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This review explores the application of AI technology in agriculture to address challenges such as declining manual labor, limited arable land, and the growing disparity between food production and the increasing global population. AI is presented as a promising solution, with advancements driven by scientists worldwide. Artificial Intelligence (AI) plays a crucial role in optimizing farming practices by analysing data from sensors, satellites, and drones. Applications include monitoring soil health, crop growth, and weather patterns to enhance yields while minimizing resource utilization. AI-powered tools, such as advanced irrigation systems and fertilizer management, ensure efficient use of inputs. The use of robots in agriculture has significantly improved productivity, making farming more efficient and widely adopted. AI techniques offer real-time data, reducing human error and enhancing decision-making. The research highlights that modern AI technology and methods outperform traditional farming methods with minimal human intervention and in a shorter time frame. The review also delves into the development of agricultural robots, highlighting various examples of robots designed for specific tasks within the agricultural industry. The review discusses the challenges faced in applying agricultural robots, particularly the unpredictability of real-world environments. Despite these challenges, it underscores significant advancements in this field and the promising prospects for the future of agricultural robotics.
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1. INTRODUCTION: 
Artificial Intelligence (AI): An Overview
Artificial Intelligence (AI) refers to the simulation of human intelligence by machines, particularly computer systems. It involves developing algorithms and systems capable of performing tasks that typically require human cognition, such as learning, reasoning, problem-solving, perception, and language understanding. The term “Artificial Intelligence” was first introduced at the 1955 Dartmouth Conference, where John McCarthy proposed a study based on the hypothesis that “every aspect of learning or any other feature of intelligence can, in principle, be so precisely described that a machine can be made to simulate it.” [1] 
Over the past few decades, agriculture has evolved from focusing solely on crop production to encompassing processing, marketing, and distribution. With the world population growing rapidly, traditional farming methods may no longer suffice to meet the increasing demand. AI can assist farmers in various ways, such as using sensors and robots for crop monitoring, irrigation, and pest control, helping to save resources, increase efficiency, and improve productivity and quality. AI has become a crucial tool in solving agricultural challenges and assisting experts worldwide in finding better solutions (Fess et al., 2011; Ritambara et al., 2024).
Agriculture remains a critical sector for any country, yet it continues to face significant challenges. Currently, over 820 million people are estimated to be hungry, and with the global population projected to reach 10 billion by 2050, food production needs to increase by 70%. Despite projected investments in agriculture, additional funding will be necessary to prevent approximately 370 million people from facing hunger by 2050. Furthermore, the gap between water demand and available supply is growing, with over three billion people likely to experience water stress by 2025 (Farid et al., 2025).
AI, a key field in computer science, has permeated various domains such as education, healthcare, finance, and manufacturing, thanks to its ability to solve problems that humans cannot address effectively. It’s astonishing capabilities continue to surprise people, with groundbreaking examples such as AlphaGo defeating the world champion Go player in 2016. AI tools like DALL·E and OpenAI’s Jukebox have created artwork and music rivaling human creativity, while advanced conversational agents like ChatGPT have amazed users with their natural, context-aware conversations. AI-powered systems like Google Translate offer real-time translations with remarkable accuracy, and AI-driven medical algorithms are diagnosing diseases faster and more accurately than experienced doctors. Self-driving cars, such as those developed by Tesla and Waymo, have also shocked people with their ability to navigate complex road scenarios.
Despite its association with science fiction, AI has numerous practical applications and continues to demonstrate incredible abilities. Agriculture, a sector of crucial importance, faces global challenges such as hunger and water scarcity. With AI’s ability to optimize resources, increase productivity, and address environmental issues, it plays a pivotal role in promoting agricultural sustainability (Dwivedi et al., 2024). 
In the 1970s and 1980s, some of the first applications of AI in agriculture focused on assisting with simple agricultural tasks. For instance, AI was used for Automated Crop Inspection, where early computer vision systems were explored to identify diseases and pests in crops. Additionally, Expert Systems, which were rule-based, were developed to help farmers make decisions based on predefined knowledge. These systems could assist in determining optimal planting schedules and pest control strategies. Artificial Intelligence in agriculture has brought an agriculture revolution. This technology has protected the crop yield from various factors like the climate changes, population growth, employment issues and the food security problems. This main concern of this paper is to audit the various applications of Artificial intelligence in agriculture such as for irrigation, weeding, spraying with the help of sensors and other means embedded in robots and drones. These technologies save the excess use of water, pesticides, herbicides, maintains the fertility of the soil, also helps in the efficient use of man power and elevate the productivity and improve the quality (Talaviya et al., 2020).
This review aims to provide an overview of the current state of artificial intelligence (AI) in agriculture, focusing on three critical aspects and achievements: soil management, weed management, and the integration of the Internet of Things (IoT). It further examines the significant challenges faced in this field, including the anticipated uneven distribution of mechanization across regions, security and privacy concerns, and the adaptability of algorithms to practical applications, particularly in scenarios involving heterogeneous plants, large datasets, and complex influencing factors. Additionally, the review highlights the development of agricultural robots by providing a background of this field, presenting specific examples, and addressing key challenges. It also identifies future prospects for AI applications in agriculture, considering diverse circumstances across different countries.
2. AI Applications in Agriculture
In precision agriculture, Artificial Intelligence (AI) plays a crucial role in optimizing farming practices by analyzing data from sensors, satellites, and drones. Applications include monitoring soil health, crop growth, and weather patterns to enhance yields while minimizing resource utilization. AI-powered tools, such as advanced irrigation systems and fertilizer management, ensure efficient use of inputs.
Similarly, in crop and pest management, AI-powered systems leverage image recognition and machine learning to identify diseases, pests, and nutrient deficiencies. Predictive models are utilized to forecast pest outbreaks and recommend timely interventions. Autonomous drones and robots are employed for targeted pesticide spraying and weed removal, improving precision and reducing environmental impact.
AI models also analyze historical and real-time data to predict crop yields, helping farmers make informed decisions and manage supply chain logistics more effectively. Autonomous machinery, including tractors, harvesters, and planting systems equipped with AI, increases operational efficiency while reducing labor costs. Robotic systems, capable of performing delicate tasks such as fruit picking, further enhance productivity.
In the domain of supply chain optimization, AI is used to streamline post-harvest processes, including sorting, grading, and packaging. Machine learning algorithms improve logistics by predicting demand, managing inventory, and minimizing food waste. Additionally, AI-powered tools are increasingly employed in livestock monitoring. These systems use wearable sensors and cameras to track animal health, behavior, and productivity, enabling early disease detection and more effective livestock management practices. By integrating AI across various agricultural domains, farmers can achieve greater efficiency, sustainability, and productivity.[3]
3. Current Status of AI Applications in Agriculture
3.1 Precision Agriculture
In precision agriculture, Artificial Intelligence (AI) plays a pivotal role in optimizing farming practices by leveraging data collected from sensors, satellites, and drones. Key applications include monitoring soil health, analyzing crop growth, and predicting weather patterns, all of which contribute to enhancing yields and minimizing resource wastage. Additionally, AI-powered tools, such as advanced irrigation and fertilization systems, facilitate efficient input management.[4]
3.2 Crop and Pest Management
AI-driven systems employ image recognition and machine learning techniques to detect crop diseases, pests, and nutrient deficiencies. Predictive models are utilized to forecast pest outbreaks and offer recommendations for timely interventions. Furthermore, autonomous drones and robots are extensively deployed for targeted pesticide application and weed removal, enhancing precision and minimizing environmental impact.
3.3 Yield Prediction
AI models analyze historical and real-time data to accurately predict crop yields. These insights enable farmers to make informed decisions about planting, harvesting, and managing supply chain logistics.
3.4 Robotics and Automation
Robots designed to perform delicate tasks, such as fruit picking and planting, enhance productivity while reducing reliance on manual labor. Similarly, autonomous machinery, including AI-equipped tractors, harvesters, and planters, is transforming farm operations and increasing efficiency.
3.5 Supply Chain Optimization
Machine learning algorithms optimize logistics by predicting market demand, managing inventory, and minimizing food waste. They also streamline post-harvest processes, such as sorting, grading, and packaging, enhancing overall efficiency.
3.6 Livestock Management
AI-powered wearable sensors and cameras monitor livestock health, behavior, and productivity, enabling early disease detection and real-time monitoring. These advancements allow farmers to improve livestock management practices effectively.
3.7 Climate-Smart Agriculture
Predictive analytics assist farmers in planning for extreme weather events, such as droughts and floods. Additionally, AI tools are being utilized to develop climate-resilient farming practices, facilitating adaptation to changing weather conditions.[6]
3.8 Advancements in AI Technology
The integration of Artificial Intelligence (AI) with the Internet of Things (IoT) provides real-time data, enabling smarter decision-making. Furthermore, the combination of AI and blockchain ensures transparency in food traceability and supply chain management. Additionally, AI-based applications and platforms are being increasingly adopted to offer personalized farming recommendations.[8]
4. Challenges of AI in Agriculture
While Artificial Intelligence (AI) has the potential to revolutionize agriculture, its widespread adoption faces several challenges. These challenges need to be addressed for AI to reach its full potential in enhancing agricultural productivity and sustainability. it includes:
4.1 High Initial Costs
The upfront costs associated with AI-driven tools, machinery, and infrastructure can be prohibitively high for small and medium-scale farmers. These costs include expenses related to sensors, autonomous machines, and AI software development. Without clear and immediate returns on investment, farmers may face difficulties in adopting AI technologies, resulting in slow adoption, particularly in developing regions.[7]
4.2 Data Scarcity and Quality
AI systems require large volumes of high-quality data to train models; however, such data is often scarce or poorly documented in many agricultural regions. Inaccurate or insufficient data collection can undermine the efficiency and accuracy of AI systems, resulting in unreliable outcomes. Additionally, concerns related to data ownership, sharing, and privacy may discourage farmers from utilizing AI tools that depend on extensive data input.[6]
4.3  Algorithm Adaptability
Agricultural systems are highly diverse and vary significantly across regions. As a result, AI models developed for one context may not easily adapt to another due to differences in crops, climates, and farming practices. Therefore, AI algorithms must be highly adaptable to the dynamic nature of farming, which requires real-time adjustments in response to changing environmental and market conditions.
4.4 Lack of Skilled Workforce
The successful implementation of AI in agriculture requires skilled personnel who are capable of operating and maintaining advanced technologies. However, there is a shortage of workers with the necessary expertise in AI and its applications in agriculture. Additionally, farmers and agricultural workers need education and training in AI technologies, a challenge compounded by the rural-urban divide and limited access to educational resources.[5]
4.5 Technological Limitations
In certain regions, limited access to advanced computing resources, reliable internet connections, and modern hardware may impede the effective deployment of AI applications. Furthermore, while AI relies on sensors and machines, these devices may encounter limitations in terms of accuracy, reliability, or durability, particularly in challenging agricultural environments.[9]
4.6 Infrastructure and Connectivity Issues
Many agricultural regions, particularly in developing countries, experience poor internet connectivity, which hinders the implementation of IoT devices, real-time data analytics, and cloud-based AI solutions. Furthermore, effective AI implementation often requires robust infrastructure, such as reliable power supply and transportation networks, which may be underdeveloped in certain areas.[16]
4.7 Ethical and Privacy Concerns
The collection of vast amounts of data raises significant concerns regarding the security of farmer information, particularly in terms of unauthorized access, data theft, and misuse. Additionally, AI algorithms may unintentionally introduce bias or unfair practices in agricultural decision-making, especially when trained on biased or incomplete data sets.[5]
4.8 Resistance to Change
Many farmers may hesitate to adopt AI technologies due to resistance to change, a preference for traditional farming methods, or concerns about technological unemployment. Additionally, a lack of trust in AI systems, particularly in regions where farmers are unfamiliar with technological advancements, may result in slower adoption rates.
4.9 Regulatory and Policy Challenges
The rapid development of AI technology in agriculture has outpaced the creation of corresponding regulations and policies. As a result, governments may face challenges in establishing adequate frameworks for the safe and ethical use of AI. Additionally, the absence of standardized protocols for AI implementation can lead to inconsistencies in outcomes and pose difficulties in scaling AI applications across regions.
4.10 Environmental and Social Impacts
While AI has the potential to optimize resource use, its improper application could lead to environmental degradation, such as an over-reliance on AI-driven pesticides and fertilizers. Furthermore, there is a risk that AI in agriculture could exacerbate inequalities between large, resource-rich farms and small-scale farmers, particularly in developing countries where access to AI technology is limited. [23]
5. Agricultural robotics:
Agricultural robotics has seen significant advancements, with companies working on artificial intelligence (AI) developing robots capable of performing a wide range of farming tasks. These robots are specifically designed to manage weeds and harvest crops at a faster rate than human laborers. Customization of these robots allows them to simultaneously pick and pack produce, ensuring quality control and minimizing waste. These robots are crucial in overcoming challenges faced by farmers, as they can operate in bulk with high speed and precision, something traditional farm workers cannot achieve. As a result, agricultural robots help reduce crop wastage on cultivated land. [4]
The use of robots in agriculture has significantly improved productivity, making farming more efficient and widely adopted. AI techniques offer real-time data, reducing human error and enhancing decision-making. The research highlights that modern AI technology and methods outperform traditional farming methods with minimal human intervention and in a shorter time frame. While AI techniques have primarily been used in solving path-planning problems for agricultural robots, they are also gradually being integrated into core agricultural tasks such as planting, harvesting, and monitoring. [19]
Numerous organizations are actively working to improve farming productivity using robotics. For example, automated picking machines are capable of plucking ripe apples from trees. These machines use intelligent sensors, AI technology, and vision systems to identify and select the best fruit or vegetables for harvest. The agricultural industry, being the second-largest sector utilizing robots after the defense, is witnessing a significant rise in the adoption of agricultural robots. According to the International Federation of Robotics, the number of agricultural robots sold is now comparable to that of military robots.[20]
Conclusion: 
This review provides an overview of the application of AI technology in agriculture, addressing current challenges such as decreasing manual labor, limited arable land, and the widening gap between food production and the growing global population. AI is increasingly regarded as one of the most feasible solutions to these issues and has been developed and improved by scientists worldwide over the years. 
The review identifies three major practical challenges of AI in agriculture. First, the uneven distribution of modern technology, driven by geographical, social, or political factors, limits AI's application in certain areas. Second, despite significant advancements, transferring AI-based machines and algorithms from controlled experiments to real agricultural environments requires further studies. The ability to process and interpret large datasets accurately and efficiently remains a critical challenge. Third, the security of devices used in open agricultural environments and concerns regarding the privacy of collected data must be addressed. 
The review also delves into the development of agricultural robots, highlighting various examples of robots designed for specific tasks within the agricultural industry. These include autonomous mobile robots for pesticide spraying in greenhouses, GPS and machine vision-equipped tractors with pre-programmed travel paths, apple-picking robots utilizing a Cartesian coordinate system, robots for weed management with innovations in physical mobility and crop-weeding discrimination, and apple harvesting machines featuring flexible grippers. Finally, the review discusses the challenges faced in applying agricultural robots, particularly the unpredictability of real-world environments. Despite these challenges, it underscores significant advancements in this field and the promising prospects for the future of agricultural robotics.
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