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ABSTRACT

There is a negative impact on rainfall pattern & water resources caused due to global climate
change. This has eventually affected maize production. This study analyzed the effect of deficit
irrigation scenarios on maize production for irrigation water management, where three
treatments (Control 100%, 807,507 deficit irrigation strategies of crop water needs) were
implemented. Daily weather parameters like rainfall/precipitation, temperature, humidity,
radiation, wind speed among others were downloaded from NASAPOWER website & reference
evapotranspiration, ETo calculated using the Penman Monteith equation. The results indicate
that the estimated ETo is found highest in the mid-season stage and lowest in the initial stage.
Evaporation pan was used at the site to estimate ETo. Agronomic measurements of leaf length,
width and height and estimation of leaf area index, soil textural analysis, infiltration and
hydraulic conductivity were carried out, soil moisture sensors used in recording of soil moisture,

temperature, bulk electric conductivity status of the soil.



Table of Contents

DECLARATION ...ttt Error! Bookmark not defined.
APPROVAL ..o s Error! Bookmark not defined.
ACKNOWLEDGEMENT. .....ooitiiiiiiie bbb ane e il
DEDICATION ...ttt bbb bbb e et h e e bttt b e b e e b e e e nb e e b e aneenne e v
ABSTRACT ..ot A%
LIST OF FIGURES ...ttt 3
CHAPTER ONE: INtrOAQUCTION......cciuiiiiieiiiieiieiie ettt eaneesnneenee s 4
1.1 BACKEIOUNA ...ttt n e n e 4
1.2 PROBLEM STATEMENT .....ooitiiiiiiiiii e 6
1.3 PUIrpOSe OF the STUAY ....vviiiiieiiiiiieie e 7
1.4 OBJECTIVES ... 7
1.4.1 MAIN ODBJECTIVE ...ttt nnn e e e e 7
1.4.2 SPECITIC ObBJECTIVES ...ttt e e ne e e 7

1.5 ReSEArCh QUESTIONS ....eeiuviiiiiiieiiie ettt ettt sttt et e e e nnn e e e s e e e 7
1.6 ScOPE Of the STUAY. .....eoiuiiiiiei e 8
1..6.1 GeOoZraphiCal SCOPE ....cuviiiieiieieiie it 8

1.7 SIGNIFICANCE ...ttt e e ne e 8
1.8 JUSTITICATION ...tttk b ettt e et e e sne e e beesnneenne e 9
Chapter Two: LIterature REVIEW .........cccciiiiiiiiiiiiiieii e 10
Chapter Three: MethodOIOZY ........cccuiiiiiiiiiiii e 12
3.1 Research Site DESCIIPHON ....c.viiiiiiiiiiiieiie e 12
3.2 EXperimental DESIZI .......coiiiiiiiiiiiiiiiicii e 13
3.3 Specific objective one: Estimating the crop water requirement of maize. ................... 14



Crop water requirement, ETC model. .........ccccoiiiiiiiiiiiiii e 14
3.3.1. Estimating reference crop evapotranspiration, ETo(mm/day) ............cccccoovennn. 14
3.5.2 Pan evaporation Method ...........cooiiiiiiiii i 21

3.4 Specific objective two: Analyzing the influence of deficit Irrigation scenarios on growth,

yield & irrigation water use efficiency of Maize CroP........ccccvivieiiiiiiiien i 22

3.5 Objective three: Assessing the deficit irrigation scenarios on infiltration and maize

moisture dynamic with Crop SrOWth. .......cccoociiiiiiiiiiic e 23
3.5.1 Soil hardness and hydraulic cONAUCHIVILY. ........c.oivveiiiiiiiiiiceee e 24
3.5.2 Soil texture analysis “the Jar teSt” .........coiieiiriiiieii e 26
3.5.3 S0il MOIStUIe MONIEOTING. ... vvevveieetieiresiee st ettt sre e 27

Chapter Four: RESULTS & DISCUSSIONS ...t 28
CHAPTER FIVE: Challenges, Recommendations and Conclusion. ...........c.ccocvvvviiiiiiiniinnnn, 41

5.1 Challen@es ....c.vviiviiiieiiicic s 41

5.2: ReCOMMENAALIONS .....vviuiiiiiiiiieiiiiie i 41

5.3 CONCIUSION. ...ttt bbb 41

APPENDIX ...ttt bbbttt 42
REFERENCES ...ttt bbb nn e 51



LIST OF FIGURES

Figure 1: Location of Research site, Busitema UnivVersity.......c.cccvviieriiieniiiesiiie e 13
Figure 2: Field layout under maize Cultivation ...........ccoccveiiiiiiiiieniiieniiie e 14
Figure 3: EVAPOTAtiON PAN ......coiviiiiiieiiieiisiiesie ettt bbb 22
Figure 4: Measurement of leaf area indeX...........cccccevveiiiiiniennnnn, Error! Bookmark not defined.
Figure 5: Hardness tester & Minidisk Infiltrometer..........ccocvvvviiiiiiiiiiiic e 26
Figure 6: Laboratory EXPETTMENL........uueiuiieiiiieiiiieiieiesieeesieessbeeessbeesssbeesssseesssseesssseessssessnsneessns 27
Figure 7: Shows the relationship between Cumulative Infiltration and Square root of Time....... 33
Figure 8: The relationship between Volume and Time..........ccccoviiviiiiiiiiiiienic e 35
Figure 9: Variation of soil hardness for different depths...........ccccoovviiiiiiiiiiiiiee 36
Figure 10: Moisture Variation at Scm & 15cm depth respectively ........cveveviiiiiiiiiienniece 37
Figure 11: Variation in Bulk EC & Temperature............ccocviieiiiiiiiniicieesicsee e 38
Figure 12: Carrying out of hardness test & hydraulic conductivity ...........cccevveviriiiiiiiiiniieneenns 49
Figure 13: Soil textural triangle..........cooviiiiiiiieiiiicie e 50
LIST OF TABLES

Table 1: Calculated values of ETo using Penman Monteith equation...........cccccoveveiiiiiiniinnnn, 43
Table 2: Pan Evaporation ETO ..o 43
Table 3:Calculated values of cummulative Infiltration ............cccooviiieiiii e, 47
Table 4: Shows results of @ Hardness Test .........cccviiiiiiiiiiiiiiiici 47
Table 5: Calculated hydraulic CONAUCIEVILY .......cooviiiiiiiiiiii e 48
Table 6: Values 0f s01l Jar analySis .........cooeiriiiiiiiieiic s 48
Table 7: Calculated values of average height & leaf area index .........c.ccooviriiiiicniiiie, 49



CHAPTER ONE: Introduction

1.1 Background

Water scarcity is a global challenge affecting agricultural regions worldwide. According to the
United Nations, nearly half of the arena's population may be living in regions of high water
stress by the end of 2030(UNO, 2018). Agriculture accounts for approximately 70% of world
freshwater withdrawals (FAO et al., 2020) and the demand for water in agriculture is expected to
rise to about 20-30% by 2050 (““‘Annual Report,” 1955), This calls for sustainable water control
in agriculture.

Africa, specifically, faces substantial challenges regarding water scarcity in agriculture. With a
highly developing population, the provision of freshwater is becoming more and more restricted.
According to the Food and Agriculture Organization (FAO), sub-Saharan Africa has the best
occurrence of water scarcity, with more than 300 million people lacking access to easy water
(FAO, 2020). Inadequate water control practices, coupled with climate exchange impacts,
worsen the problem.

Within East Africa, Uganda reviews its proportion of water scarcity challenges. Despite being
endowed with abundant water resources, the country experiences increasing water stress due to
population growth, inefficient water control practices, and weather change influences.
Approximately 27% of Uganda's population lacks access to clean water sources (MWE, 2020),
and the rural area, which employs the majority of the population, is heavily reliant on rain-fed
farming.

Maize is a staple crop in East Africa, Uganda being part. However, water scarcity imposes very
strict conditions for maize production. East Africa's population is expected to reach 300 million
by 2030, which will further increase pressure on the food production structure (UNECA, 2018).
Insufficient water hinders agricultural productivity, leading to reduced maize yields and affecting
food protection.

To address water shortage in agriculture, Uganda has implemented various water management
practices. The authorities have invested in irrigation schemes, inclusive of the National Irrigation
Policy, to make bigger irrigated agriculture and decrease reliance on rain-fed farming (MWE,
2019). Additionally, water harvesting techniques, which includes small-scale reservoirs and

ponds, are being promoted to seize and harvest rainwater for agricultural use (NEMA, 2018).
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