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ABSTRACT
Water scarcity and poor irrigation timing continue to constrain vegetable yields in smallholder
farming systems. This study developed a Python based irrigation scheduling tool for six
vegetables at the Busitema Habuleke Irrigation Scheme that integrates GIS, remote sensing
data, and machine learning (ML) soil moisture predictions. The study addressed the challenge
of impractical and costly field-based monitoring for irrigation scheduling and the lack of
packaged, data driven tools for smallholder farmers. The specific objectives were to (1) analyse
spatial and temporal factors influencing root zone volumetric water content (VWC), (2)
develop and compare ML models for VWC prediction, and (3) implement and validate an
irrigation scheduling tool that generates trigger-based irrigation recommendations. For
Objective 1, spatial and statistical analyses revealed that soil moisture distribution closely
followed rainfall, evapotranspiration, and soil texture patterns. Higher VWC values were
recorded in loam soils, while areas with sandy textures exhibited lower moisture levels. The
mean VWC was 19.34% (SD = 5.86%), and rainfall, field capacity, bulk density, and available
water content (AWC) were all recognised as significant contributors. Multiple regression
explained 88% of the variance in VWC (R? = 0.88), with rainfall (B = 0.305) and AWC (B =
0.295) being the best predictors (p < 0.001). Sensitivity analysis showed that a 10% change in
rainfall and AWC caused a 3% and 2.9% change in VWC, respectively. Under Objective 2,
three ML models, Random Forest (RF), Long Short Training Memory (LSTM), and Extreme
Gradient Boosting (xGBoost), were developed and compared using soil, climatic, and
topographic data from 2010 to April 2025. XGBoost exhibited the best performance (NSE =
0.985, RMSE = 0.022, MAE = 0.017), followed by Random Forest (NSE = 0.954) and LSTM
(NSE =0.873). The superior accuracy of XGBoost was attributed to its strong ability to capture
non linear relationships between soil moisture and environmental variables. For Objective 3,
the validated irrigation scheduling tool produced irrigation recommendations. Seasonal gross
requirements for tomatoes under drip =~ 420 mm season total; green pepper sprinkler =~ 540—
560 mm and event-level recommendations of carrots: start irrigation at VWC = 0.22-0.25
m?/m? with 1.5-4 mm pulses were obtained. The tool schedules exhibited lower variability and

greater alignment with reference evapotranspiration-based methods compared to farmer

practice, leading to measurable improvements in yield consistency. Overall, the integration of

in situ calibration, remote sensing, and ML models provides a practical, site specific tool for
smallholder irrigation management. Future work should focus on adding offline functionality,

expanding farmer trials, and performing uncertainty analysis to enhance operational reliability.

Key words: Vegetable irrigation, Irrigation scheduling, GIS, Remote sensing, Soil moisture

prediction, Machine learning, Smallholder farming.
i|lPage KUSEMERERWA JOSEPH kujosoft@gmail.com




ACKNOWLEDGEMENT

I am deeply grateful to the Almighty God for the gift of life, strength, and insight throughout
this research. I gratefully thank my supervisors, Dr. Kavuma Chrish, Dr. Bwire Denis, and Eng.
Dr. Kimera David, for their continuous guidance, technical support, and constructive feedback,
which helped shape this study. Special thanks to the Directorate of Graduate Studies, Research
and Innovation of Busitema University, the Deanship and entire Faculty of Engineering &
Technology, the Department of Agricultural Mechanisation and Irrigation Engineering for
providing the academic environment, laboratory resources, and field support required for this
research. I am particularly grateful to the Habuleke Irrigation Scheme administration and local
farmers for their aid in making field data gathering both possible and productive.

I also sincerely appreciate my fellow colleagues, the MSc classmates in the Irrigation and
Drainage Engineering class of 2023 at Busitema University; Mr. Omoding Abel, Mr. Wataba
Isaac, Eng. Nuwamanya Goden, Mr. Omutojo Emmanuel, Mr. Emaru Andrew, Mr. Naleebi
Isaac, Mr. Okello G. Kennedy, Mr. Okello Haron and Mr. Acol George, who were always
willing to assist and offer support. To my fellow graduate students, research assistants, and
friends, I feel obligated to say thank you for your encouragement, insightful talks, and moral

support during this process.

I’'m extremely grateful to my beloved family for their everlasting love, patience, and

understanding during this difficult, though triumphant, academic year. Finally, I would like to
thank all of the organisations and open-access platforms that contributed remote sensing and
meteorological data for the development of this tool, including NASA, NOAA, Sentinel-1, and

Soil Grids. This study would not have been feasible without your assistance.

ii|lPage KUSEMERERWA JOSEPH kujosoft@gmail.com




DECLARATION
I, KUSEMEREWA JOSEPH of Registration Number BU/GS23/MID/6, declare that this thesis,

titled "Development of a vegetable irrigation scheduling tool using GIS, Remote Sensing, and

soil moisture Machine Learning predictions," is my original work and has not been submitted
for a degree or diploma at any other university or institution of higher learning. Wherever the
work of others has been used, it has been properly acknowledged and referenced. This study

followed Busitema University's academic standards and ethical requirements.

ili|l Page KUSEMERERWA JOSEPH kujosoft@gmail.com




APPROVAL
The thesis was submitted to the Directorate of Graduate Studies, Research and Innovation
through the Department of Agricultural Mechanization and Irrigation Engineering, Busitema

University, with the approval of the following supervisors;

MAIN SUPERVISOR:
Dr. KAVUMA CHRISH (PhD),

Senior Lecturer,

Department of Agricultural Mechanisation and Irrigation Engineering.

Faculty of Engineering and Technology, Busitema University.

N0 10 1 B 1D Pt

CO-SUPERVISOR 1:

Eng. Dr. KIMERA DAVID (PhD),

Senior Lecturer,

Faculty of Engineering and Technology, Busitema University.

N0 £ 1 11D Pt

CO-SUPERVISOR 2:
Dr. BWIRE DENIS (PhD),
Faculty of Engineering and Technology, Busitema University.

N0 10 1 B 1D Ot

iv|[Page KUSEMERERWA JOSEPH kujosoft@gmail.com




DEDICATION
This thesis is dedicated to my dear wife and children, whose love, encouragement, and

sacrifices have been my most important source of strength. I am sincerely grateful to my parents

for their prayers, wisdom, and continuous support throughout my academic career. Specifically,

I dedicate the writeup to Busitema University for believing in my dreams and giving me an
opportunity to work as I study. Above all, I thank the Almighty God for giving me the wisdom,

resilience, and grace to reach this milestone.

v|Page KUSEMERERWA JOSEPH kujosoft@gmail.com




Contents
ABSTRACT

ACKNOWLEDGEMENT
DECLARATION
APPROVAL
DEDICATION
LIST OF FIGURES
LIST OF TABLES
LIST OF APPENDICES
LIST OF ABBREVIATION/ ACRONYMS
1. CHAPTER ONE: INTRODUCTION
1.1 Background Of The Study
1.2 Statement Of The Problem
1.3 Objectives Of The Study
1.3.1 Main objective (purpose of the study)
1.3.2 Specific objectives
1.4 Research Questions
1.5 Justification Of The Study
1.6 Significance Of The Study
1.7 Scope Of The Study
1.7.1 Content scope
1.7.2 Geographical scope
1.7.3 Time scope
1.8 Conceptual Framework
1.9 Structure Of The Thesis............coccooiiiiiiiii e 6
CHAPTER TWO: LITERATURE REVIEW
2.1 Introduction
2.2 Soil Moisture In Irrigation Scheduling
2.2.1 Importance of soil moisture in irrigation

2.2.2 Factors affecting soil moisture availability and variability

2.2.3 Research on spatial and temporal analysis of soil moisture

2.2.4 Techniques used to estimate soil moisture
2.3 Machine Learning For Soil Moisture Prediction

2.3.1 Types of machine learning algorithms

2.3.2 Research on ML models for soil moisture prediction
2.4 Development of an Irrigation Scheduling Tool

2.4.1 Techniques used in irrigation scheduling

vilPage KUSEMERERWA JOSEPH kujosoft@gmail.com




3

4

2.4.2 A Research Gap in the integration of GIS, remote sensing, and machine learning
in irrigation scheduling

CHAPTER THREE: METHODOLOGY OF THE STUDY
3.1 Introduction
3.2 Study Area
3.3 Research Design and Research Approach
3.3.1 Research Design
3.3.2 Research Approach
3.4 Sampling Strategy

3.5 Research Instruments

3.6.2 GIS-Based Spatial Analysis

3.6.3 Validation of Topographic, Hydraulic, and Climatic factors
3.6.3 Statistical analysis

3.6.4 Sensitivity Analysis

3.7 Developing Machine Learning Models For Optimization Of Soil Moisture
Prediction

3.7.5 Developing machine learning models
3.7.6 Validation of ML algorithms

3.8 Designing A Vegetable Irrigation Scheduling Tool For Accessible Irrigation
Recommendations

3.8.1 Gathering the basic data and the tools used

3.8.2 Timing of irrigation

3.8.3 Determining the trigger point

3.8.4 Front-end design with data visualization

3.8.5 Validation of the Irrigation scheduling tool recommendations

CHAPTER FOUR: RESULTS AND DISCUSSIONS. .....cccoiiiiiiininiiiecic 38

4.1 Spatial-temporal and statistical relationship among parameters that influence soil
moisture

4.1.1 Validating climatic, topographic and soil hydraulic secondary data
4.1.2 Descriptive statistics and distribution
4.1.3 Correlation analysis
4.1.4 Multiple regression analysis
4.1.5 Sensitivity Analysis
4.2 Machine learning models for optimization of soil moisture prediction

4.2.1 Moisture prediction of the three Machine Learning models

viilPage KUSEMERERWA JOSEPH kujosoft@gmail.com




4.2.2 Performance of machine learning models

4.3 A vegetable irrigation scheduling tool for accessible irrigation information

4.3.1 Designing the irrigation scheduling tool
4.3.2 Cabbage irrigation scheduling and performance across methods
4.3.3 Carrot irrigation scheduling and performance across methods
4.3.4 Green pepper irrigation scheduling and performance across methods
4.3.5 Onion irrigation scheduling and performance across methods
4.3.6 Sukuma wiki irrigation scheduling and performance across methods
4.3.7 Tomatoes irrigation scheduling and performance across methods
4.3.8 Comparative performance of the irrigation methods
4.3.9 Comparing Irrigation schedules
4.3.9 Testing the association between irrigation schedule and crop yield
CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS

5.1.1 Analyzing the spatial-temporal and statistical relationship among parameters
that influence soil moisture

5.2 RECOMMENDATIONS
REFERENCES
APPENDICES

viii|Page KUSEMERERWA JOSEPH kujosoft@gmail.com




LIST OF FIGURES

Figure 1-1. Conceptual framewWorkK. .........cc.ceeviiiiiiiiiie e 6
Figure 3-1. Map of Habuleke small scale Irrigation scheme with sample points. .................. 21
Figure 3-2. Framework for development of optimal Machine Learning model. .................... 29
Figure 4-1. Normalised skewness across the parameters

Figure 4-2. Visual summary of the central tendency, and presence of potential outliers across
the selected parameters

Figure 4-3. Correlation Heat map of factors affecting soil moisture. ...........cccoeeeveeeciieennenns 42
Figure 4-4. A scatter plot of Predicted against actual soil moisture by RF algorithm. ........... 48
Figure 4-5. A scatter plot of Predicted against actual soil moisture by xGBoost algorithm...49
Figure 4-6. A scatter plot of Predicted against actual soil moisture by the LSTM algorithm.51
Figure 4-7. Home, signup and [0ZIN PAES. ......cccvveriieriiiriieiieeieeieeeie et see e e v 53
Figure 4-8. Input pages of the irrigation scheduling tool

Figure 4-9. Soil moisture prediction and irrigation recommendation with Example; Irrigation

forecast for tomatoes in Tororo at 0.6953°N, 34.1734°E

Figure 4-10.
Figure 4-11.
Figure 4-12.
Figure 4-13.
Figure 4-14.
Figure 4-15.
Figure 4-16.
Figure 4-17.
Figure 4-18.
Figure 4-19.
Figure 4-20.
Figure 4-21.
Figure 4-22.
Figure 4-23.
Figure 4-24.
Figure 4-25.
Figure 4-26.
Figure 4-27.
Figure 4-28.
Figure 4-29.
Figure 4-30.
Figure 4-31.
Figure 4-32.
Figure 4-33.
Figure 4-34.

ix|Page KUSEMERERWA JOSEPH

Cabbage under drip irrigation SYSTEM. ......cccueeruieriieriieiieeieeriee et 55
Cabbage under furrow irrigation SYSteIM. .......cceevueeruieeiuierieeiienie e see e 56
Cabbage under Laser SPray SYSteIM. ......ccceeveeeiierieriiieniieeieeneeereesieeereeseneennees 57
Cabbage under Sprinkler SYSteML. ........cccccveeriieeiierieeieeieeie e 58
Carrot under drip ITIZAtION. .....ccueeevieriieeieeiieeieeite et eiee e stee e eseeeebeeseneeneees 59
Carrot under fUrrow IITIZAtION. .....cc.vierieeeiieiieeie et eiee et ereeseeeebeeseneeneees 60
Carrot under laser Spray rTigation. .........ccceceeeiieriierieenieeieeiee et 61
Carrot under sprinkler irri@ation. .........ceeeueeriieriiieriieeieeee et 62
Green pepper under drip IrTiZatiON. ......eeevieriieeiieriieeie ettt 63
Green pepper under furrow Irrigation. ..........ceecveerieriiienieeiieerie et 64
Green pepper under laser spray irriZation. ..........ecveeerveeerveeerieeeieeeeeeevee e 65
Green pepper under sprinkler irrigation. ........ccueeerveeerieeerieeeiee e evee e 66
Onions under drip ITIZATION. .....eeeevieeriieeeiieerieeeriee et e e e e e ereeeeeeeeraeeseseeennns 67
Onions under fUrrow IITIZAtION. ....c.eeevvireriieeiieeerieeerieeerreeeireeeaeeeeaeeeeeaee e 68
Onions under 1aser SPray SYStEIM. .........coeerueriirierierieneenienee sttt 69
Onions under sprinkler iIrriZation. ........coceevueriirierieriineeeeeereee e 70
Sukuma wiki under drip Irrigation. ........ccceevvereerierienieieeieneeeee e 71
Sukuma wiki under furrow Irrigation. ..........eevveeriierieeiierie e 72
Sukuma wiki under laser spray irrigation. ..........cceeeeeevveeriersieenieenienieeiee s 73
Sukuma wiki under sprinkler irrigation. ...........ccecveeevieeriiieeeiieeeie e 74
Tomatoes under drip ITTIZAtION. .......eeeevereriieerieeeiee et e eare e eeeeeaee e eree e 75
Tomatoes under furrow irrigation

Tomatoes under laser Spray IrTigation. ..........cccveeerueeerveeerieeeieeeeireesaeeesreeennnes 77

Tomatoes under sprinkler irrigation. ..........ccceeecvierieriiienieeieeie e 78
Seasonal Gross Irrigation Requirement for each crop per irrigation method. ...79

kujosoft@gmail.com




LIST OF TABLES

Table 2-1. Common soil moisture sensors used in irrigation scheduling

Table 2-2. Satellite products for soil moisture estimation

Table 3-1. Research instruments used in the study

Table 4-1. Validating secondary data

Table 4-2. Descriptive Statistics of Soil Moisture and influencing parameters. ..................... 38
Table 4-3. Summary of top five strongest and negative correlations. ...........cccccecvevverercennnns 43
Table 4-4. Multiple regression model summary for Volumetric soil moisture

Table 4-5. Regression coefficients and significance. ............cccooveeeiierieeiiienieecieenie e, 44
Table 4-6. Sensitivity analysis for volumetric soil MOIStUTe. ..........cccveeecuiieriieeriieeeiie e, 45
Table 4-7. Random Forest (RF) model's predictions for a sample period (April 2025) 47
Table 4-8. Extreme Gradient Boosting model's predictions for a sample period (April 2025)

Table 4-9. Long Short-Term Memory model's predictions for a sample period (April 2025) 50
Table 4-10. Performance metrics of three Machine Learning models. ............ccccecvveveenenennnen. 52
Table 4-11. Total Irrigation requirement for each crop per irrigation method. ....................... 80
Table 4-12. Comparison among tool-developed, Standard, and farmer’s local schedules

Table 4-13. Standard deviation among the three schedule pairs. ........c..coceveeveriiniieninncnnn. 81
Table 4-14. Interview results from three irrigation schedule practices. ...........ccceeeveevvienenennnn. 82
Table 4-15. Computing the Chi-square StatiStiC. .........cceerirriiierieriieeie e 82

LIST OF APPENDICES

Appendix 1: Kc, and MAD and number of days for each crop per growth stage. ................. 95

Appendix 2: Right tail areas for Chi-square distribution

Appendix 3: A few imageries for lab and field Work. .........c.ccooooiviiiiniiiis 96
Appendix 4: User Manual for the Irrigation Scheduling tool (app available with developer at
kujosoft@gmail.com / jkusemererwa.eng@busitema.ac.ug)

x|Page KUSEMERERWA JOSEPH kujosoft@gmail.com




LIST OF ABBREVIATION/ ACRONYMS

: Akaike Information Criterion

: Artificial Neural Network

: Available Water Content

: Critical depletion

: Convolutional Neural Network

: Digital Elevation Model

: Reference crop evapotranspiration
: Crop evapotranspiration

: Food and Agricultural Organization
: Field Capacity

: Geographic Information System

: Geographical Positioning System
: Inverse Distance Weighting

: Crop Coefticient

: Long Short-Term Memory

: Land Use/Land Cover

: Management Allowable Depletion
: Mean Absolute Error

: Machine learning

MODIS : Moderate Resolution Imaging Spectroradiometer

NDP III : Third National Development Plan

NDVI : Normalised Difference Vegetation Index
NSE : Nash-Sutcliffe Efficiency
RF : Random Forest

: Root Mean Square Error

: Synthetic Aperture Radar

: Sustainable Development Goals

: Statistical Package for the Social Sciences

: Shuttle Radar Topography Mission

xi| Page KUSEMERERWA JOSEPH kujosoft@gmail.com




: Time-Domain Reflectometry

TP : Trigger Point

UBOS : Uganda Bureau of Statistics

UNEP : United Nations Environmental Programme
VWC : Volumetric soil moisture

WHC : Water Holding Capacity

WSNs : Wireless Sensor Networks

xGBoost : Extreme Gradient Boosting

xii|[Page KUSEMERERWA JOSEPH kujosoft@gmail.com




REFERENCES

Abdelraouf, R. E., El-Shafie, A. F., Marwa, M. A., & Dewedar, O. M. (2024). The Latest
Techniques for Sustainable Management of Irrigation Water under the Egyptian
Environmental Arid Conditions: A Review. Egyptian Journal of Chemistry, 67(3), 567—
584. https://doi.org/10.21608/EJCHEM.2023.151273.6550

Adebo, M., & Achiso, Z. (2024). Effectiveness of alternative furrow irrigation methods on
cabbage yield and water productivity in Angacha District, Central Ethiopia Region
Ethiopian Journal of Water Science and Technology (EJWST). 7, 20-32.
https://doi.org/10.59122/18519t6

Ahamed, T. (2024). IoT and Al in Agriculture. In IoT and Al in Agriculture.
https://doi.org/10.1007/978-981-97-1263-2

Ahansal, Y., Bouziani, M., Yaagoubi, R., Sebari, 1., & Sebari, K. (2022). Towards Smart

Irrigation : A Literature Review on the Use of Geospatial Technologies and Machine

Learning in the Management of Water Resources in Arboriculture.

Ahmad, S., Waseem, M., Wahab, H., Khan, A. Q., Jehan, Z., Ahmad, ., & Leta, M. K. (2025).
Assessing water demand and supply in the Upper Indus Basin using integrated
hydrological modeling under varied socioeconomic scenarios. Applied Water Science,
15(1), 1-17. https://doi.org/10.1007/s13201-024-02310-3

Alzoheiry, A. M. (2024). Effect of deficit irrigation on yield and water use efficiency of onion
(Allium cepa L.) in arid =zones. Brazilian Journal of Biology, &84, 1-7.
https://doi.org/10.1590/1519-6984.281797

Atay, U., Mutlu, N., & Ozturk, H. H. (2024). Sustainable Irrigation Management in
Southeastern Anatolia Region of Turkey. European Journal of Agriculture and Food
Sciences, 6(2), 82—85. https://doi.org/10.24018/ejfo0d.2024.6.2.579

Baghdadi, N., Zribi, M., Loumagne, C., Ansart, P., & Anguela, T. P. (2008). Analysis of
TerraSAR-X data and their sensitivity to soil surface parameters over bare agricultural
fields. Remote Sensing of Environment, 112(12), 4370-4379.
https://doi.org/10.1016/j.rse.2008.08.004

Bamiekumo, B. P., Akpobome, E. O., Ayanka, N., Mene-¢jegi, O. O., & Desmond, R. (2025).
Nature Machine learning-based flood extent mapping and damage assessment in
Yenagoa , Bayelsa State , using Sentinel-1 and 2 imagery ( 2018-2022 ). January.

Banik, B., Korav, S., Guin, A., & Unjia, D. (2024). Impact of Drip Irrigation on Crop Growth,
Yield, Water Productivity, and Weed Dynamics: A Review. International Journal of

Environment and Climate Change, 14(4), 739-749.

8| Page KUSEMERERWA JOSEPH kujosoft@gmail.com




https://doi.org/10.9734/ijecc/2024/v14i44154

Barungi, J., Okonya, J., [lakut, B., & Recha, J. (2024). TRAINING ON THE UTILIZATION OF
CLIMATE SMART MOISTURE AND NUTRIENT MONITORING TOOLS AMONG
LEAD HORTICULTURE FARMERS IN Training Report. November.

Blasch, J., Van Der Kroon, B., Van Beukering, P., Munster, R., Fabiani, S., Nino, P., & Vanino,
S. (2022). Farmer preferences for adopting precision farming technologies: A case study
from Italy. FEuropean Review of Agricultural Economics, 49(1), 33-81.
https://doi.org/10.1093/erae/jbaa03 1

Boru, G. W., Birhan, T. S., & Beyene, T. L. (2024). Integrated effects of furrow irrigation
systems and irrigation regimes on water productivity of onion (Allium cepa L.) crop in a
semi-arid area. Heliyon, 10(21), e40098. https://doi.org/10.1016/j.heliyon.2024.e40098

Brief, P. P. (2025). Promoting Water Security and Resilience in Water Systems in Agriculture.
January.

Bute, A., losob, G.-A., Antal-tremuric, A., Brezeanu, C., Brezeanu, P. M., Cristea, T. O., &

Ambarus, S. (2021). The most suitable irrigation methods in cabbage crops ( Brassica
oleracea L . Var . capitata ): A review. Horticulture, LXV(1), 399-405.
Cetin, O., Uzen, N., Temiz, M. G., & Altunten, H. (2021). Improving cotton yield, water use

and net income in different drip irrigation systems using real-time crop
evapotranspiration. Polish Journal of Environmental Studies, 30(5), 4463-4474.
https://doi.org/10.15244/pjoes/133238

Elshamly, A. M. S., Abaza, A. D. S., Mustafa, A. E. Z. M. A., Rizwana, H., Igbal, J., Ahmad,
S., Igbal, R., & Gruda, N. S. (2025). Synergistic effect of ammonium and potassium on
carrot growth, physio-biochemical mechanisms, and water use efficiency under varying
irrigation regimes. Scientific Reports, 15(1), 1-22. https://doi.org/10.1038/s41598-025-
00690-3

Garrido-Rubio, J., Gonzalez-Piqueras, J., Campos, 1., Osann, A., Gonzalez-Gomez, L., &
Calera, A. (2020). Remote sensing—based soil water balance for irrigation water
accounting at plot and water user association management scale. Agricultural Water
Management, 238(April), 106236. https://doi.org/10.1016/j.agwat.2020.106236

Goap, A., Sharma, D., Shukla, A. K., & Rama Krishna, C. (2018). An IoT based smart
irrigation management system using Machine learning and open source technologies.
Computers and Electronics in Agriculture, 155(May), 41-49.
https://doi.org/10.1016/j.compag.2018.09.040

Gu, Z., Qi, Z., Burghate, R., Yuan, S., Jiao, X., & Xu, J. (2020). Irrigation Scheduling

8 |Page KUSEMERERWA JOSEPH kujosoft@gmail.com




Approaches and Applications: A Review. Journal of Irrigation and Drainage
Engineering, 146(6). https://doi.org/10.1061/(asce)ir.1943-4774.0001464

Gyang, P. A., Akomolafe, O., Panful, B., & Yowetu, I. A. (2025). 4 review of integrated use
of machine learning algorithms , GIS and remote sensing techniques in the prediction of
rainfall patterns and floods in the U . S .

Habtewold, M., & Mengist, D. (2024). Evaluating the impact of different furrow irrigation
methods on onion bulb yield and water productivity: The case of Hadero Tunto district,
Southern Ethiopia. J. Sci. & Technol, 17(3), 175-185.

Hao, Y., Mao, J., Bachmann, C. M., Hoffman, F. M., Koren, G., Chen, H., Tian, H., Liu, J.,
Tao, J., Tang, J., Li, L., Liu, L., Apple, M., Shi, M., Jin, M., Zhu, Q., Kannenberg, S., Shi,
X., Zhang, X., ... Dai, Y. (2025). Soil moisture controls over carbon sequestration and
greenhouse gas emissions: a review. Npj Climate and Atmospheric Science, 8(1).
https://doi.org/10.1038/s41612-024-00888-8

Hebdon, R., Stamey, J., Kahle, D., & Zhang, X. (2024). unmconf: an R package for Bayesian
regression with unmeasured confounders. BMC Medical Research Methodology, 24(1).
https://doi.org/10.1186/s12874-024-02322-2

Heckerman, D. (1995). A tutorial on learning Bayesian networks. In Technical Report MSR-
TR-95-6 (Vol. 13, Issue 3).

Islam, S. Z., Kamarudin, M. S. Bin, Abdullah, M. N. Bin, Mohaffyza, M., Sern, L. C., Othman,
M. L., & Uddin, J. (2025). Sustainable Smart Irrigation System (SIS) using solar PV with
rainwater harvesting technique for indoor plants. PLoS ONE, 20(3 March), 1-30.
https://doi.org/10.1371/journal.pone.0316911

Jabro, J. D., Stevens, W. B., Iversen, W. M., Allen, B. L., & Sainju, U. M. (2020). Irrigation
scheduling based on wireless sensors output and soil-water characteristic curve in two

soils. Sensors (Switzerland), 20(5), 1-11. https://doi.org/10.3390/s20051336

Joelson, N. Z., Simon, A., von Lampe, F., Loguercio, G. A., Zerbe, S., Leuschner, C., &

Walentowski, H. (2025). Floristic patterns in the Andes of northern Patagonia’s forests,
Argentina: towards integrating ecological responses with expert-based and unsupervised
classification methods. Vegetation Classification and  Survey, 6, 37-56.
https://doi.org/10.3897/VCS.134621

KAPUR, B. (2024). The Development of Green Houses In The Southern Tiirkiye, with an
Emphasis on Their Structural and Agricultural Features : The case of the Mersin province.
Cukurova University, Agriculture Faculty, 39(1), 68—81.
https://doi.org/10.36846/cjafs.2024.134

9|Page KUSEMERERWA JOSEPH kujosoft@gmail.com




Kifle, T., & Asseffa, S. (2025). Evaluation of Alternate, Fixed and Conventional Furrow
Irrigation Systems on Tomato (Solanum lycopersicum L.) Yield and Water Use Efficiency
in Wolaita Area, Southern Ethiopia. Asian Journal of Research and Review in Agriculture,
7(1), 52—66. https://doi.org/10.56557/ajrra/2025/v711154

Kindikiza, D., Kranjac-Berisavljevic, G., Ayambila, S. N., Adongo, T. A., Twagirayezu, A., &
Niragire, T. (2025). Comparative technical and financial advantage of solar versus diesel-
powered sprinkler irrigation systems in the Guinea savannah agro-ecological zone of
Ghana. African Crop Science Journal, 33(2), 227-244.
https://doi.org/10.4314/acsj.v33i2.10

Klabunde, M. A. X. (2025). Similarity of Neural Network Models : A Survey of. 57(9).
https://doi.org/10.1145/3728458

Kubitza, C., Kalla-Bertholdt, A. M., Huyskens-Keil, S., & Briick, T. (2025). Quantitative and
qualitative food losses of African indigenous vegetables along the value chain: A
systematic  literature  review.  Qutlook on  Agriculture,  54(1), 31-4l.
https://doi.org/10.1177/00307270251314520

Li, A., Cheng, J., Chen, D., Li, W., Mao, Y., Chen, X., Zhao, B., Shi, W., Yue, T., & Li, Q.
(2025). Spatial interpolation of cropland soil bulk density by increasing soil samples with
filled missing values. Scientific Reports, 15(1), 1-13. https://doi.org/10.1038/s41598-025-
91335-y

Mugisha, B., Agole, D., & Ewing, J. C. (2025). Determinants of Adoption of Climate-Smart
Agriculture Practices among Farmers in Sheema District, Western Uganda Determinants
of Adoption of Climate-Smart Agriculture Practices among. 32(2), 204-222.

NGAIZA, V., N/A, M., & -, R. S. (2025). Occurrence, Farmer’s knowledge and Current
Management Practices of Alternaria Leaf Spot in Kales, Kiambu county, Kenya.
International Journal For Multidisciplinary Research, 7(2).
https://doi.org/10.36948/ijfmr.2025.v07102.40338

Nitrophenolate, S., Perera, U. D. T., & Length, V. (2025). Impact of Plant Growth Regulators
on Salad Cucumber ( Cucumis sativus L .) Vine Length and Yield. 36, 28-38.

Nyuma, H. T., Njoroge, R., & Otinga, A. N. (2025). Agroforestry adoption and its influence

on soil quality under smallholder maize production systems in western Kenya. PLoS ONE,
20(4 April), 1-19. https://doi.org/10.1371/journal.pone.0313385

Ochago, R. (2025). STRENGTHENING THE RESILIENCE AND SUSTAINABILITY OF
UGANDA S COFFEE SECTOR : INVESTIGATING GOVERNANCE MECHANISMS IN
COFFEE SECTOR : INVESTIGATING GOVERNANCE MECHANISMS IN COFFEE

91| Page KUSEMERERWA JOSEPH kujosoft@gmail.com




INNOVATION PLATFORMS. March. https://doi.org/10.33687/ijae.013.001.5443

Pereira, L. S., Allen, R. G., Smith, M., & Raes, D. (2015). Crop evapotranspiration estimation
with FAOS56: Past and future. Agricultural Water Management, 147, 4-20.
https://doi.org/10.1016/j.agwat.2014.07.031

Ramakrishnan, J., Liu, T., Zhang, F., Seshadri, K., Yu, R., & Creative, U. (19555). Prep rin t
notpeerreviewpeerrev Preprintnotiew. 1-34.

Ramirez, F., Pennino, M. G., Albo-, M., Steenbeek, J., Bellido, J. M., & Coll, M. (2020). Jo na
1 P re of. Science of the Total Environment, 144002.

Ramya, S. K., & Kumar, S. S. (2025). Significance of micro-irrigation for feasible and
sustainable  agriculture: A review.  Multidisciplinary ~ Reviews, 8(4).
https://doi.org/10.31893/multirev.2025094

Romano, N., Mazzitelli, C., & Nasta, P. (2025). Root-Zone Water-Storage Capacity and
Uncertainty: An Intrinsic Factor Affecting Agroecosystem Resilience to Drought. Water
Resources Research, 61(1). https://doi.org/10.1029/2024WR037719

Saggi, M. K., & Jain, S. (2022). A Survey Towards Decision Support System on Smart
Irrigation Scheduling Using Machine Learning approaches. Archives of Computational

Methods in Engineering, 29(6), 4455-4478. https://doi.org/10.1007/s11831-022-09746-3

Salman, H. A., Kalakech, A., & Steiti, A. (2024). Random Forest Algorithm Overview.
Babylonian Journal of Machine Learning, 2024, 69-79.
https://doi.org/10.58496/bjml1/2024/007

Sani, M., Sadiq, Y., Samuel, E. B., & Raji, S. G. (2024). Performance of some selected grass

mulches on onion ( Allium Cepa L . ) under sprinkler irrigation system in gwallameji ,
Bauchi state. Journal of Systematic, Evaluation and Diversity Engr. (JSEDE, 05(5), 232—
255.

Scudiero, E., Teatini, P., Manoli, G., Braga, F., Skaggs, T. H., & Morari, F. (2018). Workflow
to establish time-specific zones in precision agriculture by spatiotemporal integration of
plant and soil sensing data. Agronomy, 8(11), 1-21.
https://doi.org/10.3390/agronomy8110253

Senanayake, 1. P., Pathira Arachchilage, K. R. L., Yeo, I. Y., Khaki, M., Han, S. C,, &
Dahlhaus, P. G. (2024). Spatial Downscaling of Satellite-Based Soil Moisture Products
Using Machine Learning Techniques: A Review. Remote Sensing, 16(12).
https://doi.org/10.3390/rs16122067

Shinde, M. G., Pawar, D. D., Kale, K. D., & Dingre, S. K. (2021). Performance of cabbage at

different irrigation levels under drip and microsprinkler irrigation systems*. Irrigation

92| Page KUSEMERERWA JOSEPH kujosoft@gmail.com




and Drainage, 70(4), 581-592. https://doi.org/10.1002/ird.2557

Shortridge, J., & Porter, W. (2021). Scheduling Agricultural Irrigation Based on Soil Moisture
Content: Interpreting and Using Sensor Data. 1-5.

Singh, A., Gaurav, K., Sonkar, G. K., & Lee, C. C. (2023). Strategies to Measure Soil Moisture
Using Traditional Methods, Automated Sensors, Remote Sensing, and Machine Learning
Techniques: Review, Bibliometric Analysis, Applications, Research Findings, and Future
Directions. IEEE Access, 11(January), 13605—-13635.
https://doi.org/10.1109/ACCESS.2023.3243635

Somefun, O. T., Masasi, B., & Adelabu, A. O. (2024). Irrigation and Water Management of
Tomatoes—A Review. Journal of Sustainable Agriculture and Environment, 3(4).
https://doi.org/10.1002/sae2.70020

Title, T. (2019). OO0, OOOO0n Jooo O ODO00000 ODO00 DOOO000 Thesis
Title : : 15. OO0 OOOOH DOO L (November), 1-10.

Toche Tchio, G. M., Kenfack, J., Kassegne, D., Menga, F. D., & Ouro-Djobo, S. S. (2024). A
Comprehensive Review of Supervised Learning Algorithms for the Diagnosis of
Photovoltaic Systems, Proposing a New Approach Using an Ensemble Learning
Algorithm. Applied Sciences (Switzerland), 14(5). https://doi.org/10.3390/app14052072

Virnodkar, S. S., Pachghare, V. K., Patil, V. C., & Jha, S. K. (2020). Remote sensing and
machine learning for crop water stress determination in various crops: a critical review.
In Precision Agriculture (Vol. 21, Issue 5). https://doi1.org/10.1007/s11119-020-09711-9

Vishnumolakala, S. S. S., Jia, X., Goodspeed, I. M., & Hatterman-Valenti, H. (2025).
Evaluating irrigation strategies and cultivar response of tomato and pepper under
automated drip systems in high tunnel and open field environments in North Dakota.
Frontiers in Agronomy, 7(July), 1-18. https://doi.org/10.3389/fagro.2025.1540521

Widowati, Pudjiastuti, A. Q., Praseyorini, L., Wilujeng, R., & Cahya, U. T. W. (2025).
Optimizing the application of biochar to improve irrigation efficiency and enhance the
growth of chili plants in loam soil. Journal of Ecological Engineering, 26(1), 66—82.
https://doi.org/10.12911/22998993/195268

Yang, H., Zhang, M., Wu, W., Xiao, N., Sun, M., & Li, Y. (2025). Irrigation frequency and
irrigation amount of micro-sprinkler irrigation mulched regulate N20O emission of tomato
(Solanum lycopersicum) soil. Frontiers in Sustainable Food Systems, 9(June).
https://doi.org/10.3389/fsufs.2025.1570994

Yilmaz, S., & Kuscu, H. (2024). Water-Yield Relationships of Green Pepper (Capsicum

annuum) Cultivated at Different Irrigation Levels. Bursa Uludag Universitesi Ziraat

93| Page KUSEMERERWA JOSEPH kujosoft@gmail.com




Fakiiltesi Dergisi, 38(1), 163—177. https://doi.org/10.20479/bursauludagziraat. 1458852
Yue, S., Wu, W., Yuan, B., Ye, D., & Bai, W. (2025). Large-scale photovoltaic farms

significantly change the vegetation diversity and biomass through influencing soil

moisture and physiochemical properties. Vadose Zone Journal , 24(2), 1-11.
https://doi.org/10.1002/vzj2.70002
Zhao, H., D1, L., Guo, L., Zhang, C., & Lin, L. (2023). An Automated Data-Driven Irrigation

Scheduling Approach Using Model Simulated Soil Moisture and Evapotranspiration.
Sustainability (Switzerland), 15(17). https://doi.org/10.3390/sul51712908

Zhu, F., Zhu, C., Lu, W., Fang, Z., Li, Z., & Pan, J. (2024). Soil Classification Mapping Using
a Combination of Semi-Supervised Classification and Stacking Learning (SSC-SL).
Remote Sensing, 16(2). https://doi.org/10.3390/rs16020405

94|Page KUSEMERERWA JOSEPH kujosoft@gmail.com




