
 

 
 

 

 
Biol. Life Sci. Forum 2023, 3, x. https://doi.org/10.3390/xxxxx www.mdpi.com/journal/blsf 

Proceedings paper 

Artificial Intelligence-Enabled Precision Agriculture: A Review 

of Applications and Challenges † 

Aamir Raza 1,*, Muhammad Adnan Shahid 1, 2, Muhammad Safdar 1, 2, Muhammad Zaman 1 , Muhammad Abdur 

Rehman Tariq 1  and Mehmood Ul Hassan 1 

1 Department of Irrigation & Drainage, University of Agriculture, Faisalabad, 38000, Punjab, Pakistan 
2 Agricultural Remote Sensing Lab of National Center of GIS and Space Applications (NCGSA-ARSL), Uni-

versity of Agriculture, Faisalabad, 38000, Punjab, Pakistan 

* Correspondence: aamiruaf4@gmail.com  

† Presented at the 2nd International Electronic Conference on Agriculture, 1–15 Nov 2023, Available online at: 

https://iocag2023.sciforum.net/ . 

Abstract: The global population is expected to reach 9.7 billion by 2050, requiring a 50% increase in 

food production. Climate change presents new challenges for agriculture, including extreme 

weather, rising temperatures, and precipitation changes. Artificial intelligence (AI) can help address 

these challenges by improving efficiency and productivity through monitoring crops and livestock, 

optimizing irrigation, predicting pests and diseases, and developing resistant crop varieties. This 

paper reviews the applications and challenges of AI in precision agriculture. AI-based technologies, 

such as machine learning algorithms and predictive models, can improve climate-smart agriculture 

by analyzing large volumes of climate, soil, and crop-related data. These algorithms generate accu-

rate predictions and recommendations for optimizing farming practices, including precision irriga-

tion scheduling, nutrient management, pest and disease monitoring, and yield forecasting. AI also 

contributes to resource efficiency by optimizing input usage, minimizing waste, and reducing envi-

ronmental impact. The paper highlights the potential of AI to drive efficiency and productivity in 

climate-smart agriculture, despite challenges such as data quality, availability, technical expertise, 

and cost implications. By leveraging AI's capabilities, agriculture can move towards sustainable and 

resilient practices, achieving food security, enhancing resource efficiency, and mitigating climate 

change impacts. 
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Introduction 

The world is facing a lot of challenges, including population growth, increasing food 

demands, and climate change. These challenges are putting a strain on the agricultural 

sector, which is responsible for producing food. By 2050, the global populace is projected 

to swell to a staggering 9.7 billion [1], necessitating a formidable 50% upsurge in food 

production to satiate the growing hunger. Yet, this imperative intensification of agricul-

ture transpires against the backdrop of an increasingly erratic and capricious climate. Cli-

mate change is another major challenge facing agriculture. Climate change is causing 

changes in weather patterns, such as more extreme weather events, rising temperatures, 

and changes in precipitation [2]. These changes are making it more difficult for farmers to 

grow crops and raise livestock. 

As agriculture's issues grow in complexity and urgency, a ray of hope comes from 

astonishing advances in AI. AI, with its ability to mimic human intelligence through com-

putational algorithms, provides a transformative path to addressing the convergence of 
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these concerns. This study digs into the developing field of AI-enabled precision agricul-

ture, shining light on its various uses as well as the problems that come with their adop-

tion. 

AI is a rapidly developing technology that has the potential to revolutionize agricul-

ture [3]. AI can be used to address the challenges facing agriculture, such as increasing 

food production, adapting to climate change, and reducing environmental impact [4]. By 

using the AI, we can  monitor crop health, growth, and development, optimize irrigation 

scheduling, detect pests and diseases early on, before they cause significant damage to 

crop, to forecast the crop yields, to adapt  the effects of climate change, such as develop-

ing drought-tolerant crop varieties or optimizing irrigation scheduling in the face of 

changing weather patterns [5]. 

The use of AI in precision agriculture is still in its early stages, but it has the potential 

to revolutionize agriculture and help to address the challenges facing the agricultural sec-

tor. There are a number of challenges to using AI in precision agriculture [6], like AI algo-

rithms need large amounts of data to train and make accurate predictions. This data can 

be expensive and time-consuming to collect. The cost of AI technology is another issue as 

it can be expensive, which can be a barrier for small scale farmers. Farmers and agricul-

tural professionals need to be trained on how to use AI tools and interpret the results. 

Despite these challenges, the potential benefits of using AI in precision agriculture 

are significant [7]. In this paper, we review the applications and challenges of AI in preci-

sion agriculture. We focus on the use of AI for climate-smart agriculture, and we discuss 

the potential of AI to help agriculture achieve food security, enhance resource efficiency, 

and mitigate climate change impacts. We believe that AI has the potential to play a major 

role in the future of agriculture. By leveraging AI's capabilities, agriculture can move to-

wards sustainable and resilient practices, and help to ensure that the world has enough 

food to feed its growing population. 

2. Methodology 

2.1. Climate-Smart Agriculture and AI 

Climate-smart agriculture (CSA) is a type of agriculture that helps to mitigate the 

effects of climate change and adapt to its impacts [8]. CSA practices include using water 

efficiently, reducing greenhouse gas emissions, Increasing crop resilience to pests and dis-

eases, Improving soil health, Diversifying crop production, Integrating livestock and crop 

production [8]. AI can be used to enhance CSA practices in a number of ways. Monitoring 

and analysis of climate, soil, and crop data, AI can be used to collect and analyze data on 

climate, soil, and crop conditions. This data can be used to identify areas that are most 

vulnerable to climate change, to develop tailored CSA practices, and to monitor the effec-

tiveness of these practices. AI can be used to generate accurate predictions of climate con-

ditions, crop yields, and pest and disease outbreaks. These predictions can be used to 

make informed decisions about CSA practices, such as when to irrigate, what crop varie-

ties to plant, and how to manage pests and diseases. There are a number of AI-driven 

climate-smart solutions that are currently being developed or implemented, such as, 

Drought-tolerant crop varieties, Precision irrigation scheduling, Pest and disease detec-

tion, Yield forecasting [9].  

The methodology for implementing AI-driven climate-smart solutions follows a cy-

clic progression, depicted as a roadmap from conceptualization to realization. It com-

mences with the systematic acquisition and preparation of comprehensive data drawn 

from diverse sources including meteorological stations, satellite imagery, soil sensors, and 

remote sensing technologies. Preprocessing ensures data accuracy, followed by curation 

for AI algorithm training. The core of the process lies in algorithm development, where 

machine learning techniques are employed to identify patterns, correlations, and anoma-

lies within historical data. This leads to the creation of AI models that can classify chal-

lenges, predict crop yield, and capture intricate relationships through deep learning. 
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These models are then integrated into real-time decision support systems, utilizing cur-

rent environmental and agronomic data to generate actionable insights and recommenda-

tions for farmers through user-friendly interfaces. Concurrently, challenges related to data 

quality, technical expertise, cost implications, ethical considerations, and adaptability are 

addressed. The process is inherently iterative, encouraging continuous learning, refine-

ment, and customization to navigate the evolving landscape of AI-powered climate-smart 

agriculture. 

2.2.  Applications of AI in Precision Agriculture 

Precision agriculture leverages AI applications to enhance various aspects of crop 

and livestock management, including crop monitoring, livestock health tracking, and ir-

rigation optimization [10]. This section outlines the systematic method behind the deploy-

ment of AI-driven solutions in these domains. 

2.2.1. Crop Monitoring and Management 

Crop monitoring and management through AI involves the use of various technolo-

gies and techniques to collect, analyze, and act upon data related to crop growth, health, 

and environmental conditions [11]. This enables farmers and agricultural experts to make 

informed decisions, optimize resource usage, and enhance overall crop yield. The meth-

odology for implementing AI-driven crop monitoring and management is outlined below 

in Figure 1. By following this methodology, AI-driven crop monitoring and management 

can lead to more efficient resource utilization, reduced environmental impact, and in-

creased crop productivity. 

 

 
 

Figure 1. AI-Driven Crop Monitoring and Management Process. 

2.2.2. Livestock Monitoring and Management 

Livestock monitoring and management through AI involves the use of advanced 

technologies to collect, analyze, and interpret data. AI can be used to monitor the health 

and behavior of livestock using sensors and cameras as shown in Figure 2. Sensors can be 

placed on animals to track their vital signs, such as heart rate, respiration rate, and body 

temperature. Drones and cameras can be used to monitor animals' movements and be-

havior [12]. This data can be used to identify animals that are sick or injured, and to track 

their health over time. For example, a study by researchers at the University of California, 

Davis, used AI to develop a system that could identify sick cows based on their behavior. 
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The system was able to identify sick cows with an accuracy of 90% [13]. AI can be used to 

develop predictive models for livestock diseases. This can help farmers to take preventive 

measures and to reduce the spread of disease. For example, a study by researchers at the 

University of Cambridge developed an AI-based system that could predict the risk of 

mastitis in dairy cows. The system was able to predict mastitis with an accuracy of 80%. 

 

Figure 2. Application of AI in Livestock management. 

AI can be used to monitor livestock in real time using sensors and cameras. This can 

help farmers to identify and respond to problems quickly. AI developed predictive mod-

els used for livestock health and behavior. This can help farmers to take preventive 

measures and to reduce the risk of losses. Farmers can save their time and improve effi-

ciency by automated decision-making about livestock management. Remote monitoring 

can also be done by using sensors and cameras. This can be helpful for farmers who have 

large herds or who live far from their livestock. 

2.2.3. Precision Irrigation and Nutrient Management 

Precision irrigation and nutrient management through AI involves leveraging ad-

vanced technologies to optimize the application of water and nutrients to crops as shown 

in Figure 3. This approach aims to enhance crop growth, minimize resource wastage, and 

improve overall agricultural sustainability.  

 

 

Figure 3. Precision Irrigation and Nutrient Management system (Source: [14]). 
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By using that we can access the real-time soil moisture sensing by using sensors. This 

data can be used to optimize irrigation scheduling and reduce water waste. AI can be used 

to develop irrigation scheduling models that consider factors such as soil moisture, 

weather, and crop needs. This can help to improve water use efficiency and reduce irriga-

tion costs. For example, a study used AI to develop an irrigation scheduling model that 

could save farmers up to 30% of their irrigation water [15]. AI is also used to analyze data 

on crop yields, soil nutrient levels, and fertilizer applications. This data can be used to 

optimize nutrient management and improve crop yield. For example, a company called 

Indigo Ag uses AI to develop nutrient management plans that can help farmers to reduce 

fertilizer use and improve crop yields. 

AI has the potential to revolutionize precision irrigation and nutrient management. 

By providing farmers with insights into soil moisture levels, crop growth, and nutrient 

needs, AI can help to improve crop yields, reduce water use, and reduce fertilizer use. 

However, there are some challenges that need to be addressed before AI can be widely 

adopted by farmers. By following this methodology, AI-driven precision irrigation and 

nutrient management can lead to improved water-use efficiency, reduced nutrient runoff, 

enhanced crop yield, and more sustainable agricultural practices. 

2.3. Resource Efficiency and Environmental Impact 

Artificial intelligence (AI) has the potential to enhance resource efficiency and envi-

ronmental impact in agriculture through various methods [16]. Remote sensing tech-

niques, such as satellite imagery and drones, can collect data on crop health and growth, 

enabling early detection of stress or disease and tracking crop yields. This information can 

optimize irrigation and nutrient management, reducing the need for pesticides and reduc-

ing the environmental impact of agriculture. Yield forecasting techniques can help farm-

ers make informed decisions about planting, harvesting, and marketing crops, reducing 

food waste and ensuring optimal harvesting [17]. AI can optimize irrigation scheduling 

and nutrient management, reducing water use, fertilizer use, and environmental impact. 

It can also develop drought-tolerant crop varieties, reducing the need for irrigation and 

improving yields in dry areas. AI can also develop livestock breeds resistant to pests and 

diseases, reducing the use of antibiotics and improving animal welfare. This can also re-

duce the environmental impact of agriculture, as antibiotics can pollute waterways and 

harm wildlife. 

Researchers used AI to develop irrigation scheduling models that save farmers up to 

30% of their irrigation water [15]. Another study used AI to predict crop disease risk, re-

ducing pesticide use by 20% [18].  As AI technology continues to advance, more innova-

tive ways to use AI to make agriculture more sustainable will be possible. 

3. Challenges and Limitations 

The paper provides a comprehensive exploration of the synergies between AI and 

precision agriculture. Focusing on optimizing agricultural practices for improved effi-

ciency and sustainability, the paper delves into the intricate challenges and limitations 

inherent in this convergence. The quality and availability of data is essential for the effec-

tive use of AI in agriculture. However, data collection in agriculture can be challenging, 

as it can be difficult to collect accurate and timely data on crop health, soil conditions, and 

weather patterns. Additionally, the cost of collecting and storing data can be prohibitive 

for some farmers. One way to address this challenge is to develop new methods for col-

lecting and processing data. For example, researchers are developing new technologies 

that can use satellite imagery and drones to collect data on crop health and growth. An-

other way to address this challenge is to develop partnerships between farmers and data 

scientists. This can help to ensure that data is collected and used in a way that is beneficial 

to both farmers and the environment. 
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 The use of AI in agriculture requires technical expertise and training. This can be a 

barrier for some farmers, who may not have the resources or knowledge to adopt AI-

based technologies. One way to address this challenge is to provide training and support 

to farmers. This can help farmers to learn how to use AI-based technologies and to get the 

most out of them. Another way to address this challenge is to develop user-friendly AI-

based technologies. This can make it easier for farmers to use these technologies without 

having to have a lot of technical expertise. The cost of AI-based technologies can be a bar-

rier for some farmers. The initial investment in AI can be high, and the ongoing costs of 

maintenance and training can also be significant. One way to address this challenge is to 

develop cost-effective AI-based technologies. This can make these technologies more ac-

cessible to farmers. Another way to address this challenge is to provide subsidies or other 

financial assistance to farmers who adopt AI-based technologies. This can help to offset 

the costs of these technologies and make them more affordable for farmers. There are also 

ethical and privacy concerns associated with the use of AI in agriculture. For example, 

some people are concerned about the use of AI to collect and analyze sensitive agricultural 

data, such as crop yields and soil conditions.  

Additionally, there are concerns about the potential for AI to be used to discriminate 

against farmers or to harm the environment. To address these concerns is to develop eth-

ical guidelines for the use of AI in agriculture. These guidelines can help to ensure that AI 

is used in a way that is beneficial to farmers and the environment. Even if the technical 

challenges of AI in agriculture can be overcome, there is still the challenge of getting farm-

ers to adopt these technologies. Some farmers may be hesitant to adopt new technologies, 

as they may be unfamiliar with them or may be concerned about the risks involved. As 

AI technology continues to develop, it is likely that some of these challenges will be over-

come. However, it is important to be aware of these challenges so that they can be ad-

dressed in a way that benefits farmers and the environment. 

4. Future Directions and Potential 

The exploration of future directions and potential in AI-enabled precision agriculture 

unveils a landscape ripe with opportunities for further advancements and innovation. The 

Global AI in agriculture market size is expected to reach $4.9 billion by 2028, rising at a 

market growth of 24.1% CAGR during the forecast period as shown in Figure 4. Building 

upon current findings, several key strategies and recommendations emerge to drive the 

field forward. As AI technology continues to develop, it is likely that new and more ad-

vanced AI algorithms will be developed that can be used in agriculture. For example, deep 

learning algorithms are becoming increasingly powerful and can be used to analyze large 

amounts of data to identify patterns and trends that would be difficult to identify with 

traditional methods. AI can be integrated with other emerging technologies, such as the 

Internet of Things (IoT) and blockchain, to create even more powerful and effective agri-

cultural solutions. For example, IoT sensors can be used to collect data on crop health and 

conditions, which can then be used by AI algorithms to make predictions about crop 

yields and water needs. Blockchain can be used to create secure and transparent records 

of agricultural transactions, such as the sale of crops or the use of pesticides. 
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Figure 4. AI in Agriculture market size by technology, 2018-2028 (Source: [19]). 

The development and adoption of AI in agriculture requires the collaboration of re-

searchers, practitioners, and policymakers. Researchers can develop new AI algorithms 

and technologies, practitioners can test and implement these technologies in real-world 

settings, and policymakers can create regulations that promote the responsible use of AI 

in agriculture. 

Governments and private organizations should invest in research and development 

of AI technologies for agriculture. This will help to ensure that these technologies are de-

veloped in a way that is beneficial to farmers and the environment. Researchers and prac-

titioners should work together to test and implement AI technologies in real-world set-

tings. This will help to ensure that these technologies are effective and that they can be 

adopted by farmers. Governments and industry organizations should develop ethical 

guidelines for the use of AI in agriculture. These guidelines should help to ensure that AI 

is used in a way that is beneficial to farmers and the environment. Farmers should be 

educated about the benefits of AI in agriculture. This will help to encourage farmers to 

adopt these technologies. 

AI has the potential to revolutionize agriculture and make it more sustainable. How-

ever, it is important to address the challenges and limitations of AI in agriculture before 

it can be widely adopted. By investing in research and development, creating partnerships 

between researchers and practitioners, developing ethical guidelines, and educating farm-

ers, we can ensure that AI is used in a way that benefits farmers and the environment. 

5. Conclusions 

In conclusion, artificial intelligence (AI) has the potential to revolutionize agriculture 

and make it more sustainable and resilient. Throughout this review, we delved into the 

challenges and limitations that underscore the importance of refining AI solutions to ad-

dress real-world complexities. From data quality to ethical considerations, the landscape 

of precision agriculture presents a spectrum of challenges that demand collaborative ef-

forts and innovative thinking. AI can be used to improve crop yields, reduce input use, 

and mitigate the effects of climate change. However, there are also challenges and limita-

tions to the use of AI in agriculture, such as the need for data, technical expertise, and 

financial resources. To address these challenges, it is important to invest in research and 

development, create partnerships between researchers and practitioners, develop ethical 

guidelines, and educate farmers about the benefits of AI. By taking these steps, we can 

ensure that AI is used in a way that benefits farmers and the environment. 

Emphasis on AI's role in achieving sustainable and resilient agriculture: AI has the 

potential to play a significant role in achieving sustainable and resilient agriculture. For 

example, AI can be used to Improve crop yields, reduce input use, Mitigate the effects of 
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climate change, Call to action for further research and implementation. The future of ag-

riculture lies in the confluence of cutting-edge technologies and collaborative spirit. As 

we heed this call, we have the remarkable opportunity to usher in a new era of farming 

that is not only productive and efficient but also ecologically responsible and resilient. Let 

us embrace this potential, engage in robust research, and catalyze the implementation of 

AI-enabled precision agriculture to shape a future that benefits both our global food sys-

tems and our planet. 

Overall, AI has the potential to be a powerful tool for achieving sustainable and re-

silient agriculture. However, it is important to address the challenges and limitations of 

AI before it can be widely adopted. By investing in research and development, creating 

partnerships between researchers and practitioners, developing ethical guidelines, and 

educating farmers, we can ensure that AI is used in a way that benefits farmers and the 

environment. 
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