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 Abstract 

In this review, the increasingly important involvement of Artificial Intelligence 
(AI) in changing traditional agriculture to intelligent precision agriculture is 
critically analyzed. The role and applications of different AI technologies such 
as machine learning, deep learning, computer vision, robotics, Internet of 
Things (IoT), remote sensing, and UAVs in monitoring crops, early 
identification of pests and diseases, precision irrigation, nutrient management, 
yield prediction, and automation of farms are elaborated. In addition, ways in 
which AI could help achieve sustainability in agriculture through efficient use 
of resources, reduced environmental impact, improved climate resilience, and 
enhanced agricultural productivity despite food demands, water shortages, 
climate change, and decreasing arable land are considered. Furthermore, 
different obstacles that hinder AI adoption are critically assessed. Such barriers 
include data heterogeneity, poor infrastructure, expensive implementations, 
lack of transparency algorithms, and digital divide, especially in smallholder 
agricultural systems. Lastly, emerging AI technologies like generative AI, digital 
twins, explainable AI, edge computing, and autonomous agriculture are 
discussed. 
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1. Introduction 
Agriculture is so important for feeding the world 
growing the economy and providing jobs for 

people.. It is getting harder to keep up. We have 
people to feed the weather is changing and we are 
running out of good land and water. Even the soil 
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is getting tired. Most old ways of farming use the 
amount of water and fertilizer on every part of a 
field. This is a problem because one part of a field 
might be dry while another is wet or one spot 
might need food for the plants than another. This 
waste makes farming more expensive. Hurts the 
environment. Precision agriculture is a way to fix 
this. It uses tools like GPS, drones and sensors to 
help farmers make choices based on data, for every 
small part of their land (Dhanta et al., 2024). 
Artificial Intelligence is making precision 
agriculture better. Artificial Intelligence can look 
at amounts of data to find patterns and help 
farmers make smart choices on their own. Farmers 
are now using machine learning, robots and 
sensors to guess how food they will grow, find 
weeds and know exactly when to water their crops.. 
It is not all easy. It is hard to find data the 
technology is expensive and many small farmers 
do not have the tools or the training to use it. This 
review looks at how Artificial Intelligence's 
changing precision agriculture. I will look at the 
tools how they are used and the problems that still 
stand in the way. Ultimately the goal is to see how 
Artificial Intelligence can help us grow food save 
resources and keep our farming systems healthy 
for a long time (Ahmed et al., 2024). 
 
2. AI Technologies for Precision Agriculture 
Artificial Intelligence has changed Precision 
Agriculture from a data gathering method into a 
smart decision support system that can make 
farming work better from seed to harvest. By 
adding data from sensors, satellite imagery, UAVs, 
weather stations and farm machines Artificial 
Intelligence can keep looking at past and current 
facts, spot patterns guess what will happen next 
and help people make quick fact based choices 
(Dhanta et al., 2024). Tools, like machine learning, 
deep learning, computer vision, robotics, remote 
sensing and IoT are being used more and more to 
watch crops fight pests and sickness plan watering, 
fine tune nutrients and estimate harvest amounts. 
This lets farms move to a future where predictions 
and self-running systemsre common.. Good use of 
Artificial Intelligence needs solid data, strong 
computer power clear models that people can 

understand and easy access, especially for farmers 
who live in rural or less-developed areas (Ahmed 
et al., 2024). 
 
2.1 Machine Learning for Precision Agriculture 
Machine Learning, a part of Artificial Intelligence 
lets computer systems learn from farm data and 
make better guesses without having to be told how 
to do it. In farm precision work Machine Learning 
is very common for looking at how weather crop 
growth and farm actions are connected. Simple 
rules such as Random Forest, Support Vector 
Machine, Decision Trees and Artificial Neural 
Networks help sort crops, spot disease check soil 
qualities and guess how much food will come 
(Pandey, 2025; Kumar et al., 2024). Big groups of 
data that do not use labels like k-means clustering 
help find differences in place so that each spot can 
be managed differently. Machine Learning that 
learns from trial and error called reinforcement 
learning is starting to be used for things like setting 
the amount of water and controlling machines 
that move on their own. Because Machine 
Learning can change, can learn and can analyze 
well it is still one of the used Artificial Intelligence 
tools in farm precision. Mixed models are being 
made more and more to make predictions more 
precise and dependable, under farm and weather 
settings (Vesna Radojcic & Aleksandar Sandro 
Cvetkovic, 2023). 
 
2.2 Deep Learning and Computer Vision 
Precision Agriculture has seen a significant 
increase in the use of deep learning (DL) and 
computer vision (CV) with the growing 
abundance of high-resolution agricultural 
images.Deep Learning (DL) and Computer Vision 
(CV) have become important tools in precision 
agriculture due to the significant amount of high-
resolution agricultural images available. 
Compared to traditional machine learning 
techniques that require human-engineered 
features, deep learning models can capture 
hierarchical patterns within large-scale datasets, 
allowing for more precise identification of 
intricate visual features (Jung et al., 2021). The 
ability to generate this has proven to be especially 
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beneficial for image-related agriculture 
applications such as crop health monitoring, 
disease classification, weed identification, fruit 
detection and yield prediction (Kushagra Sharma 
& Shiv Kumar Shivandu, 2024; Raihan, 2024). 
Convolutional Neural Networks (CNNs) are the 
most popular deep learning network architecture 
in precision agriculture for image classification 
and object detection. CNN based models have 
been shown to be very accurate in the classification 
of leaf images according to the crop disease, weed 
classification from cultivated plants, detection of 
nutrient deficiencies and estimation of crop 
maturity from aerial and ground-based images. 
The implementation of advanced object detection 
systems like You Only Look Once (YOLO) and 
Faster R-CNN also facilitates the real-time 
identification of fruits, pests, and weeds, enabling 
autonomous picking and precision spraying tasks 
(Falola et al., 2024; Siddiqui et al., 2023). 
 
2.3 Internet of Things (IoT) and Smart Sensor 
Networks  
The concept of Internet of Things (IoT) and Smart 
Sensor Networks is discussed.The ability to predict 

is what Artificial Intelligence has because of the 
availability of reliable and continuous data. The 
Internet of Things (IoT) is one such enabling 
technology that has become vital in connecting the 
distributed sensors, agricultural machines, 
weather stations, and communication networks 
together to form a single digital ecosystem. They 
are all linked to each other and act as sensors 
continuously tracking the environment and other 
crop-related information, supplying the real-time 
data necessary for AI-driven decision making 
(Addas et al., 2023; Nimma et al., 2025) 
AI-powered intelligent systems for field condition 
response are replacing conventional monitoring 
systems by incorporating the IoT. For example, AI-
powered irrigation systems can automatically 
regulate the amount of water used based on the 
soil's moisture content and weather forecasts, 
ensuring that water is used efficiently without 
compromising crop growth (Jung et al., 2021). 
Likewise, an IoT pest surveillance system with a 
camera and environmental sensors can detect 
conditions that enable disease to take hold, and 
take measures to prevent an outbreak from 
becoming significant. 

            
Satellite / UAV 

         ▼ 
        Re mote Sensing Images 

           ▼ 
      IoT Sensors & Weather Stations 

             ▼ 
          Agricultural Big Data 

              ▼ 
      Artificial Intelligence Engine 

      (ML • DL • Computer Vision) 
              ▼ 

        Decision Support System 
             ┌──────────┼──────────┐ 

              ▼          ▼          ▼ 
         Irrigation   Fertilizer   Disease 

      Optimization Management Detection 
                  ▼ 

           Increased Productivity & Sustainable Farming Systems 
 

Figure 1. Conceptual framework illustrating the integration of remote sensing, IoT, and Artificial 
Intelligence for data-driven decision-making in precision agriculture. 
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2.4 Remote Sensing, Unmanned Aerial Vehicles 
(UAVs), and Satellite Technologies  
Remote sensing is now a part of precision 
agriculture because it lets us watch crops and the 
environment without touching them over wide 
areas all the time. Unlike field scouting satellite 
pictures and UAVs give us quick and detailed data 
for checking crop health spotting stress measuring 
biomass and predicting yield. UAVs with RGB, 
hyperspectral and thermal cameras can take sharp 
pictures whenever we need them (Falola et al., 
2024; Siddiqui et al., 2023). When we pair those 
pictures with AI, deep learning and computer 
vision we can map weeds, detect disease, count 
plants, study canopies and spot fruit. Still there are 
problems: clouds can block the view satellites may 
not be sharp enough we need lots of computing 
power, weather and light change picture quality 
and sensors need calibration. In the future better 
cloud computing, edge AI and mixing data from 
platforms should make AI-driven remote sensing 
faster easier and more reliable, for precision 
farming (Salem et al., 2025). 

 
2.5 Agricultural Robotics and Intelligent 
Automation 
Agricultural robotics and intelligent automation 
are changing precision agriculture quickly because 
farmers face costs, fewer workers and a need to 
grow food sustainably. Unlike machines 
AI-powered robots can see around them look at 
data and do farm jobs with little help from people. 
A main use is precision weed control. Computer 
vision and automatic sprayers find weeds. Spray 
them which cuts herbicide use saves money 
reduces pollution and slows herbicide resistance. 
AI-driven harvesting robots can spot when fruit is 
ripe decide the time to pick and cut waste after 
harvest. Overall AI-powered robots and 
automation give farmers a base, for better and 
greener farming. They also help with watching 
crops spotting disease, watering, giving nutrients 
and guessing how much will grow (Victoire et al., 
2023). 

 
Table 1. Comparative Overview of Major AI Technologies in Precision Agriculture 

Technology Primary 
Function 

Typical Applications Key Advantages Major Challenges 

Machine 
Learning 

Predictive 
analytics 

Yield prediction, disease 
diagnosis 

Learns from 
historical data 

Data quality 
dependence 

Deep 
Learning 

Pattern 
recognition 

Image classification, 
disease detection 

High predictive 
accuracy 

Computationally 
intensive 

Computer 
Vision 

Visual 
interpretation 

Weed identification, 
fruit detection 

Automated field 
inspection 

Sensitive to image 
quality 

IoT Real-time 
monitoring 

Soil moisture, weather, 
nutrient sensing 

Continuous data 
acquisition 

Connectivity 
limitations 

Remote 
Sensing 

Large-scale 
monitoring 

Crop health, biomass 
estimation 

Wide spatial 
coverage 

Cloud cover and 
data processing 

UAVs High-resolution 
imaging 

Field scouting, stress 
detection 

Flexible and detailed 
observations 

Limited flight 
duration 

Robotics Automated field 
operations 

Harvesting, spraying, 
planting 

Labor efficiency and 
precision 

High 
implementation 
cost 

 
3. AI's applications in Precision 
Agriculture. 

Artificial Intelligence (AI) has transformed 
precision agriculture, providing a powerful tool for 
data-driven, intelligent farming practices 
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throughout the crop lifecycle. AI is integrated with 
machine learning, deep learning, computer vision, 
Internet of Things (IoT) and remote sensing 
technologies, and robotic systems, serving as an 
enabler for timely decision-making, optimizing 
resource utilization, and ensuring environmental 
sustainability (Falola et al., 2024; Siddiqui et al., 
2023; Addas et al., 2023; Nimma et al., 2025). AI-
powered systems offer real-time monitoring, 
predictive insights, and automated decision-
making, which are superior to traditional farming 
methods that involve field observations and 
applying blanket management practices. The 
following subsections highlight some of the top 
applications of AI that are revolutionizing today's 
industry. 
 
3.1 Monitoring and diagnosing crop health and 
disease 
The maintenance of crop health is an essential 
condition to the high productivity of agriculture 
and food security. Manual field inspection is 
currently the primary way of identifying diseases 
and has become a significant issue because it is 
time consuming and manual, and is often not 
effective in the early detection of disease. The 
advent of AI has revolutionized this process, 
offering the ability to identify plant diseases 
rapidly, accurately, and automatically by analyzing 
plant images, sensor data, and environmental 
factors (Falola et al., 2024; Siddiqui et al., 2023). 
Deep learning models, specifically Convolutional 
Neural Networks (CNNs), have shown to be very 
successful in symptom identification from a leaf 
image taken by a smartphone, drone and a field 

camera. These models are capable of detecting very 
subtle changes in the visual aspects of these 
infections before they can be seen by a farmer, so 
they can take action at the right time to prevent 
infections from fungal, bacterial and viral causes. 
Additionally, the combination of UAV-based 
multispectral imaging and AI algorithms allows for 
more comprehensive monitoring of disease 
outbreaks, which helps in assessing the health of 
crops in vast agricultural areas quickly. 
 
3.2 Precision Irrigation and Water Resource 
Management 
Access to water has emerged as one of the largest 
challenges facing worldwide agriculture, especially 
in places where climate change and unpredictable 
rainfall patterns are causing problems. Therefore, 
the irrigation management is crucial for 
sustainable crop production and conserving the 
scarce water resources. Precision irrigation systems 
powered by artificial intelligence use real-time 
environmental data to optimise the timing, 
location and amount of irrigation applied based 
on crop needs (Addas et al., 2023; Nimma et al., 
2025) 
These systems combine soil moisture sensors, 
weather stations, satellite data, and crop growth 
models, along with machine learning algorithms, 
to create an irrigation scheduling system. AI 
continually analyzes the varying conditions in the 
field and adjusts irrigation accordingly to keep soil 
moisture levels optimal without fixed intervals. 
This helps to maximize water-use efficiency, energy 
conservation, and nutrient retention, which 
prevents loss from over-irrigating. 
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Figure 2. Major application areas of Artificial Intelligence supporting precision agriculture and 

sustainable farming systems. 
 
3.3 Weed Detection and Precision Spraying, 
"The Holy Grail of Precision Farming". 
Weeds compete with crops for water, nutrients, 
light and space, and weed infestation is one of the 
major factors which limit agricultural productivity. 
Traditional weed control practices include 
spraying a uniform herbicide treatment over the 
entire field, which leads to overuse of herbicides, 
higher production costs, contamination of the 
environment, and the emergence of herbicide-
resistant weed species (Addas et al., 2023; Nimma 
et al., 2025). AI is a potential solution, offering the 
ability to accurately identify weeds and apply them 
to specific areas. 
The computer vision and deep learning algorithms, 
which are used to analyze high-resolution images 
taken by UAVs, field cameras, and robots, have 
contributed greatly to the increase in accuracy of 
weed detection. Advanced object detection 
systems like YOLO, Mask R-CNN and 
EfficientDet can identify crop plants and weeds in 
real-time even in challenging field environments. 

These models help manage the application of 
herbicides by a precision sprayer, which will only 
spray infested areas and so avoid unnecessary 
chemical usage and lessen environmental impact 
(Adewusi et al., 2024). 
 
3.4 Nutrient Management and Precision 
Fertilisation 
For optimum crop production with minimal 
impact on the environment, efficient nutrient 
management is a must. Usual applications of 
fertilizers are based on a general recommendation 
and this can cause deficiency or over-fertilization 
in different locations. Over-fertilisation can lead to 
nutrient runoff, contamination of groundwater, 
emissions of greenhouse gasses and higher 
production costs, while under-fertilisation can 
lead to a lower growth and yield potential of the 
crop (Falola et al., 2024; Siddiqui et al., 2023). 
Artificial Intelligence has revolutionized nutrient 
management by combining data gathered by soil 
sensors, remote sensing systems, weather 
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information, and past field history to provide site-
specific fertilizer recommendations. Machine 
learning algorithms process these data sets to 
estimate the nutrient availability, forecast nutrient 
demands of crops and tailor fertilizer use to the 
spatial and temporal variability of the fields 
(Gryshova et al., 2024). This type of precision will 
also help the efficient use of nutrients and 
minimize surplus fertilizer application. 
 
3.5 Crop Yield Prediction 
The accurate prediction of yield is essential in 
agriculture planning, in the supply chain, in 
assessing food security, and in policy making. 
Traditional yield estimation methods rely on past 
averages or manual field measurements, but these 
can be inadequate in capturing the complex 
interplay between weather, soil properties, 

agronomic practices, and environmental stresses. 
The integration of various sources of agricultural 
data into predictive analytical models has 
significantly enhanced the accuracy of yield 
prediction using Artificial Intelligence (Harshit 
Mishra & Divyanshi Mishra, 2023) 
There are many machine learning algorithms used 
to predict yield, such as Random Forest, Support 
Vector Machine, Gradient Boosting, and Artificial 
Neural Networks, that are based on data from 
satellite imagery, UAV observations, weather data, 
soil data, and crop management practices (Usigbe 
et al., 2024). Recent deep learning models like 
Long Short-Term Memory (LSTM) networks have 
also demonstrated significant promise as temporal 
models for agricultural data, which have proven to 
be more accurate forecasting tools in the face of 
shifting climatic conditions. 

 
Table 2. Major Applications of Artificial Intelligence in Precision Agriculture 

Application Area AI Technologies Benefits Current 
Challenges 

Crop health monitoring CNN, Computer Vision Early disease detection Limited labeled 
datasets 

Precision irrigation ML, IoT Water conservation Sensor 
reliability 

Weed detection YOLO, Deep Learning Reduced herbicide use Variable field 
conditions 

Nutrient management ML, Remote Sensing Optimized fertilizer application Soil data 
availability 

Yield prediction RF, LSTM, ANN Improved planning Climate 
variability 

 
4. Benefits and Challenges of Artificial 
Intelligence in Precision Agriculture 
The use of Artificial Intelligence (AI) in precision 
agriculture has revolutionized the traditional 
farming methods into a data-driven knowledge-
intensive production system. AI plays a role in 
sustainable agricultural development beyond 
operational efficiency by promoting productivity, 
optimizing the use of resources, and boosting 
climate and environmental resilience (Usigbe et al., 
2024). However, the use of AI is not widespread 
because of technical, economic, social, and 
regulatory challenges. It is crucial, therefore, to 
strike a balance between the positive and negative 

aspects to grasp the opportunities and constraints 
of AI-driven agriculture. 
 
4.1 Benefits of Artificial Intelligence in Precision 
Agriculture 
4.1.1 Enhanced Crop Productivity and Yield 
Achieve higher levels of productivity and yield in 
crops and their products.Improve crop 
productivity and yield. One of the biggest benefits 
of AI is its ability to make timely, informed 
decisions that can enhance crop productivity. 
These AI algorithms continually process data 
gathered from the sensors, weather stations, 
satellite feeds and previous farm records to detect 
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circumstances impacting crop growth and suggest 
suitable farm management. These predictive 
capabilities can help farmers make informed 
decisions to optimize irrigation, fertilization, pest 
management, and harvesting schedules, leading to 
improved crop yields and quality (Addas et al., 
2023; Nimma et al., 2025) 
Conventional farming relies on general 
recommendations for management decisions, 
while AI allows for more site-specific interventions 
that take into account the variability in the fields. 
This accuracy helps alleviate stress in crops, cut 
losses from production, and boost farm profits. 
 
4.1.2 Efficient Resource Utilization 
Appropriate use of agricultural inputs is essential 
for sustainable agriculture. By determining the 
exact amount of water, fertilisers, pesticides, 
energy and labour needed under specific field 
conditions, AI is helping to optimise the use of all 
these resources. Smart irrigation systems, VRA, 
and location-based pesticides usage minimizes 
unnecessary input usage without compromising or 
jeopardizing crop performance (Yalamati, 2024). 
Efficient use of resources will not only improve 
production costs but also minimize the pollution 
of the environment due to overuse of 
agrochemicals. As such, AI plays a role in the 
sustainability of the economy and environment. 
 
4.1.3 Improved Decision-Making 
Traditionally, farmers' experience and occasional 
field visits have been the basis for agricultural 
decision making. AI plays a crucial role in this by 
bringing together various datasets to create a 
robust decision support system that can provide a 
range of recommendations backed by evidence 
and in a timely fashion (Usigbe et al., 2024) 
Real-time monitoring and predictive analytics 
allow for proactive farm management instead of 
reactive. This means that farmers can act in time 
to recognize new issues that might arise before they 
become a serious problem, lowering uncertainty 
and increasing the efficiency of their operations. 
 

 
 
4.2 Challenges and Limitations 
While these benefits are significant, there are also 
some challenges that stand in the way of the 
widespread use of AI technologies in 
agriculture.Although AI has many potential 
benefits, there are still some challenges to consider 
before these technologies can be fully adopted in 
agriculture (Usigbe et al., 2024) 
 
4.2.1 Data Availability and Quality 
Data is essential for the functioning of Artificial 
Intelligence. In developing countries, however, 
agricultural datasets are frequently geographically 
limited or incomplete or inconsistent. Variability 
in imaging conditions, data collection methods, 
environmental conditions, and sensor calibration 
can impact the accuracy of the model and the 
transferability of AI solutions to other agricultural 
systems (Falola et al., 2024; Siddiqui et al., 2023). 
The need to develop standardised, interoperable 
and publicly accessible agricultural datasets is still 
a key research priority. 
 
4.2.2 Technical Skills and Digital Literacy 
The ability to work with digital technologies, data 
analysis and system maintenance are essential for 
successful implementation of AI. However, many 
farmers, especially in the developing regions, are 
not well trained to use an AI decision support tool 
appropriately. Extension services, farmer 
education programs and linkages of researchers 
with agricultural practitioners will be important to 
strengthen to facilitate the adoption of 
technologies (Adewusi et al., 2024). 
 
4.2.3 Ethical, Privacy and Regulatory Concerns 
As agriculture data becomes more readily collected, 
there are pertinent questions to ask about data 
ownership, privacy, cybersecurity, and data 
governance. If farmers are not sure about data 
storage, sharing, or monetization, they might be 
reluctant to use AI platforms (Victoire et al., 2023). 
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Table 3. Key Challenges and Potential Solutions for AI Adoption in Precision Agriculture 
Challenge Impact on Agriculture Potential Solution 
Limited data quality Reduced model accuracy Standardized data collection and 

sharing 
High implementation 
cost 

Low adoption among smallholders Financial incentives and affordable 
technologies 

Limited digital literacy Inefficient technology utilization Farmer training and extension services 
Black-box AI models Reduced trust Explainable AI (XAI) approaches 
Poor digital infrastructure Limited real-time monitoring Expansion of rural broadband and IoT 

networks 
Data privacy concerns Farmer reluctance Strong governance and cybersecurity 

policies 
 
5. Future Directions of Research 
Artificial Intelligence (AI) has already shown great 
promise in revolutionizing the field of precision 
agriculture, with the ability to enhance 
productivity, resource efficiency, and 
environmental sustainability. But as with all things 
digital, there are new opportunities emerging 
constantly that go beyond agriculture. Future 
studies should not only focus on the enhancement 
of predictive accuracy of AI models but also on the 
creation of intelligent systems that are transparent, 
scalable, cost-effective, and accessible to farmers in 
various farming contexts (Harshit Mishra & 
Divyanshi Mishra, 2023). To accomplish these 
goals, interdisciplinary research and development 
among agricultural scientists, computer scientists, 
engineers, and policy makers and farming 
communities will be necessary. 
 
5.1 Explainable Artificial Intelligence (XAI) 
While deep learning models have been able to 
yield outstanding accuracy in crop disease 
detection, crop yield prediction, and precision 
management, many of these models are ‘black 
boxes' which make very accurate predictions 
without explaining why. The opacity of these 
systems diminishes trust in AI among users and 
impedes real-world implementation, especially in 
the agricultural sector where decisions can have 
significant consequences (Usigbe et al., 2024). 
One way to resolve this challenge is by creating 
models that can offer interpretable and 

transparent decision-making processes, which is 
known as Explainable Artificial Intelligence (XAI). 
 
5.2 Digital Twins and Intelligent Farm 
Simulation 
Digital Twin technology is one of the most 
promising innovations in precision agriculture. A 
digital twin is a virtual model of a physical farming 
system which always adds real-time data from 
agricultural machinery, drones, satellites and 
sensors (Jung et al., 2021). Digital twin platforms 
could facilitate scenario analysis of irrigation 
planning, nutrient management, disease 
forecasting, and climate adaptation in the future. 
These technologies can enable risk reduction in 
production and increase decision-making 
efficiency and conservation of resources (Usigbe et 
al., 2024). 
 
5.3 Research gaps & policy recommendations 
Although there has been great progress in 
technology, there are a number of important 
research gaps. Synthetic intelligence fashions are 
trained and examined information from particular 
crops or geographic areas, which restricts their use 
in varied agricultural settings. Future research 
should aim to develop powerful, transferable, and 
climate-specific AI models that will reliably 
function under different climatic, soil, and 
management conditions (Victoire et al., 2023). 
A policy approach involves investing in digital 
infrastructure, rural broadband connectivity, 
training farmer communities in the use of AI 
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technologies, and establishing public–private 
partnerships to foster access to AI technologies. AI 
adoption can be further accelerated with the use 
of financial incentives and supportive regulatory 
measures, especially for smallholder farmers in 
developing countries (Usigbe et al., 2024). As AI 
technology continues to advance, it promises to 
revolutionize the way agriculture is done, making 
it more efficient, sustainable, and adaptable. 

However, for this potential to be realised, it will 
require tackling of current technological, 
economic and policy challenges and 
interdisciplinary collaboration and responsible 
innovation (Victoire et al., 2023). In summary, 
this review presents the key insights garnered and 
the broader impact of AI on the future of global 
agriculture. 

 

 
Figure 3. Future technological roadmap illustrating how emerging AI innovations can contribute to 

resilient and sustainable agricultural systems. 
 
6. Conclusion 
Artificial Intelligence is changing the way farming 
is done. It is helping create more efficient and 
better for the environment farming systems. With 
tools like machine learning, computer vision and 
remote sensing Artificial Intelligence helps watch 
over crops find diseases manage watering, handle 
nutrients predict how much will be harvested and 
control farming tasks. Alongside technology 

Artificial Intelligence can help solve big farming 
problems. These problems include not having 
food changes in the weather and not having 
enough water. Artificial Intelligence can make the 
use of resources better. Make farming stronger 
against weather changes.. To get the most, out of 
Artificial Intelligence there needs to be more new 
technology people working together and rules that 
support building smart, flexible and lasting 
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farming systems. These systems will help feed the 
world and protect the planet. 
 
References: 
Ali, Z., Muhammad, A., Lee, N., Waqar, M., & 

Lee, S. W. (2025). Artificial intelligence 
for sustainable agriculture: A 
comprehensive review of AI-driven 
technologies in crop production. 
Sustainability, 17(5), 2281. 

Aijaz, N., Lan, H., Raza, T., Yaqub, M., Iqbal, R., 
& Pathan, M. S. (2025). Artificial 
intelligence in agriculture: Advancing 
crop productivity and sustainability. 
Journal of Agriculture and Food Research, 20, 
101762. 

Adewusi, A. O., Asuzu, O. F., Olorunsogo, T., 
Iwuanyanwu, C., Adaga, E., & 
Daraojimba, D. O. (2024). AI in precision 
agriculture: A review of technologies for 
sustainable farming practices. World 
Journal of Advanced Research and Reviews, 
21(1), 2276-2285. 

Usigbe, M. J., Asem-Hiablie, S., Uyeh, D. D., Iyiola, 
O., Park, T., & Mallipeddi, R. (2024). 
Enhancing resilience in agricultural 
production systems with AI-based 
technologies. Environment, Development 
and Sustainability, 26(9), 21955-21983. 

Kumari, K., Mirzakhani Nafchi, A., Mirzaee, S., & 
Abdalla, A. (2025). AI-driven future 
farming: achieving climate-smart and 
sustainable agriculture. AgriEngineering, 
7(3), 89. 

Mishra, H., & Mishra, D. (2023). Artificial 
intelligence and machine learning in 
agriculture: Transforming farming 
systems. Res. Trends Agric. Sci, 1, 1-16. 

Gul, D., & Banday, R. U. Z. (2024). Transforming 
crop management through advanced AI 
and machine learning: Insights into 
innovative strategies for sustainable 
agriculture. AI, Computer Science and 
Robotics Technology. 

 
 

Gryshova, I., Balian, A., Antonik, I., Miniailo, V., 
Nehodenko, V., & Nyzhnychenko, Y. 
(2024). Artificial intelligence in climate 
smart in agricultural: toward a sustainable 
farming future. Access J, 5(1), 125-40. 

Ziesche, S., Agarwal, S., Nagaraju, U., Prestes, E., 
& Singha, N. (2023). Role of artificial 
intelligence in advancing sustainable 
development goals in the agriculture 
sector. In The ethics of artificial intelligence 
for the sustainable development goals (pp. 
379-397). Cham: Springer International 
Publishing. 

Akter, J., Kamruzzaman, M., Hasan, R., Khatoon, 
R., Farabi, S. F., & Ullah, M. W. (2024, 
September). Artificial intelligence in 
American agriculture: a comprehensive 
review of spatial analysis and precision 
farming for sustainability. In 2024 IEEE 
International Conference on Computing, 
Applications and Systems (COMPAS) (pp. 1-
7). IEEE. 

Victoire, T. A., Karunamurthy, A., Sandhiya, S., 
& Yuvaraj, S. (2023). Leveraging artificial 
intelligence for enhancing agricultural 
productivity and sustainability. Quing: 
International Journal of Innovative Research 
in Science and Engineering, 2(2), 141-156. 

Padhiary, M. (2025). Advances in vertical farming: 
the role of artificial intelligence and 
automation in sustainable agriculture. 
LatIA. 

Giri, A., Saxena, D. R. R., Saini, P., & Rawte, D. 
S. (2020). Role of artificial intelligence in 
advancement of agriculture. International 
Journal of Chemical Studies, 8(2), 375-380. 

Ahmed, M. N., Singh, A. P., Hussain, M. R., 
Rasool, M. A., Khan, I. M., & Dildar, M. 
S. (2024, July). Enhancing crop 
production using artificial intelligence in 
agricultural revolution. In 2024 IEEE 7th 
International Conference on Advanced 
Technologies, Signal and Image Processing 
(ATSIP) (Vol. 1, pp. 432-437). IEEE. 

 
 



INTERNATIONAL JOURNAL OF ADVANCED RESEARCH 

International Peer-Reviewed Research Journal 

ISSN (Online): 3106-7980 | ISSN (Print): 3106-7972 

Volume 3 • Issue 2 • April 2026 

https://ijournalar.com       | Abbas et al., 2026 | Page 575 

Addas, A., Tahir, M., & Ismat, N. (2023). 
Enhancing precision of crop farming 
towards smart cities: an application of 
artificial intelligence. Sustainability, 16(1), 
355. 

Nimma, D., Dhanke, J. A., Murthy, G. S. N., 
Khandekar, S. D., Hymavathi, J., Jangir, 
P., & Singh, M. (2025). Optimization of 
crop yields in sustainable agriculture: 
Application of big data analytics and 
artificial intelligence. Remote Sensing in 
Earth Systems Sciences, 8(2), 375-386. 

Pandey, A. (2025). The transformative potential of 
artificial intelligence in building 
sustainable agricultural systems: 
innovations, challenges, and future 
directions. In AI and ecological change for 
sustainable development (pp. 161-182). IGI 
Global Scientific Publishing. 

Kumar, R., Farooq, M., & Qureshi, M. (2024). 
Advancing precision agriculture through 
artificial intelligence: Exploring the future 
of cultivation. In A Biologist's Guide to 
Artificial Intelligence (pp. 151-165). 
Academic Press. 

Salem, H. M., Schott, L. R., & Ali, A. M. (2025). 
Advancements in smart farming: 
leveraging artificial intelligence and 
internet of things for sustainable 
agricultural management. Future of AI, IoT, 
and Sustainability, 53-72. 

Chowdhury, H., Argha, D. B. P., & Ahmed, M. A. 
(2023). Artificial intelligence in 
sustainable vertical farming. arXiv preprint 
arXiv:2312.00030. 

Yalamati, S. (2024). The contribution of artificial 
intelligence to foster sustainable food 
systems in agriculture. Artificial Intelligence 
and Machine Learning for Sustainable 
Development, 236-248. 

 
 

Radojcic, V., & Cvetkovic, A. S. (2023). Advanced 
technologies for enhancing sustainable 
agriculture: Integration of Artificial 
Intelligence, Iot, and computer vision. XV 
međunarodni naučno-stručni skup 
Informacione Tehnologije za e-Obrazovanje. 

Jung, J., Maeda, M., Chang, A., Bhandari, M., 
Ashapure, A., & Landivar-Bowles, J. 
(2021). The potential of remote sensing 
and artificial intelligence as tools to 
improve the resilience of agriculture 
production systems. Current opinion in 
biotechnology, 70, 15-22. 

Sharma, K., & Shivandu, S. K. (2024). Integrating 
artificial intelligence and Internet of 
Things (IoT) for enhanced crop 
monitoring and management in precision 
agriculture. Sensors international, 5, 100292. 

Raihan, A. (2024). A Review of Artificial 
Intelligence (AI) for Sustainable 
Agriculture. In Proceedings of the 
International Conference on Digitalization 
and Artificial Intelligence in Agricultural 
Management. 

Falola, P. B., Adeniyi, A. E., Madamidola, O. A., 
Awotunde, J. B., Olukiran, O. A., & 
Akinola, S. O. (2024). Artificial 
intelligence in agriculture: the potential 
for efficiency and sustainability, with 
ethical considerations. In Exploring ethical 
dimensions of environmental sustainability 
and use of AI (pp. 307-329). IGI Global 
Scientific Publishing. 

Siddiqui, E., Siddique, M., & Boyapati, P. (2023, 
December). AI and ML for enhancing 
crop yield and resource efficiency in 
agriculture. In 2023 10th IEEE Uttar 
Pradesh Section International Conference on 
Electrical, Electronics and Computer 
Engineering (UPCON) (Vol. 10, pp. 1605-
1610). IEEE. 

 
 


