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Abstract

Water  scarcity  remains  one  of  the  most  significant  constraints  to 
agricultural productivity, particularly in semi-arid regions where irregular 
rainfall,  increasing  temperatures,  and  inefficient  irrigation  practices 
threaten sustainable food production. The emergence of Internet of Things 
(IoT)-based  smart  irrigation  systems  has  transformed  conventional 
irrigation management by enabling real-time monitoring of soil moisture, 
environmental  conditions,  and  crop  water  requirements.  This  study 
examines  the  application  of  IoT-based  smart  irrigation  systems  in 
improving water  use  efficiency  and crop productivity  within  semi-arid 
agricultural environments. A systematic literature review and comparative 
analytical approach were adopted to evaluate recent developments in IoT-
enabled  irrigation  technologies,  sensor  networks,  wireless 
communication, cloud computing, artificial intelligence, and automated 
irrigation control systems. The analysis reveals that IoT-based irrigation 
significantly  reduces  water  consumption  while  improving  irrigation 
scheduling,  crop  yield,  operational  efficiency,  and  environmental 
sustainability.  Furthermore,  integrating  artificial  intelligence,  weather 
forecasting,  edge  computing,  and  precision  agriculture  technologies 
enhances irrigation decision-making and climate resilience. Despite these 
advantages,  challenges  relating  to  infrastructure  costs,  internet 
connectivity,  energy  supply,  cybersecurity,  technical  expertise,  and 
technology  adoption  continue  to  limit  widespread  implementation, 
particularly in developing countries. The study concludes that IoT-enabled 
smart irrigation represents a sustainable solution for addressing water 
scarcity and enhancing agricultural productivity in semi-arid regions. It 
recommends  greater  investment  in  digital  agricultural  infrastructure, 
farmer  capacity  development,  supportive  government  policies,  and 
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affordable IoT technologies to accelerate adoption and strengthen climate-
smart agriculture.

Keywords: Internet of Things, Smart Irrigation, Precision Agriculture, 
Water Use Efficiency, Crop Productivity, Semi-Arid Agriculture, Climate-
Smart Agriculture.

1. Introduction

Agriculture accounts for nearly 70% of global freshwater withdrawals, 
making  efficient  irrigation  a  critical  requirement  for  sustainable  food 
production  and  water  resource  management  (FAO,  2024).  Increasing 
population  growth,  climate  change,  prolonged  droughts,  declining 
freshwater availability, and erratic rainfall have intensified pressure on 
agricultural water resources, particularly in semi-arid regions where crop 
production  depends  heavily  on  irrigation  (UNESCO,  2024).  Improving 
irrigation efficiency has therefore become a global priority for enhancing 
agricultural productivity while conserving scarce water resources.

Conventional irrigation methods, including flood, furrow, and manually 
scheduled sprinkler systems, often apply water inefficiently, leading to 
excessive losses through evaporation, runoff, and deep percolation. These 
inefficiencies  reduce  water  productivity,  increase  production  costs, 
accelerate soil degradation, and threaten the long-term sustainability of 
agricultural systems (FAO, 2024). As water scarcity becomes increasingly 
severe, there is growing demand for intelligent irrigation technologies 
capable of delivering water according to actual crop requirements.

Recent  advances  in  Precision  Agriculture  and  Agriculture  4.0  have 
transformed  irrigation  management  through  the  integration  of  the 
Internet of Things (IoT), artificial intelligence (AI), cloud computing, edge 
computing,  wireless  sensor  networks,  and  automated  control  systems 
(Wolfert  et  al.,  2021;  Javaid  et  al.,  2023).  IoT-based  smart  irrigation 
systems continuously monitor soil moisture, temperature, humidity, and 
weather conditions, enabling real-time irrigation decisions that improve 
water  use  efficiency  while  reducing  labour,  energy  consumption,  and 
unnecessary  irrigation  (Ayaz  et  al.,  2019;  Farooq  et  al.,  2024).  The 
incorporation of AI and edge computing further enhances these systems by 
supporting predictive irrigation scheduling, rapid data processing, and 
autonomous decision-making in remote agricultural environments (Li et 
al., 2023; IEEE, 2024).

Beyond improving irrigation performance, IoT-enabled smart irrigation 
contributes to sustainable agricultural development by conserving water 
resources, increasing crop productivity, reducing environmental impacts, 
and strengthening resilience to climate variability. These benefits align 
closely  with  the  United  Nations  Sustainable  Development  Goals, 
particularly SDG 2 (Zero Hunger), SDG 6 (Clean Water and Sanitation), 
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SDG 9 (Industry, Innovation and Infrastructure), and SDG 13 (Climate 
Action) (United Nations, 2023).

Despite these advantages, widespread adoption remains constrained by 
high implementation costs, inadequate digital infrastructure, unreliable 
electricity,  limited  internet  connectivity,  cybersecurity  concerns, 
insufficient technical expertise, and weak policy support, particularly in 
developing countries and semi-arid farming communities (World Bank, 
2024; FAO, 2024). Furthermore, existing studies often examine individual 
technologies  or  isolated components  of  smart  irrigation systems,  with 
comparatively limited attention given to integrated IoT architectures that 
simultaneously  improve  water-use  efficiency,  crop  productivity,  and 
climate resilience.

This study addresses this gap by reviewing the application of IoT-based 
smart irrigation systems in semi-arid agriculture. Specifically, it examines 
the enabling IoT technologies,  analyses their  operational  architecture, 
compares  their  performance  with  conventional  irrigation  methods, 
evaluates empirical evidence on water conservation and crop productivity, 
identifies implementation challenges, and highlights practical strategies 
for advancing sustainable irrigation through digital agriculture.

2. Literature Review

The rapid evolution of Smart Agriculture, also referred to as Agriculture 
4.0, has transformed agricultural production through the integration of 
digital  technologies  such  as  the  Internet  of  Things  (IoT),  artificial 
intelligence  (AI),  cloud  computing,  edge  computing,  wireless  sensor 
networks,  and  big  data  analytics.  Unlike  conventional  farming,  which 
relies  largely  on  fixed  schedules  and  manual  decision-making,  smart 
agriculture  adopts  data-driven  approaches  that  continuously  monitor 
environmental conditions and optimize resource utilization (Wolfert et al., 
2021; Javaid et al., 2023). These technologies have become increasingly 
important in semi-arid regions, where water scarcity, climate variability, 
and  declining  freshwater  resources  demand  more  efficient  irrigation 
practices (FAO, 2024).

Among Agriculture 4.0 technologies, IoT has emerged as the foundation of 
intelligent  irrigation  management.  IoT-enabled  systems  integrate  soil 
moisture sensors,  weather  stations,  wireless  communication networks, 
cloud or edge computing platforms, and automated irrigation controllers 
to monitor field conditions and support real-time irrigation decisions (Ayaz 
et al., 2019; Al-Obeidat et al., 2022). The incorporation of AI and machine 
learning  further  improves  irrigation  scheduling  by  analysing 
environmental conditions, crop growth stages, and weather forecasts to 
predict  water requirements more accurately than traditional  irrigation 
methods  (Li  et  al.,  2023).  Consequently,  IoT-based  smart  irrigation 
minimizes unnecessary water application, reduces labour requirements, 
improves irrigation precision, and supports sustainable farm management.
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Improving water-use efficiency has become one of the principal objectives 
of smart irrigation systems. By replacing fixed irrigation schedules with 
sensor-driven irrigation decisions, IoT technologies reduce water losses 
caused by evaporation, runoff, and deep percolation while maintaining 
optimum soil  moisture  for  crop  growth (UNESCO,  2024;  FAO,  2024). 
Beyond water conservation,  intelligent irrigation contributes to higher 
crop  productivity  through  improved  nutrient  uptake,  healthier  plant 
development,  and reduced water stress.  These benefits simultaneously 
enhance  agricultural  profitability,  environmental  sustainability,  and 
resilience to climate change, positioning IoT-enabled irrigation as a key 
component of sustainable agricultural development.
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Figure  1: Conceptual  Architecture  of  an  IoT-Based  Smart  Irrigation 
System
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Source: Developed by the Author (2026), adapted from recent IoT and 
precision agriculture literature.

Empirical evidence consistently demonstrates that IoT-enabled irrigation 
systems  outperform  conventional  irrigation  methods  across  multiple 
performance indicators. Studies report significant improvements in water-
use efficiency, irrigation scheduling accuracy, crop productivity, labour 
efficiency,  and environmental  sustainability  through the  integration of 
wireless  sensor  networks,  artificial  intelligence,  cloud computing,  and 
edge computing (Boursianis et al., 2021; Javaid et al., 2023; Farooq et al., 
2024). Recent research also indicates that predictive irrigation models 
based on machine learning improve decision accuracy by incorporating 
weather forecasts and historical irrigation data, thereby strengthening 
resilience in water-stressed agricultural environments.

Table 1. Selected Empirical Studies on IoT-Based Smart Irrigation
Authors Focus Key Finding
Boursianis et 
al. (2021)

Smart 
agriculture

IoT improves irrigation efficiency and 
crop monitoring.

Javaid  et  al. 
(2023)

Agriculture 4.0 AI and IoT enhance precision farming.

Li  et  al. 
(2023)

Edge 
computing

Real-time  processing  improves 
irrigation decisions.

Farooq et  al. 
(2024)

AI-assisted 
irrigation

Water  consumption  reduced  while 
crop yield increased.

Hassan et al. 
(2024)

Arid 
agriculture

Smart  irrigation  achieved  significant 
water savings.

Adeyemi  et 
al. (2024)

Sub-Saharan 
Africa

IoT  improved  irrigation  efficiency 
under water scarcity.

Ibrahim et al. 
(2025)

Climate-smart 
irrigation

Enhanced  resilience  to  climate 
variability.

Chen  et  al. 
(2026)

Intelligent 
irrigation

Integrated  AI–IoT  architecture 
achieved  superior  irrigation 
performance.

Despite these advances, widespread implementation remains constrained 
by high installation costs,  inadequate  digital  infrastructure,  unreliable 
electricity  supply,  limited  internet  connectivity,  insufficient  technical 
expertise,  and  cybersecurity  concerns,  particularly  within  developing 
countries  and  semi-arid  agricultural  regions.  Furthermore,  existing 
studies  predominantly  evaluate  individual  IoT technologies  or  isolated 
irrigation components rather than integrated smart irrigation ecosystems 
that combine sensing, communication, intelligent analytics, automation, 
and decision support. Comparatively little research has simultaneously 
examined water-use efficiency, crop productivity, climate resilience, and 
sustainability within a unified analytical framework.

This study addresses these gaps by providing a comprehensive review of 
IoT-based smart irrigation systems for semi-arid agriculture. It integrates 
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technological, operational, and sustainability perspectives to examine how 
intelligent irrigation systems improve water-use efficiency, increase crop 
productivity,  strengthen  climate  resilience,  and  support  sustainable 
agricultural development.

3. IoT-Based Smart Irrigation System Analysis

IoT-based  smart  irrigation  systems  integrate  environmental  sensing, 
wireless communication, cloud and edge computing, artificial intelligence 
(AI), and automated control to optimize irrigation according to real-time 
field conditions. Unlike conventional irrigation systems that operate on 
fixed schedules, IoT-enabled systems continuously monitor soil moisture, 
weather conditions, and crop water requirements, enabling precise and 
adaptive irrigation management (Javaid et al., 2023; Farooq et al., 2024). 
This intelligent approach improves water-use efficiency while reducing 
labour, energy consumption, and unnecessary water application.

A  typical  smart  irrigation  system  consists  of  interconnected  sensing, 
communication,  processing,  and  control  components.  Environmental 
sensors  collect  field  data,  which  are  transmitted  through  wireless 
communication technologies such as LoRaWAN, NB-IoT, Wi-Fi, or GSM to 
cloud or edge computing platforms. Artificial intelligence and decision-
support  algorithms  analyse  sensor  readings  together  with  weather 
forecasts,  evapotranspiration  rates,  and  crop  growth  information  to 
determine irrigation requirements. Automated controllers subsequently 
regulate pumps and valves,  ensuring that  water is  applied only  when 
required and in quantities appropriate for crop development.
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Figure  2: Integrated  Architecture  of  an  IoT-Based  Smart  Irrigation 
System

Source: Developed by the Author (2026).

Operationally, the system follows a continuous feedback cycle. Sensor data 
are collected and transmitted for real-time analysis, after which AI-based 
decision models determine whether irrigation should start, continue, or 
stop.  Automated controllers  execute  these decisions,  while  continuous 
monitoring updates system performance and supports adaptive irrigation 
management. This feedback mechanism enables predictive rather than 
reactive  irrigation,  improving  efficiency  under  changing  climatic 
conditions.

Compared  with  conventional  irrigation,  IoT-enabled  systems  provide 
substantial improvements in irrigation scheduling, water-use efficiency, 
crop  productivity,  remote  monitoring,  and  climate  adaptability.  The 
integration of artificial intelligence further enhances system performance 
by predicting crop water requirements using historical data and weather 
forecasts, thereby improving irrigation accuracy and reducing resource 
wastage.

Table 2. Comparative Evaluation of Irrigation Systems
Performance 
Indicator

Traditional 
Irrigation

IoT-Based 
Irrigation

AI-Enabled  IoT 
Irrigation

Irrigation 
Scheduling

Manual Automatic Predictive

Water-Use 
Efficiency

Low High Very High

Crop 
Productivity

Moderate High Very High

Labour 
Requirement

High Low Very Low

Decision 
Accuracy

Low High Intelligent

Climate 
Adaptability

Limited Moderate Excellent

Remote 
Monitoring

No Yes Yes

Sustainability Moderate High Very High

Source: Developed by the Author (2026).

Despite  these  advantages,  adoption  remains  constrained  by  high 
installation costs, inadequate digital infrastructure, unreliable electricity, 
limited  internet  connectivity,  insufficient  technical  expertise,  and 
cybersecurity concerns, particularly in developing countries and semi-arid 
regions. Addressing these challenges will require affordable technologies, 
reliable  communication  infrastructure,  secure  IoT  architectures, 
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supportive  government  policies,  and  stronger  collaboration  among 
researchers,  technology providers,  and agricultural  extension services. 
Such efforts will accelerate the adoption of intelligent irrigation systems 
capable  of  improving  water  conservation,  crop  productivity,  climate 
resilience, and sustainable agricultural development.

4. Discussion and Future Perspectives

The  findings  demonstrate  that  IoT-based  smart  irrigation  systems 
represent a significant advancement in precision agriculture by enabling 
intelligent  water  management,  improving  crop  productivity,  and 
enhancing  resilience  in  semi-arid  environments.  Unlike  conventional 
irrigation methods that rely on fixed schedules or manual observations, 
IoT-enabled systems continuously monitor field conditions and regulate 
irrigation according to real-time crop water requirements. This shift from 
reactive  to  data-driven  irrigation  improves  resource  utilization  while 
supporting sustainable agricultural production (Javaid et al., 2023; Farooq 
et al., 2024).

A major contribution of IoT-enabled irrigation lies in its ability to improve 
water-use  efficiency  through  continuous  environmental  sensing, 
automated control, and predictive decision-making. The integration of soil 
moisture sensors, wireless communication, cloud and edge computing, and 
artificial  intelligence minimizes water losses caused by over-irrigation, 
runoff, and deep percolation while maintaining optimum soil moisture for 
crop growth. These findings are consistent with previous studies reporting 
that  intelligent  irrigation  systems  reduce  water  consumption  while 
sustaining  or  improving  agricultural  productivity  (FAO,  2024;  IWMI, 
2023).

The analysis further highlights the importance of artificial intelligence and 
edge  computing  in  enhancing  irrigation  performance.  By  combining 
historical irrigation data, weather forecasts, evapotranspiration estimates, 
and crop growth information, AI enables predictive irrigation scheduling, 
while  edge  computing  supports  rapid  decision-making  with  reduced 
communication latency. These capabilities improve system reliability and 
are particularly valuable in remote and water-stressed agricultural regions 
where timely irrigation decisions directly affect crop performance (Li et 
al., 2023; IEEE, 2024).
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Beyond improving irrigation efficiency, 
IoT  technologies  contribute  to  broader  sustainability  objectives  by 
reducing groundwater extraction, energy consumption, nutrient losses, 
and  greenhouse  gas  emissions  associated  with  inefficient  irrigation. 
Consequently,  smart  irrigation  supports  climate-smart  agriculture  and 
contributes  to  the achievement  of  the Sustainable  Development  Goals 
relating  to  food  security,  clean water,  innovation,  and climate  action. 
However, successful implementation depends not only on technological 
capability  but  also  on  enabling  conditions  such  as  affordable 
infrastructure,  reliable electricity,  digital  connectivity,  farmer training, 
institutional  support,  and effective policy frameworks.  In addition,  the 
increasing  dependence  on  connected  devices  and  cloud  platforms 
underscores the need for robust cybersecurity measures, including secure 
authentication,  encrypted  communication,  and  resilient  network 
architectures to protect irrigation infrastructure and agricultural data.
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Figure  3: Integrated  Smart  Irrigation  Ecosystem  for  Sustainable 
Agriculture
Source: Developed by the Author (2026).

Looking  ahead,  smart  irrigation  systems  are  expected  to  become 
increasingly autonomous through the integration of artificial intelligence, 
machine  learning,  satellite  remote  sensing,  unmanned  aerial  vehicles 
(UAVs), digital twins, and next-generation communication technologies. 
Future research should focus on developing affordable and scalable IoT 
platforms  capable  of  integrating  real-time  sensor  data,  weather 
forecasting,  and  remote  sensing  to  support  adaptive  irrigation  under 
changing climatic conditions. Greater attention should also be given to 
cybersecurity,  interoperability,  technology  adoption,  and  long-term 
sustainability,  particularly  within  developing  countries  and  semi-arid 
regions  where  efficient  water  management  remains  essential  for 
agricultural resilience and food security.

5. Conclusion and Recommendations

This study reviewed the application of Internet of Things (IoT)-based smart 
irrigation systems for improving water-use efficiency and crop productivity 
in  semi-arid  agricultural  regions.  The  analysis  demonstrates  that 
integrating environmental  sensors,  wireless  communication,  cloud and 
edge  computing,  artificial  intelligence,  and  automated  irrigation 
significantly enhances irrigation management compared with conventional 
approaches.  By enabling real-time monitoring and predictive  decision-
making,  IoT-based  systems  reduce  water  losses,  improve  irrigation 
precision,  increase  crop  productivity,  and  strengthen  agricultural 
resilience under changing climatic conditions.

The  review  further  shows  that  smart  irrigation  contributes  beyond 
agricultural  productivity  by promoting sustainable water management, 
reducing  energy  consumption,  lowering  environmental  impacts,  and 
supporting  climate-smart  agriculture.  However,  widespread  adoption 
remains  constrained  by  high  implementation  costs,  inadequate  digital 
infrastructure, unreliable power supply, limited technical capacity, and 

GENIUS MULTIDISCIPLINARY
INTERNATIONAL JOURNAL

ISSN: 2971-7760    |    VOL 6, ISS 3    |    03 AUGUST 2026

https://doi.org/10.5281/zenodo.21770106
NASARAWA STATE UNIVERSITY, KEFFI, NIGERIA

NASARAWA STATE UNIVERSITY KEFFI

GLOBAL PARTNER

62GENIUS MULTIDISCIPLINARY INTERNATIONAL JOURNAL



cybersecurity concerns, particularly within developing countries and semi-
arid farming communities.

The  study  contributes  to  the  literature  by  presenting  an  integrated 
perspective that links IoT technologies, intelligent irrigation, water-use 
efficiency,  crop  productivity,  and  sustainable  agriculture.  Rather  than 
considering individual technologies in isolation, it demonstrates how the 
integration of sensing technologies, artificial intelligence, cloud and edge 
computing,  and  automated  control  can  create  intelligent  irrigation 
ecosystems capable of supporting long-term agricultural sustainability.

To accelerate adoption, governments and agricultural stakeholders should 
invest in digital infrastructure, reliable rural connectivity, farmer training, 
and  supportive  policy  frameworks  that  encourage  the  deployment  of 
affordable  smart  irrigation  technologies.  Future  irrigation  platforms 
should increasingly integrate artificial intelligence, weather forecasting, 
remote  sensing,  and  secure  IoT  architectures  to  improve  predictive 
decision-making, system resilience, and cybersecurity. Future research 
should also evaluate the long-term economic, environmental, and social 
impacts of intelligent irrigation systems, particularly within developing 
countries, to support scalable and sustainable digital agriculture.

References

Al-Obeidat, F., Alkasassbeh, M., Al-Ayyoub, M., & Gupta, B. B. (2022). 
Internet  of  Things-enabled  smart  agriculture:  Architectures, 
applications,  and  future  directions.  Journal  of  Network  and 
Computer Applications, 201, 103336.

Atzori, L., Iera, A., & Morabito, G. (2010). The Internet of Things: A survey. 
Computer Networks, 54(15), 2787–2805.

Ayaz, M., Ammad-Uddin, M., Sharif, Z., Mansour, A., & Aggoune, E. H. M. 
(2019).  Internet-of-Things  (IoT)-based  smart  agriculture:  Toward 
making the fields talk. IEEE Access, 7, 129551–129583.

Boursianis,  A.  D.,  Papadopoulou,  M.  S.,  Diamantoulakis,  P.,  Liopa-
Tsakalidi, A., Barouchas, P., Salahas, G., ... Goudos, S. K. (2021). 
Internet of Things (IoT) in agriculture: Recent advances and future 
challenges. Biosystems Engineering, 204, 269–291.

Bronson, K., & Knezevic, I. (2019). Big data in food and agriculture. Big 
Data & Society, 6(1), 1–5.

Chen, Y., Zhang, X., Li, J., & Wang, H. (2026). Intelligent IoT architecture 
for precision irrigation management in semi-arid agriculture. Smart 
Agricultural Technology, 9, 100412.

GENIUS MULTIDISCIPLINARY
INTERNATIONAL JOURNAL

ISSN: 2971-7760    |    VOL 6, ISS 3    |    03 AUGUST 2026

https://doi.org/10.5281/zenodo.21770106
NASARAWA STATE UNIVERSITY, KEFFI, NIGERIA

NASARAWA STATE UNIVERSITY KEFFI

GLOBAL PARTNER

63GENIUS MULTIDISCIPLINARY INTERNATIONAL JOURNAL



Elshafie, A., Ahmed, M., & Hassan, M. (2024). Machine learning-based 
irrigation scheduling for water conservation in precision agriculture. 
Computers and Electronics in Agriculture, 223, 109015.

Food and Agriculture Organization of the United Nations. (2021).  The 
state  of  the  world's  land  and  water  resources  for  food  and  
agriculture: Systems at breaking point. FAO.

Food and Agriculture Organization of the United Nations. (2023).  The 
status of women in agrifood systems. FAO.

Food and Agriculture Organization of the United Nations. (2024).  The 
state of food and agriculture 2024. FAO.

Farooq, M. S., Riaz, S., Abid, A., Umer, T., & Zikria, Y. B. (2024). Artificial 
intelligence-enabled  smart  irrigation  systems  for  sustainable 
agriculture: A review.  Computers and Electronics in Agriculture,  
225, 109278.

García, L., Pérez, J., & Martínez, R. (2023). Adoption of IoT technologies 
for sustainable irrigation management: Evidence from commercial 
farms. Agricultural Water Management, 286, 108406.

International  Telecommunication  Union.  (2023).  Measuring  digital 
development: Facts and figures 2023. ITU.

International Water Management Institute. (2023).  Water security and 
climate resilience in agriculture. IWMI.

Javaid,  M.,  Haleem,  A.,  Singh,  R.  P.,  Suman,  R.,  &  Rab,  S.  (2023). 
Agriculture  4.0  technologies  for  sustainable  farming:  A  review. 
Smart Agricultural Technology, 4, 100180.

Kim, J., Park, S., & Lee, D. (2022). Development of an IoT-based automated 
irrigation controller for precision farming. Sensors, 22(18), 6972.

Li,  X.,  Wang,  Y.,  Zhao,  H.,  &  Chen,  P.  (2023).  Edge  computing  for 
intelligent  irrigation  systems  in  precision  agriculture.  Future 
Generation Computer Systems, 145, 240–253.

Mohammed, A., Ibrahim, S., & Yusuf, M. (2025). Performance evaluation of 
IoT-enabled irrigation systems under semi-arid climatic conditions. 
Agricultural Water Management, 296, 108781.

Patel, R., Shah, D., & Patel, H. (2022). Wireless sensor network-based 
irrigation  automation  using  IoT  technology.  Wireless  Networks, 
28(6), 2815–2830.

GENIUS MULTIDISCIPLINARY
INTERNATIONAL JOURNAL

ISSN: 2971-7760    |    VOL 6, ISS 3    |    03 AUGUST 2026

https://doi.org/10.5281/zenodo.21770106
NASARAWA STATE UNIVERSITY, KEFFI, NIGERIA

NASARAWA STATE UNIVERSITY KEFFI

GLOBAL PARTNER

64GENIUS MULTIDISCIPLINARY INTERNATIONAL JOURNAL



Rodríguez, F., Sánchez, J., & Moreno, L. (2021). IoT-assisted irrigation 
management  for  vegetable  production  under  water-limited 
conditions. Agricultural Water Management, 250, 106836.

Rosegrant, M. W., Ringler, C., & Zhu, T. (2021). Water for agriculture: 
Maintaining food security under growing scarcity. Annual Review of 
Environment and Resources, 46, 115–141.

Singh, A.,  & Sharma, P.  (2022).  Soil  moisture sensor-based intelligent 
irrigation scheduling for precision agriculture.  Measurement, 194, 
111041.

United Nations. (2023). The Sustainable Development Goals report 2023. 
United Nations.

United Nations Educational, Scientific and Cultural Organization. (2024). 
United Nations world water development report 2024: Water for  
prosperity and peace. UNESCO.

Wang, Z., Liu, Y., & Huang, Q. (2023). Cloud-based intelligent irrigation 
management  using  Internet  of  Things  technologies.  Journal  of 
Cleaner Production, 411, 137312.

Wolfert, S., Ge, L., Verdouw, C., & Bogaardt, M. J. (2017). Big data in smart 
farming: A review. Agricultural Systems, 153, 69–80.

World  Bank.  (2021).  Water  in  circular  economy and resilience.  World 
Bank.

World Bank. (2024). Digital agriculture profile: Harnessing technology for 
sustainable food systems. World Bank.

World Meteorological Organization. (2023).  State of the global climate 
2023. WMO.

Zhang,  Y.,  Li,  H.,  & Xu,  J.  (2024).  Artificial  intelligence and precision 
irrigation  for  sustainable  agricultural  water  management. 
Agricultural Water Management, 291, 108604.

Zhou, Y., Chen, X., & Li, P. (2023). Machine learning-based optimization of 
irrigation scheduling under water scarcity conditions.  Computers 
and Electronics in Agriculture, 213, 108215.

GENIUS MULTIDISCIPLINARY
INTERNATIONAL JOURNAL

ISSN: 2971-7760    |    VOL 6, ISS 3    |    03 AUGUST 2026

https://doi.org/10.5281/zenodo.21770106
NASARAWA STATE UNIVERSITY, KEFFI, NIGERIA

NASARAWA STATE UNIVERSITY KEFFI

GLOBAL PARTNER

65GENIUS MULTIDISCIPLINARY INTERNATIONAL JOURNAL


