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ABSTRACT 

The integration of artificial intelligence (AI) in sustainable agriculture has emerged as a transformative 

force in modernizing farming practices and fostering sustainable development. This review critically 

examines the multifaceted applications of AI in agriculture, exploring its role in precision farming, crop 

management, pest control, and resource optimization. The article assesses the advantages and challenges 

of AI adoption, highlighting the potential for increased productivity, efficiency, and sustainability in the 

agricultural sector. Furthermore, the review delves into the ethical considerations and environmental 

implications associated with the widespread deployment of AI technologies in farming. It emphasizes the 

need for responsible and equitable AI integration, along with the development of appropriate frameworks 

for sustainability assessment in agriculture. By offering insights into the innovative potential of AI in 

fostering sustainable agricultural practices and addressing global challenges, this article aims to provide 

a comprehensive understanding of the complex interplay between AI and sustainable agriculture. 

Keywords : Artificial intelligence (AI), Sustainable agriculture, Precision farming, Sustainability 

assessment. 
  

 
 

Introduction 

Sustainable development is one area of society 

where artificial intelligence (AI) has significant 

influence (Vinuesa et al., 2020). AI has the ability to 

transform agricultural methods and advance 

sustainable agriculture in the dominion of agriculture. 

AI in agriculture can help farmers and producers make 

decisions by enabling image sensing for yield 

mapping, yield prediction, and decision assistance. 

Furthermore, there are great prospects for sustainable 

food production due to the confluence of precision 

agriculture, nanotechnology, and AI (Zhang et al., 

2021). AI in agriculture offers several benefits and 

consequences for farmers and business owners, 

including the possibility of new business models 

(Cavazza et al., 2023). In order to ensure sustainable 

output in agriculture, artificial intelligence (AI) can 

improve agricultural operations and decision-making 

(Dara et al., 2022). Additionally, AI has the ability to 

significantly improve public confidence in producing 

agriculture by having a positive worldwide influence 

on the labor and food markets (Sanders et al., 2021). 

Finding the most restrictive barriers to agricultural 

innovation and focusing interventions on them will be 

essential for achieving sustainable agricultural growth. 

According to Yigitcanlar and Cugurullo (2020), AI 

applications can help achieve the 17 Sustainable 
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Development Goals (SDGs). But it's crucial to make 

sure that the application of AI in agriculture goes 

beyond the present state of sustainability (Ryan, 2022). 

Although technology has been marketed as a way to 

enhance agriculture in a sustainable manner, it is 

important to take into account the constraints and 

possible negative effects of implementing AI in 

agriculture (Barrett & Rose, 2020). To solve issues 

with accountability and transparency, ethical and 

responsible application of AI in agriculture is required 

(Dara et al., 2022). Fig. 1 shows the applications of 

artificial intelligence in agriculture which 

implementing nowadays to enhancing the crop 

production, agriculture efficiency, market availability. 

 

 

Fig. 1 : Application of Artificial Intelligence in 

Agriculture 

 

Fundamentals of AI in sustainable agriculture 

Sustainable agriculture might undergo a 

revolution thanks to artificial intelligence (AI), which 

can enhance production, efficiency, and decision-

making (Cavazza et al., 2023). The use of AI in 

agriculture and its implications for sustainable 

development have been the subject of several 

research. A thorough analysis of AI applications in 

agriculture was carried out in one research, which also 

emphasized the benefits, challenges, and ramifications 

of adopting AI (Cavazza et al., 2023). The results 

highlighted AI's many applications and advantages in 

agriculture, including its capacity to generate new 

business models and promote sustainability. 

 

Fig. 2 : Key of AI in Agriculture 

In a different study, the function of machine 

learning in agriculture was discussed, along with how 

it makes real-time AI-enabled applications that offer 

advice and insights to help farmers make decisions 

possible. These devices can provide useful information 

for improving farm management techniques by 

evaluating sensor data. AI has also been recognized for 

its potential to support sustainable farming systems. It 

can enhance agricultural operations and decision-

making, leading to more sustainable production 

practices (Dara et al., 2022). For example, AI can 

optimize irrigation strategies, such as aerated 

irrigation, to improve water use efficiency and crop 

yield. Exciting prospects for sustainable food 

production arise from the fusion of AI with 

nanotechnology and precision agriculture (Zhang et al., 

2021). In addition to improving productivity and 

resource management, precision agriculture may be 

used in conjunction with AI and nanotechnology to 

enable farmers to react in real-time to changes in crop 

development. Moreover, Vinuesa et al. (2020) have 

recognized AI as a critical instrument for 

accomplishing the Sustainable Development Goals 

(SDGs). Its effects on several societal sectors make an 

evaluation of its impact on sustainable development 

necessary. The SDGs cannot be achieved without 

accountability and transparency, both of which AI can 

support. 
 

Precision farming and crop management: AI-driven 

innovations 

The use of machine learning (ML) and artificial 

intelligence (AI) techniques has improved precision 

farming and crop management. With the use of these 
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technologies, farmers may maximize agricultural 

practices for increased crop output and sustainability 

and make data-driven decisions. Crop production 

prediction is one area where AI has a big impact. In 

order to precisely predict crop yields, machine learning 

algorithms have been employed to examine a variety of 

elements, including weather patterns, soil conditions, 

and historical data. Farmers are able to organize their 

operations more efficiently and decide on crop 

management techniques and resource allocation with 

knowledge thanks to this information. 

Another AI-driven technique used in precision 

agriculture for grain crops is computer vision. 

Computer vision algorithms can identify pests, 

agricultural diseases, and nutritional deficits by 

evaluating photographs taken by drones or other 

imaging equipment (Patrício & Rieder, 2018). This 

makes it possible for farmers to respond quickly and 

carry out focused treatments, which minimizes the 

need for broad-spectrum insecticides and maximizes 

the use of available resources. Precision farming has 

benefited greatly from the combination of AI and IoT 

devices. Farmers may get important insights into crop 

health and growth conditions by using real-time data 

on soil moisture, temperature, and other environmental 

parameters collected by IoT sensors and devices 

(Dokin & Aletdinova, 2021). Artificial Intelligence 

algorithms were utilized for analysis, producing 

practical suggestions for insect management, fertilizer 

administration, and irrigation scheduling. Additionally, 

mobile applications have been created to assist with 

precision farming methods. For instance, using AI 

approaches, an Android application has been created to 

identify maize infested with fall armyworms (Prabha et 

al., 2022). In doing so, farmers are able to minimize 

crop damage and productivity losses by promptly 

identifying and addressing pest infestations. 

 

Data-driven decision making for enhanced 

agricultural productivity 

In the agriculture industry, data-driven decision 

making is becoming more and more crucial for 

improving sustainability and productivity (Sáiz-Rubio 

& Rovira-Más, 2020). Smart farming (Sáiz-Rubio & 

Rovira-Más, 2020) is the application of digital 

technology and data management systems in 

agriculture that has transformed farmers decision-

making processes. Farmers may manage their crops, 

allocate resources, and identify risks by using data 

analysis and utilization (Gupta et al., 2023). Major 

highlights of AI in agriculture research are described in 

tabulated form in Table 1. In order to solve the issues 

facing the agriculture sector, such food supply and 

sustainability, a move toward data-driven decision 

making is needed. The gathering and administration of 

agricultural data is a crucial component of data-driven 

decision making in agriculture (Sáiz-Rubio & Rovira-

Más, 2020). Data on crop health, soil moisture content, 

meteorological conditions, and other pertinent 

variables are included in this (Gupta et al., 2023). 

Farmers may make educated decisions regarding 

irrigation, fertilization, and pest management by 

gathering and evaluating data, which provides them 

with real-time insights about the condition of their 

crops resulting increasing crop yield (Gupta et al., 

2023). Farmers may choose the best methods for 

increasing production while reducing their impact on 

the environment by evaluating data on various 

agricultural techniques that contains information on 

pest control techniques, soil management, and crop 

rotation (Ali & Dahlhaus, 2022). Technological 

developments like artificial intelligence (AI) and the 

Internet of Things (IoT) facilitate data-driven decision 

making in agriculture. Real-time information on crop 

conditions may be obtained by IoT devices through 

data collection from field-positioned sensors. After 

analysing the data, AI systems can offer suggestions 

for the best course of action. AI systems, for instance, 

are able to forecast agricultural illnesses based on 

meteorological data and suggest suitable remedies. 

Farmers may now make data-driven decisions that 

increase agricultural output because to the convergence 

of IoT and AI technologies. Nevertheless, applying 

data-driven decision making in agriculture is not 

without its difficulties. These concerns include those 

around data sharing, data governance, and agricultural 

knowledge access (Mtega et al., 2016). Designing data 

governance frameworks that guarantee fair data 

sharing and safeguard farmers' interests is crucial. To 

help farmers make educated decisions, it is also 

essential to provide access to agricultural information 

(Mtega et al., 2016). This entails making best 

practices, training courses, and pertinent research 

findings available to farmers (Mtega et al., 2016). 
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Table 1 : Major Highlights of AI in Agriculture Research 

Researchers Major Highlights 

Oliveira and Silva (2023) 

AI in agriculture includes enhanced production, optimized resource 

management, and advances in crop and pest control, all driven by technology 

such as machine learning, IoT, and robots. 

Taneja et al. (2023) 

AI in agriculture may enhance production, sustainability, and efficiency 

through precision agriculture, predictive analytics, food safety improvements, 

and personalised nutrition solutions. 

Backman et al. (2023) 

AI in agriculture includes modernizing farming by implementing AI into Farm 

Management Information Systems, Decision Support Systems, and machine 

operations, as well as exploiting agricultural process data to improve 

efficiency. 

Lu et al. (2023) 

AI in agriculture, particularly AGI, has the potential to improve agricultural 

yields, reduce waste, promote sustainable practices, and enable informed 

decision-making via real-time data for enhanced productivity and efficiency. 

Divya et al. 2023 

AI in agriculture enables effective agricultural techniques to fulfill the 

requirements of a rising population, enhance crop yields, and battle food 

scarcity, and nations such as the United States and Singapore have already 

benefited from its application. 

Rajput et al. 2023 

AI in agriculture represents a paradigm change, enabling more efficient 

operations to fulfill rising food demand on limited land. Future potential 

include increased production, quality, and marketing tactics. 

Sasikala and Sharma (2022) 

AI in agriculture includes intelligent precision farming, automated 

sustainability, increased crop yields, decreased resource use, and a worldwide 

agricultural revolution via Bootstrapped Meta-Learning and Q-learning. 

Rozhkova et al. 2022 

AI in agriculture provides solutions for large data analytics, robotics, and 

forecasting. The challenges include a lack of research, methodological 

guidelines, and training. Automation may increase efficiency while also 

sustaining rural communities. 

 

AI applications in pest control and disease 

management 

Artificial intelligence (AI) has drawn a lot of 

interest recently for its application in agricultural 

disease and pest management. Artificial Intelligence 

has been used in the monitoring, detection, and control 

of pests and diseases, among other elements of their 

management. Using AI in the creation of mobile 

applications for disease and pest identification is one 

application field. A deep convolutional neural network 

(DCNN) was used by Prabha et al. (2022) to create an 

Android application for recognizing fall armyworm-

infested maize. Similar to this, Jeyabalasingh et al. 

(2017) developed a mobile tool called "m-WHEAT" 

for Ethiopian wheat farmers to use their smartphones 

to identify pests and illnesses. Farmers now have an 

easy-to-use method for managing diseases and pests by 

application of artificial intelligence. AI has also been 

applied to the tracking and management of illnesses 

and pests. A comprehensive evaluation of the literature 

on the application of AI and sensing techniques for the 

control of insect pests and illnesses in cotton was 

carried out by Toscano-Miranda et al., 2022. They 

discovered that artificial intelligence aids in decision-

making related to pest management, including 

monitoring and control. To identify pests, the system 

integrates environmental sensors, the Internet of 

Things (IoT), artificial intelligence (AI), and picture 

recognition technologies. AI has also been used to 

create smart farming systems that control diseases and 

pests as shown in Fig. 3. Cruz et al. (2022) investigated 

the application of edge computing and Internet of 

Things (IoT) in smart strawberry farming, 

encompassing computer vision for the identification of 

pests and diseases. Comparably, Kamilaris & 

Prenafeta-Boldú's (2018) study examined deep 

learning's application in agriculture and emphasized 

how it might challenge safety regulations for highly 

autonomous agricultural machinery. 
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Fig. 3 : Smart AI integrated IoT system for identifying pest and diseases (Cruz et al., 2022) 

 

AI-Enabled resource optimization for sustainable 

agricultural practices 

AI-enabled resource optimization for sustainable 

agricultural practices is an important field of study that 

tries to increase agricultural output while also assuring 

environmental sustainability. The combination of 

artificial intelligence (AI) with sustainable 

intensification practices (SIPs) presents exciting 

prospects for enhancing agricultural systems. AI 

technologies are increasingly being used in agriculture, 

positioned as long-term answers to global food security 

concerns (Sanders et al., 2021). The combination of 

precision agriculture, nanotechnology, and artificial 

intelligence offers promising prospects for long-term 

food production by allowing for real-time reactions to 

crop growth variations (Zhang et al., 2021). Ethical 

issues are critical in the implementation of AI in digital 

agriculture to ensure responsible and transparent use, 

as well as improved decision-making processes and 

operational efficiency for long-term agricultural 

production (Dara et al., 2022). Sustainable agricultural 

practices include soil tillage, water resource 

management, crop and nutrient management, livestock 

practices, pest management, and ecosystem services, 

emphasizing the importance of a comprehensive 

approach to agricultural sustainability. The integration 

of AI technology with sustainable agricultural practices 

has the potential to significantly improve resource 

usage, productivity, and environmental sustainability in 

agriculture. Stakeholders may work together to ensure 

food security, environmental conservation, and 

economic viability in agricultural systems by 

employing AI-enabled solutions and adopting 

sustainable agriculture practices. AI-powered solutions 

can help improve the quality of agricultural goods, 

optimize resource use, and provide speedier market 

access for crops. Integrating IoT and AI into Smart 

Sustainable Agriculture platforms can transform 

agricultural operations by offering improved resource 

management and decision-making tools. Furthermore, 

the creation of ontology-based agricultural information 

systems may provide accurate recommendations to 

farmers and agricultural experts, increasing the 

efficiency of agricultural operations (Liao et al., 2015). 

 

Fig. 4 : Sustainable agriculture practices 
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Environmental impact and sustainability 

assessment of AI-based farming techniques 

Agriculture AI has the potential to greatly 

improve production, resource management, and 

environmental effects, hence enhancing sustainability. 

According to research, using AI approaches into 

agricultural operations can improve irrigation systems, 

crop health, disease diagnosis, weed management, and 

overall sustainability (Lakshmi & Corbett, 2020). 

Furthermore, AI can help to advance environmental 

sustainability in agriculture by allowing precision 

farming approaches that optimize resource utilization 

while minimizing environmental effect (Sanders et al., 

2021). Studies underline the necessity of sustainability 

while deploying AI in agriculture. AI systems must not 

only fulfill but also exceed existing sustainability 

criteria in order to provide long-term environmental 

benefits. Furthermore, the employment of AI in 

farming can bring to economic benefits such as 

increased crop yields, lower expenses, and improved 

food quality (Sahoo & Sharma, 2023). 

There are efforts underway to create AI systems 

that support sustainable and resilient agriculture 

practices. Platforms such as Gaia-AgStream aim to 

help farmers embrace sustainable production practices 

while also diversifying revenue sources by harnessing 

AI for carbon farming and biodiversity projects 

(Schoenke et al., 2021). Furthermore, incorporating AI 

into robots for smart farming applications might 

increase production efficiency, minimize 

environmental impact, and promote agricultural 

sustainability (Santos et al., 2020; Emmi et al., 2023). 

The study on AI in agriculture emphasizes the 

necessity of sustainability and environmental effect 

evaluations. Farmers may increase output, minimize 

waste, and encourage sustainable agricultural practices 

by successfully utilizing AI technology. To guarantee 

appropriate and sustainable deployment, ethical 

concerns and possible hazards related with the use of 

AI in farming must be addressed (Dara et al., 2022). 

AI in agriculture: challenges and opportunities 

Integrating artificial intelligence (AI) into 

agriculture has several obstacles and constraints that 

must be addressed for successful adoption. One major 

difficulty is the requirement for more education and 

awareness of AI technologies within the agriculture 

industry in order to grasp its usefulness and limitations 

(Ryan, 2022). Furthermore, the implementation of AI 

technologies in agriculture poses environmental, 

operational, technological, economic, and social 

challenges (Sood et al., 2021). These problems 

underscore the importance of thorough training and 

awareness initiatives to enable the efficient use of AI in 

agriculture. Furthermore, the peculiarity of agricultural 

systems, data limits, and analytical aims in the field of 

animal health encourage AI research but also provide 

problems that must be solved (Ezanno et al., 2021). 

The necessity for explainable AI to solve difficulties 

and future possibilities in numerous industries, 

including agriculture, emphasizes the limitations of 

AI's usage. Fairness, transparency, accountability, 

sustainability, privacy, and robustness are all important 

ethical issues when deploying AI in agriculture (Dara 

et al., 2022). Furthermore, integrating AI technology 

into agriculture provides promising options for 

improving crop management, optimizing output, 

reducing waste, and increasing yields (Gupta et al., 

2023). Using AI and machine learning (ML) in smart 

agricultural systems can help solve issues including 

low crop production, soil fertility management 

concerns, and pesticide resistance (Ganeshkumar et al., 

2021). Furthermore, AI technology can help improve 

traceability, cleanliness, supply chain integration, 

waste reduction, and general sustainability in 

agricultural operations (Sanders et al., 2021). While AI 

integration in agriculture has the potential to 

significantly increase production and sustainability, its 

deployment requires addressing difficulties such as 

education, ethics, the peculiarity of agricultural 

systems, and data restrictions. By overcoming these 

constraints and properly utilizing AI technology, the 

agriculture sector may profit from enhanced efficiency, 

better outcomes, and sustainable practices. 

Conclusion 

Advancing agricultural technologies and 

sustainability is dependent on leveraging AI's promise, 

but its broad usage necessitates careful consideration of 

ethical and societal ramifications. AI improves 

resource efficiency and precision farming by allowing 

data-driven decision-making and simplifying 

processes. It is critical for enhancing disease and pest 

management, as well as promoting eco-friendly 

farming techniques. AI may be used in combination 

with traditional and organic agricultural practices to 

achieve even greater sustainability. However, effective 

shareholder participation and clear ethical norms are 

required for its ethical and successful implementation. 

Leveraging AI in agriculture promotes innovation and 

sustainability, opening the path for a more reliable and 

efficient agricultural sector. This can be achieved by 

proactively tackling these problems and possibilities. 
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