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Abstract 

 

Artificial intelligence (AI) plays a vital role in promoting agriculture and 

farming, thus helping agro-based economies grow. Agriculture is a major 

industry that plays an important role in maintaining the economy of a 

country. The Economic Survey states that India's agriculture sector 

provides livelihood support to about 42.3 percent of the population and 

accounts for 18.2 percent of the country's GDP at current prices. Current 

population growth, food quality demand and other environmental factors 

demand more technology than fertilizers. The Environmental Protection 

Agency (EPA) reports that the agriculture and horticulture industry 

contribute $330 billion annually to boost the economy. The world 

population will exceed 9.1 billion, and in 2050 it will require 70% more 

food than is needed today. On the other hand, only 4% of the earth is 

cultivated for subsistence. The clear advantages that farmers enjoy from 

higher crop yields, lower farming expenses, and improved decision- 

making are being highlighted by key fields, including precision farming 

and disease detection. This paper introduces various AI applications in 

agriculture, reviews the case studies of AI-based farming in India, and 

discusses the challenges and opportunities that AI brings to the 

agricultural sector moving forward. 

Keywords: AI in agriculture, AI technologies in farming, future of 

farming, smart agriculture, AI in crop management. 

 

1. INTRODUCTION 

Artificial intelligence involves programming machines to 

mimic human thought processes and actions. The terms may also 

be applied to any machine that exhibits traits associated with the 

human mind, such as learning and problem-solving. Artificial 

intelligence is the branch of computer science that emphasizes the 

development of intelligent machines thinking and working like 

humans. for example, speech recognition, problem solving, 

learning, and planning. 

AI is expanding its footprint at the ground level, making a 

significant impact in the world's most vital sector—agriculture. 

After healthcare, automotive, manufacturing, and finance sectors, 

artificial intelligence in agriculture is now providing cutting-edge 

technology for harvesting with better productivity and crop yields. 

The latest AI technology is being used in agriculture. Agriculture 

is one of the most important and oldest industries in the world, 

providing resources and food for human survival. The agriculture 

sector is the foundation of the world economy, and with the 

increasing population, the world will need to produce 70% more 

food by 2050. AI-enabled Technologies can help farmers get 

more from the land while using resources more sustainably. Here 

we will learn how AI can be used in agriculture and its applications 

in farming. 

In the era of AI, technologies like drones, automated machinery, 

and predictive analytics, as well as crop monitoring, managing 

water usage, and enhancing soil health, are supporting 

agricultural activities. The productivity gains from these 

technologies will make it possible to have a much less polluting 

environment, water waste, and pest control problems. 

Consequently, the introduction of AI in agriculture is expected to 

have a firm foothold in the areas of future food security, resource 

efficiency, and environmentally friendly farming practices. 

 

2. Role of Artificial Intelligence in Agriculture 

From agriculture to disease detection, this technology enables 

farmers to increase yields, reduce costs, and improve 

sustainability. For example, AI drones are used to monitor crops, 

identify pests and diseases, and predict crop yields. From 

predicting crop yields to monitoring soil health, AI is making 

agriculture more efficient and sustainable than ever before. One 

of the most exciting applications of AI in agriculture is precision 

farming. This technology uses data and algorithms to improve 

crop production, reduce waste, and reduce environmental 

impacts. It has a wide range of significant uses in agriculture. 

Drones with cameras and sensors that are powered by AI, for 

example, may survey vast areas of fields, gathering information 

on crop health and spotting possible problems like illnesses or 

nutrient shortages [1]. 

2.1 Precision Farming 

Precision farming shows the power of AI in improving 

agriculture. AI analyzes data from sensors and drones, making 

precise decisions on irrigation, fertilization, and pest control. This 

ensures that the crops get the right amount of water and nutrients. 

Companies like Arable and CropX have increased crop yields by 

up to 30% thanks to AI. AI uses machine learning to detect plant 

health problems like apple scab in apple trees and yellow rust in 

wheat with 95% accuracy. This improves irrigation, reduces water 

use, and aligns with eco-friendly agriculture. 

2.2 Water and Resource Management 

AI-powered irrigation systems can deliver water exactly when 

and where it is required, preserving water supplies and improving 

water usage efficiency. AI can help optimize water use by 

tracking soil moisture levels, weather patterns, and crop water 

requirements. 

2.3 Supply Chain Optimization 

AI can enhance the agricultural supply chain by examining 

components such as inventory control, transportation logistics, 

and demand forecasting. By doing this, waste can be reduced. 

distribution efficiency can be raised, and consumers may receive 

agricultural products on time. 
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2.4 Crop Monitoring and Management 

Constancy over crops is achieved via the use of multispectral- 

equipped drones or satellites with the assistance of a mini-AI for 

capturing every detail around it. The massive amounts of data, 

including plant health, soil structure and growth, are then 

processed through certain algorithms to figure out anomalies such 

as “areas affected by infestation of pests or plants deprived of 

certain nutrients." Presuming the future would be difficult, but as 

success is success, timely action is taken in order to minimize 

losses of crops, but most importantly, the quality is prime. 

2.5 Predictive Analytics 

Historical growing climates alongside soil property and even 

the performance of the crops are predicted for digesting the likely 

outcome and action points for the coming years. If predictive 

communication is what you understand, then this would be your 

best bet. It lets you clock change and at the best possible time to 

plant or when the harvest is due while also estimating any crop 

losses due to what year would be the most compatible with your 

needs. 

2.6 Automated Machinery 

Efficiently transitioning farming over to the AI side with 

autonomous tractors and harvesters guides them and assists in 

capturing all data through imagery. Whether it the plants or soil 

with little to no interaction, AI ensures overpowering the erosion 

of labor alongside human negligence across the board, 

automatically planting, harvesting and even removing weeds 

while also making sure all tasks are performed at peak condition. 

2.7 Soil Health Monitoring 

The nutritional value of soil determines the ideal balance 

necessary for growth, a feature which the AI is able to do quite 

well while analyzing it, aiding in constructing the perfect plan 

involving the plantation along with the requirement of reducing 

chemical fertilization and simultaneously boosting soil health. AI- 

generated soil monitoring. 

 

3. Application of AI in Agriculture 

3.1 Observing Crop Maturity 

Manual observation of fruit growth stages is just the kind of 

labor-intensive process that AI can help with in precision 

agriculture. Computer vision can detect maturity in tomatoes. 

algorithm that analyzed color from five different parts of the 

tomato and then made maturity estimates based on this data. The 

algorithm achieved a successful detection and classification rate 

of 99.31%. Overserving and estimating crop growth and maturity 

is hard, labor-intensive work for farmers. But AI is proving 

capable of handling much of that work with both ease and 

impressive accuracy [3]. 

3.2 Intelligent Spraying 

A smart spray system based on servo motor-controlled 

sprayers that use computer vision to detect weeds. A camera 

mounted on the sprayer records the geo-location of weeds and 

analyzes the size, shape, and color of each pesky plant in order 

to deliver precise amounts of herbicide with precision targeting. 

Computer vision: a promising tool for weed management [4]. 

3.3 Automatic Weeding 

Being able to physically remove weeds not only saves the 

farmer quite a bit of work but also reduces the need for herbicides 

and thus makes the whole farming operation much more 

environmentally friendly and sustainable. Spotting a weed in the 

same way that computer vision can spot an insect actually 

eliminates very much work for the farmer. To be of even greater 

help, the AI needs to both find and remove the weed. Smart 

Agricultural Machine with a Computer Vision-Based Weeding 

and Variable-Rate Irrigation Scheme [5]. 

3.4 Livestock Health Mentoring 

Cattle Eye is a great example of an AI-first company in the 

agriculture industry. They use overhead cameras and computer 

vision algorithms to monitor cattle health and behaviour. This 

means that spotting a problem isn’t dependent on a cattle farmer 

being right there next to the cow. Instead, the cattle can be tracked 

and monitored remotely and in real-time so that farmers can be 

notified as soon as a problem is observed. Count animals, detect 

disease, identify unusual behavior, and monitor significant 

activities such as giving birth. Collect data from cameras and 

drones (UAVs). Combine with other technologies to keep farmers 

informed on animal health and access to food or water [6]. 

 

 

 

 

 

 

 

 

 

Fig. 1. Application of AI in Agriculture 

 

4. Key Technology of AI in agriculture 

 
4.1 Drone Technology 

 
A drone is, technically, an unmanned aircraft. They are 

formally called unmanned aerial vehicles (UAVs) or unmanned 

aerial systems, weighing 2–20 kg. Drones can be used to monitor 

any type of crop anywhere. Integrating drone technology can 

increase crop yields, save time, make land management more 

sustainable, and improve long-term efficiency. In some areas, 

such as hilly terrain or mangrove forests, these drones use a 

pneumatic feeder that shoots seed pods deep into the soil. 

Spraying chemicals to kill unwanted plants like insects and weeds 

Livestock health 

monitoring 

Observing crop Automate weeding 
maturity 
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is now important to crop health. Drones can carry large reservoirs 

that can be filled with fertilizers, pesticides, herbicides, plant 

growth regulators (PGRs), etc. for quick spraying. Agricultural 

drones have the following disadvantages, such as High initial cost, 

A traditional farmer cannot perform the necessary analysis of 

drone images. Drones flying above the ground and losing control 

for any reason can cause an accident. Agricultural drones typically 

cost up to $25,000 (Precision Hawks Lancaster), depending on the 

features and sensors required to perform their intended function, 

with fixed wings. Some drones are expensive as imaging sensors, 

software, hardware and tools are all included in the price [7]. 

4.2 Smart Farming Technology 

like India, Paraguay, Albania, Guinea, etc. An exciting innovation 

within the Smart Farms concept was a robot for watering pots in 

agricultural greenhouses that uses sensors for humidity, position, 

and computer vision to estimate the amount of water each plant 

needs individually and then runs the water slide required for each 

plant. This technique makes it possible to save lots of water and 

substantially improve irrigation efficiency [10]. 

Prajna K.B. provided a brief overview of the different types of 

robotic technologies used in agriculture, and the idea of a general- 

purpose robot was presented. [11] Agriculture performs a vital 

function for the country. Smart agriculture is consequently 

necessary. The Internet of Things will assist in enhancing clever 

agriculture. The IOT works in various agricultural fields to 

improve time efficiency, water management, crop monitoring, 

Smart farming technologies have the potential to save farmers 

11s8oil management, pesticide and pesticide control, etc. 

million euros and reduce greenhouse gas emissions by 15%. 

Emphasis on Redmond Ramin Shamshiri and others 

conducted an insightful precision irrigation improves water 

supply and increases pulsreview of agricultural robotics. It 

challenges, and special attention production, as demonstrated 

in India's Uttar Pradesh, is another useful usise given to 

multirobot and swarm methods [12]. 

of AI in agriculture [8]. 

 

Table.1. Smart Farming Technology 

 

 

Smart Farming Technology 

 

Traditional Farming 

 

Saves 95% of water 

 

High water usage 

 

20% increase in crops yields 

 

Lower yields 

 

15% cost reduction 

 

Higher operational cost 

 

15% reduction in emission 

 

Higher emission 

5. Related Works 

Juan Jesus Roldan, Jaime del Cerro, and their team have talked 

about some key topics in agriculture. They focused on things like 

precision farming and greenhouse practices. They also collected 

useful information on planting, harvesting, and keeping an eye on 

the environment. [9] They mentioned robots that could help with 

tasks in the farming. This includes ground vehicles and flying 

drones. They point out the good and bad sides of using AI in 

agriculture. The benefits include better accuracy, efficiency, and 

automation. But there are demerits too. These include high 

starting costs, complex technology, concerns about data privacy, 

and slow adoption rates. 

N. Vamshi Dhar Reddy, S. Pranav Adithya, and others 

presented the use and results of using robots in agriculture; they 

tried to increase their knowledge about the use of agricultural 

robots on behalf of farmers, especially in developing countries 

Blender Timo, Thiemo Buchner, et al. presented the Mobile 

Agricultural Robot Swarms (MARS) as a proposal for 

autonomous farming operations using a set of coordinated robots 

and described an application in seeding [13]. 

V. Dharmaraj and C. Vijayanand give a vision of how different 

agricultural sectors are often exploited using AI. It also studies 

AI-powered ideas for the future and therefore the challenges that 

are anticipated in the future [14]. 

 

6. Advantages of AI-Powered Precision 

Agriculture 

6.1 Improved Output 

AI optimizes the farming sequence and all of its other 

components, and this leads to greater quantity and quality of 

crops. Precision agriculture allows for the best possible 

productivity through the best use of resources. 

6.2 Lower Costs 

The use of automated machines and targeted approaches 

reduces the cost of labor and input expenditures. Precision 

farming reduces losses, and therefore the use of water, 

fertilizers, and pesticides is well controlled. 

6.3 Sustainability 

By using precision agriculture methods, the impact of various 

processes on the environment is reduced, meaning that precision 

agriculture practices are more environmentally friendly. The use 

of AI technology in farming reduces dependence on chemicals, 

saves water, and protects the soil. 
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6.4 Easier Decision Making 

With the help of real-time information and the predictive 

capability provided by AI, farmers are able to receive precise 

recommendations to guide their actions. This advances the 

decision-making process as farmers can reduce several 

uncertainties and enhance the management of the farm. 

6.5 Climate Change Mitigation 

The capabilities of AI that provide accurate models for 

climate change and up-to-date weather forecasts give farmers the 

ability to make strategic changes and plan around the farming 

activities that best suit the climatic conditions. This helps the 

farmer to manage risks, know the climatic variations, and 

prepare the farm accordingly [15]. 

 

7. Challenges 

 
Hotspots of AI Challenges in the Agriculture Sector: In spite 

of all the benefits associated with using new technologies, the 

application of artificial intelligence in agriculture has some 

obstacles: 

7.1 Investment Demand 

The investment in AI technologies is high and becomes a 

barrier to the developing smallholders. 

7.2 Sampling and Data Maintenance Problems 

Quality, acceptable and trustworthy data is needed for AI- 

based systems to operate optimally, but such data is difficult to 

both collect and maintain. 

7.3 Skills Gap 

In order to apply AI, technical skills are needed, which some 

farmers may not have. 

7.4 Integration with Agricultural Activities 

However, integrating AI features into current agricultural 

practices, structures and processes is a difficult task. 

7.5 Balance Between Data Usage and Data Protection 

AI creation does call for the requisite skills that largely include 

data, which begs the issue of privacy and security; hence, 

sensitive data needs to be protected adequately [15]. 

 

8. Future directions 

Artificial intelligence (AI) can also be used to evaluate soil 

data and make decisions about when and where to plant, as well 

as which seeds to use in different areas of a field. The size of the 

global AI market for agriculture was estimated at USD 1.25 

billion in 2022 and is projected to grow at a compound annual 

growth rate (CAGR) of 26.7% from 2022 to 2032, when it will 

reach USD 13.33 billion (Figure 1.2) A report by Allied Market 

Research details how the AI in agriculture market is expected to 

grow at a compound annual growth rate (CAGR) of 26.7% by 

2032. According to this research, the market for artificial 

intelligence in agriculture is anticipated to grow quickly as a result 

of things like the growing use of precision farming. While there 

are challenges to be overcome, such as the initial investment 

required for implementing these technologies, the potential 

rewards are substantial, making them a critical component in the 

future of farming. The future of IoT and AI in agriculture is bright, 

with the potential to revolutionize the industry and improve the 

sustainability and productivity of food production [16]. 
 

 

Fig. 2. AI in Agriculture Market Revenue 

 

9. Conclusion 

 
AI helps take the hard work out of farming. It cuts down on the 

amount of water, fertilizer, and chemicals needed to cultivate 

crops. Also, it sees how many crops will be harvested from a piece 

of land and how strong the soil is. AI knows if a plant is sick too. 

There are machines that use AI to collect vegetables and water 

crops. These all make farming cheaper and less damaging to the 

environment. Unluckily, setting up AI is costly at first and needs 

skilled people to manage it. Still, it will in the end pay off by 

making farming easier, cheaper, and more environmentally 

friendly in the long run. 
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