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ABSTRACT

The global population, currently at 8.1 billion, is projected to reach 9.7 billion by 2050,
intensifying the global demand for food. Africa, particularly Uganda, is experiencing rapid
population growth, with Uganda’s population reaching 45.9 million in 2024 and agriculture
remaining the cornerstone of its economy. Despite 80% of Uganda's land being arable, only 35%
is under cultivation. Agriculture contributes significantly to GDP and employment but remains
heavily reliant on rain-fed systems, which are increasingly threatened by climate-induced
droughts and floods. Irrigation has proven essential in boosting agricultural productivity, with
irrigated lands contributing up to 40% of global food output. However, poor irrigation practices
in Uganda have led to waterlogging, inefficient water use, and declining crop yields. Although
the government has promoted various irrigation systems through the National Irrigation Policy
and Vision 2040, improper application continues to undermine food security and sustainable
resource management. This study proposes the development of a precision decision support
irrigation system that utilizes real-time data from soil moisture, temperature, and humidity
sensors to guide irrigation intervals, depth, and water quantity. Such a system promises improved
crop productivity, water-use efficiency, and alignment with Sustainable Development Goals
(SDG 2 and SDG 12), thereby supporting Uganda’s long-term agricultural resilience and food

security.









ACKNOWLEDGEMENT

I acknowledge The Almighty God for the unfailing love and Grace that He has always poured unto
me before and during this project preparation and presentation.

| also extend a sincere token of appreciation to my parents, course mates and friends who
contributed in keeping the motivation and courage, whilst ensuring excellence in such a time when
they could have chosen other comfortable activities for themselves. | pray that their contributions
and sacrifices don’t go unnoticed with God.

Sincere appreciation to my project supervisors Mr. Igga Huzairu and Mr. Jospeh Kusemererwa
for the support and guidance in the project write up and research.



DEDICATION

This report is dedicated to my family, my project supervisors Mr. Igga Huzairu, Mr. Kusemererwa
Joseph and friends who contributed effortlessly to this report write up. May the almighty continue

to bless them all abundantly in all their endeavours.

Vi



CONTENTS

ABSTRACT ...ttt bbbt e Rt et et e st e be b e e R e R bR e R bt n bt ne et et s i
DECLARATION. ...t Error! Bookmark not defined.
APPROVAL ...t Error! Bookmark not defined.
ACKNOWLEDGEMENT ...ttt sttt srbe e e e e e nnbeeennnaeans v
] =0 1 [ O N 1 1 ]\ USRS vi
LIST OF FIGURES ..ottt sttt ettt ne st nne s iX
LIST OF TABLES ...ttt b et sttt n e ne e X
ABBREVIATIONS ..ottt sttt sttt e st eneanes Xi
1.0 CHAPTER 1: INTRODUCTION.....ciiotititieieiee et sse e 1
I T Tod (o | €011 o[ PO USRS U TPV PRPRORO 1
1.2 ProbIem STATEMIENT........cuiieiiee et 1
1.3 MAIN ODJECTIVE ...t bbbt b bbb 2
1.4 SPECITIC ODJECTIVES. ...ttt bbbt 2
1.6 JUSHITICATION. ..ottt bbb bbb et bbbt benreenes 2
A LT Lol TS0t o L= TSP 2
2.0 CHAPTER TWO: LITERATURE REVIEW. ..ottt 4
P20 R 1 4o T [0 Tox £ o] o PSSP P TP 4
2.2 Methods OF IFTIQATION. .....c.eiiiiiieite it 4
2.3 General efficiency of drip irrigation SYSTEM ...........coiiiiiiiiie e 6
2.4 Key factors considered during irrigation scheduling...........ccccoconiiiiniie 7
2.5 Irrigation SCheduling SYSTEIMS .........oiiiiiiiee e 7
TSt I o - =T o RSO S 7
2.5.2 DYNamicC ProgramIMiNg ......c.cccveieiieieeieseesieeie e e ste e steeste e e saeestessaesteesaeeseessaeseeeneens 8
2.5.3 Personal experience and visual observation of the plant and soil methods ............ 8
2.5.4 Soil moisture sensor-based irrigation scheduling method............c.cccccoviiiiiiens 9
2.5.5 Gravimetric MEtNOA ...........coiiiiiie e 10
2.5.6 Weather-based irrigation scheduling method..............ccccooniiiiiiinen e 11

3.0 CHAPTER 3: METHODOLOGY ...ooii ittt see st e e e nnae e 12
T8 A 1 1 (oo 18 o4 i [ ] o PSSR 12
3.2 Study area AeSCHIPTION ......couiiieiieieieie et sb bbb eneas 12

vii



3.3 Specific Objective 1: To Determine The Crop Irrigation Threshold. ...................... 12
3.4 Specific Objective 2: Designing An Automatic Irrigation And Alert System Using A

Gsm Module To Irrigate The Crop With The Specified Water Needed. ....................... 18

3.5 Specific Objective 3: To test and validate the performance of the developed system.
............................................................................................................................................... 30
CHAPTER 4: RESULTS AND DISCUSSIONS ...t 32
CHAPTER 5 : CONCLUSION, CHALLENGES AND RECOMMENDATIONS............... 42
(@01 0] 1157 o] o F PSPPSR 42
(@4 g F 1| (=T 0TSSP USSR 42
RECOMMEBNAATIONS ...ttt e s teenee s e e sreeaesneenneenseas 42
] (=] £ 1= OSSP TP 43
A o] 0 1=1 o [ G PSSR 47

viii



LIST OF FIGURES

Figure 1. Chart showing different methods of irrigation practiced.
Figure 2,3,4 Pictorial presentation of procedures to obtain ET
Figure 3. Showing components of soil water reservoir



LIST OF TABLES

Table 1. showing the relationship between soil moisture and appearance

Table 2. Showing K values for Maize at different growth stages

Table 3 shows values of permanent wilting points, field capacity and evaporation parameters for
most soil types.



ABBREVIATIONS
MAAIF - Ministry of Agriculture, Animal Industry and Fisheries

UBOS - Uganda Bureau of Statistics

SDG - Sustainable Development Goals

GDP - Gross domestic product

B.C — Before Christ

GSM - Global System for Mobile Communications
SMS - Short Message Service

USA — United States of America

RAW — Readily available moisture

TAW - Total available moisture

Xi



References

Allen, R. G., & Pereira, L. S. (1998). Crop evapotranspiration guidelines for computing crop
requirements. FAO Irrig. Drain. Report modeling and application. In Article in Journal
of Hydrology (Vol. 8). https://www.researchgate.net/publication/290988983

Center Pivot Irrigation Systems Factors to Consider in Selecting a Farm Irrigation System.
(n.d.).

Daniel Hillel. (1994). Rivers of Eden: The Struggle for Water and the Quest for Peace in the
Middle East . New York: Oxford University Press.

Evett, S. R., Schwartz, R. C., Casanova, J. J., & Heng, L. K. (2012a). Soil water sensing for
water balance, ET and WUE. Agricultural Water Management, 104, 1-9.
https://doi.org/10.1016/j.agwat.2011.12.002

Evett, S. R., Schwartz, R. C., Casanova, J. J., & Heng, L. K. (2012b). Soil water sensing for
water balance, ET and WUE. Agricultural Water Management, 104, 1-9.
https://doi.org/10.1016/j.agwat.2011.12.002

Fereres, E., & Soriano, M. A. (2006a). Deficit irrigation for reducing agricultural water use.
Journal of Experimental Botany, 58(2), 147-159. https://doi.org/10.1093/jxb/er|165

Fereres, E., & Soriano, M. A. (2006b). Deficit irrigation for reducing agricultural water use.
Journal of Experimental Botany, 58(2), 147-159. https://doi.org/10.1093/jxb/er|165

Indhumathi, G., Suresh, C., & Sangeetha, M. (2017). A Study on Modern Techniques Used
in Irrigation for Farming in Coimbatore City. In International Journal of
Interdisciplinary Research in  Arts and Humanities (Vol. 2, Issue 2).
www.dvpublication.com

Jones, H. G. (2004). Irrigation scheduling: advantages and pitfalls of plant-based methods.
Journal of Experimental Botany, 55(407), 2427-2436. https://doi.org/10.1093/jxb/erh213

Marurice, V. (1977). Michigan Irrigation Guide. East Lansing, MI, USA: . Michigan State
University Cooperative Extension Service.

Messrs. J.F. Alfaro, J. Berengena, J. Dula-Navarrete, H.M. Horning, L. Horst, E. Jensen, M.
Kay, J.L. Millo, S. Pazvakavambwa, & I. Sewrajsing. (1985). training manuals on
subjects related to irrigation. chapter 2.

Ojha, T., Misra, S., & Raghuwanshi, N. S. (2015). Wireless sensor networks for agriculture:
The state-of-the-art in practice and future challenges. Computers and Electronics in
Agriculture, 118, 66-84. https://doi.org/10.1016/j.compag.2015.08.011

oregon state university. (n.d.). Irrigation Systems. Retrieved November 15, 2024, from
https://forages.oregonstate.edu/oregon/topics/irrigation-
systems#:~:text=Goal,regrowth%2C%20yield%62C%20and%20quality.

43



Pereira, L. S., Oweis, T., & Zairi, A. (2002). Irrigation management under water scarcity.
Agricultural Water Management, 57(3), 175-206. https://doi.org/10.1016/S0378-
3774(02)00075-6

R. Ragab. (n.d.). Constraints and applicability of irrigation scheduling under limited water
resources, variable rainfall and saline conditions. Fao. Retrieved November 15, 2024,
from
https://www.fao.org/4/w4367e/w4367e0i.htm#:~:text=Scheduling%620for%20deficit%2
Oirrigation%20is,level%20will%20affect%20the%20yield.

Sable, R., Kolekar, S., Gawde, A., Takle, S., & Pednekar, A. (2019). A Review on Different
Irrigation Methods. In International Journal of Applied Agricultural Research (Vol. 14,
Issue 1). http://www.ripublication.com

Sadler, E. J. ,E.R. G.,S. K. C., & C. C. R. (2005). Opportunities for Conservation with
Precision Irrigation. Journal of Soil and Water Conservation.

Scherer, T. (n.d.). Selecting a Sprinkler Irrigation System (AE91). www.ndsu.edu/extension

Sojka, R. E., Bjorneberg, D. L., & Entry, J. A. (n.d.). 0-7 0 IRRIGATION: AN HISTORICAL
PERSPECTIVE.

Submission, D. (n.d.). FACULTY OF ENGINEERING. DEPARTMENT OF
AGRICULTURAL MECHANIZATION AND IRRIGATION ENGINEERING. A
PREDICTIVE IRRIGATION SCHEDULING MODEL BASED ON ENVIRONMENTAL
AND CROP DATA.

Tanja Folnovi¢. (n.d.). Irrigation in Agriculture: 5 Ways to Artificially Water Crops or Plants.
Retrieved November 15, 2024, from https://www.agrivi.com/blog/five-ways-to-
artificially-supply-plants-with-water/

The History and Evolution of Irrigation Techniques. (n.d.). DIG Water Matters.

The university of Rhode Island. (n.d.). Drip Irrigation. Retrieved November 15, 2024, from
https://web.uri.edu/safewater/protecting-water-quality-at-home/sustainable-
landscaping/drip-
irrigation/#:~:text=Unlike%200ther%20forms%6200f%620irrigation,it%20reduces%20
runoff%20and%20evaporation.

van Ittersum, M. K., & Rabbinge, R. (1997). Concepts in production ecology for analysis and
quantification of agricultural input-output combinations. Field Crops Research, 52(3),
197-208. https://doi.org/10.1016/S0378-4290(97)00037-3

Yunseop Kim, Evans, R. G., & lIversen, W. M. (2008). Remote Sensing and Control of an
Irrigation System Using a Distributed Wireless Sensor Network. IEEE Transactions on
Instrumentation and Measurement, 57(7), 1379-1387.
https://doi.org/10.1109/T1M.2008.917198

44



Allen, R. G., & Pereira, L. S. (1998). Crop evapotranspiration guidelines for computing crop
requirements. FAO Irrig. Drain. Report modeling and application. In Article in Journal
of Hydrology (Vol. 8). https://www.researchgate.net/publication/290988983

Center Pivot Irrigation Systems Factors to Consider in Selecting a Farm Irrigation System.
(n.d.).

Daniel Hillel. (1994). Rivers of Eden: The Struggle for Water and the Quest for Peace in the
Middle East . New York: Oxford University Press.

Evett, S. R., Schwartz, R. C., Casanova, J. J., & Heng, L. K. (2012a). Soil water sensing for
water balance, ET and WUE. Agricultural Water Management, 104, 1-9.
https://doi.org/10.1016/j.agwat.2011.12.002

Evett, S. R., Schwartz, R. C., Casanova, J. J., & Heng, L. K. (2012b). Soil water sensing for
water balance, ET and WUE. Agricultural Water Management, 104, 1-9.
https://doi.org/10.1016/j.agwat.2011.12.002

Fereres, E., & Soriano, M. A. (2006a). Deficit irrigation for reducing agricultural water use.
Journal of Experimental Botany, 58(2), 147-159. https://doi.org/10.1093/jxb/er|165

Fereres, E., & Soriano, M. A. (2006b). Deficit irrigation for reducing agricultural water use.
Journal of Experimental Botany, 58(2), 147-159. https://doi.org/10.1093/jxb/erl165

Indhumathi, G., Suresh, C., & Sangeetha, M. (2017). A Study on Modern Techniques Used
in Irrigation for Farming in Coimbatore City. In International Journal of
Interdisciplinary Research in Arts and Humanities (Vol. 2, Issue 2).
www.dvpublication.com

Jones, H. G. (2004). Irrigation scheduling: advantages and pitfalls of plant-based methods.
Journal of Experimental Botany, 55(407), 2427-2436. https://doi.org/10.1093/jxb/erh213

Marurice, V. (1977). Michigan Irrigation Guide. East Lansing, MI, USA: . Michigan State
University Cooperative Extension Service.

Messrs. J.F. Alfaro, J. Berengena, J. Dula-Navarrete, H.M. Horning, L. Horst, E. Jensen, M.
Kay, J.L. Millo, S. Pazvakavambwa, & I. Sewrajsing. (1985). training manuals on
subjects related to irrigation. chapter 2.

Ojha, T., Misra, S., & Raghuwanshi, N. S. (2015). Wireless sensor networks for agriculture:
The state-of-the-art in practice and future challenges. Computers and Electronics in
Agriculture, 118, 66-84. https://doi.org/10.1016/j.compag.2015.08.011

oregon state university. (n.d.). Irrigation Systems. Retrieved November 15, 2024, from
https://forages.oregonstate.edu/oregon/topics/irrigation-
systems#:~:text=Goal,regrowth%2C%20yield%62C%20and%20quality.

45



Pereira, L. S., Oweis, T., & Zairi, A. (2002). Irrigation management under water scarcity.
Agricultural Water Management, 57(3), 175-206. https://doi.org/10.1016/S0378-
3774(02)00075-6

R. Ragab. (n.d.). Constraints and applicability of irrigation scheduling under limited water
resources, variable rainfall and saline conditions. Fao. Retrieved November 15, 2024,
from
https://www.fao.org/4/w4367e/w4367e0i.htm#:~:text=Scheduling%620for%20deficit%2
Oirrigation%20is,level%20will%20affect%20the%20yield.

Sable, R., Kolekar, S., Gawde, A., Takle, S., & Pednekar, A. (2019). A Review on Different
Irrigation Methods. In International Journal of Applied Agricultural Research (Vol. 14,
Issue 1). http://www.ripublication.com

Sadler, E.J. ,E.R. G.,S. K. C., & C. C. R. (2005). Opportunities for Conservation with
Precision Irrigation. Journal of Soil and Water Conservation.

Scherer, T. (n.d.). Selecting a Sprinkler Irrigation System (AE91). www.ndsu.edu/extension

Sojka, R. E., Bjorneberg, D. L., & Entry, J. A. (n.d.). 0-7 0 IRRIGATION: AN HISTORICAL
PERSPECTIVE.

Submission, D. (n.d.). FACULTY OF ENGINEERING. DEPARTMENT OF
AGRICULTURAL MECHANIZATION AND IRRIGATION ENGINEERING. A
PREDICTIVE IRRIGATION SCHEDULING MODEL BASED ON ENVIRONMENTAL
AND CROP DATA.

Tanja Folnovi¢. (n.d.). Irrigation in Agriculture: 5 Ways to Artificially Water Crops or Plants.
Retrieved November 15, 2024, from https://www.agrivi.com/blog/five-ways-to-
artificially-supply-plants-with-water/

The History and Evolution of Irrigation Techniques. (n.d.). DIG Water Matters.

The university of Rhode Island. (n.d.). Drip Irrigation. Retrieved November 15, 2024, from
https://web.uri.edu/safewater/protecting-water-quality-at-home/sustainable-
landscaping/drip-
irrigation/#:~:text=Unlike%200ther%20forms%6200f%620irrigation,it%20reduces%20
runoff%20and%20evaporation.

van Ittersum, M. K., & Rabbinge, R. (1997). Concepts in production ecology for analysis and
quantification of agricultural input-output combinations. Field Crops Research, 52(3),
197-208. https://doi.org/10.1016/S0378-4290(97)00037-3

Yunseop Kim, Evans, R. G., & lIversen, W. M. (2008). Remote Sensing and Control of an
Irrigation System Using a Distributed Wireless Sensor Network. IEEE Transactions on
Instrumentation and Measurement, 57(7), 1379-1387.
https://doi.org/10.1109/T1M.2008.917198

46



