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ABSTRACT

The advancing role of Artificial Intelligence (AI) and its application in agriculture have disrupted traditional
agricultural practices, with smart irrigation systems representing one of the leading technologies enabling sustain-
able agriculture. Smart irrigation systems utilize real-time data, machine learning algorithms, and predictive ana-
lytics to better optimize irrigation water use, limit wasted resources, and improve the yields of crop products. The
proposed research will assess the economic and environmental impacts of Al smart irrigation systems with a full
costs-benefits analysis. The proposed research considers both the capital cost and operating cost of smart irriga-
tion systems and compares these traditional irrigation practices while also examining the long-term benefits of po-
tential water savings from Smart Irrigation Systems, expanded agricultural production, and reduced human labour.
This will give context for measuring the impacts of Smart Irrigation Systems on farm businesses, including both op-
portunities and barriers to adoption. Additionally, using a formal literature review to lock down existing research
and surveys of irrigation farmers to collect a field data set will provide the proposed researchers a collective sample
to measure the efficacy of Al smart irrigation systems, identify barriers, compare opportunities, and measure per-
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formance under differing climate and soil properties. The research will find high and substantial respective levels

of benefits from the implementation of Al-based smart systems, particularly in water-stressed systems with posi-

tive impacts on farm profitability, private, and environmental conservation. This research is essential for informing

stakeholders of actions and the delivery of Al-enabled solutions in support of more sustainable agricultural prac-

tices.

Keywords: Smart Irrigation; Artificial Intelligence; Cost-Benefit Analysis; Sustainable Agriculture; Water Manage-

ment

1. Introduction

Agriculture is experiencing a technological revolu-
tion. Agriculture is dealing with a growing population
thatneeds more food and how it can minimize impacts to
the environment, including climate change. The United
Nations has estimated the world’s population could in-
crease to over 9.7 billion by 2050 and food demand could
increase by approximately 60% during the same period
of time2], Even though food demand is increasing, the
natural resources needed in food production (i.e., arable
land and fresh water) are decreasing. Currently, agricul-
ture uses about 70% of the supply of global fresh water
and a large percentage of the water is eventually wasted
due to antiquated and inefficient irrigation practices 4.
The need for a more intelligent and sustainable method
of farming that uses limited natural resources more effi-
ciently without sacrificing quality or productivity, is ap-
parent >,

There is one of the most fascinating developments
in the region to do with the application of Ag-tech,
most notably, Al technology as part of the farming op-
erations, irrigation in particular!®l. Traditional irri-
gation processes, such as flood and furrow irrigation,
both have the possibility to be inefficient and subjec-
tive based on decision-making. With non-conventional
irrigation systems such as drip irrigation and multi-
ple other non-conventional applications, there remain
some unknowns as defined by calibration or timing,
as these mechanisms can change the context of sub-
jective decision making as unpredictable streamlining
or application of changes will likely occur(”-8l. Smart
irrigation systems that utilize Al eliminate the bound-
aries of [non-conventional] techniques while integrat-

ing into the framework of relevant possibilities provided

in the real-time data, predictive analytics and automa-
tion while enhancing the water management process[°].
Smart irrigation systems allow growers to carry out pre-
cise, timely applications of water to their crops when
a system’s analysis finds that the soil, crop, meteoro-
logical, and environmental context satisfactorily meets
the agronomic context!!’l, Smart irrigation is an um-
brella term for myriad technologies, including, but not
limited to, motorized mechanical implementations by
way of the Internet of Things (IoT), machine learning, re-
mote sensing technology, and wireless sensor networks
(WSNs). Soil sensors or airborne drones can continu-
ously measure soil properties such as moisture, temper-
ature, humidity, and nutrients, and report this to the
Al program which either suggests irrigation, or controls
the valves/pumps> 12, Smart irrigation outcome ob-
jectives include optimized water use, reduced runoffand
evaporation and increased crop yield while reducing op-
erational costs3,

The sustainability benefits of smart irrigation sys-
tems can directly and indirectly contribute to various
United Nations Sustainable Development Goals (SDGs),
like SDG 6 (Clean water and sanitation), SDG 12 (Respon-
sible consumption and production), and SDG 13 (Cli-
mate action) 1%, Smart irrigation systems save wa-
ter resources, which likewise decrease carbon emissions
from the culling of pump times, improve soil health by
reducing nutrient leaching, and reduce water stress on
plants. Finally, smart irrigation systems give growers
and farmers the ability to enhance climate resilience and
to adapt to erratic rainfall and long-term drought!®l.
While smart irrigation systems present strong opportu-
nities for farmers, they present a number of problems
too['71. Costs for installation (sensors, controllers, soft-

ware, communications, hardware, etc.) can be expen-
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sive (especially for smallholder farmers). Smart irriga-
tion systems can also exist on a learning curve and have
the need for technical literacy, as well as robustness of
managing connectivity in rural areas which may be ten-
uous 18191 [n addition, some farmers can be averse to
using technologies they have not used previously based
on issues of reliability, maintenance, and return on in-
vestment 20,

This research article aims to fill that gap, and pro-
vides a comprehensive analysis of smart irrigation sys-
tems through an Al and sustainability lens 2!, It looks
at the cost/benefit of smart irrigation systems, their
impacts on water use savings and crop productivity,
possible opportunities and challenges to uptake in a
range of agricultural contexts, and potential impacts

on farmers and farmers’ livelihoods[?2].

In an attempt
to offer evidence-based suggestions for implementing
contextually-scaled, inclusive, and resilient smart irri-
gation solutions, the article also integrates qualitative
and quantitative data from field trial experiments, stake-
holder interviews, or literature reviews 231, In the future,
the use of Al in agriculture will not just be about realiz-
ing efficiencies, it is about re-thinking how we farm, hav-
ing more information, and implementing climate-smart

practices. As agriculture adapts to global challenges, Al

dependent smart irrigation systems will hopefully play
a key role in creating resilient food systems, managing
natural resources, and safeguarding farmer livelihoods.

Figure 1 is a diagram showing Smart irrigation systems.

Fiur 1. Smart Irrigation Sstems.

We compared a variety of traditional and Al-based
smart irrigation systems in Table 1 as to the various
defined characteristics such as water use, labor, envi-
ronmental impacts, and scalability. Smart systems are
not just leading to more efficient use of water, overall
the smart systems lead to better environmental impacts
than traditional irrigation approaches that mainly rely
on manual control leading to inefficiencies/lower effi-
ciencies with respect to the use of resources.

Table 1. Traditional Irrigation vs Al-Based Smart Irrigation.

Feature

Traditional Irrigation

Al-Based Smart Irrigation

Water Usage
Decision Making
Labor Requirement
Initial Investment
Operational Costs
Energy Consumption
Environmental Impact

High
Low

Scalability Limited
Data Monitoring Absent
Climate Resilience Poor

High and often excessive
Manual and experience-based

Medium to High (due to inefficiency)
Often high due to over-pumping
High (runoff, soil erosion, salinity)

Optimized, only as needed
Data-driven and automated
Low
High
Low to Medium
Optimized based on moisture and need
Low (minimal waste, better soil management)
Highly scalable with modular components
Real-time via sensors and Al platforms
High

1.1. Background and Motivation

Water is at the heart of agriculture, especially in
arid and semi-arid areas of the world, where rainfall
traps are inadequate to sustain cropping. For centuries,
farmers relied on their interpretation of the environ-
ment to make irrigation decisions on when and how

much. Unfortunately, the use of historical weather in-

formation has become even less reliable given the un-
certainty of weather patterns under climate change, the
competition for water allocated for agricultural use ver-
sus urban and industrial needs, and the changing social
fabric with competing views on the meaning and uses of
water resources. Automated irrigation systems, and now
sensor-based irrigation systems have provided farmers

a dramatic opportunity to not just rely on interpretation
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of changing soil moisture conditions, but now with Al in-
corporation, offer precision and flexibility in irrigation
management. Al smart irrigation systems gather data
from numerous sources - soil moisture sensors, nearby
weather stations, satellite imagery, and drones - and pro-
cess thatinformation, often with the intent of generating
real time information and/or predicting irrigation inter-
vention their cropping system needs, based on soil con-
ditions and weather forecasts, to improve the efficacy
of water delivery and minimize the potential for human
error in the irrigation process. Many systems also pos-
sess remote monitoring capability and engage mobile
app technologies that also allow some farmers working
in remote areas to gain full access to and control their

irrigation systems.

1.2. Problem Statement

Farmer’s adoption of Al-enabled smart irrigation
systems is hampered by some pessimism about the high
installation costs and unpredictable economic payback,
despite the attractiveness of well water management
and agricultural output. It would be clear from a thor-
ough cost-benefit analysis whether Al-enabled smart ir-
rigation systems actually save money or only develop
agricultural systems environmental conditions.

2. Literature Review

Smart irrigation systems are a revolutionary de-
velopment in mainstream agriculture, especially in re-
sponse to droughts, climate change, and growing food
systems. Al has enabled smart irrigation systems to de-
liver more precise, more frequent, and lower-cost ir-
rigation services. Recent studies illustrate the impact
of smart irrigation technologies on modernizing agricul-
ture by promoting efficient water capture and use, im-
proving productivity of crop systems, and enhancing sus-
tainable practices.

Julianto et al.[!! performed a review of Al-based
smart irrigation systems and concluded that real-
time soil moisture sensors combined with weather-
forecasting produced water savings of up to 40% for ir-
rigators. Smart irrigation systems optimize irrigation
schedules with predictive modeling, calibration, and

adaptive control, which enhance crop productivity. Ab-
delhamid et al.! on solar powered smart irrigation sys-
tems in urban agriculture, indicated that although the
high price of adoption is a purpose, through the use of an
Al decision support tool to direct renewable energy use,
long-term water savings and support of environmental
sustainability resulted. The hybrid model utilized hu-
midity sensors combined with microcontrollers and pho-
tovoltaic panels, which improved off-grid farming sys-
tems.

Das etal.[3 studied the application of artificial intel-
ligence and IoT frameworks with localized weather pre-
diction tools in India and found that changing irrigation
plans based on the predictive microclimatic variables of
evapotranspiration and temperature would result in a
yield increase ranging from 12-20%. The real-time anal-
ysis of environmental data and microclimatic variables
by Al algorithms improved dynamic, real-time irrigation
management. Goldenits et al.[* broadened the scope of
Al weather prediction tools by simulating reinforcement
learning (RL) within digital twin environments that en-
gaged Al models to experiment with numerous irriga-
tion methods and proved RL could optimize the irriga-
tion complexity and timing of economizing, scaling up
operations.

Wang et al.[] took developing RL-based systems a
step forward by including trust dimensions to account
for noisy sensor data and changes in environmental
conditions. Their study designed a multiple-objective
model that concerns both plant health and water use,
producing a more resilient system in many agricultural
systems with uncertain conditions. This improved sys-
tem function by taking into account trust, which low-
ered the risk exposed to inaccurate data and improved
decision making under uncertainty. In a similar study,
Gikunda et al.!®], analyzed the challenges behind Al adop-
tion within Africa (i.e. economic and infrastructure).
That said, pilot studies using mobile-based smart irri-
gation systems in Kenya and Ethiopia were highlighted
as using greater than 45% water savings and increasing
incomes to farmers by ~30%. This was validated with
community involvement and government supported ini-
tiatives.

In drought-prone regions of India, Oguzturk et
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al.”l provided a predictive Al analytics system in five
districts and the systems led to a 38% decrease in wa-
ter use due to better scheduling. The authors pointed
out that regional implementation, language localization,
and education of farmers were critical to gaining accep-
tance within rural communities. Kumar et al.[®! gave a
broader view of smart agriculture, placing smart irriga-
tion within a larger ecosystem that also includes pest
control, fertilization, and monitoring environmental con-
ditions. They accepted that there are challenges in terms
of interoperability of [oT platforms, as well as concerns
with the separators that exist to separate data. Di Gen-
naro et al.l’l were working towards a low-cost, cloud-
based smart irrigation system based on open-source
hardware, and used a field-based trial in Uttar Pradesh.
Their work achieved a 28% increase in crop output and
a 32% decrease in water use. They communicated that
they were focused on affordability and scalability due to
their particular priority for smallholder farmers. Simi-
larly, Ali et al.['% were examining global trends in smart
irrigation, and pointed out that strong regulations and
policy support typically assist with successful implemen-
tation. They suggested that public-private partnerships
for direct incentives could more quickly develop the
adoption and enhance climate resilience.

Gaitan et al.l'! examined the automation compo-
nents of Al-enabled irrigation. Their systems used real-
time environmental and crop data and achieved 22%
more water efficiency and 18% energy savings com-
pared to manual systems. They also discussed growing
cybersecurity worries to protect sensitive agricultural
data, and how Al can shift irrigation to off-peak energy

times and thus reduce carbon emissions. Lastly, Daraz

et al.['?! designed a hybrid Al model that combined ma-
chine learning and fuzzy logic to provide adaptive irriga-
tion for diverse terrains and crop types. They achieved
water savings as high as 42%, and highlighted the value
of hybrid models in managing the complexities and vari-
ability of agricultural ecosystems.

The studies highlight the range and impact of the
integration of Al in smart irrigation systems in several
geographical and economic contexts. The results of the
12 investigations are compiled in Table 2 below, which
compares technology, Al techniques, energy sources, ap-
plication contexts, and results. All things considered,
the strength of the evidence in these studies points to a
clear direction for the future of agriculture: smartirriga-
tion systems, particularly those that make use of Al, IoT,
and renewable energy, can help with water efficiency, in-
crease farm profitability, and be an affordable and sus-
tainable choice.

In conclusion, these studies show clearly the eco-
nomic, environmental, and technological implications
of Al-enabled smart irrigation systems. The predomi-
nant theme emerging in the literature was that although
the technology shows significant reductions in costs and
savings on water and energy (typically above 30% to-
tal), it will be dependent upon agricultural producers
adopting this technology based upon reduced costs; ed-
ucating producers on the technology; and accountability
through policy. Overall, Al/loT-enabled smart irrigation
systems, cloud computing, and renewable energy collec-
tively represent a foundational approach to sustainable
agricultural development.

Figure 2 shows illustrative examples of key bene-

fits of smart irrigation systems based on the literature.

Table 2. Comparison of Smart Irrigation System Features and Technologies.

Author AI/ML Deployment
Ref (etal) Technology Used Technique Power Source Area Key Outcome
. IoT Sensors + Predictive . . . 40% water savings,
[1]
A-Julianto Controller Modeling Grid Field Trials higher productivity
M.A. - Urban Renewable-powered
[2]
Abdelhamid 1T + Solar Panel  Decision Rules Solar Agriculture precision irrigation
IoT + Local ML . Indian 12-20% yield
3]
SK.Das Weather Stations Forecasting Grid Regions increase
4 . Digital Twin + Reinforcement Simulation- Virtual Optimal strategy
4] G. Goldenits . . . .
Sensors Learning based (Simulated) simulation

270



Research on World Agricultural Economy | Volume 06 | Issue 04 | December 2025

Table 2. Cont.

Author AI/ML Deployment
Ref (etal) Technology Used Technique Power Source Area Key Outcome
Digital Twin + Trust-aware . Simulated
[5]
Z. Wang Sensor Fusion RL Virtual Farm Models Robust to data errors
. Mobile-based General Al . African 45% water saved,
[6] ’
A Gikunda Smart Irrigation Insights Mobile Battery Countries income 1 by 30%
Al-Driven Soil
- _ o .
7] G.E. Oguzturk Moisture Rule .B:ased Grid Drought .38 /o water savings,
Decision Prone Areas improved soil health
Controller
] V. Kumar IoT Framework Not Specified Various Review- Broad.er .ecosystem
(general) Based insights
9 S.E. Di Low-Cost Open Rule-Based . Smallholder 32% less water, 28%
Ol ) Grid )
Gennaro Source System Logic Farms more yield
Smart Sensors + . .
[o] A. Ali Networked Not Specified ~ Mixed Sources GIOba.ll WUE.lmp.row?d, policy
Comparison implications
Control
. Automated Al Decision . Greenhouse/ 22% more efficient
[11]
N.C. Gaitan Controller Engine Grid Fields than manual control
Energy- Time- . o
(2] U. Daraz Optimized Scheduled Al Grid + Solar Varllous 18% less ehersy, GHG
- . Regions reduction
Irrigation Logic
Cost Reduction
Other Benefits

Water Saving

Figure 2. Key benefits of Smart Irrigation Systems.

2.1. Research Gaps

e  Regional specific cost-benefit analyses are limited
regarding local water rates and crop economics .
e Lack of long-term studies on ROI and performance
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2.2. Research Objectives

e To assess the economic viability of Al-based smart
irrigation systems in different regions

e To assess the water and energy savings resulting
from using Al-based smart irrigation systems

e  To evaluate environmental impacts such as reduced
runoff and improved soil health

» To identify success factors and barriers to adoption
for small and medium scale farmers.

3. Methodology

This research uses a mixed-methodology, combin-
ing both quantitative and qualitative research method-
ologies to undertake a full economic and sustainability
cost-benefit analysis (CBA) of Al-enabled smart irriga-
tion systems in an agricultural environment. The method-
ology is designed to consider both the economic returns
and sustainability outcomes of adopting Al-enabled irri-
gation through its acknowledgement of variability in geo-
graphical, climatic, and socio—economic conditions.

Figure 3 follows the methodological pipeline for an-
alyzing Al-based smart irrigation systems. The model-
ing starts with data collection, which includes primary
(field data on water, yield and energy) and substitution
secondary data (regional or national data, literature, and
government reports). This data will feed into the cost-
benefit analysis which will include all capital, operating,
and opportunity costs, along with any direct and indirect
cash flows. The environmental impact assessment can si-
multaneously evaluate other impacts such as reduction in
run-off or soil health. The survey and interviews will then
be used as a basis to assess barriers to adoption and iden-
tify the key elements for successful adoption. The findings
will then be synthesized into a comparative regional analy-
sis that can assess the economic viability and sustainabil-
ity of Al-based smart irrigation in distinct agro-climatic
zones and across the different scales of farms.

3.1. Research Design

The research was undertaken in three separate

agro-climatic zones: arid, semi-arid and humid - thus

capturing the totality of irrigation requirements and per-
formance of Al-based systems. Specific farms were se-
lected based on their adoption of smart irrigation tech-
nology, and these farms were compared with farms that
used traditional systems with irrigation controls. The
comparisons enabled the researchers to distinguish the
influence of Al-based systems on productivity, water
use, and economic feasibility.

Al and sustainable agriculture
through cost-benefit analysis
of smart irrigation systems

}

Methodology
Architecture

! !

s ) ' )

Evaluation of Measurement of
Economic Viability Water and Energy

Savings
\ l J L l 7
Regional Identification of
Analysis Success Factors
b d and Challenges
\4
e N

Assessmennt of
Environmental Impacts
J

I

s ~

Improvement of Soil
Health and Runoff
Reduction

. J

\.

Figure 3. System Architecture.

3.2. Data Collection

Primary data were obtained through:

e  Under direct field observations and measurements
of water usage, energy consumption, and crop
yields over the course of two cropping seasons.

e  Structured interviews and focus groups with 30
farmers using an Al-based system and 30 farmers
using conventionally practiced methods.

e Surveys of agricultural officers and technology
providers to get expert information.
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Secondary data were collected from:

e Research articles, white papers, and manufacturer
documentation related to Al irrigation systems.

e  Government reports on water tariffs, climate data,
and agricultural subsidies.

e  Online databases (MDPI, ScienceDirect) for bench-
marking technology costs and benefits.

3.3. Cost-Benefit Analysis
A comprehensive CBA was performed using:

e  (apital Costs: All of the investment in sensors, Al
controllers, cloud platforms, mobile user interfaces,
and installation costs.

e  Operational Costs: Electricity, maintenance costs,
internet fees and subscriptions to cloud platforms.

e  Direct Benefits: Water and energy savings, yield im-
provement, labour savings.

e Indirect Benefits: Enhanced soil quality, reduced

fertilizer use and environmental savings.

Standardized metrics such as Net Present Value
(NPV), Cost-Benefit Ratio (CBR), and Internal Rate of Re-
turn (IRR) were used to quantify viability as a financial
concept.

3.4. Analytical Tools and Visualization

To examine the data, we made use of Microsoft
Excel and SPSS for statistical analysis and produced a

comparative table and graphical analysis (bar charts,
pie charts, and block diagrams) representative of differ-
ences in features and activities. Finally, we created a
block diagram to visually represent the elements and
connections of a smart irrigation system with Al based

features.

3.5. Limitations

e  With a limited number of samples in each agro-
climatic zone, generalizability may be limited.

e  Partiality due to reliance on farmer self-reported
data.

e Alsystems dependenton the internet may not oper-

ate uniformly in areas with low connectivity.

Table 3 shows the mean and standard deviation
comparisons for various agricultural information items.
Table 4 shows the differences in methodologies be-
tween a traditional irrigation method and an Al basic
smartirrigation method. The Al system has a high initial
cost of ¥35,000/acre. However, it decreases water use
by approximately 48%, decreases energy use by approx-
imately 42%, and increases crop yield and soil health
by around 21% and less than a 3-year payback period.
The management option has about 35% adoption due
to the contributing initial costs and the need for train-
ing. The table has highlighted the difference in method-
ologies and the benefits quantified or inconveniences to

better assist the evaluation of costs and benefits.

Table 3. Mean and Standard Deviation for items of importance agriculture Information 24,

Items Mean S.D
Information on Pest Control 4.53 0.529
Farm Safety Information 4.52 0.515
Information on Weed/Pesticide 4.50 0.530
Information of Paddy Varieties 4.46 0.533
Information on Agricultural Practices 4.45 0.555
Crop Production Information 4.39 0.659
Information on Loan/Subsidy 4.39 0.565
Weather Information 4.02 0.873
Marketing Information 3.71 1.222

Table 4. Methodological Comparison - Traditional vs Al-Based Smart Irrigation Systems.

Methodology Parameter Traflltu_)nal AI—Ba_sed S mart Improvement/Impact
Irrigation Irrigation
Capital Investment (INR/acre) 12,000 35,000 High initial cost but higher ROI
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Table 4. Cont.

Methodology Parameter Traflltu_mal AI—Ba_sed S mart Improvement/Impact
Irrigation Irrigation
Annual Water Use (litres/acre) 36,50,000 19,00,000 ~48% reduction in water consumption
Energy Use (kWh/season) 1,800 1,050 ~42% energy saving
Crop Yield (tons/acre/season) 2.8 3.4 ~21% increase in productivity
Payback Period (years) Not Applicable 2.8 Within acceptable range for farmers
Farmer Adoption Rate (%) Widely used (~90%) ~35% Limited adoption, mainly due to cost
Soil Health Score (1-10 scale) 5.5 8.2 Improved due to optimal irrigation
Training Requirement 2 10 Higher for Al systems due to complexity

(hrs/farmer)

4. Results and Discussions

This section provides performance results and a
discussion of Al-based smart irrigation systems com-
pared to a conventional irrigation method. A total of
five graphical analyses were performed in order to ex-
plore the performance of key parameters: water savings,
energy savings, yield gains, payback period, and adop-
tion rate. The preliminary results suggest that Al-based
smart irrigation systems provide an actual benefit in
terms of resource efficiency and crop productivity with
lower environmental impact. Economic indicators with
shorter payback periods and higher potential for adop-
tion suggest the economic acceptability of smart tech-

nologies. Each graph approached the data differently in
order to provide different perspectives for the purposes
of assisting by providing insight into strengths, barriers,
and usability of Al technologies as they are rooted in agri-
culture.

Figure 4 indicates a clear benefit of Al smart irri-
gation over traditional irrigation in terms of water sav-
ings (50% vs. 20%), energy savings and yield increase.
Al smartirrigation leads traditional irrigation in the pay-
back period, indicating a more economically viable op-
tion. Traditional irrigation still has a higher adoption
rate indicating the disconnect between the underlying
technological capabilities and actual field level applica-

tion.

100 +

Hl Al Smart
I Traditional

Values

Figure 4. Al Smart vs Traditional Irrigation.

Figure 5 provides non-experimental performance
data comparing Al smart vs. traditional irrigation across
five parameters. The figure clarifies that there is a

comparatively consistent performance importance of

Al smart irrigation in water and energy savings, yield,
speed in response to payback period, where traditional
irrigation is ranked highest only in adoption rate. The
variable line related to Al makes sense as a result of im-
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mediate efficiency and substantive improvements, while and is especially prominent on energy and water savings.
traditional methods show the absence of efficiency im- Traditional irrigation ranks lower than all measures of
provements across all applications. performance except adoption. The circular representing

Figure 6 provides performance data comparing Al Al smart irrigation emphasizes that the dispersed and
smartvs. traditional irrigation systems providing a holis- overall performance delivers greater benefits to encour-
tic performance lens. Overall, Al smart irrigation cov- age sustainability and economic feasibility of precision

erage exceeds traditional irrigation on almost all axes agriculture and smart farming.

100

—8— Al Smart
—&— Traditional

Values

Figure 5. Performance Line Comparison.

_ Al Smart
Energy Savings (%) — Traditional

Yield Increasé

' ISavings (%)

Payback Period

Adoption Rate (%)
Figure 6. Radar Comparison.
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According to Figure 7, only thirty-five percent of period.
irrigation systems have embraced Al-based solutions; The comparative performance of Al smart irriga-
sixty—five percent use either traditional or other methods. tion versus traditional irrigation across five metrics is
This statistic demonstrates a significant gap between the presented in Figure 9. Based on five metrics, the Al
benefits of Al irrigation systems and actual implementa- systems score significantly higher on savings and pro-
tion. The gap likely stems from the need for awareness ductivity, while offering faster returns on investment.
and affordability of the technology, along with training for However, the traditional systems have a higher adoption
farmers, to improve technology penetration. rate. The presentation format suggests that policy sup-

Figure 8 shows the costs, revenues, and prices of ports or incentives are needed to address the adoption-
durum wheat from seed in the pre- and post-adoption performance gap.

Al Smart

Others

Figure 7. Adoption Rate of Al Smart Irrigation.

800 350
700 300
600 250
500
200
g 400
150
= 200
200 100
100 S0
0 0
2013 2014 2015 2016 2017 2018 2019
e Revenue | 502 742 245 536 504 458 431
mm Costs 195 | 144 236 173 170 237 226
—g—Price 283 287 306 213 245 234 270

Figure 8. Costs, revenues and prices of durum wheat from seed #°!,
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Adoption Rate (%)

Payback Period (Years)

Yield Increase (%)

Energy Savings (%)

Water Savings (%)

Al Smart
W Traditional

T T T

40 60 80
Values

T
100

Figure 9. Al vs Traditional.

5. Conclusion

This research provides compelling evidence that
Al-augmented smart irrigation systems outperformed
traditional irrigation systems with improvements of
50% reduction in water usage, 45% in energy efficiency,
and 20% in crop yield. Initial costs were higher, but
these systems provided a faster payback period and fa-
cilitated responsible and sustainable use of scarce re-
sources. Visual analysis illustrated fulfillment of each
KPI-water runoff reductions and improvement of soil
moisture retention. However, barriers to adoption did
still exist, particularly for small and medium farmers.
There is little awareness of the technology by both the
farmers and extension agents; farmers do not have famil-
iarity with current variable rate technology so training
and education are critical; and infrastructure issues com-
plicate potential irrigation action (lots of places to dig up
to put in pipes). Governments, and various stakehold-
ers, can help farmers overcome these hurdles (specifi-
cally working collaboratively on farms), so governments
should not shy away from agriculture policy ideas. Fu-
ture studies should look to see what may help ensure
farmers can be more local and both relevant to their
needs in terms of customization and integrate real-time
information. A future study topic might be to integrate Al

planning systems with renewable energies such as solar

power in order to improve sustained localization bene-
fits.
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