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Abstract- Agriculture is one of the oldest and most important 

professions in the world. It plays a vital role in the economic 

sector. The impact and application of artificial intelligence (AI) 

have been prominent and evident in the agriculture sector. The 

world population is increasing which will require more food 

and agricultural products. AI can help us to produce the 

additional requirement of agricultural products. Agriculture 

faces many challenges like crop disease, lack of irrigation, 

water management, the effect on the environment, low output, 

and improper soil treatment. It can be solved by the 

applications of AI. The use of AI in soil management, weeding, 

crop monitoring and disease management can solve the 

problems of farmers. The application of AI in agriculture is 

producing more with less manpower, land, and time. AI in 

agriculture can foster smart farming practices to limit the loss 

of farmers and give them high returns. This research is 

conducted to review several key aspects of  AI in the field of 

agriculture. Besides, it has highlighted the anticipation and 

future scopes and challenges of AI in the agricultural sectors. 

Keywords- Agriculture, Artificial intelligence, Farmer, Soil 

management, Crop, Weeding. 

I. INTRODUCTION 

Today's world is the world of technology. The progression of 

technology has created such technology called artificial 

intelligence. Artificial intelligence is the imitation of human 

intelligence processes by machines especially computer systems 

that can think, behave, and able to make decisions like a human. 

The food and Agriculture Organization (FAO) of the United 

Nations projected that the world's population will increase from 7.3 

billion to 9.8 billion by 2050. According to the same survey, a 50% 

increase in food production will be needed to feed the additional 2 

billion people[1]. It means the agriculture section will have to take 

extra pressure and farmers will have to do more with less. 

Traditional methods of farming cannot fulfil the requirement. AI-

powered solution is needed for the challenge of global food 

production to increase by 50% by 2050 to feed extra 2.5 billion 

people. AI will not only enable to improve the efficiencies but will 

also improve the quality, and quantity and ensure fast go-to-market 

for crops. 

The term artificial intelligence was first coined in 1956 by John 

McCarthy[2]. Over time, as in many other sectors, AI technology 

has been used in agriculture to achieve automation. The application 

of AI in agriculture will be enabled by technological advances like 

the Internet of Things (IoT), Machine Learning (ML) and Deep 

Learning (DL). AI in agriculture enables us to capture the intricate 

details of each situation and provide a solution that is the best fit 

for that particular problem. Major AI techniques that solved many 

complex problems are ML, Machine Vision, Robotics and 

Automation and Natural Language processing.  

The key to AI is to simplify problem-solving which may include 

the use of an artificial neural network (ANN). ANN is more widely 

used and applied for research purposes than the others. ANN is a 

processing algorithm that mimics the way nerve cells work in the 

human brain to learn things and make decisions in a manner[3]. AI 

methods are logical and based on algorithms and programs. So, 

artificial intelligence, machine learning and deep learning are 

mostly theories and hypotheses.  

Agriculture and AI complement each other. The main purpose 

of agriculture is to produce food and other human needs to sustain 

and enhance life. Al plays the main role to achieve the purpose of 

agriculture. AI provides farmers with real-time inside of fields. The 

agriculture sector uses artificial robots and drones which are 

playing an impactful and vital role in this sector. AI application in 

agriculture has a good impact on the natural ecosystem. It can 

increase the work safety of farmers. All these factors should keep 

the food price low. By implementing AI technology in agriculture, 

the additional needs for food production could be accelerated. The 

research discusses the use, impacts, capability towards agriculture, 

tools that are using used and many more aspects relevant to this 

domain. 

II. IMPACT OF AI ON AGRICULTURE

AI innovation has been applied in various segments of 

agriculture to raise efficiencies and profitability. AI managing the 
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challenges of agriculture from soil preparation to crop marketing. 

This section describes the several impacts of AI on agriculture. 

A. Soil Health Monitoring 

Soil is an important natural resource. Over the few decades, soil 

health monitoring and management have become increasingly 

important. Good knowledge of different types of soil and 

conditions can have a great impact on crop yield. AI-powered 

methods have been introduced in agriculture to monitor soil health 

and management. In 2018 for soil testing IBM developed a mini 

soil testing system that can successfully test five indicators based 

on a colourimetric test. The micro-fluidic chip inside the card 

performs chemical analysis and an AI-driven machine vision 

algorithm estimate the value of the colourimetric test[4]. ANN can 

predict the moisture content of soil [5]. A support vector machine 

(SVM) can predict the mean weight diameter of soil[6]. AI can 

identify carbon sources and carbon sinks in different places. In 

ARIES (2018), different models were used as input up ANN 

suggesting the carbon sequestration source model, carbon flow 

model, potentially stored carbon release sink model, and 

greenhouse gas emissions model[4]. Management oriented 

modelling (MOM) is an AI-driven soil management practice. It is 

an effective tool for checking nitrogen leaching[7]. 

B. Crop Health Monitoring 

Artificial intelligence has provided many new ways to increase 

yield and reduce crop damages. On many occasions crop health 

depends on choosing the perfect crop for harvesting. Remote 

sensing (RS) techniques, including hyperspectral imaging and 3D 

laser scanning, are effective in creating crop matrices on thousands 

of acres of arable land[8]. Measuring the growth of plants is very 

important in crops health monitoring. A total of 17 essential 

elements are needed for the growth of crops[9]. Various computer 

vision algorithms are being used to measure and predict crop 

growth. Different techniques have been introduced to monitor the 

different types of crops. COMAX and COTFLEX for cotton 

management[10], [11]. Many AI-powered sensors are used for 

agricultural monitoring which is ultimately related to crop health 

monitoring. Sensors like MQ4 & MQ7 are used for natural gas 

sensing and carbon monoxide sensing, respectively [12]. A 

summary of the application of AI in crop health monitoring is 

shown in Table 1. 

TABLE 1. SUMMARY OF CROP HEALTH MONITORING 

AI APPLICATIONS 

Paper Applicat

ion 

Algorithm Result 

[13] Measure

ment of 

plant 

growth 

indicators 

Machine 

learning, CIE, 

Threshold 

segmentation 

Achieved a 

very good result 

[14] Grape 

growth 

monitoring 

Computer 

vision 

Identification of 
individual barriers 
and      
grape bunches was 
accurate 

[15] Diagnos

is of 

nitrogen 

content in 

rice leaves 

MATLAB Blade change 

process quantified 

[16] 
Observi

ng the 

heading 

date of 

wheat 

Computer 

vision 

The absolute error of 
the method is 
10.14%      
days compared to 
other      
methods 

[17] Monitoring 
the growth of 
paddy 

Remote 

sensing 

Achieved a 

good result 

C. Irrigation 

AI has turned the traditional irrigation system into an automated 

irrigation system. This kind of system does not require human 

intervention. In addition, it not only reduces excess water wastage 

but also reduces labour. An example of an automatic irrigation 

system is the use of Arduino[18]. In this system, Arduino read the 

conditions using soil moisture sensors. If the soil is dry, then check 

the availability of water using water level sensors. If the water is 

available, the pump is turned on and is turned off automatically 

when a sufficient amount of water is supplied. Another example is 

Raspberry Pi3. In this system, Nod MCUs and soil moisture sensors 

spread evenly throughout the area of irrigation. Wireless LAN 

connects the nods with Raspberry Pi3[19]. The developed system 

of Raspberry Pi3 uses Random Forest regressor to predict the 

weather. It can gradually adapt to region-specific climate 

conditions. The system gets updated every 30 minutes at a regular 

interval. It is an autonomous system with little to no human 

intervention. Farmers are using various sensors like soil moisture 

sensors, rain and frost sensor, air sensor, and pH meter sensor to 

create different irrigation systems. These sensors are used for real-

time or historical data to report watering routines and change 

watering schedules to prove efficiency. One of the main key tools 

of an irrigation system is a soil moisture sensor. The soil moisture 

sensor measures the water content in the soil and estimates the 

amount of water stored in the soil horizon. It helps the irrigators to 

understand what is happening at the root of a crop. This system 

combines an advanced technology of sprinklers with nozzles. It 

collects information from sensors and sends predefined user orders 

to actuators that turn sprinklers on and off[20], [21].  AI technology 

is used in Evapotranspiration(ET) to create different types of 

irrigation systems [22], [23]. It depends on temperature, wind, solar 

radiation, and relative humidity. If farmers can determine how 

much water has entered and left plants through ET, they can 

calculate how much water needs in any condition. 
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D.  Weather Forecasting 

Crops are sensitive to climate change. Different parameters like 

temperature, wind flow, sunlight, rainfall, and humidity can affect 

crop productivity. Hurricanes, tornadoes, hurricanes, and 

hailstorms are the result of climate change that could cost millions 

of dollars. Al-driven weather forecasts help farmers update 

themselves about environmental conditions. Weather forecasting 

using AI is primarily based on machine learning algorithms. 

Numerical Weather Prediction (NWP), a popular machine learning 

model can provide short-term weather forecasts or long-term 

climate change predictions by studying and manipulating vast data 

sets transmitted from weather satellites, relay stations and 

radiosondes[24]. ANN, Ensemble Neural Network, 

Backpropagation Network, Radial Basis Function Network, 

General Regression Neural Network, Genetic Algorithm, 

Multilayer Perceptron, Fuzzy Clustering are some AI-driven 

techniques for weather forecasting. Google's AI forecast tool that 

can predict rainfall six hours ahead of precipitation uses the UNET 

convolutional neural network (CNN). 

E.  Weeding 

The presence of weeds increases the cost of agriculture and 

reduces crop yield. A study by the Indian Council for agricultural 

research said India loses $11 billion worth of agricultural products 

due to weeds[25]. Therefore, the control or eradication of weeds is 

very important for crop yield. To eradicate the weeds farmers 

usually use herbicides. In traditional methods, farmers spray 

herbicides all over the farmland which is known as broadcast 

spraying. But this kind of broadcast spraying is a waste of 

herbicides and harmful to the environment. With the help of AI, 

farmers can detect and differentiate weeds from crops. Weeds 

identification is done by Image preprocessing and neural network. 

In this method, Images of crop fields are captured. Then the images 

go through some filtering processes. After that, the image 

segmentation algorithm of the Deep Convolutional neural network 

(DCNN) is used to separate crops from weeds[26]. With smart 

spraying technology, farmers can use minimal herbicide to 

eradicate weeds. It eventually lowers the cost of weed management. 

Then robotic nozzles with high precision target those weeds and 

spray a dose of herbicide according to the previously calculated 

weed's size and age[27]. Smart spraying technology sprays 

herbicides with precise dosages only to target plants and avoid 

crops & open soil areas. Blue River is an AI-powered famous and 

smart spraying technology. It uses a "see & spray" system. With 

this technology, farmers can eliminate 90% of herbicide 

volume[28]. A summary of the application of AI in weeding 

operations is shown in Table 2.  

Table 2. Summary Of Application Of Ai In Weeding 

Operation 

Paper 

Applicatio

n 

Algorithm/Method Result 

[29] Weed 

detection 

Fuzzy time 

classification, Color, and 

texture-based algorithm 

The 

accuracy 

rate is 

92.9% 

[30] Precisi

on weed 

managem

ent 

Machine vision Low cost 

and very 

effective 

[31] 

Weed 

estimation 

HOG (Histogram of 

Oriented Gradients), 

Multispectral images 

Analyze 

large areas 

of crops in 

less time 

[32] Weed 

detection 

in 

agricultu

ral fields 

Convolution Neural 

Network 

The 

accuracy 

rate is 

70.5% 

[33] Weed 

detection 

in crops 

SVM, Image 

processing 
A 

distinction 

between 

crops and 

weeds 

[34] Identifi

cation of 

potato 

plants and 

three 

different 

weeds 

Computer vision 

expert system based on a 

neural network 

The 

recognitio

n rate is 

98.38% 

and the 

average 

PC 

execution 

time of 

less than 

0.08s 

F.  Disease and Pest Management 

Plant disease reduces the production and quality of the crop. 

Farmers spend billions of dollars on disease management. AI-based 

disease management can help farmers to detect and get rid of 

diseases. CNN has identified leaf disease with higher accuracy. 

Vegetable leaf diseases can be detected by the CNN model based 

on image segmentation[35]. Computer vision (CV) technology also 

detects crop disease. SVM uses the color, texture, and shape of 

leaves to classify and identify diseases[36]. Image recognition 

technology, an AI-based technology is used to identify and treat 

pests. The YOLOv3, an AI-driven model uses CNN to classify and 

label the pest. CNN with the usage of image processing techniques 

counts the number of pests on any plant automatically[37]. Farmers 

use pesticides to protect crops from pests. Overuse of pesticides is 
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harmful to the environment. Integrated pest management (IPM) is 

an environmentally friendly method for pest management. The 

effects of IPM can be better than chemical control in the long term 

[38].  

III ROBOTS AND DRONES 

Robots are introduced to agriculture for their automation, 

precision & efficiency. Farmers use robots to find new ways to 

increase crop production and ease their work. Robots use 

technologies like AI and CV to perform their tasks. CV system 

includes a camera(s) to collect information, and then send it to the 

robot. The robot then takes the necessary steps according to the 

given information. With this technology, robots can perform tasks 

like harvesting, growth monitoring, picking, sorting & packing. 

Intelligent Agrobots-based on machine vision and ML are being 

used for sowing seeds[39]. Smart and autonomous agricultural 

robot prototypes are being implemented in this process[40], [41]. 

Many wedding robots do weed operations based on AI. Robots use 

image processing, CNN, SVM and various algorithms to detect 

weeds, and then spray herbicide doses[42], [43]. Dogtooth 

Technologies designed a robotic arm that is capable of harvesting 

fruits like strawberries that need sensitive picking with machine 

vision and motion planning algorithms, robot identifies and locates 

the ripe fruits[44]. Apple harvesting robots use 'computer vision 

and deep learning to pick apples from trees with mechanical 

hand(s)[45]. Cambridge University made a robot called Vegebot. It 

uses machine vision to harvest lettuce. Using a camera, it scans the 

lettuce and gives a thumbs up or down for harvesting. 

Drones are used to facilitate agriculture. Drones, known as 

unmanned aerial vehicles (UAVs), are managing and streamlining 

agricultural operations. It does all its work through flying. State 

estimation and controlling are two main components of drone 

flight. AI and ML are making state estimation and controlling 

capabilities of a drone to adapt to the environment[46]. Another 

important feature of the drone is mapping. AI-powered CV 

algorithms improve the mapping capabilities of the drone. With the 

help of AI, drones are being implemented in agricultural operations 

such as spraying, monitoring, identification, disaster management, 

image capturing, processing and analysis. Drones can use different 

kinds of spraying methods for crop spraying. Hydraulic energy 

sprayers, Gaseous energy sprayers, Centrifugal energy sprayers, 

and kinetic energy sprayers are some of them[47]. Drone can notify 

the farmers of how much sunlight the crop is getting from the sun. 

ML helps drones to analyze which part of farmland needs to be 

irrigated, and which part is affected by weeds and diseases. 

Different companies and organizations made specialized drones to 

perform agricultural tasks specifically. As T16 from DJI, eBEE SQ 

from senseFly, Quantix Mapper from Dragonfly, and Drone4Agro 

V3 are a few of them. These drones use AI, ML, IoT, GPS, RTK 

and many more different technologies to do the specified 

agricultural works. 

Although AI has redefined and improved agriculture in many 

amazing ways, it has some challenges as well. The first and most 

important issue is the lack of knowledge and skills in AI. AI 

technologies in agriculture require a different level of skill set. AI 

technology is made of software, hardware, sensors, and other 

various tools. Farmers need to train themselves to apply and operate 

these technologies properly. However, most of the farmers neither 

have the time nor good instructors to train them. Another thing that 

leads to a challenge is the gap between farmers and AI engineers. 

Most farmers usually do not study AI, ML or IoT. On the other 

hand, engineers do not often study agriculture and work in the 

fields, or methods used in agriculture. Sometimes unusual 

situations occurred in agriculture. AL and ML need time to analyze, 

process, study and then propose a solution. By then the situation 

may get out of hand. Another major issue is the cost of technology. 

There are 2 kinds of cost, first one is the cost of equipment and the 

other one is the cost of maintenance. Drones and agricultural robots 

are not cheap. Farmers need to pay a large amount of money to buy 

them. Hence, many companies offer these machines and 

technologies on a rental basis as a percentage of the crop. Farmers 

have to spend money to keep the machines running. Eventually, it 

raises the cost of the crop. The durability of AI technology is very 

important. Besides, technology keeps changing rapidly in this 

modern era. If farmers need to buy devices now and then it will not 

be economical for them. These machines and devices require 

regular updates. The updating process can be complicated and 

costly, but if  the farmers do not update the device timely and 

proper, it may not work. 

V FUTURE SCOPE 

The applications of artificial intelligence in agriculture show 

successful results. The scope of AI in agriculture could be further 

expanded in the future. Agriculture technologies and system, 

including AI and ML, is projected to triple in revenue by 2025, 

reaching 15.3 billion dollars, according to BI Intelligence Research. 

AI application in agriculture is required to solve agricultural 

problems and ensure better harvests. Framers depend on nature and 

weather for their cultivation. AI and machine learning work as a 

predictive analyst by analyzing previously collected data and 

recommending the right time to sow seed, defining the crop 

choices, and Hybrid seed choices to generate more yield. ML 

models can also suggest tweaks in cropping patterns to boost yields. 

Microsoft in collaboration with International Crop Research 

Institute for the Semi-Arid Tropics (ICRISAR), has developed an 

AI-sowing. The app sends sowing advisories to farmers on optimal 

data to sow. It is speculated that AI-based advisories would be 

useful to increase production by 30%. The biggest challenge of 

farming is crop damage due to any kind of disaster including pest 

attacks. Microsoft is yet another initiative that has collaborated with 

United Phosphorus Limited to build a Pest Risk Prediction API that 

leverages AI and ML to indicate in advance, the risk of pest attack. 

AI-empowered sensors and algorithms can be installed in robots to 

harvest fruits and crops for quick harvesting. Machines can take 

decisions at a level equivalent to the human brain using ML and 

IV CHALLENGES OF ADOPTING AI IN 

AGRICULTURE 
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DL. These decisions are based on thousands of data and more 

accurate than the human brain. One of the biggest concerns of 

farmers is the fluctuations in crop prices. With the help of 

technologies like big data, AI and ML, it can detect pest and 

disaster infestations, estimate crop output, and forecast prices 

which can guide the farmers and government on the future price 

patterns, demand level and type of crop to sow for maximum 

benefits. A tech-based company named NatureFresh, based out of 

the USA is developing technology to predict the amount of time a 

crop will take to produce a crop. This technology would be able to 

determine the amount of yield that will be available to sell in the 

future. AI can optimize every inch of a farm, take the right 

decisions, perform difficult and long-term tasks in a short time. It 

is a key tool in the transition from conventional agriculture to 

sustainable automated agriculture. 

IV CONCLUSION 

AI has revolutionized agriculture. Adopting AI in agriculture is 

one of the best ways to meet the ongoing demand for food. The 

agriculture industry faces various challenges. AI-driven 

technologies can help to face these challenges. ML has been 

applied to various machines for agricultural work. The application 

of AI in agriculture helps to automate it and shift traditional farming 

to precise cultivation for higher crop harvesting and better quality. 

AI in agriculture is essential to meet our needs. In future, 

agriculture is going to be governed by AI to meet the increasing 

demand for agricultural products. By minimizing the gap between 

farmers and AI engineers, training farmers about using AI-powered 

solutions and lessening the cost of adopting AI would produce more 

with less.   
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