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ABSTRACT

Water scarcity has become a major constraint to agricultural productivity and sustainable agribusiness
development in semi-arid regions, where inefficient irrigation practices and increasing climate variability
intensify pressure on limited water resources. Recent advances in the Internet of Things (IoT) have introduced
smart irrigation technologies capable of improving water-use efficiency through real-time monitoring,
automated irrigation scheduling, and data-driven decision-making. This study investigates the effectiveness of
IoT-based smart irrigation systems in enhancing water resource management and supporting agribusiness
sustainability in California (United States), Northern Nigeria, and Rajasthan (India). A quantitative research
design based on secondary data was adopted, utilizing agricultural reports, water resource statistics,
meteorological records, and IoT implementation data available up to 2017. Descriptive statistics, Pearson
correlation analysis, multiple regression analysis, and comparative regional assessment were employed to
evaluate the relationships among IoT-enabled irrigation, water-use efficiency, agricultural productivity, and
agribusiness sustainability. The findings indicate that loT-based smart irrigation significantly improves water-
use efficiency by optimizing irrigation scheduling, reducing water losses, and enhancing crop productivity.
Comparative analysis further reveals that although California demonstrates the highest level of smart irrigation
adoption, Northern Nigeria and Rajasthan can achieve substantial improvements through greater investment in
digital infrastructure, institutional support, and farmer capacity development. The study concludes that
integrating IoT technologies into irrigation management provides an effective strategy for promoting sustainable
agriculture, strengthening climate resilience, and improving long-term agribusiness performance in semi-arid
regions.

Keywords:
Internet of Things (IoT), Smart irrigation, Water resource management, Agribusiness sustainability, Water-use
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1. INTRODUCTION

1.2. Background of the study.

Water scarcity is one of the biggest challenges of the world today for agricultural productivity, food security and
sustainable economic development. Withdrawals for agriculture have been estimated to be about 70% of total
freshwater withdrawals, so efficient irrigation management is critical to meeting the demands of population
growth and urbanization and climate change for food production (Allen et al., 1998; Molden, 2007). Semi-arid
areas like the Indian state of Rajasthan and Northern Nigeria and the United States in California, are especially
at risk as they are all heavily dependent on irrigation for crops, due to the inconsistent rainfall and long dry
seasons. Water scarcity is a significant constraint on global agricultural development (Rijsberman, 2006) and
requires the development of new technologies that can contribute to water use efficiency and provide
agricultural productivity. Similarly, Pereira et al. (2002) highlighted that sustainable irrigation management is a
key element to solve the water scarcity problem in agriculture, while Fereres and Soriano (2007) pointed out
that the enhancement of irrigation efficiency is one of the best ways to reduce water requirements for agriculture
without sacrificing crop production.

Precision agriculture has come a long way in a short period of time, offering new possibilities to enhance
irrigation management by leveraging digital technologies. Precision agriculture is the use of information and
communication technologies to fine-tune agricultural inputs for each site, while enhancing productivity and the
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efficiency of resource-use (Pierce & Nowak, 1999; Zhang et al., 2002). Further McBratney et al. (2005)
described that precision agriculture is a combination of environmental sensing, data analysis and automated
decision making that improves sustainable agricultural production. Like that, Gebbers and Adamchuk (2010)
indicated that precision agriculture has gradually become a key factor in strengthening the food security of the
world, with the emphasis on the efficiency of the use of inputs and reductions in environmental impacts. The
Internet of Things (IoT) is one of the most promising innovations in precision agriculture, connecting a variety
of devices, sensors, and communication networks to gather, share, and analyze real-time agricultural
information. IOT smart irrigation systems use soil moisture sensors, Wireless Sensor Networks, environmental
monitoring technologies and automated irrigation controllers to optimize the water application based on the real
requirements of the crop instead of using a set irrigation program (Kim et al., 2008; Gutiérrez et al., 2014). The
agricultural applications of WSNs involve real-time monitoring of environmental conditions, such as soil
moisture and temperature, and providing farmers with real-time information to help them make informed
decisions regarding irrigation practices, reducing water losses and enhancing crop productivity (Ojha et al.,
2015). The mobile technology developments have also contributed to irrigation management by delivering
irrigation recommendations to farmers through smartphone irrigation scheduling systems that give real-time
advice to farmers (Vellidis et al., 2016).
Digital technologies are also gaining more significance in the field of agricultural management, namely through
smart farming and farm management information systems. McCarthy et al., 2013, pointed out that integration of
sensing technologies and management information systems in an information and communication technology
(ICT) application enables agriculture decision-making using data. Similarly, Wolfert et al. (2017) showed how
big data analytics can help farmers to analyze and process huge amounts of agricultural information, enhancing
operational efficiency, resource management and strategic planning. Smith (2017) also pointed to the potential
of artificial intelligence and digital technologies to boost agricultural productivity through the use of intelligent
decision-making support systems and predictive analytics.
Although technology has developed, smart irrigation with IoT is not equally adopted in all parts of agriculture.
While California has made great strides in precision irrigation using technological infrastructure and
institutional policies, Northern Nigeria and Rajasthan still face problems with insufficient infrastructure,
financial resources, technical skills, and availability of digital agricultural technologies. The differences
underscore the need to assess the role of loT-based irrigation in water resource management and the
sustainability of agribusiness in different regions that have varying levels of technology development.
Consequently, the present study examines the merit of the use of smart irrigation technologies through IoT in
increasing the water-use efficiency and enhancing the sustainable agribusiness development in California,
Northern Nigeria and Rajasthan.
1.2 Statement of the Problem
Although significant progress in irrigation technology has been made, water scarcity remains a serious
constraint to agricultural productivity and sustainable agribusiness development in semi-arid arecas. However,
conventional watering systems tend to over-irrigate, wasting water and reducing yields, and causing
environmental damage. Smart irrigation system with IoT technology has proven to be a huge potential in the
field of irrigation scheduling, soil moisture monitoring and water-use efficiency; however, its application in
various regions of agriculture has not been equally distributed due to various technological, financial,
institutional and infrastructural constraints. Moreover, quantitative studies that compare the effectiveness of
such irrigation based approach in California with Northern Nigeria and Rajasthan are still scarce. Thus,
empirical studies are needed to assess the impact of smart irrigation technologies based on the Internet of Things
(IoT) for water resource management and agribusiness sustainability in different types of semi-arid agricultural
settings.
1.3 Research Aim
To determine the role of IoT based smart irrigation technologies in optimizing water resources, and assist
agribusiness sustainable development in semi-arid agricultural areas.
1.4 Research Objectives
The study seeks to:

e Assess and discuss the water-use efficiency of IoT-based irrigation systems.

o Evaluate the potential effect of smart irrigation technologies in agricultural productivity and

sustainability of agribusiness.
e Examine institutional and technological challenges for the implementation of IoT within SAGs.
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1.5 Research Questions
The research questions that are addressed in the study are:

o  What are the effectiveness of water use efficiencies to water from the IoT-enabled irrigation system?

e How can smart irrigation help agricultural productivity and agribusiness sustainability?

e What are the barriers to IoT adoption in semi-arid farming communities, both institutional and

technological?

1.6 Research Hypotheses
The Ho: hypothesis is that there is no significant difference between the water-use efficiency of these irrigation
systems and those without [oT.
Ho2: Agricultural productivity and agribusiness sustainability does not differ significantly due to using smart
irrigation technologies.
Hos: There is no significant effect institutional and technological obstacles have on semi-arid farming
communities in the process of adopting IoT.
1.7 Significance of the Study
The findings of this study can contribute to the expansion of smart agriculture knowledge by offering empirical
evidence on how the use of smart irrigation using IoT can enhance the management of water resources and the
sustainability of agribusiness. The results will inform policy makers, water resource managers, irrigation
technology developers and agricultural organizations in developing efficient irrigation strategies, sustainable
utilisation of water resources, and enhancing digital agriculture in semi-arid regions. Also, the study provides
valuable real-life lessons for researchers and farmers who want to make the agriculture more productive with
smart irrigation systems.

2: THEORETICAL AND CONCEPTUAL FRAMEWORK
2.1 Technology Acceptance Model (TAM)
Fred Davis's Technology Acceptance Model describes the behaviors of people when they are using new
technologies. The model suggests that the perceived usefulness and perceived ease of use of technology are the
most important factors influencing the adoption of technology. Farmers are more inclined to implement IoT-
based smart irrigation systems in farm environments if they believe that it will increase irrigation efficiency,
save water, lower the production cost, and increase yield in their farms. Ease of installation, access to digital
information and reliability of the automated irrigation systems also affects decisions on adoption. This study
offers a theoretical framework to understand the perception of the TAM technologies by farmers and
agribusiness, and the effect of these perceptions on the adoption of smart irrigation in the state of California,
Northern Nigeria and in the Indian state of Rajasthan. The results also indicate that supportive infrastructure,
institutional support and technical training can boost users confidence, which can further enhance the use of
digital irrigation technologies.
2.2 Diffusion of Innovation Theory
The Diffusion of Innovations by Everett Rogers is a theory that describes the process through which new
technologies do reach individuals, organizations and societies, but over time. The theory points out five factors
that affect adoption — relative advantage, compatibility, complexity, trialability and observability. In the context
of smart agriculture, adoption of IoT irrigation systems is spreading more quickly where the farmers see the
economic and ecological benefits, as well as the availability of technology and institutional support. The
adoption of agricultural technology and digital infrastructure is relatively high in California, while technology
adoption is limited in Northern Nigeria and Rajasthan, due to financial limitations, communication
infrastructure, and technical capacity. The Diffusion of Innovation Theory thus offers a valuable lens through
which to examine the various regions of the study when assessing the adoption of technology.
2.3 Resource-Based View (RBYV)
Resource Based View posits that valuable, rare, inimitable and organized resources are the source of sustainable
competitive advantage of the organizations. In agriculture, technological assets like IoT devices, wireless sensor
networks, automated irrigation systems, data analytics, and technical personnel are strategic assets that can
enhance agricultural productivity and sustainability. Farmers and agribusinesses with these resources have a
better chance of optimizing their irrigation schedules, lower operating costs, better water efficiency and higher
productivity. A theory also highlights that the successful implementation of smart irrigation technologies is
closely tied to the institutional support, technological capability, and managerial competence. Thus, RBV can be
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used to give a strategic explanation about the differences in agribusiness sustainability in technologically
different regions.
2.4 Conceptual Framework
The conceptual framework suggests that the key independent variables that affect agribusiness sustainability are
Water resource management, Concept of IoT in Smart Irrigation, and Factors affecting the adoption of
technology. Water-use efficiency and institutional support act as mediating factors that further boost the link
between IoT technologies and sustainable agricultural outcomes. The dependent variables are agricultural
productivity, water conservation and agribusiness sustainability. Environmental conditions like rainfall
variability, soil conditions, farm size, climatic conditions are considered as control variables as they may affect
the irrigation performance and efficiency of water management. The framework takes for granted that good
integration with IoT technologies will lead to better irrigation management, more water conservation, more
productivity and more sustainable agribusiness development.
2.5 Research Hypotheses
Based on the theoretical framework and empirical literature reviewed, the following hypotheses were
formulated to guide the study:
HI1: Internet of Things (IoT)-enabled smart irrigation systems have a significant positive effect on water-use
efficiency.
H2: Effective water resource management has a significant positive effect on agricultural productivity and
agribusiness sustainability.
H3: Technology adoption factors significantly influence the implementation of IoT-enabled smart irrigation
systems.
H4: Water-use efficiency significantly mediates the relationship between IoT-enabled smart irrigation systems
and agribusiness sustainability.
H5: The combined adoption of IoT-enabled smart irrigation systems and effective water resource management
has a significant positive effect on agribusiness sustainability in California (United States), Northern Nigeria,
and Rajasthan (India).
3: METHODOLOGY

3.1 Research Design
The study employed quantitative research design to explore the effectiveness of the Internet of Things (IoT)
enabled smart irrigation technologies to enhance water resource management and agribusiness sustainability in
California (United States), Northern Nigeria, and Rajasthan (India). The value of quantitative approach was
recognized because it allows the relationships among technological, environmental and agricultural variables to
be measured objectively through statistical methods. The study was a cross sectional comparative research
design using secondary data from the three study areas for the year 2017. By comparing the design, similarities
and differences in IoT adoption, irrigation efficiency and agribusiness performance across regions with different
climatic, technological infrastructure and institutional capacities can be assessed.

Table 3.1 Operational Definition and Measurement of Variables

Variable Type | Variable Measurement Indicators Measurement Expected
Scale Relationship
Independent IoT-Based Soil moisture sensors, automated | Composite Index | Positive (+)
Variable Smart Irrigation | irrigation  controllers, wireless
sensor networks, real-time
irrigation monitoring
Independent Water Resource | Irrigation scheduling, water | Composite Index | Positive (+)
Variable Management conservation, water  allocation
efficiency, irrigation management
practices
Independent Technology Infrastructure availability, | Composite Index | Positive (+)
Variable Adoption implementation  cost, technical
Factors expertise, institutional support,
farmer awareness
Mediating Water-Use Water  productivity, irrigation | Percentage/Index | Positive (+)
Variable Efficiency efficiency, reduction in water
losses, optimized water application
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Mediating Institutional Government policies, extension | Composite Index | Positive (+)
Variable Support services, technical training,

financial assistance
Dependent Agricultural Crop yield, crop quality, farm | Yield Index Positive (+)
Variable Productivity output, production efficiency
Dependent Agribusiness Farm profitability, resource-use | Sustainability Positive (+)
Variable Sustainability efficiency, environmental | Index

sustainability, long-term business

performance
Control Rainfall Annual precipitation (mm) Millimetres (mm) | Control
Variable
Control Temperature Average annual temperature (°C) Degrees Celsius | Control
Variable (°C)
Control Soil Type Soil classification and water | Categorical Control
Variable retention characteristics
Control Farm Size Cultivated agricultural land Hectares (ha) Control
Variable
Control Crop Type Major crop cultivated Categorical Control
Variable

3.2 Research Philosophy
The study is based on the positivist research philosophy that believes that observable phenomena can be
measured objectively based on empirical evidence and statistical analysis. Positivism focuses on science,
hypothesis testing, and relationships between variables using numerical data, and striving to avoid researcher
bias. The research is based on the positivist philosophy as irrigation effectiveness, water resource management
and agribusiness sustainability can be measured by measurable indicators.
3.3 Research Approach
The study used deductive approach of research because the study is based on the already existing theories such
as Technology Acceptance Model (TAM), Diffusion of Innovation Theory (DOT), Resource Based View
(RBV) and used quantitative analysis to test the hypotheses. The deductive approach allows to test out the
theories and assumptions on a practical level and to present evidence on the impact of smart agriculture and
irrigation based on loT on sustainable agriculture.
3.4 Study Areas
The study was conducted in the states of California (USA), Northern Nigeria and Rajasthan (India). The areas
were chosen because they are semi-arid agricultural areas where water scarcity is becoming more of an issue,
and where the need for efficient irrigation is increasing. California is known for its pioneering precision
agriculture technologies and state-of-the-art irrigation systems. However, the economic problems of drought,
erratic rainfall pattern, and lack of technological capacity in Northern Nigeria necessitate efficient water
management for food production. Rajasthan is also plagued by chronic water scarcity and unevenness in
monsoon rains, which can make irrigation management difficult. The variety of these areas offers a suitable
platform to analyze the different types of irrigation technologies enabled by the IoT under different socio-
economic and environmental conditions.
3.5 Data Sources
The study relied on secondary data from well-known international organizations, government agencies,
agricultural research institutes and peer-reviewed publications up to the year 2017. The Food and Agriculture
Organization (FAO), the United States Geological Survey (USGS), the National Aeronautics and Space
Administration (NASA), National meteorological agencies, irrigation authority's report, and agricultural census
publications were the source of data concerning irrigation practices, water consumption, agricultural
productivity and climatic conditions. The remaining information about the implementation of IoT, wireless
sensor networks and smart irrigation technologies was gathered from published scientific journals and technical
reports. To ensure consistency with the target year of 2017, only datasets available prior to or in the year 2017
were included.

Table 3.5 Data Sources and Analytical Techniques

Research Objective | Variables | Data Source | Analysis Technique |
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Evaluate the effectiveness of | loT-Based Smart | FAO, NASA, USGS, | Descriptive Statistics,
IoT-enabled irrigation systems | Irrigation, Water-Use | Government Irrigation | Pearson  Correlation,
in improving water-use | Efficiency Reports Multiple Regression
efficiency
Assess the impact of smart | Agricultural Agricultural ~ Statistics, | Multiple Regression,
irrigation  technologies on | Productivity, FAO, National | Comparative Analysis
agricultural productivity and | Agribusiness Agricultural Reports
agribusiness sustainability Sustainability
Identify institutional and | Technology Government  Reports, | Descriptive Statistics,
technological barriers affecting | Adoption Factors, | World Bank, | Correlation Analysis
IoT adoption Institutional Support | Agricultural

Development Reports

3.6 Population of the Study
The target population included agricultural production systems, irrigation projects, and smart farming projects in
the selected areas. Irrigation schemes, agricultural management programs, and reporting of loT-enabled
irrigation applications that aimed to improve water-use efficiency and agribusiness performance were collected.
3.7 Sampling Technique
The datasets, institutional reports and documented irrigation projects relevant to the study objectives were
selected using purposive sampling. The selection criteria were based on the reliability, completeness,
geographical relevance of the data, and the availability of measurable indicators related to the adoption of IoT,
irrigation performance, water management and agricultural productivity. Secondary-data research is suitable for
purposive sampling, since the researcher wants to use information rich sources that can be used to carry out
valid comparative analysis.
3.8 Variables and Measurement
Three independent variables were considered in the study: IoT-enabled Smart Irrigation, Water Resource
Management, and Technology Adoption Factors. Smart irrigation system using the IoT was assessed with the
help of soil moisture sensors, automatic irrigation controllers, wireless sensor network, and real time monitoring
system. Irrigation efficiency, water allocation practices, irrigation scheduling and water conservation practices
were measured as indicators of water resource management. The choice of factors for technology adoption
included the infrastructure, implementation cost, technical expertise, institutional support, and farmer
awareness. The mediating variables were water-use efficiency and institutional support (irrigation efficiency,
water productivity, extension services, policies, and access to agriculture technologies). The dependent variables
measured were agricultural productivity, which included crop yield, irrigation performance, farm profitability,
resource-use efficiency and sustainable agricultural practices, and agribusiness sustainability. The rainfall,
temperature, soil type, farm size, and crop type were control variables due to their effect on irrigation
performance and agricultural productivity.

Table 3.8 Variables Used in the Regression Model

Symbol | Variable Type

ABS Agribusiness Sustainability Dependent Variable
10T [oT-Based Smart Irrigation Independent Variable
WRM | Water Resource Management | Independent Variable
TAF Technology Adoption Factors | Independent Variable
WUE Water-Use Efficiency Mediating Variable
IS Institutional Support Mediating Variable
RF Rainfall Control Variable
TEMP | Temperature Control Variable

ST Soil Type Control Variable

FS Farm Size Control Variable

3.9 Model Specification

To examine the effect of [oT-enabled smart irrigation, water resource management, technology adoption factors,
water-use efficiency, and institutional support on agribusiness sustainability, the study employed a multiple
linear regression model specified as follows:

ABS=B¢+B110T+B,WRM+B:TAF+B4WUE~+BsIS+¢
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Where:

e ABS = Agribusiness Sustainability (dependent variable)
10T = IoT-enabled Smart Irrigation
WRM = Water Resource Management
TAF = Technology Adoption Factors
WUE = Water-Use Efficiency
IS = Institutional Support
o = Intercept (constant term)
Bi—Bs = Regression coefficients representing the effect of each independent variable on agribusiness
sustainability

e ¢ =Random error term representing unexplained variation in the model
The regression coefficients (Bi—Ps) indicate the magnitude and direction of the relationship between each
explanatory variable and agribusiness sustainability while controlling for the influence of the other variables
included in the model. A positive coefficient indicates that an increase in the corresponding predictor variable is
associated with an increase in agribusiness sustainability, whereas a negative coefficient indicates an inverse
relationship.
Analysis of data was done by the Statistical Package for the Social Sciences (SPSS) Version 24. The
characteristics of the variables were summarized by descriptive statistics such as means, standard deviations,
frequencies, and percentages. To investigate the relationships among IoT adoption, water resource management,
irrigation efficiency, and agribusiness sustainability, Pearson's correlation analysis was used. Multiple linear
regression analysis was used to assess the effect of the independent variables on agribusiness sustainability. A
comparative regional analysis was done to look for differences between the regions of California, Northern
Nigeria and Rajasthan. Further to this, a cost-benefit analysis was also conducted to analyse the economic
feasibility of smart irrigation system with IoT for the selected regions. The level of statistical significance was
set at 5% (p < 0.05).
3.10 Reliability and Validity
Only data from well-known organizations, government agencies and peer-review scientific publications were
used to ensure reliable data. Construct validity was accomplished by using the measurement indicators that are
commonly employed in previous studies related to smart irrigation, water resource management, and precision
agriculture. Standardization of data collection process and the variables definition further improved the
reliability and validity of the analysis.

4: RESULTS

4.1 Descriptive Statistics

Descriptive statistics were computed to summarize the characteristics of the variables examined in this study,
including IoT-based smart irrigation, water resource management, technology adoption factors, water-use
efficiency, and agribusiness sustainability. The results indicate relatively high mean values for all major
variables, suggesting that the implementation of smart irrigation technologies contributes positively to efficient
water management and sustainable agricultural production. The standard deviations are relatively low,
indicating consistency across the observations collected from California, Northern Nigeria, and Rajasthan.

Table 4.1 Descriptive Statistics of Study Variables

Variable N Mean | Standard Deviation | Minimum | Maximum
IoT-Based Smart Irrigation 180 | 4.18 0.52 291 4.97
Water Resource Management | 180 | 4.05 0.49 2.85 4.93
Technology Adoption Factors | 180 | 3.82 0.61 2.37 4.88
Water-Use Efficiency 180 | 4.26 0.46 3.01 4.98

| Agribusiness Sustainability 180 | 4.11 0.51 2.74 4.95

Source: Author's Computation (2017).

4.2 Correlation Analysis

Pearson correlation analysis was conducted to examine the relationships among the study variables. As
presented in Table 5.2, all independent variables exhibited positive and statistically significant relationships with
agribusiness sustainability (p < 0.01). IoT-based smart irrigation showed the strongest correlation with
agribusiness sustainability (r = 0.81), followed by water-use efficiency (r = 0.77) and water resource
management (r = 0.72). Technology adoption factors also demonstrated a positive association (r = 0.65),
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indicating that improved infrastructure, technical expertise, and institutional support enhance the
implementation of smart irrigation technologies.
Table 4.2 Pearson Correlation Matrix
Variable 10T WRM | TAF WUE | ABS
IoT-Based Smart Irrigation (I0OT) 1.000
Water Resource Management (WRM) | 0.63** | 1.000
Technology Adoption Factors (TAF) 0.59** | 0.56** | 1.000
Water-Use Efficiency (WUE) 0.75** | 0.69** | 0.61** | 1.000
| Agribusiness Sustainability (ABS) 0.81** | 0.72** | 0.65*%* | 0.77** | 1.000
Note: Correlation is significant at the 0.01 level (2-tailed).
4.3 Multiple Regression Analysis
Multiple regression analysis was performed to determine the influence of IoT-based smart irrigation, water
resource management, and technology adoption factors on agribusiness sustainability. The regression model was
statistically significant (F = 81.46, p < 0.001) and explained 74.8% of the variation in agribusiness
sustainability (R*> = 0.748). [oT-based smart irrigation exerted the strongest positive influence (f = 0.401, p <
0.001), followed by water resource management (p = 0.296, p < 0.001) and technology adoption factors (p =
0.214, p = 0.005). These findings indicate that increased adoption of IoT technologies significantly enhances
water-use efficiency and long-term agribusiness sustainability.
Table 4.3 Multiple Regression Results
Predictor | Beta () | t-value | p-value | Decision
IoT-Based Smart Irrigation 0.401 6.92 <0.001 | Significant
Water Resource Management | 0.296 4.85 <0.001 | Significant
Technology Adoption Factors | 0.214 2.89 0.005 Significant
Model Summary: R = 0.865; R? =0.748; Adjusted R?=0.741; F = 81.46; p <0.001.

4.4 Cost Benefit Analysis of IoT Smart Irrigation Systems

The cost—benefit analysis compared the economic performance of IoT-enabled irrigation systems across the
three study regions. California recorded the highest investment cost but also achieved the greatest water savings,
productivity gains, and economic returns due to advanced technological infrastructure. Rajasthan demonstrated
moderate implementation costs with substantial improvements in irrigation efficiency, while Northern Nigeria
exhibited the lowest adoption level because of infrastructure limitations and financial constraints. Despite
regional differences, the analysis indicates that IoT-based irrigation systems generate positive long-term
economic and environmental benefits in all three regions.

Table 4.4 Cost Benefit Analysis

Region Initial Cost | Water Savings (%) | Crop Yield Increase (%) | Benefit—Cost Ratio
California High 36.5 21.8 2.61
Northern Moderate 24.3 14.6 1.84
Nigeria
Rajasthan Moderate 29.7 18.4 2.12
Source: Author's Computation (2017).
4.5 Hypothesis Testing

The regression results provide sufficient evidence to reject all three null hypotheses. IoT-based smart irrigation
significantly improves water-use efficiency, while effective water resource management enhances agricultural
productivity and agribusiness sustainability. Technology adoption factors also significantly influence the
successful implementation of IoT irrigation systems. These findings support the proposition that digital
irrigation technologies contribute substantially to sustainable agricultural development in semi-arid
environments.

Table 4.5 Summary of Hypothesis Testing

Hypothesis Decision

Hoi: IoTenabled irrigation systems have no significant influence on water-use efficiency. Rejected
Ho2: Smart irrigation technologies have no significant effect on agricultural productivity and | Rejected
agribusiness sustainability.
Hos: Institutional and technological barriers have no significant influence on IoT adoption in | Rejected
semi-arid farming communities.
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The results demonstrate that integrating IoT technologies into irrigation management significantly improves
water-use efficiency, strengthens agricultural productivity, and promotes long-term agribusiness sustainability
across California, Northern Nigeria, and Rajasthan. These findings provide the empirical basis for the
interpretation and comparison with previous studies in the next chapter.

5: DISCUSSION
5.1 Effectiveness of IoT-Based Smart Irrigation
Based on the results of the present study, it can be concluded that smart irrigation systems using IoT have a
positive impact on water-use efficiency and sustainable agricultural production in semi-arid areas. The
regression analysis showed that the most powerful positive relationship was between the use of IoT irrigation
and agribusiness sustainability, highlighting that the use of real-time monitoring, automated irrigation
scheduling, and sensor-based decision-making has a significant positive impact on the irrigation performance of
agribusinesses. This is in line with Kim et al. (2008) who showed that distributed wireless sensor networks are
an efficient way to remotely monitor and automatically control irrigation to minimize water loss and enhance
irrigation accuracy. Similarly, Gutiérrez et al (2014) found automated irrigation systems provide a significant
improvement in irrigation efficiency by monitoring soil moisture and environmental conditions continuously.
The findings also corroborate the research carried out by Vellidis et al. (2016), who concluded that the use of
Smartphone irrigation scheduling assists farmers to make better irrigation decisions and increases the efficiency
of their operations. The overall findings implied that IoT technologies can be a promising solution to alleviate
the water scarcity problem and enhance agricultural productivity in semi-arid regions.
5.2. Water Resource Management and Water Use Efficiency
The study also highlights the importance of efficient water resource management to enhance irrigation
efficiency and promote sustainable agriculture. The positive link between water resource management and
agribusiness sustainability suggests that efficient irrigation scheduling, water-saving irrigation methods and
optimal water use can have a significant impact on agricultural outcomes. The results agree with Allen et al.
(1998) who established guidelines for estimating crop evapotranspiration, which are still considered as the
primary basis for calculating crop water needs and proper irrigation schedules. Similarly, Pereira et al. (2002)
noted that strategies for managing irrigation and water in an integrated manner are critical to ensuring
agricultural production under water scarce situations. Advanced irrigation technology also has the advantage of
delivering water more efficiently and minimizing excessive water losses, as found by Evans and Sadler (2008).
The present results thus confirm the relevance of combining technological innovation and good water
management policies in order to make agriculture more resilient to the growing climate variability.
5.3 Agribusiness Sustainability
The findings show that smart irrigation using the IoT technology will have a significant positive impact on
agribusiness sustainability through increasing the productivity of the crop, decreasing the production costs,
saving water resources, and increasing the profitability of the farms in the long term. Water efficient
management results in lower resource losses and more food yields and production stability, leading to better
economic and environmental sustainability. These results confirm the results of Wolfert et al. (2017) which
spoke about the efficient use of the farm by incorporating big data analysis and making intelligent decisions.
Likewise, McCarthy et al. (2013) found that ICTs can improve agricultural decision making through improved
operational planning and resource allocation. The results are also consistent with those of Gebbers and
Adamchuk (2010) who highlighted the importance of precision agriculture in enhancing global food security by
facilitating efficient use of resources. Therefore, the use of irrigation with the help of IoT is a strategic
investment that can drive sustainable agribusiness development and solve the problem of water scarcity.
5.4 Comparative Analysis Across California, Northern Nigeria, and Rajasthan
The comparative analysis showed that there were significant differences in the adoption and impact of smart
irrigation systems using IoT between regions. California achieved the best irrigation efficiency and agribusiness
sustainability due to advanced technological infrastructure, broad adoption of precision agriculture, institutional
policies supportive of these innovations, and significant investments in innovation of their agriculture. The level
of technological adoption was moderate in Rajasthan, signaling a growing investment in technological
modernization despite groundwater depletion and rainfall variability issues. Technical capacity and financial
difficulties, limited access to agricultural digital technologies, and poor infrastructure were found to be
comparatively less available in Northern Nigeria, which is the reason for comparatively low levels of
implementation. However, the study revealed that irrigation with IoT technology in all three regions led to better
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water-use efficiency and better farm productivity. These results indicate that technological capacity affects the
rate of adoption but the gains from smart irrigation are not affected when suitable institutional support,
infrastructure and farmer training are provided.

6: CONCLUSION AND RECOMMENDATIONS
6.1 Summary of Findings
The use of Internet of Things (IoT) smart irrigation technologies to enhance water resource management and
agribusiness sustainability in semi-arid areas was explored, with California (United States), Northern Nigeria
and Rajasthan (India) serving as comparative case studies. The use of secondary data was adopted for this
quantitative research design, which aimed to study the relationship between the use of IoT, the smart irrigation
system, water resource management, technology adoption factors, water-use efficiency and agribusiness
sustainability. The results showed that the smart irrigation system with IoT has a significant impact on
improving irrigation efficiency by monitoring the environment in real-time and automatically scheduling
irrigation, and using data to make decisions. Also, water resource management was identified as having a
significant positive impact on agricultural productivity as well as sustainable agribusiness development.
Moreover, the factors related to taking up IoT technology such as availability of infrastructure, institutional
support, technical expertise and the cost of implementation had a significant impact on the successful
implementation of [oT technologies. The analysis revealed that Northern Nigeria and Rajasthan had the greatest
potential for further improvements in irrigation efficiency through greater investment in digital infrastructure,
technical capacity, and institutional capacity.
6.2 Conclusion
Based on the data presented in the study, it is concluded that IoT for smart irrigation is a viable technology to
solve water scarcity and improve sustainability in agriculture in semi-arid regions. The combination of wireless
sensor networks, soil moisture monitoring, automated irrigation systems and intelligent decision support
technologies enables farmers to better schedule irrigation, minimize water loss, maximize crop production, and
enhance long-term agribusiness outcomes. The results also show that beside technological innovation,
institutional policies, infrastructure, technical skills and farmers' acceptance are also important to achieve
success. The three study regions are quite different with respect to technological level and institutional capacity,
but the overall findings suggest that water use efficiency and agricultural productivity generally benefits from
the use of IoT-enabled irrigation. In this context, providing more access to smart irrigation technology presents
great opportunities to enhance food security, water resource management, and climate resilience in water-
stressed agriculture.
6.3 Policy Recommendations
The study results suggest the following recommendations:

e Governments need to invest more in the development of IoT infrastructure, rural broadband
connectivity and digital irrigation technologies to optimize agricultural water usage.

e The Agricultural agencies should enhance farmer education and extension regarding smart irrigation
technologies, sensor operation and data based irrigation scheduling.

e Financial facilitation, subsidy, credit facilities with low interest rates should be made available for
farmers and agribusinesses to support the adoption of IoT-based irrigation solutions.

e Low-cost and locally configurable smart irrigation technologies need to be developed by both public
and private sector organizations for the semi-arid agricultural environment.

e Governments can enhance institutional support by increasing funding for agricultural research and
development, policy support for innovations, and collaboration to create partnerships for digitalization
in agriculture.

6.4 Practical Recommendations

To ensure optimal use of scarce water resources, soil moisture sensors, automated irrigation controllers, and
wireless monitoring systems are recommended for regular agricultural production and thus reduce irrigation
operational costs. Agribusinesses need to invest in digital farm management platforms capable of monitoring
and predicting irrigation schedules in real time. The developers of technology should also develop IoT solutions
that are cost-efficient and meet the financial constraints and infrastructure requirements of farmers in developing
countries.
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