric gases, 

clouds and dust as explained by the FAO (2009).  

 

 

Figure 18: Zambezi Region’s monthly average solar radiation estimated using CropWat 8.0. Model 
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4.3.2. Soil infiltration rates using the Mini-Disc Infiltrometer  

Figures 20 to 22 present findings on the infiltration tests that were measured from 

different soil types at three sites (Site A: Loamy sand; Site B Sandy Loamy and Site C: 

Sandy)of Kwalala non-flooded landscape unit.  The R-squared values are 0.9977 (Site 

A), 0.9937 (Site B) and 0.9990 (Site C) which are a good fit.  Thus, there were positive 

correlations between the two variables, suggesting that the cumulative infiltration (cm) 

was comparable to the square root of time.  From the findings, it is also clear that when 

the square root of time increased, the cumulative infiltration rate (cm) also increased.  

On the other hand, it was also estimated that at 20 sqrt (t), cumulative infiltration of 

almost 8.21 cm (Site B) could have been achieved.  Hence, it was estimated that at 20 

sqrt (t), the cumulative infiltration (cm) for sandy loam soil for site B would have been 

slightly higher than that of both site A and C, which are loamy sand and sandy soil, 

respectively. 

 

The findings indicate further that sandy loam soil had the highest cumulative infiltration 

(cm) in 17.32 sqrt (t) amongst all the three different types of soils (loamy sand, sandy 

loam and sandy), though the cumulative infiltration (cm) was much slower than that of 

sand (site C) at 5.48 sqrt (t) but higher than that of loamy sand (site A).  Sandy soil (site 

C) had the highest cumulative infiltration (cm) in 5.48 sqrt (t).  Overall, the cumulative 

infiltration (cm) for sand stopped at 5.79 cm, at 18.17 sqrt (t), while sandy loam and 

loamy sand had both stopped at 5.97 cm and 17.32 sqrt (t) respectively.   
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Figure 19: Infiltration rate for site A of the Kwalala non-flooded landscape unit measured on loamy 

sandy. 
 

 
Figure 20: Infiltration rate for site B of the Kwalala non-flooded landscape unit measured on sandy 

loam 

 

 
Figure 21: Infiltration rate for site C of the Kwalala non-flooded landscape unit measured on sandy 

 

Site A 

Site B 

Site C 
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4.3.3. Findings on soil types and nutrients status at Kwalala non-flooded 

landscape unit 
 

Table 5 shows findings on the soil texture
1
 and nutrient status on Kwalala non-flooded 

landscape unit for the three sites.  Findings indicate that the soil textures for Kwalala 

non-flooded landscape unit is loamy sand (Site A); sandy loam (Site B) and sandy (Site 

C).  The findings also show that the average soil pH is 7.90 (loamy sand), 8.14 (sandy 

loam), and 7.10 (sandy).  The finding implies that the soil is neutral to alkaline and there 

is absence of soil toxicity hence favourable.  In terms of nutrient status at Kwalala non-

flooded landscape unit, the presence of phosphorus (P), potassium (K), calcium (Ca), 

magnesium (Mg) and sodium (Na) were observed as outlined in Table 5.  In agronomic 

context of Phosphorus 100 kg maize seed removes 0.29 kg P from the soil, thus the soil 

P status at Kwalala non-flooded landscape unit.  The findings suggest that maize will 

experience the deficiency of P since what the land can offer do not meet the daily 

requirement thus supplement of P will be required.  At the same time, electrical 

conductivity (ECw) and soil organic matter were determined.   

 

Table 4: Soil nutrients status on the Kwalala non-flooded landscape unit 

1
Texture class are describes that: a) Loamy sand has soil material that contains 70 – 90 % sand and % of silt plus 1.5 times the % of 

clay is 15 % or more; the % of silt plus twice the % of clay is less than 30 (USDA soil classification). b) Sandy Loam has soil 

material that contains 7 – 20 % clay, more than 52 % sand and % of silt plus twice the % of clay is less than 30 or more; or less than 

7 % clay, less than 50 % silt and more than 43 % sand. c) Sand has soil material that contains 85 % or more sand and % of silt plus 

1.5 times the % of clay does not exceed 15 (USDA soil classification). 

 

Soil Texture pHw ECw OM P K Ca Mg Na

uS/cm % ppm ppm ppm ppm ppm

Site A (Loamy sand) 7.90 170.55 1.06 4.08 192.80 1503.30 156.30 55.30

Site B (Sandy loam) 8.14 86.09 0.79 2.50 224.18 1165.45 114.64 20.09

Site C (Sandy) 7.10 99.21 0.79 2.62 165.24 1252.81 115.81 20.73
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4.3.4. Findings on the effect of climate variability between 2004/ 2005 and 

2015/ 2016 seasons on maize production in the Zambezi Region using 

the CropWat 8.0 model 

 

This subsection presents findings from the analysis of climatic and soil data using a K4-

approach (CropWat 8.0) over time between 2004/ 2005 and 2015/ 2016 seasons to 

understand the effects of seasonal climate variability on maize production.  Findings on 

seasonal potential effective rainfall, reference evapotranspiration (water use), maize 

water requirements, relative yield reductions, soil water deficit and planting date are 

presented.  In addition, findings on the effect of climate variability between 2004/ 2005 

and 2015/ 2016 seasons in the Zambezi Region are presented.  

 

4.3.4.1. Total and potential effective rainfall  

Figure 23 indicates the total seasonal rain and potential effective rainfall (mm) 

quantified over 12 rainy seasons between 2004/ 2005 and 2015/ 2016 in the CropWat 

model based on the dependable rain FAO/AGLW formula.  The highest potential 

effective rainfall for maize crop was obtained during the 2008/2009 rain season at 620 

mm, which also relates to the highest total seasonal rainfall for the same season.  At the 

same time, the lowest potential effective rainfall was experienced during the 2004 / 2005 

rain season and similarly, the lowest total seasonal rainfall was experienced during the 

same year at 244.4 mm and 465 mm respectively.  That means during the 2004 / 2005 

season, out of 465 mm of total seasonal rainfall that was received; only 244.4 mm was 

potential effective seasonal rainfall that could have benefited the crops at that time.  It is 

potential effective seasonal rainfall because the actual effective seasonal rainfall depends 
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on a given planting date and thereafter is determined during the growing period.  

However, both the total seasonal rainfall and potential effective rainfall varies 

substantially from season to season as shown on Figure 24.   

 

 
Figure 22: Indicates the total seasonal rainfall and potential effective seasonal rainfall as calculated 

in the CropWat model 8.0 between 2004/ 2005 and 2015/ 2016 seasons 

 

4.3.4.2. Effects of climate variability on maize water use (ETo) between 2004/ 2005 

and 2015/ 2016 seasons 

 

Table 6 shows the reference evapotranspiration of the simulated values for the maize 

crop between 2004/ 2005 and 2015/2016 seasons, using the CropWat model.  During the 

growing period from October to April the ETo ranged between 3.98 and 6.37 mm/day.  

Thus, the ETo (water use) was at its peak (6.37 mm/day) in October 2011/2012 and 

declined slightly from November to January.  After maize was planted based on the 

Farmer Planting Date (FPD), the 1
st
 December 2011, the ETo was at its peak (4.71 

mm/day), in January during the development and mid growth stages.  That means the 
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water use for maize was 26% less in January compared to water use, if the maize crop 

was planted in October which had 6.37 mm/day.   

 

However, the maize crop could have been severely stressed during the initial stages, if it 

was grown in October 2011/2012 because more moisture could have been required to 

meet the maize water use of 6.37 mm/day.  The water use however during the late 

growing stages was minimal (4.27 mm/day) when compared to the initial stages (4.44 

mm/day) if maize was grown in December based on farmer’s planting date (FPD).  

Thus, the water use during late growth stages was 4 % less than water use during the 

initial growth stages.  These findings suggest that the decline of ETo from November to 

April was attributed to the increase in rainfall during November, December, January, 

February and March respectively.  Thus, the differences of water use in a given month 

and season could be as a result of climate variability and details of each season in terms 

of climatic condition is presented from Annex 1 to 12.   

 

Table 5: Estimated maize water use (ETo) between 2004/2005 and 2015/2016 seasons 

 

 

Month

2004/2005 2005/2006 2006/2007 2007/2008 2008/2009 2009/2010 2010/2011 2011/2012 2012/2013 2013/2014 2014/2015 2015/2016

January 5.03 4.61 4.58 4.34 4.55 4.64 4.48 4.71 4.67 4.67 4.69 4.71

February 4.75 4.15 4.24 4.18 4.24 4.29 4.42 4.23 4.25 4.25 4.49 4.34

March 4.79 4.34 4.62 4.54 4.41 4.36 4.41 4.61 4.76 4.37 4.81 4.55

April 4.42 4.23 4.34 4.11 4.06 4.01 4.16 4.27 4.37 3.98 4.08 4.2

May 3.73 3.2 3.44 3.4 3.38 3.49 3.62 3.52 3.42 3.37 3.41 3.5

June 3.21 2.93 3.03 2.84 2.72 2.81 2.96 2.97 2.81 2.86 3.01 2.95

July 3.39 3.13 3.02 3.05 2.73 2.99 2.95 3.42 2.84 2.86 2.87 3.01

August 3.88 3.8 3.72 3.61 3.48 3.83 3.61 4.04 3.49 3.57 3.46 3.79

September 4.91 5.08 4.9 4.71 4.35 4.81 4.82 5 4.52 4.68 4.29 4.87

October 5.8 5.5 4.85 5 5.14 4.95 5.34 6.37 5.08 5.33 4.82 5.6

November 5.66 5.07 4.73 4.93 4.76 4.75 5.01 5.69 5.12 5.16 4.82 5.04

December 5.01 4.34 4.4 4.22 4.25 4.34 4.47 4.44 4.37 4.28 4.39 5.03

Average 4.55 4.2 4.15 4.08 4.01 4.11 4.19 4.44 4.14 4.11 4.1 4.3

Estimated monthly reference evapotranspiration (ETo) between  2004/2005 and 2015/ 2016 seasons
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4.3.4.3. Effects of climate variability on maize crop water requirements (CWR) 

between the 2004/ 2005 and 2015/ 2016 seasons in the Zambezi Region 

 

4.3.4.3.1. Estimated Maize Crop Water Requirements during the 2004/ 2005 season  
 

Table 7 show findings on the maize Crop Water Requirements (CWR) during the 2004/ 

2005 season based on the Farmer’s Planting Date (FPD).  The ETc (mm/day or 

mm/decade) in the table is the maize CWR and is the amount of water needed to be 

supplied in a given season.  The total maize CWR required during the 2004/ 2005 season 

was 487.3 mm based on the FPD (1
st
 December) for a growing period of 130 days.  The 

total actual effective rain was 223.5 mm with a total irrigation requirement of 281.3 mm 

during the same growing period.  The irrigation requirement indicates that there was a 

water deficit of 58% of the total maize CWR required by the crop to complete its life 

cycle (calculation based on total water deficit of 281.3 mm over total CWR of 486.3 mm 

in percentage).  A water deficit is when the actual effective rain is less than the maize 

CWR in a season.  The moisture deficit was experienced throughout the growing period 

from initial to the late growth stages, apart from the development growth stages of the 

maize crop since the actual effective rain was sufficient or higher than what the maize 

required during a particular phase.  
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Table 6: Estimated maize Crop Water Requirements in 2004/ 2005 based on farmer planting date 

 
 

 

Table 8 show findings on the maize CWR during the 2004/ 2005 season based on the 

Best Planting Date (BPD) simulated in the CropWat model.  Maize CWR, if maize was 

planted in the 1
st
 November (BPD), could have been 502.5 mm during the 130 day 

growing period.  The total actual effective rain could have been 213.2 mm with a total 

irrigation requirement of 289.2 mm during the same growing period.  The irrigation 

requirement indicates that there was a water deficit of 58% of the total maize CWR 

required by the crop to complete its life cycle (calculation based on total water deficit of 

289.2 mm over the total CWR of 502.5 mm in percentage).   

 

The moisture deficit was experienced throughout the growing period from initial growth 

stages to the late growth stages, apart from the middle growth stage (Jan 2
nd

 Decade) of 

the maize crop since the actual effective rain was adequate and higher than the maize 
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CWR.  If maize was planted using the BPD could have allowed the maize plant to have 

access to enough actual effective rain compared to FPD.   

 

Table 7: Estimated maize crop water requirements in the 2004/ 2005 season based on Best Planting 

Date scenario simulated in CropWat Model 

 
 

 

4.3.4.3.2. Estimated Maize Crop Water Requirements during the 2005/2006 season  
 

Table 9 show findings on the maize CWR during the 2005/ 2006 season based on the 

FPD.  Findings indicate that the total maize CWR during the 2005/ 2006 season was 

423.7 mm based on the FPD (1
st
 December) for a growing period of 130 days.  The total 

actual effective rain was 532.4 mm with a total irrigation requirement of 106.8 mm 

during the same growing period.  The irrigation requirement indicates that there was a 

water deficit of 25% of the total maize CWR of the crop to complete its life cycle 

(calculation based on total water deficit of 106.8 mm over total CWR of 423.7 mm in 

percentage).  The moisture deficit was only experienced between the development 
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growth stage (1
st
 Decade in January) and middle growth stage (3

rd
 Decade in January) 

and the late growth stages (1
st
 Decade in March to 1

st
 Decade in April).  The actual 

effective rain was sufficient or higher than the maize CWR during the initial, 

development and middle growth stages respectively.  

 

Table 8: Estimated maize crop water requirements in the 2005/ 2006 season based on Farmer 

Planting Date 

 
 

 

Table 10 show findings of the maize CWR during the 2005/ 2006 season based on the 

BPD simulated in the CropWat model.  Findings indicate that total maize CWR if maize 

was planted on the 1
st
 November (BPD) could have been 436.6 mm during 130 days 

growing period.  The total actual effective rain could have been 539.2 mm with a total 

irrigation requirement of 90.1 mm during the same growing period.  The irrigation 

requirement indicates that there was a water deficit of 21% of the total maize CWR 
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required by the crop to complete its life cycle (calculation based on total water deficit of 

90.1 mm over total CWR of 436.6 mm in percentage).  A moisture deficit was only 

experienced from the beginning of the development growth stage to the middle growth 

stage (3
rd

 Decade in December) in addition to the late growth stages (1
st
 Decade in 

February to 1
st
 Decade in March).  The actual effective rain was sufficient or higher than 

the maize CWR during the initial and mid growth stages respectively.  If, maize was 

planted using the BPD this could have allowed the maize plant to have access to 

sufficient soil moisture brought by rainfall during the early days of the growing period 

compared to FPD.   

 

Although the actual effective rain was higher in the 2005 / 2006 season for both 

scenarios (FPD and BPD) than the maize CWR, a water deficit was still experienced. 

The reason is that more actual effective rain was received in certain decades (as shown 

on Table 9 & 10) than other decades, hence a water deficit is observed and the 

interpretation applies to other seasons with similar situations.   
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Table 9: Estimated maize crop water requirements in the 2005 / 2006 season based on Best Planting 

Date scenario simulated in the CropWat Model 

 

 

 

4.3.4.3.3. Estimated Maize Crop Water Requirements during the 2006/2007 season  
 

 

Table 11 show findings on the maize CWR during the 2006/2007 season based on the 

FPD.  The findings indicate that the total maize CWR required during the 2006/2007 

season was 439 mm based on the FPD (1
st
 December) for a growing period of 130 days.  

The total actual effective rain was 292 mm with a total irrigation requirement of 201.4 

mm during the same growing period.  The irrigation requirement indicates that there was 

a water deficit of 46% of the total maize CWR of the crop to complete its life cycle 

(calculation based on a total water deficit of 201.4 mm over total CWR of 439 mm in 

percentage).  A moisture deficit was only experienced between the mid and late growth 

stages as shown on Table11.  The actual effective rain was sufficient or higher than the 

maize CWR between the initial growth stages to the development growth stages.  
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Table 10: Estimated maize crop water requirement in the 2006/ 2007 season based on Farmer 

Planting Date  

 
 

 

Table 12 show findings on the maize CWR during the 2006/ 2007 season based on the 

BPD simulated in the CropWat model.  The total maize CWR if planted on the 1
st
 

November (BPD) could have been 437.5 mm during the 130 days growing period.  The 

total actual effective rain could have been 317.4 mm with a total irrigation requirement 

of 133.9 mm during the same growing period.  The irrigation requirement indicates that 

there was a water deficit of 31% of the total maize CWR of the crop to complete its life 

cycle, calculation based on total water deficit of 133.9 mm over total CWR of 437.5 mm 

in percentage).  The moisture deficit was only experienced from the beginning of the 

development growth stage to the middle growth stage (3
rd

 Decade in December) and the 

late growth stages (1
st
 Decade in February to 1

st
 Decade in March).  A moisture deficit 
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was experienced between the development (1
st
 Decade in December) and late growth 

stages as shown on Table 12.  The actual effective rain was sufficient or higher than the 

maize CWR only during the initial growth stages and beginning of development growth 

stage.  If maize was planted using the BPD, it could have allowed the maize plant to 

have access to sufficient actual effective rain compared to FPD.  

 

Table 11: Estimated maize crop water requirements in the 2006/ 2007 season based on Best Planting 

Date scenario simulated in the CropWat Model  

 
 

 

4.3.4.3.4. Estimated Maize Crop Water Requirements during the 2007/ 2008 season  
 

Table 13 show the maize CWR during the 2007/ 2008 season based on the FPD.  The 

total maize CWR required during the 2007 /2008 season was 423.9 mm based on the 

FPD (1
st
 December) for a growing period of 130 days.  The total actual effective rain 

was 506.3 mm with a total irrigation requirement of 170.5 mm during the same growing 

period.  The irrigation requirement indicates that there was a water deficit of 40% of the 
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total maize CWR of the crop to complete its life cycle (calculation based on total water 

deficit of 170.5 mm over total CWR of 423.9 mm in percentage).  A moisture deficit 

was experienced from the mid (1
st
 Decade in February) until the late growth stages.  The 

actual effective rain was sufficient or higher than the maize CWR between the initial 

growth stages to the mid growth stage (3
rd

 Decade in January).  

 

Table 12: Estimated maize crop water requirements in the 2007/ 2008 season based on the Farmer 

Planting Date  

 

 

Table 14 shows findings on the maize CWR during the 2007/ 2008 season based on the 

BPD simulated in the CropWat model.  The total maize CWR, if maize was planted on 

the 1
st
 November (BPD) could have been 416.8 mm during 130 days growing period.  

The total actual effective rain could have been 557.2 mm with a total irrigation 

requirement of 55.4 mm during the same growing period.  The irrigation requirement 

indicates that there was a water deficit of 13% of the total maize CWR of the crop to 
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complete its life cycle (calculation based on total water deficit of 55.4mm over total 

CWR of 416.8 mm in percentage).  A moisture deficit was experienced during the 

development growth stages (2
nd

 and 3
rd

 Decades in December) and all the late growth 

stages.  Actual effective rain was sufficient or higher than the maize CWR during the 

initial, beginning of development and mid growth stages respectively.  If maize was 

planted using the BPD, it could have allowed the maize plant to have access to sufficient 

actual effective rain of 557.2 mm when compared to the actual effective rain of 506.3 

mm based on FPD.  

 

Table 13: Estimated maize crop water requirements in the 2007/ 2008 season based on Best Planting 

Date scenario simulated in CropWat Model  
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4.3.4.3.5. Estimated Maize Crop Water Requirements during the 2008/ 2009 season  
 

Table 15 show the maize CWR during the 2008/ 2009 season based on the FPD.  

Findings indicate that the total maize CWR required during the 2008/ 2009 season was 

429.8 mm based on the FPD (1
st
 December) for a growing period of 130 days.  The total 

actual effective rain was 489.7 mm with a total irrigation requirement of 159.5 mm 

during the same growing period.  The irrigation requirement indicates that there was a 

water deficit of 37% of the total maize CWR of the crop to complete its life cycle 

(calculation based on total water deficit of 159.5 mm over the total CWR of 429.8 mm 

in percentage).  A moisture deficit was experienced from the mid (1
st
 Decade in 

February) until the late growth stages.  The actual effective rain was sufficient or higher 

than the maize CWR between the initial growth stages and the mid growth stage (3
rd

 

Decade in January).  

 

Table 14: Estimated maize crop water requirements in the 2008/ 2009 season based on Farmer 

Planting Date  
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Table 16 shows the maize CWR during the 2008/ 2009 season based on the BPD 

simulated in the CropWat model.  Findings indicate that total maize CWR if maize was 

planted on the 1
st
 November (BPD), could have been 431.6 mm during 130 days 

growing period.  The total actual effective rain could have been 580.9 mm with a total 

irrigation requirement of 53 mm during the same growing period.  The irrigation 

requirement indicates that there was a water deficit of 12% of the total maize CWR by 

the crop to complete its life cycle (calculation based on total water deficit of 53 mm over 

a total CWR of 431.6 mm in percentage).  The moisture deficit could have been 

experienced only during the late growth stages (1
st
, 2

nd
 and 3

rd
 Decades).  The actual 

effective rain could have been sufficient or higher than the maize CWR during the 

initial, beginning of development and mid growth stages respectively.  If maize was 

planted using the BPD, it could have allowed the maize plant to have access to sufficient 

actual effective rain of 580.9 mm when compared to the actual effective rain of 489.7 

mm based on FPD.  
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Table 15: Estimated maize crop water requirements in the 2008/ 2009 season based on Best Planting 

Date scenario simulated in CropWat Model  

 

 

 

4.3.4.3.6. Estimated Maize Crop Water Requirements during the 2009/ 2010 season 
 

Table 17 shows findings on the maize CWR during the 2009/ 2010 season based on the 

FPD.  The total maize CWR during the 2009/ 2010 season was 430.2mm based on the 

FPD (1
st
 December) for a growing period of 130 days.  The total actual effective rain 

was 429 mm with a total irrigation requirement of 66.7 mm/decade during the same 

growing period.  The irrigation requirement indicates that there was a water deficit of 

16% of the total maize CWR of the crop to complete its life cycle (calculation based on 

a total water deficit of 66.7 mm over total CWR of 430.2 mm in percentage).  A 

moisture deficit was experienced from the development stages (2
nd

 Decade in January) 

until to the end of the mid growth stages.  The actual effective rain was sufficient or 
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higher than the maize CWR during the initial, development (1
st
 Decade in January) and 

late growth stages.  

 

Table 16: Estimated maize crop water requirements in the 2009/2010 season based on the Farmer 

Planting Date  

 

 

Table18 show the maize CWR, during the 2009/ 2010 season based on the BPD 

simulated in the CropWat model.  Findings indicate that total maize CWR if maize was 

planted on the 1
st
 November (BPD), could have been 439.5 mm during 130 days 

growing period.  The total actual effective rain could have been 318.9 mm with a total 

irrigation requirement of 151 mm during the same growing period.  The irrigation 

requirement indicates that there was a water deficit of 34% of the total maize CWR of 

the crop to complete its life cycle (calculation based on a total water deficit of 151 mm 

over total CWR of 439.5 mm in percentage).  A moisture deficit could have been 
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experienced throughout the growing period from initial to the two late growth stages (1
st
 

and 2
nd

 Decades in February).  The actual effective rain could have been sufficient or 

higher than the maize CWR only during the last two late growth stages (3
rd

 Decade in 

February and 1
st
 Decade in March).  

 

Table 17: Estimated maize crop water requirements in the 2009/ 2010 season based on the Best 

Planting Date scenario simulated in CropWat Model 

 

 

4.3.4.3.7. Estimated Maize Crop Water Requirements during the 2010/2011 season  
 

 

Table 19 shows the maize CWR during the 2010/ 2011 season based on the FPD.  The 

total maize CWR required during the 2010/ 2011 season was 436.7 mm based on the 

FPD (1
st
 December) for a growing period of 130 days.  The total actual effective rain 

was 219.8 mm with a total irrigation requirement of 233.7 mm during the same growing 

period.  The irrigation requirement indicates that there was a water deficit of 54% of the 
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total maize CWR of the crop to complete its life cycle (calculation based on a total water 

deficit of 233.7 mm over total CWR of 436.7 mm in percentage).  The moisture deficit 

was experienced throughout the growing period except during the development growth 

stages (1
st
 and 2

nd
 Decades in January).  Hence the actual effective rain was only 

sufficient or higher than the maize CWR during the development. 

 

Table 18: Estimated maize crop water requirements in the 2010/ 2011 season based on the Farmer 

Planting Date 

 
 

Table 20 shows findings on the maize CWR during 2010/2011 season based on the BPD 

simulated in the CropWat model.  The total maize CWR, if maize was planted on the 

25
th

 November (BPD) could have been 437.2 mm during 130 days growing period.  The 

total actual effective rain could have been 218 mm with a total irrigation requirement of 

222 mm during the same growing period.  The irrigation requirement indicates that there 

was a water deficit of 51% of the total maize CWR required by the crop to complete its 
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life cycle (calculation based on total water deficit of 222 mm over total CWR of  437.2 

mm in percentage).  The moisture deficit could have been experienced throughout the 

growing period except the development (1
st
 decade in January) and mid (2

nd
 decade in 

January) growth stages.  Hence, the actual effective rain could have been sufficient or 

higher than the maize CWR only during the development (1
st
 decade in January) and 

mid (2
nd

 decade in January) growth stages.  

 

Table 19: Estimated maize crop water requirements in 2010/2011 season based on the Best Planting 

Date scenario simulated in CropWat model  

 

 

4.3.4.3.8. Estimated Maize Crop Water Requirements during the 2011/ 2012 season  

 

Table 21 shows the maize CWR during the 2011/ 2012 season based on the FPD.  The 

findings indicate that the total maize CWR required during the 2011/2012 season was 

441.8 mm based on the FPD (1
st
 December) for a growing period of 130 days.  The total 
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actual effective rain was 431.5 mm with a total irrigation requirement of 131.7 mm 

during the same growing period.  The irrigation requirement indicates that there was a 

water deficit of 30% of the total maize CWR required by the crop to complete its life 

cycle (calculation based on a total water deficit of 131.7 mm over the total CWR of 

441.8 mm in percentage).  The moisture deficit was only experienced from the mid 

growth stages to the late growth stages of the maize crop.  The actual effective rain was 

sufficient or higher than the maize CWR between initial growth stages to the 

development growth stages respectively.  

 

Table 20: Estimated maize crop water requirements in the 2011/ 2012 season based on the Farmer 

Planting Date  

 
 

 

Table 22 shows the maize CWR during the 2011/ 2012 season based on the BPD 

simulated in the CropWat model.  Findings indicate that total maize CWR if maize was 

planted on the 25
th

 October (BPD) could have been 461.1 mm during 130 days growing 
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period.  The total actual effective rain could have been 467.2 mm with a total irrigation 

requirement of 73.5 mm during the same growing period.  The irrigation requirement 

indicates that there was a water deficit of 16% of the total maize CWR of the crop to 

complete its life cycle (calculation based on total water deficit of 73.5 mm over the total 

CWR of 461.1 mm in percentage).  The moisture deficit could have been experienced 

during the growing period at initial, development (1
st
 decade in January) and mid (2

nd
 

decade in January) growth stages only.  Hence, the actual effective rain could have been 

sufficient or higher than the maize CWR, partly during the development stage and 

subsequently from mid-growth stages to the end of the late growth stages.  

 

Table 21: Estimated maize crop water requirements in the 2011/ 2012 season based on the Best 

Planting Date scenario simulated in CropWat model  
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4.3.4.3.9. Estimated Maize Crop Water Requirements during the 2012/ 2013 season  
 

Table 23 shows the maize CWR during the 2012/ 2013 season based on the FPD.  

Findings indicate that the total maize CWR required during the 2012/ 2013 season was 

442.4 mm based on the FPD (1
st
 December) for a growing period of 130 days.  The total 

actual effective rain was 225.2 mm with a total irrigation requirement of 246.3 mm 

during the same growing period.  The irrigation requirement indicates that there was a 

water deficit of 56% of the total maize CWR of the crop to complete its life cycle 

(calculation based on total water deficit of 246.3mm over total CWR of 442.4 mm in 

percentage).  The moisture deficit was experienced from the development growth stages 

(1
st
 Decade in January) to the late growth stages of the maize crop.  The actual effective 

rain was sufficient or higher than the maize CWR between initial growth stages to the 

development growth stages (3
rd

 Decade in December).  

 

Table 22: Estimated maize crop water requirements in the 2012/ 2013 based on the Farmer Planting 

Date  
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Table 24 shows findings on the maize CWR during 2012/2013 season based on the BPD 

simulated in the CropWat model.  The total maize CWR of maize was planted on the 

10
th

 October (BPD) could have been 453.1 mm during 130 days growing period.  The 

total actual effective rain could have been 268 mm with a total irrigation requirement of 

188.9 mm during the same growing period.  The irrigation requirement indicates that 

there was a water deficit of 42% of the total maize CWR of the crop to complete its life 

cycle (calculation based on a total water deficit of 188.9 mm over total CWR of 453.1 

mm in percentage).  The moisture deficit could have been experienced throughout the 

growing period except partly during the late growth stages.  Hence, the actual effective 

rain could have been insufficient or less than the maize CWR during the growing period 

in the 2012/ 2013 season. 

 

Table 23: Estimated maize crop water requirements in the 2012/ 2013 season based on the Best 

Planting Date scenario simulated in CropWat model  
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4.3.4.3.10. Estimated Maize Crop Water Requirements during the 2013/ 2014 season  
 

Table 25 shows the maize CWR during 2013/ 2014 season based on the FPD.  Findings 

indicate that the total maize CWR required during the 2013/ 2014 season was 430.8 mm 

based on the FPD (1
st
 December) for a growing period of 130 days.  The total actual 

effective rain was 461.2 mm with a total irrigation requirement of 132.7 mm during the 

same growing period.  The irrigation requirement indicates that there was a water deficit 

of 31% of the total maize CWR required by the crop to complete its life cycle 

(calculation based on the total water deficit of 132.7 mm over the total CWR  of 430.8 

mm in percentage).   

 

The moisture deficit was experienced from the development growth stages (2
nd

 Decade 

in January) to the late growth stage (1
st
 decade in March) of the maize crop.  The actual 

effective rain was sufficient or higher than the maize CWR between initial growth stages 

to the development growth stages (1
st
 Decade in January) and also during the 2

nd
 and 3

rd
 

decade of the late growth stages.  
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Table 24: Estimated maize crop water requirements in the 2013/2014 season based on the Farmer 

Planting Date in CropWat model  

 
 

 

 

Table 26 shows findings on the maize CWR during the 2013/ 2014 season based on the 

BPD simulated in the CropWat model.  The total maize CWR of maize planted on the 1
st
 

November (BPD) could have been 441.6 mm during 130 days growing period.  The total 

actual effective rain could have been 373.7 mm with a total irrigation requirement of 

138.3 mm during the same growing period.  The irrigation requirement indicates that 

there was a water deficit of 31% of the total maize CWR required by the crop to 

complete its life cycle (calculation based on the total water deficit of 138.3 mm over the 

total CWR of 441.6 mm in percentage).  The moisture deficit could have been 

experienced during the initial growth stages and from mid (1
st
 Decade in January) to late 

growth stages (3
rd

 Decade in March) except during the 1
st
 decade in February.  Hence, 

the actual effective rain could have been sufficient or more than the maize CWR during 

the development, mid and last decade of the late growth stages.  
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Table 25: Estimated maize crop water requirements in the 2013/ 2014 season based on the Best 

Planting Date scenario simulated in CropWat model 

 

 

4.3.4.3.11. Estimated Maize Crop Water Requirements during the 2014/ 2015 season  
 

Table 27 shows the maize CWR during the 2014/ 2015 season based on the FPD.  

Findings indicate that the total maize CWR required during 2014/ 2015 season was 

466.3 mm based on the FPD (1
st
 December) for a growing period of 130 days.  The total 

actual effective rain was 189 mm with a total irrigation requirement of 338.5 mm during 

the same growing period.  The irrigation requirement indicates that there was a water 

deficit of 73% of the total maize CWR required by the crop to complete its life cycle 

(calculation based on the total water deficit of 338.5 mm) over the total CWR of 466.3 

mm) in percentage).  The moisture deficit was experienced from the development 

growth stages (1
st
 Decade in January) to the late growth stage (3

rd
 decade in March) of 

the maize crop.  The actual effective rain was only sufficient or higher than the maize 
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CWR during the initial growth stages and also 1
st
 decade in April of the late growth 

stage.  

 

Table 26: Estimated maize crop water requirements in the 2014/ 2015 season based on the Farmer 

Planting Date 

 

 

Table 28 shows the maize CWR during the 2014/2015 season based on the BPD 

simulated in the CropWat model.  Findings indicate that total maize CWR for maize that 

was planted on the 1
st
 November (BPD) could have been 456.7 mm during 130 days 

growing period.  The total actual effective rain could have been 204.6 mm with a total 

irrigation requirement of 258.6 mm during the same growing period.  The irrigation 

requirement indicates that there was a water deficit of 57% of the total maize CWR of 

the crop to complete its life cycle (calculation based on the total water deficit of 258.6 

mm over the total CWR of 456.7 mm in percentage).  The moisture deficit could have 

been experienced during the growing period except during the development growth 
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stages.  Hence, the actual effective rain could have been sufficient or more than the 

maize CWR during the development growth stages only.   

 

Table 27: Estimated maize crop water requirements in the 2014/ 2015 season based on the Best 

Planting Date scenario simulated in the CropWat model  

 
 

 

 

4.3.4.3.12. Estimated Maize Crop Water Requirements during the 2015/ 2016 season  
 

Table 29 shows findings on the maize CWR during the 2015/ 2016 season based on the 

FPD.  The total maize CWR during the 2015/ 2016 season was 451.3 mm based on the 

FPD (1
st
 December) for a growing period of 130 days.  The total actual effective rain 

was 352.3 mm with a total irrigation requirement of 328.5 mm during the same growing 

period.  The irrigation requirement indicates that there was a water deficit of 72% of the 

total maize CWR of the crop to complete its life cycle (calculation based on total water 

deficit of 328.5 mm over the total CWR of 451.3 mm in percentage).  The moisture 

deficit was experienced from the development growth stages (1
st
 Decade in January) to 
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the late growth stages.  The actual effective rain was only sufficient or higher than the 

maize CWR during the initial growth stages and partly during the development stage (3
rd

 

Decade in December).  

 

Table 28: Estimate maize crop water requirements in the 2015/ 2016 season based on the Farmer 

Planting Date  

 

 

Table 30 shows the maize CWR during the 2015/ 2016 season based on the BPD 

simulated in the CropWat model.  Findings indicate that total maize CWR of maize that 

was planted on the 20
th

 November (BPD) could have been 483.1 mm during 130 days 

growing period.  The total actual effective rain could have been 374.8 mm with a total 

irrigation requirement of 225 mm during the same growing period.  The irrigation 

requirement indicates that there was a water deficit of 47% of the total maize CWR of 
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the crop to complete its life cycle (calculation based on total water deficit of 225 mm 

over the total CWR of 374.8 mm in percentage).  The moisture deficit could have been 

experienced throughout the growing period except during the development and mid 

growth stages.  Hence, the actual effective rain could have been sufficient or more than 

the maize CWR during such period.   

 

Table 29: Estimated maize crop water requirements in the 2015/ 2016 season based on the Best 

Planting Date scenario simulated in CropWat model  
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4.3.4.4. Estimated maize water use (ETo), crop water requirements (CWR), actual 

effective rain (AER) and water deficit (WD) during different growth stages 

between the 2004/ 2005 and 2015/ 2016 seasons 
 

This subsection presents findings on maize water use, crop water requirements at 

different plant growth stages in relations to actual effective rain, and water deficit 

between the 2004/ 2005 and 2015/ 2016 season.  However, the FAO (1986) outlined 

different maize plant growth stages that were used in this study as:  

1. Initial Stage (Planting stage - germination and seedling establishment from 0 - 

20 days after planting); 

2. Development Stage (vegetative growth from 20 - 50 days after planting) 

3. Mid Stage (Flowering and grain setting stage - reproductive stage from 50 - 90 

days after planting) 

4. Late Stage (Repining and Harvest Stage - stage of ripening for the grain from 90 

- 130 days after planting) stages respectively. 

 

 

4.3.4.4.1. Estimated maize water use (ETo), Crop Water Requirement (CWR), Actual 

Effective Rain (AER) and Water Deficit (WD) during different growth 

stages in the 2004/2005 growing season  
 

Figure 24 shows the maize ETo, CWR, AER and WD during different growth stages in 

the 2004/2005 growing season.  The maize water use (5.01 mm/day in December and 

5.03 mm/day in January) during the initial to the development growth stages (50 days 

after planting) was higher than the actual maize CWR (1.57 mm/day to 4.76 mm/day) in 

the 2004/ 2005 growing season.  During the same growth stages, the AER was low, 

ranging from 0.77 – 4.32 mm/day when compared to the CWR with 28% WD.  In terms 

of the WD, it means that the maize crop was stressed during the initial and development 

stages due to less moisture by inadequate rainfall (465 mm/season or 4.32 mm/day) that 
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could not meet the demand for water use (5.01 mm/day) which was higher than CWR.  

However, the AER (4.32 mm/day and 5.79 mm/day) was higher than the CWR during 

the development growth stages since it was in surplus of 22.4% and 22% respectively
1
.  

 

 
Figure 23: Estimated maize water use (ETo), Crop Water Requirement (CWR), Actual Effective 

Rain (AER) and Water Deficit (WD) during different growth stages of December, January, 

February, March and April Decades in 2004/2005 growing season 

 

4.3.4.4.2. Estimated maize water use (ETo), Crop Water Requirement (CWR), Actual 

Effective Rain (AER) and Water Deficit (WD) during different growth 

stages in 2005/2006 growing season  
 

Figure 25 shows findings on the maize ETo, CWR, AER and WD during different 

growth stages in the 2005/2006 growing season.  Maize water use (4.34 mm/day in 

December and 4.61 mm/day in January) during the initial to the development growth 

stages (50 days after planting) was higher than the actual maize CWR (1.36 mm/day to 

4.23 mm/day) in the 2005/ 2006 growing season.  During the same growth stages, the 

                                                           
1
 The calculation is based on AER (4.32 mm/day or 5.79 mm/day) minus CWR (3.53 mm/day or 4.76 

mm/day over CWR (3.53 mm/day or 4.76 mm/day) in percentage 
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AER was high ranging from 5.46 – 5.76 mm/day when compared to the CWR with a 

surplus of water of 4.1 mm/day (Initial Stage) and 3.84 mm/day (Development Stage).  

In terms of WD, it means that the maize crop was not stressed during the initial and 

development stages due to enough moisture that was provided by the rain, since the 

AER was higher than the CWR.  However, the moisture deficit was experienced in 

January (Development and Middle Growth Stages) and March and April (late Growth 

Stages).  

 

 
Figure 24: Estimated maize water use (ETo), Crop Water Requirement (CWR), Actual Effective 

Rain (AER) and Water Deficit (WD) during the different growth stages of December, January, 

February, March and April Decades in 2005/2006 growing season 
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4.3.4.4.3. Estimated maize water use (ETo), Crop Water Requirement (CWR), Actual 

Effective Rain (AER) and Water Deficit (WD) during different growth 

stages in the 2006/ 2007 growing season  
 

Figure 26 shows the maize ETo, CWR, AER and WD during different growth stages in 

2006/2007 growing season.  Findings indicate that maize water use (4.4 mm/day in 

December and 4.58 mm/day in January) during the initial to the development growth 

stages (50 days after planting) was higher than the actual maize CWR (1.35 mm/day to 

4.26 mm/day) in the 2006/ 2007 growing season.  During the same growth stages, the 

AER was high ranging from 2.64 – 4.68 mm/day when compared to the CWR with a 

surplus of water ranging 1.29 mm/day (Initial Stage) and 10 mm/day (Development 

Stage).  However, the AER was lower than the CWR from mid-growth stage (30% less) 

until the late growth stages (99% less) suggesting that there was a water deficit which 

had affected the maize gain yield in the 2006/ 2007 growing season.  The estimated 

maize grain yield reduction ranged from 7.3 to 26 % as shown on Table 44.  In terms of 

WD, it means that the maize crop was not stressed during the initial and development 

stages due to enough moisture that was provided by the rain, since the AER was higher 

than the CWR. 
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Figure 25: Estimated maize water use (ETo), Crop Water Requirement (CWR), Actual Effective 

Rain (AER) and Water Deficit (WD) during the different growth stages of December, January, 

February, March and April Decades in 2006/2007 growing season 

 

4.3.4.4.4. Estimated maize water use (ETo), Crop Water Requirement (CWR), Actual 

Effective Rain (AER) and Water Deficit (WD) during different growth 

stages in 2007/2008 growing season  
 

Figure 27 shows the maize ETo, CWR, AER and WD during different growth stages 

during the 2007/ 2008 growing season.  Maize water use (4.22 mm/day in December and 

4.34 mm/day in January) during the Initial to the Development Growth Stages (50 days 

after planting) was higher than the actual maize CWR (1.34 mm/day to 4.01 mm/day) in 

the 2007/ 2008 growing season.  During the same growth stages, the AER was high, 

ranging from 2.34 to 13.1 mm/day when compared to the CWR with a surplus of water 

ranging from 0.98 mm/day (Initial Stage) to 9.01 mm/day (Development Stage).  

However, the AER was lower than the CWR from mid-growth stage (10% less) until the 

0

1

2

3

4

5

6

E
st

im
a
te

d
 m

m
/d

a
y
 (

2
0
0
6
/2

0
0
7
 s

ea
so

n
)

Maize growth stages

ETo CWR Actual Eff Rain Water deficit



140 
 

 
 

late growth stages (100% less), suggesting that there was a water deficit which had 

affected the maize yield in 2007/2008 growing season.  

 
Figure 26: Estimated maize water use (ETo), Crop Water Requirement (CWR), Actual Effective 

Rain (AER) and Water Deficit (WD) during the different growth stages of December, January, 

February, March and April Decades in 2007/2008 growing season 

 

4.3.4.4.5. Estimated maize water use (ETo), Crop Water Requirement (CWR), Actual 

Effective Rain (AER) and Water Deficit (WD) during different growth 

stages in 2008/2009 growing season 
 

Figure 28 shows maize ETo, CWR, AER and WD during different growth stages in 

2008/2009 growing season.  Maize water use (4.25 mm/day in December and 4.55 

mm/day in January) during the initial to the development growth stages (50 days after 

planting) was higher than the actual maize CWR (1.33 mm/day to 4.22 mm/day) in 

2008/2009 growing season.  During the same growth stages the AER was high ranging 

from 3.93 – 10.5 mm/day when compared to the CWR with a surplus of water ranging 

from 2.6 mm/day (Initial Stage) to 6.24 mm/day (Development Stage).  However, the 
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AER was lower than the CWR from Mid Growth Stage (33% less) until the Late Growth 

Stages (100% less), suggesting that there was a water deficit which had affected the 

maize yield in the 2008/ 2009 growing season.   

 
Figure 27: Estimated maize water use (ETo), Crop Water Requirement (CWR), Actual Effective 

Rain (AER) and Water Deficit (WD) during the different growth stages of December, January, 

February, March and April Decades in 2008/ 2009 growing season 

 

 

4.3.4.4.6. Estimated maize water use (ETo), Crop Water Requirement (CWR), Actual 

Effective Rain (AER) and Water Deficit (WD) during different growth 

stages in 2009/2010 growing season  

 

Figure 29 shows the maize ETo, CWR, AER and WD during different growth stages in 

the 2009/ 2010 growing season.  Findings indicate that maize water use (4.34 mm/day in 

December and 4.64 mm/day in January) during the Initial to the Development Growth 

Stages (50 days after planting) was higher than the actual maize CWR (1.34 mm/day to 

4.27 mm/day) in the 2009/ 2010 growing season.  However, the AER was low during 

the Development to Middle Growth Stages, ranging from 3.79 mm/day in January to 
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3.48 mm/day in February when compared to the CWR which ranged from 4.27 mm/day 

in January to 4.83 mm/day in February.  In terms of WD, it means that the maize crop 

was stressed during the Development to Mid Growth Stages due to less moisture that 

was provided by the rain, since the AER was higher than the CWR and even the water 

use in same cases.  However, the AER (4.32 mm/day and 5.79 mm/day) was higher than 

the CWR during the Late Growth Stages since AER was in a surplus that ranged 

between 2.4% and 66% respectively, but a 100% water deficit was experienced during 

Late stage in April.  

 

 
Figure 28: Estimated maize water use (ETo), Crop Water Requirement (CWR), Actual Effective 

Rain (AER) and Water Deficit (WD) during different growth stages of December, January, 

February, March and April Decades in 2009/ 2010 growing season 

 

 

4.3.4.4.7. Estimated maize water use (ETo), Crop Water Requirement (CWR), Actual 

Effective Rain (AER) and Water Deficit (WD) during different growth 

stages in 2010/2011 growing season  
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Figure 30 shows the maize ETo, CWR, AER and WD during different growth stages in 

the 2010/2011 growing season.  Findings indicate that maize water use (4.47 mm/day in 

December and 4.48 mm/day in January) during the Initial to the Development Growth 

Stages (50 days after planting) was higher than the actual maize CWR (1.39 mm/day to 

4.16 mm/day) in the 2010/ 2011 growing season.  The AER was higher than CWR in 

January during the Development Stages at 3.78 mm/day and 5.16 mm/day respectively.  

Therefore, most of the time the AER was lower than the CWR suggesting that there was 

a water deficit (ranged from 5.56% during the Development Stage to 100% during the 

Late Stage which had affected the maize yield in the 2010/ 2011 growing season in the 

Zambezi Region. 

 

 
Figure 29: Estimated maize water use (ETo), Crop Water Requirement (CWR), Actual Effective 

Rain (AER) and Water Deficit (WD) during different growth stages of December, January, 

February, March and April Decades in 2010/2011 growing season 
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4.3.4.4.8. Estimated maize water use (ETo), Crop Water Requirement (CWR), Actual 

Effective Rain (AER) and Water Deficit (WD) during different growth 

stages in the 2011/2012 growing season  
 

Figure 31 shows findings on the maize ETo, CWR, AER and WD during different 

growth stages in the 2011/2012 growing season.  Maize water use (4.44 mm/day in 

December and 4.71 mm/day in January) during the Initial to the Development Growth 

Stages (50 days after planting) was higher than the actual maize CWR (1.44 mm/day to 

4.38 mm/day) in the 2011/ 2012 growing season.  At the same time, the AER was higher 

than CWR from the Initial to Mid Growth Stages and ranged from 2.27 mm/day to 8.35 

mm/day respectively.  However, the AER was lower than the CWR suggesting that there 

was a water deficit that ranged from 7.26% Mid Stage in February to 100% in the Late 

Stage in April which had affected the maize yield in the 2011/ 2012 growing season 

between November and April. 
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Figure 30: Estimated maize water use (ETo), Crop Water Requirement (CWR), Actual Effective 

Rain (AER) and Water Deficit (WD) during the different growth stages of December, January, 

February, March and April Decades in 2011/2012 growing season 

 

4.3.4.4.9. Estimated maize water use (ETo), Crop Water Requirement (CWR), Actual 

Effective Rain (AER) and Water Deficit (WD) during different growth 

stages in 2012/2013 growing season  
 

Figure 32 shows the maize ETo, CWR, AER and WD during different growth stages in 

the 2012/2013 growing season.  Findings indicate that maize water use (4.37 mm/day in 

December and 4.67 mm/day in January) during the Initial to the Development Growth 

Stages (50 days after planting) was higher than the actual maize CWR (1.37 mm/day to 

4.35 mm/day) in the 2012/ 2013 growing season.  The AER was only higher than CWR 

during the Initial Growth Stages and ranged from 2.47 mm/day to 2.72 mm/day 

respectively.  Subsequently, from the Mid Stage in February to the late stage in April, 

the AER was lower than the CWR suggesting that there were water shortages which 

affected the maize yield in the 2012/2013 growing season between November and April. 
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Figure 31: Estimated maize water use (ETo), Crop Water Requirement (CWR), Actual Effective 

Rain (AER) and Water Deficit (WD) during the different growth stages of December, January, 

February, March and April Decades in 2012/2013 growing season 

 

4.3.4.4.10. Estimated maize water use (ETo), Crop Water Requirement (CWR), Actual 

Effective Rain (AER) and Water Deficit (WD) during different growth 

stages in the 2013/ 2014 growing season 

 

Figure 33 shows findings on the maize ETo, CWR, AER and WD during different 

growth stages in the 2013/ 2014 growing season.  Maize water use (4.28 mm/day in 
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water shortages which had affected the maize crop during the growing period between 

November and April. 

 
Figure 32: Estimated maize water use (ETo), Crop Water Requirement (CWR), Actual Effective 

Rain (AER) and Water Deficit (WD) during the different growth stages of December, January, 

February, March and April Decades in 2013/2014 growing season 
 

4.3.4.4.11. Estimated maize water use (ETo), Crop Water Requirement (CWR), Actual 

Effective Rain (AER) and Water Deficit (WD) during different growth 

stages in the 2014/ 2015 growing season  
 

Figure 34 shows the maize ETo, CWR, AER and WD during the different growth stages 

in the 2014/ 2015 growing season.  Findings indicate that maize water use (4.39 mm/day 

in December and 4.69 mm/day in January) during the Initial to the Development Growth 

Stages (50 days after planting) was higher than the actual maize CWR (1.36 mm/day to 

4.48 mm/day) in the 2014/ 2015 growing season.  The AER during the Initial Growth 

Stages in December (3.36 mm/day, 4.33 mm/day and 3.29 mm/day) was only high 

compared to the CWR (1.36 mm/day, 1.32 mm/day and 2.01 mm/day).  Subsequently, 
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April, the AER was lower than the CWR suggesting that there were water shortages 

which had affected the maize crop.  Hence, the water deficit ranged from 47% as the 

lowest shortage (development stage) in January to 90% deficit in February as the highest 

shortage during growth stages between November and April. 

 
Figure 33: Estimated maize water use (ETo), Crop Water Requirement (CWR), Actual Effective 

Rain (AER) and Water Deficit (WD) during the different growth stages of December, January, 

February, March and April Decades in 2014/2015 growing season 

 

4.3.4.4.12. Estimated maize water use (ETo), Crop Water Requirement (CWR), Actual 

Effective Rain (AER) and Water Deficit (WD) during different growth 

stages in the 2015/2016 growing season  
 

Figure 35 shows findings on the maize ETo, CWR, AER and WD during the different 

growth stages in the 2015/ 2016 growing season.  Maize water use (5.03 mm/day in 

December and 4.71 mm/day in January) during the Initial to the Development Growth 

Stages (50 days after planting) was higher than the actual maize CWR (1.51 mm/day to 

4.39 mm/day) in the 2014/ 2015 growing season.  The AER during the Initial Growth 

Stages in December (8.34 mm/day, 11.83 mm/day and 8.2 mm/day) were the only time 
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it was higher than the CWR (1.51 mm/day, 1.51 mm/day and 2.18 mm/day).  

Subsequently, from the Development Stages in January to the end of the Late Stages in 

April, the AER was very low than the CWR suggesting that there were severe water 

shortages which could have affected the maize crop.  Hence, the water deficit in 

percentage ranged from 22.5% as the lowest shortage in January (Development Stage 

decade 1) to 100% deficit in April as the highest deficit experienced during growth 

stages between November and April. 

 
Figure 34: Estimated maize water use (ETo), Crop Water Requirement (CWR), Actual Effective 

Rain (AER) and Water Deficit (WD) during the different growth stages of December, January, 

February, March and April Decades in 2015/2016 growing season 

 

 

4.3.4.5. Estimated Soil Moisture Deficit (SMD) at harvest and its effects on maize 

(Zea mays) yield reductions at different growth stages between the 

2004/2005 and 2015/2016 seasons at the Kwalala non-flooded landscape 

unit, Zambezi Region 
 

Tables 31 to 42 show findings on the estimated soil moisture deficit (mm) at harvest and 

its impact on maize yield reductions (%) during different growth stages (Initial, 

Development, Middle and Late Growth Stages).  The estimated soil moisture deficit and 
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yield reductions was based on the farmer’s planting date and best planting date 

simulated in the CropWat model using different soil types (clay, sand and loam) of the 

Kwalala non-flooded landscape unit and climate variables per season between 

2004/2005 and 2015/2016.  Soil moisture deficit is the quantity of water required to 

bring the soil to its field capacity through irrigation or rainfall.  Thus, the estimated soil 

moisture deficit in this study was a result of inadequacy of rainfall that was received in a 

given year.  

 

4.3.4.5.1. Estimated Soil Moisture Deficit (SMD) at harvest and its effects on maize 

yield at different growth stages during the 2004/2005 season based on both 

Farmer Planting Date (FPD) and Best Planting Date (BPD) simulated in the 

CropWat model 
 

Table 31 shows that estimated soil moisture deficit was 28.3mm at harvest for maize 

grown in sand soil and resulted in severe yield reductions during Middle (68.2%) and 

Late Growth Stages (78.3%) compared to maize planted in clay and loam soil.  Hence, 

the total yield reductions for maize planted in sand soil for the 2004/ 2005 season was 

47.4% compared to 27.7% (clay) and 16.3% (loam) based on the FPD (1
st
 December).  

Similarly, results seem to suggest that soil moisture deficit at harvest (during March) 

was 30.4 mm.  If, maize had been planted in sand soil based on the best planting date (by 

1
st
 November), the period would possibly have led to yield reductions of 7.2% 

(November), 20.1% (December), 35.9% (January), and 51.5% (February) of crop 

development.  In retrospect, when total yield reduction based on FPD of 47.4% and 

BPD, less yield reduction would have been experienced at 34.5% in sand soil.   
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The shortage of soil moisture was as a result of actual effective rainfall in the 2004/2005 

season which was less than the crop water requirement based on both FPD and BPD 

simulated in the CropWat model.  Thus, the findings also suggest that maize yield 

reductions were as a result of soil moisture deficit experienced at different growth stages 

between the November and April growing period. 

 

Table 30: Estimated* Soil Moisture Deficit (SMD) and expected yield reduction as simulated in the 

CropWat model at different maize growth stages during the 2004/2005 season for different soil 

types based on the Farmers Planting Date compared to Best Planting Date  

 
*Estimated from running CropWat model based on the farmer planting date and best planting dates and also selecting 

different types of soil. 

 

4.3.4.5.2. Estimated Soil Moisture Deficit (SMD) at harvest and its effects on maize 

yield at different growth stages during the 2005/ 2006 season based on both 

Farmer Planting Date (FPD) and Best Planting Date (BPD) simulated in the 

CropWat model 
 

The estimated soil moisture deficit at harvest experienced in clay and loam soil for both 

planting date scenarios did not have any negative effect on maize yield during all growth 

stages, hence the zero yield reductions is observed in Table 32.  Results seem to suggest 

that soil moisture deficit at harvest was 30.3mm in sand soil.  Therefore, if, maize had 

been planted on sand soil based on the FPD, the period would possibly have led to total 

yield reductions of 4.1% at the end of the growing period between November and April.  

Similarly, results seem to suggest that soil moisture deficit at harvest was 3.4mm in sand 

Soil Type SMD (mm) Init Stage Dev Stage Mid Stage Late Stage Season 

Clay (FPD) 102.2 0 0 27.3 48.7 27.7

Clay (BPD) 98.8 0 1.1 9 14.1 7.3

Loam (FPD) 146.4 0 0 10.1 30.1 16.3

Loam (BPD) 127.8 0 0 0.2 0.2 0.1

Sand (FPD) 28.3 0 0.8 68.2 78.3 47.4

Sand (BPD) 30.4 7.2 20.1 35.9 51.5 34.5

2004/2005

Expected yield reduction at different growth stages (%) 
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soil based on the BPD.  If, maize had been planted on sand soil based on the BPD (1
st
 

November), the period would possibly have led to total yield reductions of 9.7%.   

 

Although the soil moisture deficit at harvest based on best planting date was 89% less 

than soil moisture deficit based on the farmer planting date, a total yield reduction of 

9.7% was still experienced due to high yield reductions during the Middle and Late 

Growth Stages.  In terms of WD, it means that the maize crop was stressed during the 

Middle and Late Growth Stages due to less moisture that was provided by the rain, since 

the AER was higher than the CWR.   

 

However, findings also suggest that minimum soil moisture deficit at harvest 

experienced were as a result of the actual effective rainfall that was higher than the 

maize crop water requirements due to high rainfall that was received during the 2005/ 

2006 season.  At the same time these findings suggest that total maize yield reductions 

observed on Table 32 in sand soil based on FPD and BPD was as a result of soil 

moisture deficit experienced at different growth stages between the November and April 

growing period. 
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Table 31: Estimated* Soil Moisture Deficit (SMD) and expected yield reduction as simulated in the 

CropWat model at different maize growth stages during the 2005/ 2006 season for different soil 

types based on the Farmers Planting Date compared to Best Planting Date  

 
*Estimated from running CropWat model based on the farmer planting date and best planting dates and also selecting 

different types of soil. 

 

4.3.4.5.3. Estimated Soil Moisture Deficit (SMD) at harvest and its effects on maize 

yield at different growth stages during the 2006/ 2007 season based on both 

Farmer Planting Date (FPD) and Best Planting Date (BPD) simulated in the 

CropWat model 
 

Table 33 shows that soil moisture deficit would have been experienced at harvest if 

maize was grown in clay soil based on FPD and in sand soil for both planting date 

scenarios.  Maize planted in sand soil based on both farmers and best planting dates had 

experienced yield reductions between the Development (0.3%), Middle (44.7%) and 

Late (51.3%) growth stages.  In retrospect, with a total yield reduction based on FPD of 

26.2% and BPD of 9.5%, less yield reduction would have been experienced in sand soil.  

These findings suggest that soil moisture deficit was as a result of actual effective 

rainfall in the 2006/ 2007 season, which was less than the maize water requirement 

based on both FPD and BPD as shown in Tables 13and 14.  Thus, findings also suggest 

that the total maize yield reductions were as a result of soil moisture deficit experienced 

at different growth stages during the growing period between November and April. 

 

Soil Type SMD (mm) Init Stage Dev Stage Mid Stage Late Stage Season 

Clay (FPD) 31.8 0 0 0 0 0

Clay (BPD) 3.4 0 0 0 0 0

Loam (FPD) 31.8 0 0 0 0 0

Loam (BPD) 3.4 0 0 0 0 0

Sand (FPD) 30.3 0 2.2 6.2 7 4.1

Sand (BPD) 3.4 0 0.1 21.8 21.8 9.7

2005/2006

Expected yield reduction at different growth stages (%) 
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Table 32: Estimated* Soil Moisture Deficit (SMD) and expected yield reduction as simulated in the 

CropWat model at different maize growth stages the during 2006/ 2007 season for different soil 

types based on the Farmers Planting Date compared to Best Planting Date  

 
*Estimated from running the CropWat model based on the farmer planting date and best planting dates and also 

selecting different types of soil. 

 

4.3.4.5.4. Estimated Soil Moisture Deficit (SMD) at harvest and its effects on maize 

yield at different growth stages during the 2007/ 2008 season based on both 

Farmers Planting Date (FPD) and Best Planting Date (BPD) simulated in the 

CropWat model 
 

Table 34 shows that soil moisture deficit was experienced at harvest if maize was grown 

in clay soil based on FPD and sand soil based on both planting date scenarios.  Findings 

indicate that maize planted in sand soil based on both FPD and BPD had experienced 

yield reductions between the development and late growth stages.  Hence, a total of 

28.4% for FPD and 2.8% for BPD, maize yield reductions would have been obtained 

when a soil moisture deficit of 35.2 mm and 18.8 mm in sand soil was experienced.  The 

findings suggest that even though the total actual effective rainfall of 506.3 mm for FPD  

and 557.2 mm for BPD in the 2007/ 2008 season was higher than the maize crop water 

requirement (423.9mm for FPD and 416.8 mm for BPD), a soil moisture deficit (SMD) 

would have been experienced.  The reason for a SMD during certain growth stages is 

because actual effective rainfall was less than maize crop water requirements as shown 

on Tables 25 and 26, based on both FPD and BPD.  Thus, these findings also suggest 

that total maize yield reductions observed in Table 46 in clay and sand soil were as a 

result of SMD experienced at different growth stages. 

Soil Type SMD (mm) Init Stage Dev Stage Mid Stage Late Stage Season 

Clay (FPD) 98.9 0 0 0.8 14.2 7.3

Clay (BPD) 42.1 0 0 0 0 0

Loam (FPD) 124 0 0 0 0.2 0.1

Loam (BPD) 42.1 0 0 0 0 0

Sand (FPD) 33.7 0 0.3 44.7 51.3 26.2

Sand (BPD) 17.5 0 0.2 7.8 18.1 9.5

2006/2007

Expected yield reduction at different growth stages (%) 
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Table 33: Estimated* Soil Moisture Deficit (SMD) and expected yield reduction as simulated in the 

CropWat model at different maize growth stages  during the 2007/ 2008 season  for different soil 

types based on the Farmers Planting Date compared to Best Planting Date  

 
*Estimated from running the CropWat model based on the farmer planting date and best planting dates and also 

selecting different types of soil. 

 

4.3.4.5.5. Estimated Soil Moisture Deficit (SMD) at harvest and its effects on maize 

yield at different growth stages during the 2008/ 2009 season based on both 

Farmer Planting Date (FPD) and Best Planting Date (BPD) simulated in 

CropWat 
 

Table 35 shows soil moisture deficit was experienced at harvest if maize was grown in 

clay soil based on FPD and sand soil based on both planting date scenarios.  Findings 

indicate that maize planted in sand soil based on both FPD and BPD experienced yield 

reductions between the Development and Late Growth Stages respectively.  Hence, a 

total of 19.7% for FPD and 5.6% for BPD maize yield reductions would have been 

obtained when a soil moisture deficit of 35.2 mm and 18.8 mm in sand soil was 

experienced.  The findings suggest that, even though the total actual effective rainfall of 

489.7 mm for FPD and 580.9 mm for BPD in the 2008/ 2009 season was higher than the 

maize crop water requirement of 429.8mm for FPD and 431.6 mm for BPD, soil 

moisture deficit were still experienced.  The reason for SMD being that during certain 

growth stages, actual effective rainfall was less than maize crop water requirements on 

both FPD and BPD.  Thus, findings also suggest that total maize yield reductions 

observed in Table 35 in clay and sand soil were as a result of soil moisture deficit 

experienced at different growth stages. 

Soil Type SMD (mm) Init Stage Dev Stage Mid Stage Late Stage Season 

Clay (FPD) 106.5 0 0 0.1 10.9 6.2

Clay (BPD) 20.1 0 0 0 0 0

Loam (FPD) 127.3 0 0 0 0 0

Loam (BPD) 20.1 0 0 0 0 0

Sand (FPD) 35.2 0 0.2 30.8 49 28.4

Sand (BPD) 18.8 0 0 5.6 6.3 2.8

Expected yield reduction at different growth stages (%) 

2007/2008
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Table 34: Estimated* Soil Moisture Deficit (SMD) and expected yield reduction as simulated in the 

CropWat model at different maize growth stages during the 2008/ 2009 season  for different soil 

types based on the Farmers Planting Date compared to Best Planting Date  

 
*Estimated from running the CropWat model based on the farmer planting date and best planting dates and also 

selecting different types of soil. 

 

4.3.4.5.6. Estimated Soil Moisture Deficit (SMD) at harvest and its effects on maize 

yield at the different growth stages during the 2009/ 2010 season based on 

both Farmer Planting Date (FPD) and Best Planting Date (BPD) simulated in 

the CropWat model 
 

Table 36 shows that the estimated SMD at harvest experienced in clay and loam soil for 

both planting date scenarios did not have any negative effect on maize yield during all 

growth stage reductions hence zero yield reductions.  Results seem to suggest that SMD 

at harvest was 1.6 mm in sand soil based on FPD.  Therefore if maize had been planted 

in sand soil based on the FPD, the period would possibly have led to total yield 

reductions of 3.1% at the end of the growing period between November and April.  

Similarly, results seem to suggest that SMD at harvest was 3.5 mm in sand soil based on 

the BPD (1
st
 December).  If, maize had been planted in sand soil based on the BPD (1

st
 

November), the period would possibly have led to total yield reductions of 3.7%.  The 

findings suggest that even though the SMD at harvest based on BPD was 54% less than 

SMD based on the FPD, a total yield reduction of 3.7% was still experienced due to high 

yield reductions from the Development to the Late Growth Stages that were 

experienced.  In terms of the water shortage, it means that the maize crop suffered 

Soil Type SMD (mm) Init Stage Dev Stage Mid Stage Late Stage Season 

Clay (FPD) 91.9 0 0 1.6 3.9 2

Clay (BPD) 25.6 0 0 0 0 0

Loam (FPD) 98.8 0 0 0 0 0

Loam (BPD) 25.6 0 0 0 0 0

Sand (FPD) 33 0 0.3 34.7 39.9 19.7

Sand (BPD) 16.4 0 0.1 7.3 11.3 5.6

Expected yield reduction at different growth stages (%) 

2008/2009
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minimum yield reductions during the Middle and Late Growth Stages in the 2009/ 2010 

season.  However, the findings also suggest that minimum SMD at harvest experienced 

was as a result of the actual effective rainfall that was similar to the maize crop water 

requirements during the 2009/ 2010 season.  Thus, findings also suggest that total maize 

yield reductions observed in Table 36 in sand soil were as a result of SMD experienced 

at different growth stages within a growing period between November and April. 

 

Table 35: Estimated* Soil Moisture Deficit (SMD) and expected yield reduction as simulated in the 

CropWat model at different maize growth stages during the 2009/ 2010 season for different soil 

types based on the Farmers Planting Date compared to Best Planting Date  

 
*Estimated from running the CropWat model based on the farmer planting date and best planting dates and also 

selecting different types of soil. 

 

 

4.3.4.5.7. Estimated Soil Moisture Deficit (SMD) at harvest and its effects on maize 

yield at different growth stages during the 2010/ 2011 season based on both 

FPD and BPD simulated in CropWat 
 

Table 37 shows that estimated soil moisture deficit experienced was 29.6 mm at harvest 

for maize grown in sand soil based on FPD resulted in severe yield reductions during 

Middle (57.7%) and Late Growth Stages (63.3%) compared to maize planted in clay and 

loam soil.  Findings suggest that the total yield reductions for maize planted in sand soil 

for the 2010/ 2011 season was 32.7% compared to 13.7% clay and 3.7% loam based on 

the farmer planting date (1
st
 December).  Similarly, results seem to suggest that soil 

moisture deficit at harvest (during March) was 29.6 mm.  If, maize had been planted in 

sand soil based on the best planting date (by 1
st
 November), the period would possibly 

Soil Type SMD (mm) Init Stage Dev Stage Mid Stage Late Stage Season 

Clay (FPD) 1.6 0 0 0 0 0

Clay (BPD) 3.5 0 0 0 0 0

Loam (FPD) 3.5 0 0 0 0 0

Loam (BPD) 1.6 0 0 0 0 0

Sand (FPD) 1.6 0 0.3 6.8 6.9 3.1

Sand (BPD) 3.5 0 0.2 8.2 8.2 3.7

Expected yield reduction at different growth stages (%) 

2009/2010
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have led to yield reductions of 0.3% (December stage), 57.7% (January stage), and 

63.3% (February stage) of crop development.  In retrospect, when total yield reduction 

based on FPD of 32.7% and BPD, less yield reduction would have been experienced at 

28.6% in sand soil.  Results suggest that the shortage of soil moisture was as a result of 

actual effective rainfall in the 2010/ 2011 season which were less than the crop water 

requirement based on both the FPD and BPD simulated in the CropWat model.  Thus, 

findings also suggest that total maize yield reductions observed in Table 37 in clay, loam 

and sand soil were as a result of soil moisture deficit experienced at different growth 

stages.  

 

Table 36: Estimated* Soil Moisture Deficit (SMD) and expected yield reduction as simulated in the 

CropWat model at different maize growth stages during the 2010/ 2011 season  for different soil 

types based on the Farmers Planting Date compared to Best Planting Date  

 
*Estimated from running the CropWat model based on the farmer planting date and best planting dates and also 

selecting different types of soil. 

 

4.3.4.5.8. Estimated Soil Moisture Deficit (SMD) at harvest and its effects on maize 

yield at different growth stages during the 2011/ 2012 season based on both 

Farmer Planting Date (FPD) and Best Planting Date (BPD) simulated in the 

CropWat model 
 

 

Table 38 shows that the estimated soil moisture deficit at harvest experienced in clay 

and loam soil for both planting date scenarios did not have any negative effect on maize 

yield during all growth stages reductions hence zero yield reductions.  Results seem to 

suggest that soil moisture deficit at harvest was 35.3 mm in sand soil.  Therefore, if 

Soil Type SMD (mm) Init Stage Dev Stage Mid Stage Late Stage Season 

Clay (FPD) 94.9 0 0 17.5 22.1 13.7

Clay (BPD) 83.7 0 0 9.5 18.9 9.8

Loam (FPD) 129.7 0 0 2.9 7.3 3.7

Loam (BPD) 113.9 0 0 0.3 2.2 1.1

Sand (FPD) 29.6 0 0.3 57.7 63.3 32.7

Sand (BPD) 20.4 0.5 0.7 49.4 55.8 28.6

Expected yield reduction at different growth stages (%) 

2010/2011
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maize had been planted on sand soil based on the FPD, the period would possibly have 

led to total yield reductions of 15% at the end of the growing period between November 

and April.  Similarly, results seem to suggest that soil moisture deficit at harvest was 5.4 

mm in sand soil based on the BPD.  If, maize had been planted on sand soil based on the 

BPD (1
st
 November), the period would possibly have led to total yield reductions of 

4.4%.  Therefore, findings suggest that total maize yield reductions observed in Table 38 

in sand soil were as a result of soil moisture deficit experienced at different growth 

stages within a growing period between November and April. 

 

 

Table 37: Estimated* Soil Moisture Deficit (SMD) and expected yield reduction as simulated in the 

CropWat model at different maize growth stages during the 2011/ 2012 season for different soil 

types based on the Farmers Planting Date compared to Best Planting Date   

 
*Estimated from running the CropWat model based on the farmer planting date and best planting dates and also 

selecting different types of soil. 

 

4.3.4.5.9. Estimated Soil Moisture Deficit (SMD) at harvest and its effects on maize 

yield at different growth stages during the 2012/ 2013 season based on both 

Farmer Planting Date (FPD) and Best Planting Date (BPD) simulated in the 

CropWat model 
 

Table 39 shows that estimated soil moisture deficit at harvest for maize grown in sand 

soil based on FPD and resulted in severe yield reductions during Middle (33.2% loss) 

and Late Growth Stages (62.8% loss) compared to maize planted in clay and loam soil.  

Results seem to suggest that soil moisture deficit at harvest was 35.9 mm in sand soil 

based on FPD.  Therefore, if, maize had been planted on sand soil based on the FPD, the 

Soil Type SMD (mm) Init Stage Dev Stage Mid Stage Late Stage Season 

Clay (FPD) 81.1 0 0 0 0 0

Clay (BPD) 5.4 0 0 0 0 0

Loam (FPD) 81.1 0 0 0 0 0

Loam (BPD) 5.4 0 0 0 0 0

Sand (FPD) 35.3 0 0.4 5.9 26.8 15

Sand (BPD) 5.4 0.8 1.1 8.6 9.9 4.4

Expected yield reduction at different growth stages (%) 

2011/2012
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period would possibly have led to total yield reductions of 39.8% at the end of the 

growing period between November and April.  Similarly, results seem to suggest that 

soil moisture deficit at harvest was 8.5 mm in sand soil based on the BPD.  If, maize had 

been planted on sand soil based on the BPD (1
st
 November), the period would possibly 

have led to total yield reductions of 8.8%.   

 

Findings suggest that the shortage of soil moisture was as a result of actual effective 

rainfall in the 2012/ 2013 season which were less than the crop water requirement based 

on both FPD and BPD simulated in the CropWat model.  Total maize yield reductions 

observed in Table 39 in clay, loam and sand soil based on FPD and BPD were as a result 

of soil moisture deficit experienced at different growth stages.  

 

Table 38: Estimated* Soil Moisture Deficit (SMD) and expected yield reduction as simulated in the 

CropWat model at different maize growth stages  during the 2012/ 2013 season) for different soil 

types based on the Farmers Planting Date compared to Best Planting Date 

 
*Estimated from running the CropWat model based on the farmer planting date and best planting dates and also 

selecting different types of soil. 
 

4.3.4.5.10. Estimated Soil Moisture Deficit (SMD) at harvest and its effects on maize 

yield at different growth stages during 2013/2014 season based on both 

Farmer Planting Date (FPD) and Best Planting Date (BPD) simulated in 

CropWat 
 

Table 40 shows that the estimated soil moisture deficit at harvest would have been 

experienced if maize was grown in clay soil based on FPD and sand soil based on both 

Soil Type SMD (mm) Init Stage Dev Stage Mid Stage Late Stage Season 

Clay (FPD) 116.1 0 0 1.5 29.7 17

Clay (BPD) 17.6 0 0 0 0 0

Loam (FPD) 156.4 0 0 0 9.8 5.6

Loam (BPD) 17.6 0 0 0 0 0

Sand (FPD) 35.9 0 0.4 33.2 62.8 39.8

Sand (BPD) 8.5 3.6 4.5 20.8 20.8 8.8

Expected yield reduction at different growth stages (%) 

2012/2013
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planting date scenarios.  Results seem to suggest that soil moisture deficit at harvest was 

3.6 mm in sand soil based on FPD.  Therefore, if maize had been planted on sand soil 

based on the FPD, the period would possibly have led to total yield reductions of 15.3% 

at the end of the growing period between November and April.  Similarly, results seem 

to suggest that soil moisture deficit at harvest was 3.5 mm in sand soil based on the 

BPD.  If maize had been planted on sand soil based on the BPD (1
st
 November), the 

period would possibly have led to total yield reductions of 11.8%.   

 

Findings suggest that, even though the total actual effective rainfall of 489.7 mm (FPD) 

in the 2013/ 2014 season was higher than the maize water requirement of 429.8 mm 

(FPD), soil moisture deficit was still experienced.  The reason being that SMD during 

certain maize growth stages were due to the actual rainfall being less than maize crop 

water requirements for the 2013/ 2014 season.  Thus, findings also suggest that total 

maize yield reductions observed in Table 40 in clay and sand soil were as a result of soil 

moisture deficit experienced at different growth stages within the growing period 

between November and April. 

 
Table 39: Estimated* Soil Moisture Deficit (SMD) and expected yield reduction as simulated in the 

CropWat model at different maize growth stages during the 2013/ 2014 season for different soil 

types based on the Farmers Planting Date (FPD) compared to Best Plant Date (BPD) 

 
*Estimated from running the CropWat model based on the farmer planting date and best planting dates and also 

selecting different types of soil. 

 

Soil Type SMD (mm) Init Stage Dev Stage Mid Stage Late Stage Season 

Clay (FPD) 6.4 0 0 1.8 1.8 0.8

Clay (BPD) 19 0 0 0 0 0

Loam (FPD) 6.4 0 0 0 0 0

Loam (BPD) 19 0 0 0 0 0

Sand (FPD) 3.6 0 0.3 34.6 34.6 15.3

Sand (BPD) 3.5 8.8 9.6 17.5 25.6 11.8

Expected yield reduction at different growth stages (%) 

2013/2014
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4.3.4.5.11. Estimated Soil Moisture Deficit (SMD) at harvest and its effects on maize 

yield at different growth stages during the 2014/ 2015 season based on both 

Farmer Planting Date (FPD) and Best Planting Date (BPD) simulated in the 

CropWat model 
 

Table 41 shows that the estimated soil moisture deficit was experienced at harvest for 

maize grown in sand soil based on FPD and resulted in severe yield reductions during 

Middle (89.6%) and Late Growth Stages (92.4%) compared to maize planted in clay and 

loam soil.  Results seem to suggest that soil moisture deficit at harvest was 18.5 mm in 

sand soil based on FPD.  Therefore, if maize had been planted on sand soil based on the 

FPD, the period would possibly have led to total yield reductions of 59.7% at the end of 

the growing period between November and April.  Similarly, results seem to suggest that 

soil moisture deficit at harvest was 29 mm in sand soil based on the BPD.  If, maize had 

been planted on sand soil based on the BPD (1
st
 November), the period would possibly 

have led to total yield reductions of 41.6%.   

 

Findings suggest that the shortage of soil moisture was as a result of actual effective 

rainfall in the 2014/ 2015 season which was less than the crop water requirement as 

shown in Tables 29 and 30 based on both FPD and BPD simulated in the CropWat 

model.  Thus, findings also suggest that total maize yield reductions observed in Table 

41 in clay, loam and sand soil were as a result of soil moisture deficit experienced at 

different growth stages within a growing period between November and April.  
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Table 40: Estimated* Soil Moisture Deficit (SMD) and expected yield reduction as simulated in the 

CropWat model at different maize growth stages during the 2014/ 2015 season) for different soil 

types based on the Farmers Planting Date compared to Best Planting Date   

 
*Estimated from running the CropWat model based on the farmer planting date and best planting dates and also 

selecting different types of soil. 

 

4.3.4.5.12. Estimated Soil Moisture Deficit (SMD) at harvest and its effects on maize 

yield at different growth stages during the 2015/ 2016 season based on both 

Farmer Planting Date (FPD) and Best Planting Date (BPD) simulated in the 

CropWat model 
 

Table 42 shows that the estimated soil moisture deficit was experienced at harvest for 

maize grown in sand soil based on FPD and resulted in severe yield reductions during 

Middle (39.1%) and Late Growth Stages (54.4%) compared to maize planted in clay and 

loam soil.  Results seem to suggest that soil moisture deficit at harvest was 33.3 mm in 

sand soil based on FPD.  Therefore, if maize had been planted on sand soil based on the 

FPD, the period would possibly have led to total yield reductions of 61.7% at the end of 

the growing period between November and April.  Similarly, results seem to suggest that 

soil moisture deficit at harvest was 27.6 mm in sand soil based on the BPD.  If, maize 

had been planted on sand soil based on the BPD (1
st
 November), the period would 

possibly have led to total yield reductions of 31.7%.   

 

Findings suggest that the shortage of soil moisture was as a result of actual effective 

rainfall in the 2015/ 2016 season which was less than the maize crop water requirement 

based on both FPD and BPD simulated in the CropWat model.  Thus, findings also 

Soil Type SMD (mm) Init Stage Dev Stage Mid Stage Late Stage Season 

Clay (FPD) 89.6 0 0 57.7 69.1 40.6

Clay (BPD) 99.6 0 0 19.2 39.1 22

Loam (FPD) 134.2 0 0 33.5 49.8 28.6

Loam (BPD) 141.1 0 0 4.5 19.5 10.6

Sand (FPD) 18.5 0 6.6 89.6 92.4 59.7

Sand (BPD) 29 0 0.2 60.2 70.9 41.6

Expected yield reduction at different growth stages (%) 

2014/2015
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suggest that total maize yield reductions observed in Table 42 in clay, loam and sand 

soil were as a result of soil moisture deficit experienced at different growth stages.   

 

Table 41: Estimated* Soil Moisture Deficit (SMD) and expected yield reduction as simulated in the 

CropWat model at different maize growth stages  during the 2015/ 2016 season for different soil 

types based on the Farmers Planting Date compared to Best Planting Date  

 
*Estimated from running the CropWat model based on the farmer planting date and best planting dates and also 

selecting different types of soil. 

 

 

4.3.4.6. Yield Reductions and Best Planting Date  

Table 43 shows the yield reductions between 2004/ 2005 and 2015/ 2016 based on both 

the FPD and BPD simulated in the CropWat model.  The zeroes in the Tables indicate 

that none or minimum yield reduction was experienced and the highest percentage 

indicates that high yield reductions was experienced in a given season.  In a situation 

where yield reductions were zero for both planting scenarios (FPD and BPD), it means 

that the farmer made the right decision of planting on the 1
st
 December for such a given 

season as indicated on Table 43.   

 

The findings indicate that the yield reductions in different soil types were 27.7% (clay 

soil), 16.3% (loam) and 47.4% (sand) based on the FPD (1
st
 December) during the 2004/ 

2005 season.  The findings suggest that, if, maize was planted in loam soil based on the 

FPD (1
st
 December) high yield could have been obtained since the yield reductions 

Soil Type SMD (mm) 2015 Init Stage Dev Stage Mid Stage Late Stage Season 

Clay (FPD) 109.1 0 0 57.6 70.1 40.6

Clay (BPD) 95.2 0 0 3.2 20.4 10.5

Loam (FPD) 154.9 0 0 32.7 50 27.9

Loam (BPD) 129.1 0 0 0 3.3 1.7

Sand (FPD) 33.3 0 11.2 81.5 87.8 61.7

Sand (BPD) 27.6 0.9 3.8 39.1 54.4 31.7

Expected yield reduction at different growth stages (%) 

2015/2016
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(16.3%) during the simulation was the lowest compared to clay and sand soil as shown 

in Table 43.  On the other hand, during the same season (2004/2005), if maize was 

grown based on the best planting date (1
st
 November) the yield reduction could have 

been 7.3% (clay), 0.1% (loam) and 34.5% (sand).  Similarly to the farmer planting date, 

the lowest yield reduction could have been obtained, if, it was grown in loam soil and 

earlier in November than December.   

 

Table 42: show the maize yield reduction percentage (YR %) based on the FPD compared to the 

simulated BPD between the 2004/ 2005 and 2015/ 2016 growing seasons  

 
 

However, the investigation of the best planting date was done by running scenarios in 

the CropWat model by choosing a date before and after the 1
st
 December.  Thus, the best 

planting date was determined based on the lowest yield reduction percentage obtained 

after running different scenarios for a given season.  Findings show that best planting 

dates differ from seasons to season as indicated in Table 55.  Though results suggest that 

the 1
st
 November was the best planting date for the 67% of the 12 maize growing 

seasons between 2004/ 2005 and 2015/ 2016.  Therefore, it means that planting the 

Season FPD BPD YR (%) FPD YR (%) BPD YR (%) FPD YR (%) BPD YR (%) FPD YR (%) BPD

2004/2005 01-Dec 01-Nov 27.7 7.3 16.3 0.1 47.4 34.5

2005/2006 01-Dec 01-Nov 0 0 0 0 4.1 4

2006/2007 01-Dec 01-Nov 7.3 0 0.1 0 26.2 9.5

2007/2008 01-Dec 01-Nov 6.2 0 0 0 28.4 2.8

2008/2009 01-Dec 01-Nov 2 0 0 0 19.7 5.6

2009/2010 01-Dec 01-Nov 0 0 0 0 3.1 3.7

2010/2011 01-Dec 25-Nov 13.7 9.8 3.7 1.1 32.7 28.6

2011/2012 01-Dec 25-Oct 0 0 0 0 15 4.4

2012/2013 01-Dec 10-Oct 17 0 5.6 0 39.8 8.8

2013/2014 01-Dec 01-Nov 0.8 0 0 0 15.3 11

2014/2015 01-Dec 01-Nov 40.6 22 28.6 10.6 59.7 41.6

2015/2016 01-Dec 20-Oct 40.6 10.5 27.9 1.7 61.7 31.7

Clay Loam Sand
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maize crop for the dry-land during the first week of November in the Zambezi Region is 

the ideal date or period taking into account the onset of rain from October as well as type 

of soil to be utilised. 

 

4.3.4.7. The effects of climate variability between the 2004/ 2005 and 2015/ 2016 

seasons on maize production in the Zambezi Region 
 

4.3.4.7.1. Effect of climate variability on seasonal actual effective rain compared 

between the 2004/2005 and 2015/2016 seasons  
 

Figure 36 shows that both the estimated seasonal actual effective rain (mm) based on the 

FPD and BPD varied from season to season between the 2004/ 2005 and 2015/ 2016 

seasons.  The highest seasonal actual effective rain (534.4 mm) was experienced during 

the 2005/ 2006 and lowest (189 mm) in the 2014/ 2015 season based on FPD.  However, 

based on the BPD simulated in the CropWat model, the highest seasonal actual effective 

rain could have been 581 mm during the 2008/ 2009 and lowest at 205 mm in the 2014/ 

2015 season respectively.  The observation suggests that the changes in seasonal actual 

effective rain from one season to another observed in Figure 36 were attributed to the 

effects of climate variability or changes in climate from the first to subsequent season.  

Thus, the climate variability or change in climate has an influence on the seasonal actual 

effective rain within a growing period of a maize crop.  
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Figure 35: Estimated actual effective rain between the 2004/ 2005 and 2015/ 2016 seasons based on 

both farmer’s planting date and best planting date simulated in the CropWat model in the context 

of climate variability 

 

4.3.4.7.2. Effect of climate variability on soil moisture deficit between the 2004/ 2005 

and 2015/ 2016 seasons  
 

Figure 37 shows on the estimated soil moisture deficit as a result of the rainfall between 

the 2004/ 2005 and 2015/ 2016 seasons using different soil types (clay, loam and sand) 

based on Farmer Planting Date (FPD) simulated in the CropWat model.  In this study, 

soil moisture deficit is as a result of the effect of rainfall variability from season to 

season combined with the use of different soil texture namely; sandy, sandy loam and 

loamy sand.  The highest soil moisture deficit (156.4 mm) was experienced during the 

2012/ 2013 season and lowest (1.6) in the 2009/2010 season based on FPD.  However 

finding on Figure 37 also shows that there was high soil moisture deficit in clay than 

sand soils.  Such situation could imply that there was high run-off in which less water 

enters or infiltrates the clay soil than sand soil. At the same time it could be attributed to 

the chemical reactions that may affect drainage and storage of water.  These findings 

also suggest that the higher the actual effective rainfall obtained in a given season, the 
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lower the soil moisture deficit.  Therefore, the findings suggest that the changes in soil 

moisture deficit from one season to another observed in Figure 37 were attributed to the 

effects of seasonal actual effective rainfall as a result of climate variability or changes in 

climate from the first to subsequent season.  Thus, the climate variability or change in 

climate has an influence on the soil moisture within a maize growing period between 

November and April.  

 

 
Figure 36: Estimated soil moisture deficit for maize production between 2004/2005 and 2015/2016 

seasons simulated in CropWat model in the context of climate variability 

 

4.3.4.7.3. Effect of climate variability on maize water use (ETo mm/day) compared to 

actual yield (kg/ha) between the 2004/ 2005 and 2015/ 2016 seasons 
 

Figure 38 shows the variations of the estimated maize crop’s average water use 

(mm/day) between the 2004/ 2005 and 2015/ 2016 seasons.  The highest average water 

use by maize crop experienced in 12 maize growing seasons was 4.55 mm/day in the 

2004/ 2005 season and lowest at 4.01 mm in the 2008/2009 season.  Therefore, these 

findings suggest that the changes in seasonal average water use for maize crops from 
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one season to another season as observed in Figure 38 were attributed to the effects of 

climate variability or changes in climate from the first to subsequent season.   

 

Figure 39 shows the trend of maize crop water use (mm/day) compared to actual maize 

grain yield (kg/ha) in a given season.  The results suggest that changes in crop water use 

(mm/day) attributed to climate variability could have contributed to the decline in actual 

yield, though there could be other factors such management and soil fertility to have 

contributed to the yield reductions.  Thus, the climate variability or change in climate 

has an influence on the maize water use and subsequently, on maize yield within a 

growing period between November and March.  

 
Figure 37: Estimated average water use (ETo) for maize between the 2004/ 2005 and 2015/2016 

seasons simulated in the CropWat model in the context of climate variability 
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Figure 38: Estimated maize water use (ETo – mm/day) compared to actual yield (kg/ha) for maize 

between the 2004/ 2005 and 2015/ 2016 seasons simulated in the CropWat model in the context of 

climate variability 

 

4.3.4.7.4. Effect of climate variability on maize crop water requirements between the 

2004/ 2005 and 2015/ 2016 seasons 

 

Figure 40 shows the trend for the estimated maize crop water requirement (mm/season) 

between the 2004/ 2005 and 2015/ 2016 seasons based on the FPD and BPD simulated 

in the CropWat model.  The highest maize crop water requirements in 12 maize growing 

seasons based on the FPD were 487.3 mm during the 2004/ 2005 season and lowest at 

423 mm in the 2005/ 2006 and 2007/ 2008 seasons.  However, based on the BPD 

simulated in the CropWat model, the highest maize crop water requirements in 12 

seasons could have been 502.5 mm during the 2004/2005 season and lowest at 416.8 

mm in the 2007/ 2008 season.  Therefore, these findings suggest that the changes in 

maize crop water requirements from one season to another season observed in Figure 40 

were attributed to the effects of climate variability or changes in climate from the first to 

subsequent season.  Thus, the climate variability, or change in climate, has an influence 

0

100

200

300

400

500

600

700

800

3.70

3.80

3.90

4.00

4.10

4.20

4.30

4.40

4.50

4.60

A
ct

u
a

l 
m

a
iz

e 
y

ie
ld

 (
k

g
/h

a
)

A
v

er
a

g
e 

se
a

so
n

a
l 

m
a

iz
e 

E
T

o
 (

m
m

/d
a

y
)

Seasons

Average ETo (mm/day) Actual yield



171 
 

 
 

on the maize crop water requirement within a growing period between November and 

March.   

 
Figure 39: Estimated average maize crop water requirements between the 2004/ 2005 and 2015/ 

2016 seasons based on the FPD and BPD simulated in CropWat model in the context of climate 

variability 

 

 

4.3.4.7.5. Effects of climate variability on maize yield between the 2004/ 2005 and 

2015/ 2016 seasons 
 

Table 44 presents findings on the effects of climate variability on maize yield when 

comparing both scenarios based on the FPD and BPD simulated in the CropWat model 

between the 2004/ 2005 and 2015/ 2016 growing seasons.  However, the investigations 

took into consideration the use of different soil types (clay, loam and sand) and their 

effects on yield reductions.  Findings indicate that if maize crops were grown in all the 

different soil types, the highest yield reductions in 12 maize growing seasons based on 

the FPD, could have been 40.6% (clay in the 2014/ 2015 and 2015/ 2016 seasons), 

28.7% (loam in the 2014/2015 season) and 61.7% (sand in the 2015/2016 season).  

Based on the BPD simulated in the CropWat model, the highest maize yield reductions 

in 12 seasons could have been 22% (clay in the 2014/2015 season), 10.6% (loam in the 
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2014/2015 season) and 41.6% (sand in the 2014/2015 season) respectively.  However, 

zero indicates that there were none or minimum maize yield reduction in a given soil 

type and season.   

 

Further analyses were conducted in relation to actual yield (kg/ha) obtained from 

MAWF and yield reductions (%) simulated in the CropWat model between the 2004/ 

2005 and 2015/ 2016 harvesting season.  The yield reductions (YR - %) during 

2004/2005 season was 27.7%, meaning that the farmer lost 195.9 kg/ha of maize yield 

based on the farmer’s planting date (calculation based on actual yield of 707.1 kg/ha by 

YR of 27.7%).  On the other hand, the farmers could have lost 51.6kg/ha of maize yield 

(equivalent to 7.3% yield reductions) if maize was grown based on the BPD as shown in 

Table 44 using clay soil.  When comparing the two planting dates, it implies that 

minimum losses would have been experienced if maize was grown based on the BPD 

(1
st
 November) in the 2004/ 2005 season compared to FPD (1

st
 December).   

 

Figure 41 has been used to further understand the effects of climate variability on maize 

production between the 2004/ 2005 and 2015/ 2016 growing seasons.  The aim was to 

compare the trends for actual maize yield (kg/ha/season) to the crop water requirements 

(mm/season based on FPD and BPD), total rainfall (mm/season), potential effective rain 

(mm/season), and actual effective rain (mm/season based on FPD and BPD).  Thus, 

results of the trend for maize crop water requirements based on the FPD and BPD 

simulated between the 2004/ 2005 and 2015/2016 seasons were very close to each other 
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in terms of mm/season that was required.  The findings suggest that the farmer made the 

right decision to plant on the first week of December each season despite losses of yield 

projected compared to the BPD simulated in the CropWat model.  Similar trends are 

observed when comparing the total rain, potential effective rain versus the actual 

effective rain based on both the FPD and BPD as indicated in Figure 41.  Results suggest 

that when the potential and actual effective rain was higher than the maize crop water 

requirement (2005/ 2006, 2007/ 2008 and 2008/ 2009 seasons), high maize yield was 

also obtained and vice versa (Figure 41).   

 

Table 43: Actual maize grain yield versus the yield reduction (YR) (%) based on the Farmer 

Planting Date (FPD) compared to simulated Best Planting Date (BPD) between the 2004/ 2005 and 

2015/ 2016 growing seasons
1
 
 

 
1

The average grain yield ranges from 350 kg/ha to 1500 kg/ha for small scale farmers without inputs such as fertilizers and improved 

seeds in Namibia under optimum conditions (MAWF, 1997). 

 

 

Figure 41 also indicate that the trend for the seasonal actual maize yield obtained from 

MAWF, coincidentally fluctuates with the variations of total seasonal rain, potential and 

actual effective rainfall trends.  Therefore, the results suggest that the changes in maize 

Seasons

Maize 

grain 

kg/ha

YR % 

FPD

YR 

kg/ha 

FPD

YR % 

BPD

YR kg/ha 

BPD

YR % 

FPD

YR 

kg/ha 

FPD

YR % 

BPD

YR 

kg/ha 

BPD

YR % 

FPD

YR 

kg/ha 

FPD

YR % 

BPD

YR 

kg/ha

BPD

2004/2005 707.1 27.7 195.9 7.3 51.6 16.3 115.2 0.1 0.7 47.4 335.1 34.5 243.9

2005/2006 757.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.1 31.1 4.0 30.3

2006/2007 454.5 7.3 33.2 0.0 0.0 0.1 0.5 0.0 0.0 26.2 119.1 9.5 43.2

2007/2008 489.6 6.2 30.4 0.0 0.0 0.0 0.0 0.0 0.0 28.4 139.0 2.8 13.7

2008/2009 494.5 2.0 9.9 0.0 0.0 0.0 0.0 0.0 0.0 19.7 97.4 5.6 27.7

2009/2010 468.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.1 14.5 3.7 17.3

2010/2011 288.8 13.7 39.6 9.8 28.3 3.7 10.7 1.1 3.2 32.7 94.4 28.6 82.6

2011/2012 272.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15.0 40.9 4.4 12.0

2012/2013 257.0 17.0 43.7 0.0 0.0 5.6 14.4 0.0 0.0 39.8 102.3 8.8 22.6

2013/2014 357.0 0.8 2.9 0.0 0.0 0.0 0.0 0.0 0.0 15.3 54.6 11.0 39.3

2014/2015 98.0 40.6 39.8 22.0 21.6 28.6 28.0 10.6 10.4 59.7 58.5 41.6 40.8

2015/2016 103.0 40.6 41.8 10.5 10.8 27.9 28.7 1.7 1.8 61.7 63.6 31.7 32.7

Clay Loam Sand
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yield reductions from one season to another season observed in Table 44 and Figure 41 

were attributed to the effects of climate variability or changes in climate from the first to 

subsequent seasons.  Thus, the climate variability or change in climate had an influence 

on the maize grain yield in a given season.  

 

 
Figure 40: Comparison between the maize CWR and effective rain as well as actual yield 

kg/ha/season between 2004/2005 and 2015/2016 seasons 
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SECTION C 

 

4.4. LAND SUITABILITY OF NON-FLOODED LANDSCAPE UNITS 

FOR RAIN-FED MAIZE PRODUCTION IN THE ZAMBEZI 

FLOODPLAIN  

 

This subsection presents results drawn from the empirical findings of section A (soil 

moisture) and B (climate variability) to establish the best option(s) that optimise the non-

flooded landscape units in terms of land suitability for maize production or other 

potential crops.  

 

4.4.1. Land suitability of the Kwalala non-flooded landscape unit for maize 

production as affected by soil moisture availability between October 

and April 

 

Soil moisture content measured at the Kwalala non-flooded landscape units between 

October 2012 and April 2016 showed the availability of soil moisture content during the 

growing period from October to April in a given season.  Results obtained from the 

DataTrac software analysis showed that during the maize growing period in loamy sand 

soil, the maximum soil moisture content (VWC%) in all the soil depth (20cm, 40cm and 

60cm) were 33 VWT%, 36 VWC%  and 39.9 VWT%.  The highest soil moisture 

content (VWC %) between October 2012 and September 2015 was as a result of the 

rainfall received during October to April as shown in Figures 8, 9. and 10 for both sites.  

In this study, findings on the maize water use simulated in the CropWat model using 
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climate and soil data, found that the minimum and maximum soil moisture and/or water 

required during the growing period ranged between 4.01mm/day and 4.55mm/day.  The 

maize crop water requirements ranged between 1.5mm/day and 5.63mm/day. 

 

Therefore, taking the above into consideration, the Kwalala non-flooded landscape unit 

in the context of soil moisture availability during the growing season from October and 

April per given season, was found to be suitable to support rainfed maize production.  

Loamy sand (Site A) and sandy loam (Site B) were found to be more suitable compared 

to sandy (Site C) since the soil moisture content stored in  all the soil depth observed in 

this study were adequate to support maize crops every season. 

 

4.4.2. Land suitability of the Kwalala non-flooded landscape unit for maize 

production in the context of the prevailing climate in the Zambezi 

Region 

 
4.4.2.1. Zambezi Region’s seasonal rainfall suitability to support rain-fed maize 

production  
 

The Zambezi Region’s annual seasonal rainfall occurs between October and April 

(Figure 13.) with an average seasonal rainfall of 646mm as shown in Table 4.  The 

seasonal rain was calculated from July to June in a given season (e.g. July 1945 and June 

1946).  The average seasonal rain of 646mm per season is based on the analysis of 71 

seasonal years of rainfall from 1945/ 1946 to 2015/ 2016.  The agronomic rule of thumb 

is that rainfall above 650mm per season is regarded as adequate for rain-fed agriculture 

and below 650mm per season as unreliable for rain-fed agriculture.  However, MAWF 
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(1997) reported that maize (Zea mays) needs between 500mm and 900mm of rainfall per 

season to obtain a yield of between 350 and 1500kg/ha (MAWF, 1997) in a rain-fed 

condition in Northern and North Eastern Namibia.  To determine the Zambezi Region’s 

rainfall suitability to support maize production on the non-flooded landscape unit, results 

from the analysis of the rainfall’s long-term historical data (71 seasons from 1945/ 1946 

and 2015/ 2016) was drawn in the context of certainty (above 650mm adequate for rain-

fed agriculture) and uncertainty (below 650mm unreliable for rain-fed agriculture).   

 

Results suggest that the Zambezi Region’s average seasonal rainfall of 646 mm is 

regarded as unreliable for rain-fed maize production in the context of the 650mm rule of 

thumb for rain-fed agriculture.  In terms of average seasonal rainfall of 646 mm for 71 

seasons, it could qualify as suitable for rain-fed maize production due to that the rainfall 

deficit or difference of 4.0mm was found to be insignificant compared to the rule of 

thumb of 650mm for rain-fed agriculture.  Therefore, in terms of rainfall suitability, it is 

suggested that the Zambezi Region’s seasonal rainfall is suitable to plant rainfed maize 

crop at the onset of the rainfall in October but unreliable to support rain-fed maize 

production and other potential crops during different growth stages.  It was suggested in 

retrospect, that 57% out of 71 seasons of rainfall that were analysed, were found to be 

unreliable for rain-fed agriculture (below 650mm per season) and that only 43%, was 

found to be adequate (above 650mm per season is adequate for rain-fed).   
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4.4.2.2. Temperature suitability for rain-fed maize production in the Zambezi 

Region’s 
 

Maize (Zea mays) minimum and maximum temperature requirements are between 21
o
C 

and 30
o
C, and the optimum temperature for germination is between 18

o
C and 21

o
C, 

while below 13
o
C, growth is greatly reduced and fails below 10

o
C (MAWF, 1997).  In 

the Zambezi Region during the growing period between November and April, the 

average minimum temperature is between 17
o
C and 21

o
C and maximum temperature is 

between 30
o
C and 33

o
C based on the 12 season average between 2004 and 2015.  

Therefore, results suggest that in terms of temperature, the Zambezi Region is suitable to 

support maize production since both the minimum and maximum temperatures are ideal 

during the growing period between November and April.  The Region meets the 

requirements of the maize crop based on what the land offers in terms of temperature. .  

 

4.4.2.3. Land suitability of the Kwalala non-flooded landscape unit for maize 

production in the context of soil types, soil depth, pH and nutrient content 

 

Maize (Zea mays) grows in different types of soils, but it does best in well-drained, well 

aerated, deep (60cm+), warm, loam and silt loam soils.  The soil pH is between 5.0 and 

8.0, but the ideal pH is between 6.0 and 7.0 (MAWF, 1997; Mwazi, 2006).  In terms of 

soil texture, the Kwalala non-flooded landscape units have three types of soil mainly; 

sandy loam, loamy sand and sandy respectively.  The average soil pH is 7.90 for loamy 

sand, 8.14 for sandy loam, and 7.10 for sandy respectively.  The soil depth for the 

Kwalala non-flooded landscape unit is between 20cm and 60cm.  Results suggest that in 

the context of both soil types, depth and pH the Kwalala non-flooded landscape is 
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suitable to support maize production.  Thus, what the land offers in terms of soil types, 

depth and pH meets the requirements of the maize crop.  

 

4.4.2.4. Land suitability of the Kwalala non-flooded landscape unit for maize 

production in the context of planting date  

 

The planting date is dictated by the onset of rainfall in a given season.  Thus, it was 

critical to determine the BPD or month for maize through the assessment of the long 

term seasonal climatic condition and compare the outcomes to the decision made by the 

farmer to plant on a given date or plant, if it has been ideal or not in climate variability 

context.  The FPD had been the 1
st
 December or during the first week of December.  

Results from the analysis of the FPD for the 12 seasons between 2004/ 2005 and 2015/ 

2016 in the CropWat model suggests that maize planted during the first week of 

December had high yield losses in terms of yield reductions percentage.  At the same 

time results from the analysis of BPD simulated in the CropWat models suggests that 1
st
 

November or first week of November would have been the BPD or period for the maize 

crop due to very low yield reductions obtained.  In retrospect of the high yield 

reductions experienced, when maize crops were planted during the first week of 

December every season between 2004/ 2005 and 2015/ 2016, findings suggest that 

planting the maize crop at the beginning of December (FPD), is suitable but unreliable 

for long term maturity varieties due to the shortened growing period between December 

and April in the context of access to adequate effective rainfall for certain season due to 

high yield reductions losses.  Planting in December would have been ideal for short 

maize crop, or faster maturing varieties.  However result suggests that if maize crops had 
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been planted at the beginning of November (BPD simulated in the CropWat model) the 

yield reduction would have been at a minimum.  Thus, planting maize at the beginning 

of November is suggested to be suitable and reliable in the context of extended growing 

period and use of long maturing varieties than short maturing maize variety.   
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CHAPTER 5 

 

DISCUSSION 

 

5.1. INTRODUCTION  
 

Today, there is an increasing global, regional, national and local concern regarding the 

changing agro-climatic environment on sustainable agronomic production.  In effect, the 

goal underlined in this study is an important determinant to the purpose of improving the 

agrono-socioeconomic status of small scale farmers in the Zambezi Region (Figure 5).  

The latter is ecology in Namibia which combines both positive and negative factors that 

influence sustainable agronomic production of crops such as maize (Zea mays).  The 

purpose of this study was to assess which are the positive factors in relation to the 

negative factors that can be optimised while providing insight into the negatives that 

need mitigation thus leading to the objectives of this current study.  In the context of the 

latter objective driven recommendations contribution to purpose driven potential of the 

Zambezi Region are given in the concluding section. 

 

The overall objective using maize as a case study crop was to assess possible ways that 

optimise the non-flooded landscape units to support arable production in the Zambezi 

Region.  Thus, this chapter discusses the availability of soil moisture during the growing 

season between 2012 and 2015.  In addition, it discusses the certainty and uncertainty of 

seasonal rainfall between the 1944/ 1945 and 2015/ 2016 seasons and results obtained 
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from the K3 simulation model to predict maize crop growth in terms of maize crop water 

use, maize crop water requirements, soil moisture/ water deficit, planting date and maize 

yield reductions in the context of the effect of climate variability and ways to optimise 

the non-flooded landscape unit.  At the same time, it discusses the empirical findings in 

the context of land suitability for non-flooded landscape units to support maize crop 

production.   

 

In terms of the foregoing, the discussion has examined the relevance and importance of 

some key findings toward optimising the non-flooded landscape unit to support crop 

production in the Zambezi Region in which further research and/or application should 

buy into.  

 

5.2. SOIL MOISTURE AVAILABILITY IN THE NON-FLOODED 

LANDSCAPE UNITS 

 

In addressing question 2 or objective 1, this section discusses the dimension of the space 

and time as well as rainfall, soil temperature, soil depths effects on soil moisture 

availability in the Kwalala non-flooded landscape unit that the average soil moisture 

ranged between sites on sandy, sandy loamy and loamy sand implies the following:  

 

During the crop growing season between October and April the findings observed that 

soil moisture varied in space and time at different soil depths at the Kwalala non-flooded 

landscape unit as a result of soil temperature and events of rainfalls.  Thus, it can be 
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interpreted that a variation of soil moisture at different soil depths correlated with the 

variation of soil temperature and the events of rainfall in a given season as observed in 

Figures 8, 9 and 10.  Furthermore, findings suggest that soil temperature and rainfall 

could be the main factors that influenced soil moisture to vary along the soil depths 

between the growing periods.  Hence, these findings may be interpreted that one unit 

increase/ decrease in the soil temperature leads to a decrease/ increase in the soil 

moisture.  Similarly, results suggest that one unit increase/ decrease in rainfall leads to 

an increase/ decrease in the soil moisture.  In terms of soil depth, results suggest that an 

increase in the soil depth by one unit eventually leads to an increase in soil moisture.  

The increase in the soil moisture along the soil depth suggests in this study that such soil 

moisture could be stored in the root zones and become available to any given crop in 

space and time.  Though it is suggested that soil moisture availability may vary along the 

soil depth levels in space and time as induced by rainfall and influenced negatively by 

temperature, it has been found to be more than enough to sustain agronomic crops such 

as maize.   

 

However, the results in this study are in agreement with the study by Skierucha et al 

(2012) that soil moisture varied according to the soil depth as influenced by rainfall and 

temperature.  Similarly, Roxy et al (2014) found soil moisture ranging between 11% and 

42% at a soil depth of between 0.05m to 0.10m respectively.  At the same time these 

results are similar to the study by Gaur and Mohanty (2013) who examined the effects of 

topography, vegetation, soil texture on soil moisture spatial distribution in watersheds.  
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These findings are also in agreement with the results by Lakshmi et al (2003) who found 

that an increase in temperature led to a decrease in soil moisture and vice versa.  

Lakshmi et al (2003) further explained that temperature is crucial in determining the 

land surface heat and water balance in the soil as well as the estimation of 

evapotranspiration of crops in a given climatic zones.  Results are also in agreement with 

findings of Xu et al (2011) that soil water content in all soil layers significantly 

increased with rainfall intensity for their study in South Western China.  Similarly, the 

study by Lakshmi et al (2011) and Xu et al (2011) found that the soil moisture increased 

with the increase in soil depth after the events of rainfall up to a depth ranging from 0cm 

– 80cm.  Findings in this study would suggest that soil moisture on the non-flooded 

landscape unit during the growing period between October and April is available to 

support maize production given the prevailing climatic and soil conditions in the 

Zambezi Region and similar Agro-Ecological Zone.  Because, in this study it was 

observed that the soil moisture availability ranged from 9.7 to 33 VWC % loamy sand 

soils, 7.9 to 26.1 VWC % sandy loamy soils and 4.9 to 22.9 VWC % sandy soils during 

the growing period between October and April.  In the context of crop production the 

findings may imply that such variations may lead to soil moisture deficit or affect the 

availability of soil moisture for maize production at a given growth stage during the 

growing period.   
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5.3. EFFECTS OF CLIMATE VARIABILITY BETWEEN 2004/2005 

AND 2015/2016 SEASON ON MAIZE PRODUCTION IN THE 

ZAMBEZI REGION 
 

In addressing question 3 or objective 2 this section discusses the effect of climate 

variability on maize production and implies the following: 

 

5.3.1. The certainty and uncertainty of seasonal rainfall between 1945/1946 

and 2015/2016 seasons in the context of climate variability and its 

effect on rainfed maize production 
 

 

Findings suggest that most of the seasonal rainfall in the Zambezi Region could be 

unreliable (uncertainty) for rain-fed maize production in a given season.  However, there 

has been an apparent uncertainty in trends for rainfed agriculture over the 71 year period 

between 1945/ 1946 and 2015/ 2016 and findings seem to suggest that the greatest 

uncertainty of seasonal rainfall took place between 1990 and 1995 (Figure 14).  

Incidentally, the uncertainty seems to have followed a normal distribution over years.  

The normal distribution during that period however, has no documented record of crop 

failure or food relief in the Zambezi Region.  Thus, in this study, the result on the 

uncertainty (unreliable rain for rainfed agriculture) suggests that the successes of maize 

production over such seasons could have depended on receding crop farming.  The 

results are in agreement with the rule of thumb for rainfed agriculture that seasonal 

rainfall above 650mm is adequate for rainfed agriculture, whereas seasonal rainfall 

below 650mm is unreliable for rain fed agriculture (Akundabweni, 2016, personal 

communication).  Rasul et al, (2011) in their study on the effect of temperature rise on 
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crop growth and productivity, concluded that climatic anomalies will play an important 

role in increasing the uncertainties for rain-fed crop production.  In regard to receding 

farming, it is a process of crop production at the edge of the river or seasonal flood 

depressions on its fringes (Kashe et al, 2015).  When the floodplain is under immense 

flood water and the soils are saturated with no air intake, crops get distressed and die 

(Hazell and Wood, 2008).  For that reason, receding farming is done as soon as the soil 

can be worked on. It is recommended to till the soil and break up sealed surfaces to 

allow air to enter the soil.  The maize production through receding flood in the arable 

floodplains, or Molapo farming, has been practiced in Okavango Delta, Botswana 

(Oosterbaan et al, 1986 and Kashe et al, 2015).  In addition to the receding farming, soil 

type selection and crop varieties seems also to have played a critical role in the success 

of maize production.  Thus, findings imply that the farmer’s decision-making seems to 

be crucial towards the success and failure of maize production during the growing period 

given the prevailing climate variability in the region.  

 

In terms of the uncertainty, it is a natural phenomenon that farmers make decisions 

based on the experiential history of when to grow maize, on what soil type, which 

variety and which alternative crop.  The results in this study also suggest that there is a 

need for an early warning system to build the early warning preparedness in farmers’ 

decisions, given the findings of uncertainty of seasonal rainfall for rainfed agronomic 

production.  Thus, it is further suggested in this study that the early warning 

preparedness should be a policy matter aimed at enhancing and the building resilience of 
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small-scale farmers towards the prevailing uncertainty of rainfall conditions in the 

Zambezi Region or comparable ecologies.   

 

5.3.2. Maize water use (ETo mm/day) between 2004/2005 and 2015/2016 

seasons in the context of climate variability and its effect on rainfed 

maize production in the Zambezi Region 

 

Results suggest that the variation of maize crop water use in a given season, as well as 

from one season to another, could be as a result of seasonal changes of climate or 

climate variability in the Zambezi Region.  The maize water use, or evapotranspiration 

(ETo), is good for plants in the agronomic aspects for cooling purposes when enough 

soil moisture content is available, but could also negatively affect the crop since it 

dehydrates the plant if water supply is unreliable.  Thus, given the unreliability of 

seasonal rainfall in the Zambezi Region or comparable environment as found in this 

study, it is critical to frequently investigate maize water use given the prevailing climatic 

conditions since climate play an important role in evapotranspiration in a given 

landscape. It is also critical to estimate the water demand of a given crop.  The results 

are in agreement with the findings of Adeniran et al (2010) in Nigeria, where using the 

CropWat model, they found that the maize water use during the 2007 season varied from 

1.82 mm/day to 4.88 mm/day. Similarly, results by Mestas-Valero et al (2012) found 

that due to climate change and climate variability, maize crop water use varied from 

season to season (between 2 mm/day to 6.65 mm/day) during the 2008 and 2009 

seasons.  Thus, the result also suggests that maize crop water use varies from season to 
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season as influenced by the non-linear distribution of seasonal climatic conditions, 

seasonal climate variability (FAO, 1986).  The maize crop water use information should 

be known by the extension agent’s fraternity to assist them in guiding small-scale 

farmer’s decision-making on the utilisation of the non-flooded landscape units for maize 

production given the prevailing climate variability.  Thus, extensionist officers are the 

agents of change (Mwazi and Ndokosho, 2011) and are crucial in setting up adaptation 

mechanisms to changing climates in an effort to build the resilience of small-scale 

farmers as they endeavour to produce rain-fed maize crops on the non-flooded landscape 

units in the Zambezi Region and similar ecologies.  Findings in this study suggest that 

despite the prevailing climatic conditions in the Zambezi Region during the growing 

period between October and April, optimum maize water use is favourable for maize 

production. 

 

5.3.3. Maize crop water requirements (CWR) between 2004/2005 and 

2015/2016 seasons in the context of climate variability and its effect on 

rainfed maize production 

 

Results suggest that the variation of maize CWR in a given season, as well as from one 

season to another, could be as a result of seasonal changes of climate or climate 

variability in the Zambezi Region.  Though the maize CWR varies given the prevailing 

climatic conditions in the Region, this study suggests that, it is favourable for agronomic 

crop such as maize if the right planting date is chosen.  The results for maize CWR 

based on both the farmer planting date and best planting date are similar to the findings 
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by Chuanyan and Zhongren (2007) who found that the total maize CWR was 611.5 mm 

during the growing season between April and September of 2004 in the arid region of 

North-western China.  Similarly, the study by Diakhate (2014) in Senegal using the 

CropWat 8.0 model, found that the maize CWRs was between 414 mm and 417.6 mm 

per season between January 2001 and 2007.  In terms of the maize CWR based on the 

farmer planting date (1
st
 December) being similar to the simulated best planting date (1

st
 

November) in the CropWat model, and that both are similar to the results of other 

scholars the abovementioned studies. It is suggested that the farmer made the right 

decision to plant at the beginning of December in a given season.  In this study, findings 

suggest that during the growing period between October and April, the maize CWR is 

favourable for maize production when a maize crop is planted at the beginning of 

November given the prevailing climatic conditions in the Zambezi Region.   

 

5.3.4. Maize yield reductions between 2004/2005 and 2015/2016 seasons 

based on farmer planting date compared to the best planting date 

simulated in the CropWat 8.0 model  
  

Findings suggest that, if a maize crop is planted based on the Farmer Planting Date (1
st
 

December), higher yield reduction is expected but if maize is planted based on the Best 

Planting Date (1
st
 November) low yield reduction is expected.  The differences of maize 

yield reductions (%) between the two different dates (1
st
 December - FPD and 1

st
 

November - BPD) implies just how critical the farmer’s decision is to plant which maize 

crop variety and when to plant in order to obtain high yield with low yield reductions.  

Findings in this study suggest that the differences in yield reductions (%) in a given 
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season based on both the Farmer Planting Date and Best Planting Date in the Zambezi 

Region was attributed to following factors: 

1. Seasonal climate variability.  The seasonal climate in terms of temperature, 

rainfall, relative humidity, wind speed, radiation and hours of sunshine varies 

from season to season. Thus, the yield reduction in a given season is as a result 

of the prevailing climatic condition in the region. 

2. Length of the growing period determines the access to potential effective rainfall 

for any given crop.  Maize planted in December may not have access to enough 

moisture compared to maize crop planted in November in the Zambezi Region. 

Because the onset of seasonal rainfall is in October, planting at the beginning of 

November would have been ideal using early maturity maize varieties.  

3. Maize crop variety is vital to obtain the desired yield.  Early maturity maize 

varieties are ideal compared with late maturity varieties given the prevailing 

climatic condition in the region. 

4. Certainty (Above 650mm/season) or uncertainty (Below 650mm/season) of 

seasonal rainfall for rain fed maize production. In terms of uncertainty of 

seasonal rainfall in relation to planting date, it is required that maize crops are 

planted based on the Farmer Planting Date (1
st
 December) and that an early 

maturity maize variety is ideal but if maize is planted during the beginning of 

November both early and late maturity variety of maize are ideal.   
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5. Soil type for planting maize is crucial to the farmer’s decision in the selection of 

which crop variety to plant based on the 4Ws concepts: Which crop is grown 

Where, When and by Who(m)?   

 

Results presented in Figure 41 show that when comparing the maize crop water 

requirements, effective rainfall and actual yield found a coinciding trends which seems 

to suggest a normal distribution trends of dependence of yield over effective rainfall 

from season to season.  Results suggest that when the maize crop water requirements are 

higher than both the actual and potential rainfall, a high yield reduction is expected.  The 

results on planting date are supported by the findings of Sallah et al (1997) in the Guinea 

savannah zone that indicate that the sowing date has a critical influence on rainfed maize 

yield and recommended then that planting date needs to be investigated regularly to 

determine the best planting date due to unreliability of rainfall, climate variability and 

climate change.  Findings in this study suggest that optimum maize production is 

obtained if the planting date is at the beginning of November given the prevailing 

climatic conditions in the Zambezi Region and similar ecologies. 

 

5.3.5. Soil Moisture Deficit between 2004/2005 and 2015/2016 seasons 

simulated in the CropWat model 

 

Findings suggest that a soil moisture deficit was experienced during the growing period 

in a given season due to uncertainty of seasonal rainfall for rain fed crop production.  

Results may be interpreted that the variability of soil moisture deficit for all seasons was 
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the effect of seasonal rainfall as a result of changing climate or climate variability.  The 

results in this study are similar to the results obtained by Nazeer (2009) that soil 

moisture deficit was as a result of rainfall.  Findings in this study suggest that soil 

moisture deficit is likely to be experienced during the growing season between October 

and April given the uncertainty of seasonal rainfall for rain fed crop production in the 

Zambezi Region. 

 

5.4. MAIZE WATER USE (ETO), CROP WATER REQUIREMENT 

(CWR), ACTUAL EFFECTIVE RAIN (AER), WATER DEFICIT 

(WD) AND YIELD REDUCTIONS AS A DIFFERENCE DURING 

DIFFERENT GROWTH STAGES BETWEEN 2004/2005 AND 

2015/2016 GROWING SEASONS IN THE CONTEXT OF 

CLIMATE VARIABILITY 

 

5.4.1. Maize water use at different growth stages 

 

Findings suggest that during different maize crop growth stages, the estimated amount of 

maize water use (mm/day) varied.  Thus, it is critical to know the maize water use 

during different growth stages in a given climatic zones in order to make informed 

decisions about when to plant or irrigate should a deficit occur if irrigation provision is 

available.  Findings in this study are in agreement with the results found in Spain by 

Mestas-Valero et al (2012) that on average, the maize water use between 2008 and 2009 

were between 4.16mm/day and 4.64 mm/day.  At the same time, the study in Pakistan by 

Nazeer (2009) found similar results using the CropWat model that maize water use 

ranged from 6.08mm/day at the initial stages and 1.36mm/day at the late stages.   
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In terms of the maize water use or needs based on the findings on the climatic conditions 

in the Zambezi Region, if maize water use (ETo) was 3.98 mm/day, it means that each 

day maize needed a water layer of 3.98mm over a given area where the crop was planted 

(FAO, 1986) for optimum growth.  FAO (1986) explained that the amount of water 

needed does not have to be supplied on a daily basis by rain or through irrigation, but as 

an example, at least 39.8mm should be supplied on time so that this could be stored in 

the root zone and be slowly utilised by the maize crop in a proportion of 3.98mm per 

day for over 10 days.  Findings suggest that optimum maize water use during different 

growth stages is favourable given the prevailing climatic conditions in the Zambezi 

Region and similar ecologies. 

 

5.4.2. Maize crop water requirements (CWR) at different growth stages 

 

The estimated amount of maize CWR (mm/day) varied during a given season and from 

one season to another the during different maize crop growth stages.  In the agronomic 

context, it is important to know the maize crop water requirements at different growth 

stages, since any water deficit at any given growth stage may result in yield reductions.  

Thus, a soil moisture deficit could only be avoided if the actual effective rainfall is 

higher than the maize CWR at a given stage.  Findings in this study on maize CWRs are 

similar or in agreement with the results found in Nigeria by Adeniran et al (2010) that 

maize crop water requirements at different growth stages ranged from 1.3 mm/day to 

45.6 mm/period during the 2007 season simulated using the CropWat model.  Results in 
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this study are also similar to the findings by Chuanyan and Zhongren (2007) who 

estimated the maize water needs of between 1.8 mm/day and 6.67mm/day during the 

growing season between April and September in North Western China.  At the same 

time, results in this study are also similar to the guidelines by the FAO (1986) that most 

of the maize water use takes place during the mid-growth stages (flowering and grain 

setting stage) and are critical to the influence of yield outcomes unless actual effective 

rainfall is high enough to supply enough moisture needed by the crop at a given growth 

stage.  Findings in this study suggest that maize water requirement (mm/day) is 

favourable during the crop growth stages given the prevailing climatic conditions in the 

Zambezi Region and similar ecologies. 

 

5.4.3. Actual effective rainfall at different maize growth stages 

 

The actual effective seasonal rainfall (mm/day) varied at different maize crop growth 

stages in a given season and from one season to another.  Thus, in the agronomic 

context, it can be interpreted that at the time when the actual effective rainfall (mm/day) 

was zero or lower than the CWR, there was a water deficit and maize crops were 

exposed to a dry period which could have led to high yield reductions.  On the other 

hand, it can be interpreted that in an event when the actual effective rainfall was higher 

than the CWR, no shortage of soil moisture and no yield reductions was expected at any 

growth stage.  Results in this study are similar to the guidelines by the FAO (1986) on 

effective rainfall recommended for different crop growth stages and that actual effective 
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rainfall is critical to the influence of yield outcomes unless if is high enough to supply 

enough moisture needed by the crop at a given growth stage.  Findings in this study 

suggest that due to uncertainty of total seasonal rainfall (below 650mm), actual effective 

rainfall is also unreliable to support maize crops at different growth stages given the 

prevailing climatic conditions in the Zambezi Region and similar Agro-Ecological 

Zones (AEZ). 

5.4.4. Soil moisture deficit at different maize growth stages 

 

Soil moisture deficit (mm/day) as a result of insufficient rainfall (mm/day), varied at 

different maize crop growth stages in a given season and from one season to another.  

The unreliability of seasonal rainfall could have played a significant influence on the soil 

moisture deficit at different growth stages.  Thus, from the agronomic point of view, any 

soil moisture shortage at a given growth stage contributes to yield reductions of a given 

crop.  The results in this study are similar to the results obtained by Nazeer (2009) that 

soil moisture deficit was as a result of rainfall seasonal variability.  Findings in this 

study suggest that soil moisture deficit is as a result of seasonal rainfall variability and 

any shortage of moisture at a different maize growth stage influences the expected yield 

at harvest given the prevailing climatic conditions in the Zambezi Region and similar 

ecologies.   
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5.4.5. Yield reductions at different maize growth stages  

 

Yield reductions are a result of insufficient rainfall (mm/day) combined with the use of 

sandy soil at different maize crop growth stages in a given season and from one season 

to another.  Thus, expected high yield reductions were attributed to the soil moisture 

(water) deficit as a result of insufficient actual effective rainfall due to small amount of 

total rainfall that was received in a given season.  The results in this study are similar to 

the results by Nazeer (2009) who found high yield reduction (96.2%) during the middle 

growth stages (August) with a final yield reduction of 53.3% at harvest.  The studies by 

Cakir (2004), Nazeer (2009) and Gohari (2013) on maize and peanuts (Arachis 

hypogaea L.) using the CropWat model concluded that the largest yield reductions that 

occurred in stage three (Development Stage) was as a result of increased soil moisture 

deficit at such stage that significantly increased the chance of high yield reductions.  

Similarly, the study by Meskelu et al (2014) supports the findings of this study, since 

they found that moisture stress during any growth stages significantly affected the maize 

grain yield.  Findings in this study suggest that increased soil moisture deficit at 

Development and Mid-Growth Stages of the maize crop increased the chances of high 

yield reductions given the prevailing climatic conditions in the Zambezi Region and 

similar AEZ.  
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5.5. LAND SUITABILITY OF KWALALA NON-FLOODED 

LANDSCAPE UNIT FOR RAINFED MAIZE PRODUCTION  

 

This section applies the findings of objectives 1 and 2 to the suitability of non-flooded 

landscape units in the Zambezi floodplain to support rainfed maize production and 

implies the following: 

 

5.5.1. Zambezi Region’s seasonal rainfall suitability to support rain-fed 

maize production  

 

Findings suggest that a seasonal rainfall in the Zambezi Region is suitable to plant 

rainfed maize crop at the onset of rainfall in October but unreliable to support the maize 

crop at different growth stages due to its day to day or seasonal variability.  Thus, it can 

be interpreted that a given season may have received adequate rainfall for rain-fed maize 

production but, the subsequent and previous seasons could have received unreliable 

rainfall for rainfed maize production.  In the context of actual effective rainfall, it may 

also be interpreted that adequate rainfall could have been received but not effective for 

agronomic production due to poor retention of water in the soil.  Similarly, a given 

season may have received adequate seasonal rainfall but the moisture might not have 

been evenly distributed on a daily, weekly and monthly basis to benefit the different 

growth stages of any agronomic crop such as maize.  Thus, the amount of seasonal 

rainfall received in a given period may not define rainfall suitability to support 

agronomic activities due to the uncertainty that comes with variation and uneven 

distribution.  The variations may also lead to insufficient soil moisture content to be 
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stored in the root zone and subsequently soil moisture deficit may be experienced at any 

given growth stage.  Findings are supported by the results of Mendelsohn (1999) that 

30% to 40% of seasonal rainfall in the Zambezi Region is received between October and 

December, thus it may facilitate planting of crops such as maize.  Results in this study 

suggest that seasonal rainfall’s suitability is defined based by the favourable amount of 

rainfall received during planting (planting date) and by the sustainability of any given 

crop in a season.  Findings suggest that the Zambezi Region’s seasonal rainfall is 

suitable to plant crops such as maize but unreliable to support such crops at different 

growth stages given the prevailing uncertainty for rainfed agriculture.   

 

5.5.2. Land suitability of Kwalala non-flooded landscape unit for maize 

production in the context of soil types, soil depth, pH and soil nutrient 

content 
 

Findings suggest that the non-flooded landscape unit with loamy sand and sandy loam 

soils in the Zambezi Region are suitable to support crop production but landscapes with 

sandy soil are not suitable.  Given the prevailing soil depth, pH and soil nutrients 

contents the non-flooded landscape units are suitable for maize production in such 

context.  In terms of the agronomic context, it is suggested in this study that sandy soil 

was found to be unsuitable to support crop production due to its poor water holding 

capacity after rainfall has been received, and thus not enough moisture can be stored in 

the root zones of a plant as was observed.  Results are supported by the FAO (1986) that 

when stored soil moisture in the root zones become insufficient for any agronomic crop 

to use, the amount of water required by the crop, based on its water requirement, 
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chances of high yield reductions could be expected at any growth stage if no 

supplementary irrigation or rainfall to increase the available soil moisture is supplied to 

the root zones.  In such situations, soil moisture deficit may be experienced at any given 

crop growth stages particularly in rainfed crops.  Findings in this study suggest that the 

non-flooded landscape units with loamy sand or sandy loam with the right soil depth 

(greater than 60 cm) are more ideally suited to supporting maize production due to their 

water holding capacity, soil nutrients status and absence of toxicity (pH) than sandy soil 

given the prevailing climatic condition in the Zambezi Region. 

 

5.5.3. Land suitability of Kwalala non-flooded landscape unit for maize 

production in the context of planting date  
 

The best planting date when utilising the non-flooded landscape units in the Zambezi 

Region, could have been at the beginning of November for every season between 2004/ 

2005 and 2015/ 2016.  Planting crops early during October and late December may have 

exposed them to soil water deficit given the uncertainty of seasonal rainfall for rain-fed 

agriculture.  The implications are that planting too early before the onset of rainfall risks 

a crop not being able to germinate due to a lack of enough soil moisture to activate the 

seeds to sprout.  On the other hand, growing or planting very late shortens the growing 

period for crop production.  In both cases it is suggested that it may lead to high chances 

of yield reduction.  In the context of crop production, planting is dictated by the onset of 

seasonal rainfall in a given season.  The results on the analysis of planting dates are 

supported by the findings of Sallah et al (1997) in Guinea in the savannah zone that the 
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sowing date has a critical influence on rainfed maize yields and recommended then that 

planting date needs to be investigated regularly to determine the best planting date due 

to the unreliability of rainfall as a result of climate variability and climate change.  

Findings in this study suggest that the beginning of November is the ideal planting date 

for crops such as maize on the non-flooded landscape units to support maize production 

given the prevailing climatic and soil conditions in the Zambezi Region and taking into 

account that early maturing varieties are utilised. 

 

5.5.4. Land suitability of the non-flooded landscape unit for maize 

production in the context of maize Crop Water Requirements (CWR) 

and Water Use (ETo) 
 

Given the prevailing climatic condition between 2004/2005 and 2015/2016 season in the 

Zambezi Region the observed maize CWR ranged from 1.25 to 5.59 mm/day and 1.39 to 

5.79 based on Farmer and Best Planting dates during the growing respectively.  

Similarly, during the same period the maize water use (ETo) ranged from 4.01 to 4.44 

mm/day as outlined in section B of the results.  Findings in this study imply that the 

maize CWR and water use can be supported by the available soil moisture contents.  

This is because in this study it was observed that the soil moisture availability ranged 

from 9.7 (97 mm/day) to 33 VWC % (330 mm/day) loamy sand soils; 7.9 (79 mm/day) 

to 26.1 VWC % (261 mm/day) sandy loamy soils; and 4.9 (49 mm/day) to 22.9 VWC % 

(229 mm/day) sandy soils during the growing period between October and April.  Thus 

the available soil moisture contents are enough to support the maize CWR and water use 

given the prevailing climatic condition.  Therefore the findings suggest that non-flooded 
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landscape units given the maize CWR and water use needs as well as available soil 

moisture during the growing period between October and April are suitable to support 

maize production.   
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CHAPTER 6 

 

CONCLUSION 

 
The overall objective using maize as a case study crop was to assess possible ways that 

might optimize the non-flooded landscape units to support arable production in the 

Zambezi Region.  This came as a result of the changing climate that poses a serious 

threat to the realisation of sustainable agronomic production goal.  In retrospect it is 

already known (Gilau et al 2012) that the incidences of extreme flood do increase and 

thus threaten the overall productivity of the floodplains due to climate variability in the 

Zambezi Region which happens about every three to five years.  The coping alternative 

is the use of non-flooded landscape units.  Thus, this study provides evidence of water 

content sufficiency for optimizing the non-flooded landscape units in order to benefit 

small-scale maize growers in the Zambezi Region and similar Agro-Ecological Zones 

(AEZ).  As a result of appropriate optimization innervations agrono-socioeconomic 

status will improve.  In effect, sustainable agronomic production will be realised and 

will ensure food security at household level in particular and national level in general.  

Thus in this study it has been concluded as follows:  

 

1. In time and space data suggest water content sufficiency at all soil depth (i.e. up 

to 20, up to 40, up to 60 cm).  Therefore optimization intervention strategies for 
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the use of the non-flooded landscape units offer opportunity for maize growing 

during flooded time.  

2. Given the maize crop water requirement trend that are expected to be responding 

to the water use and actual yield attainment in maize, the cardinal agronomic rule 

is early season planting. The latter remains as an important optimization strategy 

that equally applies to the non-flooded landscape areas. 

 

3. The optimizing intervention to maximise maize production are twofold: 1) by 

way of irrigation; and 2) via rainfed.  In the Zambezi AEZ in the last 71 seasons 

(1945/1946 to 2015/2016), the pattern indicates that only 43 % of the rain 

seasons were reliable above the 650 mm rainfed rule of thumb whereas 57 % of 

the seasons were unreliable to support rainfed maize production.  Rainfed 

sufficiency requires at least 650 mm of rainfall per season or 130 days to 

successfully produce early maturing varieties of maize.  In effect water content 

sufficiency as presented in this study suggests that early maturity maize on the 

non-flooded landscape areas out to be the choice of another optimization 

intervention. 

 

4.  For the optimization intervention further refining to expand its scope includes 

the integration of management of the K4 research model; further crop model that 

address farming of crops other than maize; tools of periodic monitoring but not 

only soil moisture water content sufficiency but also water availability among 
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others or per say other land qualities.  This also includes other component of 

optimization such as plant nutrient soil relationship.   

 

Thus, these abovementioned milestones of this study connects to different interest of 

stakeholders and are critical as inputs to the development of the Agro-Ecological Zones 

and land use maps in the Zambezi Region and similar AEZ.  The incorporation of these 

findings may mitigate the effects of land conversion by guiding such transformation in 

an ecologically appropriate direction to ensure sustainable agronomic production, for 

example, if such non-flooded landscape units are aimed to be used for maize production 

purposes. 
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CHAPTER 7 

 

RECOMMENDATION 

 

The presented background and rationale for using non-flooded landscape units shows 

that there is no previously documented evidence of maize crop production research that 

had been conducted in the Zambezi region’s non-flooded landscape units at the time of 

undertaking this research.  Thus, continuous ecological studies are therefore essential to 

provide an appropriate basis for development of rainfed crop production and 

management approaches that ensure sustainable agronomic production in a given 

landscape.  The rationale and implementation of the outcome of this study will require 

actions by institutions ranging from the Namibian Government, Non-Governmental 

Organisation and Civil Societies, if, Namibia is to write a complete success story in the 

utilization of non-flooded landscape units for crop production during flooded years.  The 

Zambezi Region has the potential to turn around the recurrent misfortune of food 

insecurity due to continuous flood and can be replicated in other Regions in terms of the 

utilization of arable non-flooded landscape units for crop production.  The following are 

recommended based on this status: 

 

1. It is recommended that agronomic crops such as maize be planted at the onset of 

the seasonal rainfall preferably at the beginning of November when the soil 
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moisture is adequate to sustain the crop on non-flooded landscape units in the 

Zambezi Region and similar AEZ.   

2. It is also recommended that when the floodplains are inundated, small-scale 

farmers or communities should utilize non-flooded landscape units for the 

production of maize and other agronomic crops as long as such landscape has 

loamy sand and sandy loam soils coupled with the right crop variety preferably 

the early maturity maize variety.   

 

3. The absence of extension handbook on agronomic production poses serious 

challenges for small-scale farmers to practice or adopt sustainable agronomic 

production principles.  The handbook should contain information of different 

agronomic crops in terms of crop water requirements, water use (ETo), and soil 

requirements etc.  Thus, it is recommended that the extension agent’s fraternities 

in the Region and around the country should work around the clock to transform 

scientific findings into workable practices and share best practices with farmers 

and communities in order to improve their agrono-socioeconomic status.  For 

example, in this study results on maize crop water use, crop water requirements, 

soil moisture deficits and actual effective rainfall calls for partial irrigation 

during the Development Growth Stages to Mid-growth stages to enhance the 

chances of less yield reductions.  Findings imply that yield is mostly affected at 

these stages when soil moisture deficit is experienced.  Therefore, it is suggested 

that the outcomes of this study may be used to design partial irrigation system 
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that is affordable and accessible by small-scale farmers to allow them irrigate 

when the need arise so that they obtain high yield and contribute to food security 

at both household and country levels in order to alleviate poverty.  

 

4. Further studies on soil moisture induced by the flood be undertaken to provide an 

insight on the soil moisture driven to top soil surface by flood is recommended, 

since during the period of this study extreme flood did not take place and led to 

question one not been answered.  Thus, the question to be answered remains: 

Whether or not repeated flooding into subsequent periods is likely to act as a 

serious constraint for maize production by Zambezi small-scale farmers and 

communities. Since the consequences of flood impact on the maize crop fields 

and yields are likely to be dire 

 

5. It is also recommended that further studies on other land qualities such as 

resistance to erosion, pests and diseases related to land and oxygen availability in 

the root zone as affected by heavy rain and flood be investigated to enhance our 

understanding on non-flooded landscape unit’s land suitability to support 

agronomic crops such as maize.  At the same time the intensive analysis of soil 

chemicals system or soil classification at a regional level is required to improve 

our understanding of fertilization needs.  
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Annex 1: Estimated reference evapotranspiration (ETo) in the 2004 / 2005 season 
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Annex 2: Estimated reference evapotranspiration (ETo) in 2005/2006 season 

 

 

 

Annex 3: Estimated reference evapotranspiration (ETo) in 2006/2007 season 

 

 



237 
 

 
 

Annex 4: Estimated reference evapotranspiration (ETo) in the 2007/ 2008 season 

 

 

Annex 5: Estimated reference evapotranspiration (ETo) in the 2008/ 2009 season 

 

 



238 
 

 
 

Annex 6: Estimated reference evapotranspiration (ETo) in 2009/ 2010 season 

 

 

Annex 7: Estimated reference evapotranspiration (ETo) in 2010/ 2011 season 
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Annex 8: Estimated reference evapotranspiration (ETo) in 2011/ 2012 season 

 

  

 

Annex 9: Estimated reference evapotranspiration (ETo) in 2012/2013 season 
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Annex 10: Estimated reference evapotranspiration (ETo) in 2013/2014 season 

 

 

  

Annex 11: Estimated reference evapotranspiration (ETo) in the 2014/ 2015 season 
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Annex 12: Estimated reference evapotranspiration (ETo) in the 2015/ 2016 season 

 


