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Abstract- Agriculture contributes to about 29% of
Gross Domestic Product (GDP) of developing nations
and 18.2% of India’s GDP accounting for about 65% of
the developing countries’ population and 42.3% of
India’s population. Agricultural development is one of
the most important and powerful tool for any country’s
economic development including poverty alleviation
and providing food and nutritional security. For this,
we need to improve land-use by using healthy,
sustainable and inclusive food systems with strong
technological interventions including prominent use of
Artificial Intelligence (Al) in precision agriculture,
especially with global food production requirement to
increase by 60-70%.

Developing nations have been experiencing a slowdown
in agricultural output rates in the developing countries
where Total Factor Productivity (TFP) has grown by
1.06% in the 2010s as contrasted to 2.20% in the 2000s,
whereas, it has increased from 0.83% in 2000s to 1.27%
in the 2010s in the developed countries.

Precision agriculture using Al and data-driven
approaches help drastically improve productivity and
environmental sustainability while using technologies
like sensors, drones, 10T, image recognition, etc., to
precisely target optimum utilization of resources like
water, fertilizers and pesticides through site-specific
management, Variable Rate Application (VRA), Al
sensor-based real-time monitoring leading to increased
productivity and reduce loss by automatic fertigation
system and image recognition based plant health
monitoring and disease diagnosis/pest control coupled
with automated drone/aerial based pesticide/insecticide
application system is proposed to revolutionize
traditional agriculture by reducing biotic and abiotic
stress on one hand and the farmer reaping enhanced
economic returns on the other. For this, institutional
credit and government funding will essentially be
required for capital investment in this paradigm-
changing revolutionary concept.
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I INTRODUCTION

Agriculture contributes a substantial proportion of
the developing countries’ economies as also provides

employment to a large section of their population. In
the year 2018, agriculture employed more than 50%
of the Indian workforce and accounted for 18% of its
Gross Domestic Product (GDP). However, it is
observed that the yield of the major cultivated crops
including wheat, rice, pulses, cotton, fruits and
vegetables is quite less as compared to the developed
nations. Hence, with burgeoning population and
reduction in arable land area due to increased
urbanization, there is an urgent need for providing
food security coupled with nutritional security to the
citizens. Developing countries like India have,
among others, a serious problem of dependence on
the monsoons and the limited availability of scientific
support in its villages to diagnose and control crop
diseases to minimize crop loss.

Traditional farming is also one of the major causes of
lower per capita productivity and consequent farmer
incomes (Shakeel 2018). Traditional agriculture
needs to be reinforced with modern approach in order
to increase productivity and production (Reddy and
Reddy, 1967). Modern agriculture practices are
essentially required to make agriculture a profitable
enterprise in India (Rao and Gulati, 1994).
Introduction to new technologies and technological
factors in fertilizers, biotechnology, seeds, etc. need
to be accelerated for a better yield and output in the
Indian agricultural sector and make it to become one
of the leading agricultural countries. To do this,
Artificial Intelligence (Al) can exceedingly and
provenly be applied to agriculture. As observed (Zha,
2020), application of Al in agriculture has been
considered to be one of the most viable solutions for
addressing issues relating to the needs of food and
nutritional security for a growing population.

Artificial Intelligence (Al):

Artificial Intelligence (Al) integrating the essential
concept of adaptability, rapid performance, precision
and cost-effectiveness creates machines that have the
inherent capability of learning, reasoning and
subsequently behaving like humans, and is
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exceedingly and quite successfully being applied to
the field of agriculture, among others, be that in crop
and soil monitoring, disease detection, monitoring
and control, precision fertigation through predictive
analysis based on the usage of machine vision,
machine learning, deep learning and robotics,
resulting in improved productivity and concurrently
reduced crop loss with reduced human interference
and drudgery (Subeesh and Mehta, 2021). John
McCarthy coined the term in 1956 as branch of
computer science concerned with making computers

behave like humans when he and his colleagues sent
the proposal for the now-iconic Dartmouth
Conference on Artificial Intelligence. The central
principles of Al include, such as reasoning,
knowledge, planning, learning, communication,
perception and the ability to move and manipulate
objects (Saini, 2023). There are several components
of Al which can be applied in order to create a fully
functional automated and integrated system for
effective and efficient precision agriculture including
smart fertigation and disease control mechanism.

Category Component

Description

Machine Learning | Supervised Learning
(ML)

Training models on labeled data

Unsupervised Learning

Finding patterns in unlabeled data

Reinforcement Learning

Training agents using rewards/punishments

Deep Learning

Using neural networks with multiple layers

Neural Networks

Convolutional Neural Network (CNN)

Used for image recognition and processing

Recurrent Neural Network (RNN)

Used for sequential data like speech and text

Long Short-Term Memory (LSTM)

A type of RNN that handles long-term

dependencies

Transformer Models

Advanced deep learning architectures like
GPT and BERT

Computer Vision | Image Processing

Techniques to analyze and process images

Object Detection

Identifying objects in images/videos

Semantic Segmentation

Classifying each pixel in an image

Natural Language | Text Classification
Processing (NLP)

Categorizing text into predefined labels

Sentiment Analysis

Understanding emotions in text

Named Entity Recognition (NER)

Identifying names, places, etc., in text

Machine Translation

Translating text between languages

Al Planning & | Search Algorithms
Reasoning

Algorithms like A* and DFS for problem-
solving

Knowledge Representation

Storing information for reasoning

Expert Systems

Al that mimics human decision-making

Robotics Path Planning

Finding optimal routes for movement

Sensor Fusion

Combining multiple sensor inputs

Reinforcement Learning in Robotics

Training robots through trial and error

Al Ethics & | Bias Detection
Fairness

Identifying and reducing Al bias

Explainable Al (XAl)

Making Al decisions interpretable

Fairness in Al

Ensuring Al models are unbiased

Machine Learning (ML) in Agriculture:

ML is one of the subsets of Al wherein machines are
trained to learn for themselves through iterations and
improve in tasks through experiential learning to
make decisions by feeding them with data. ML
algorithms include Supervised Learning,
Unsupervised Learning, and Reinforcement
Learning. In Supervised Learning, the model is

developed and trained based on both known input
objects and desired output/target/labeled value data
for predictions. In Unsupervised Learning, the model
identifies the hidden patterns autonomously and
groups and interprets the data based only on the input
object data/information. Reinforcement learning is
used by machines to take suitable actions to increase
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the reward to find the best possibility which should
be taken in to account.

Some of the use cases of ML in agriculture are
optimizing cultivation, management, decision
making and automation to enhance resource
allocation, boost yield, and manage risks effectively.
ML algorithms analyze images captured through
satellites, drones, hand-held smartphones, Internet of
Things (loT) data captured through sensors to
monitor crop health, detect disease, assess yield
potential and crop growth. Insights of crop rotation,
pest control strategies, optimal harvesting times are
the thrust areas of ML application in agriculture.

Deep Learning (DL) in Agriculture:

DL is a subset of ML that uses multilayer neural
networks exposed to vast amounts of data, training
machines to solve problems which require thought
for predictive analysis. DL and ML differ from each
other in certain ways. In ML, feature engineering is
manually crafted while in DL, it autonomously learns
complex features from raw data through hierarchical
abstraction, ideal for unstructured data processing
like images and texts. Some of the top DL algorithms
are multilayer perceptrons, radial basis function
networks, convolutional neural networks (CNNS),
recurrent neural networks, long short — term memory
networks, restricted Boltzmann machines, self-
organizing maps, generative adversarial networks,
autoencoders and deep belief networks.

Images Split the data into
Dataset
l Training Data Testing Data
Healthy \/
Rust Validation
Deep Learning Data
Scrab Algorithms
(New Data)
(Data l
Pre-Processing) Performance Evaluation
and Final Deep Learning

Healthy, Rust, Scrab

Internet of Things (10T) in Agriculture:

loT establishes through the mechanism of enabling
connection between devices and systems like sensors
for real-time monitoring of parameters including soil
moisture, temperature, humidity, crop health,
actuator-controlled fertigation dispensing systems,
cameras mounted in farms for scanning leaf structure,
pigmentation, color and recognize changes for

Wireless Sensor/ | Router Public
e« >

Actuator Network Cloud

helping enhanced decision-making, resource
optimization and predictive analysis. These are also
important for scaling resources up or down based on
demand, accommodating seasonal variations
(scalability), allowing collaboration and data sharing
among farmers, researchers and experts, and ensuring
data privacy and integrity.

Central

IoT based precision agriculture system has two main
layers, these are the Application Layer which is used
for application development and deployment, set up

»| Computer + User
Database

loT System

configuration tools, remote sensing applications, big
data analytics platform along with user interaction
with Al; Communication Layer which includes
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various protocols for capturing data and connecting it
to devices and platforms (animal, plant and
computing resources like sensors, gateways and
servers) such as JSON/XML, COAP/HTTP,
UDP/TCP, IEEE, REST APIs, etc. Smart farming
based on Al and loT applications help farmers
conduct effective real-time monitoring for optimal
utilization of the resources including soil, water,
fertilizer, manpower leading to sustainable,
profitable and environment friendly agricultural
practice (Zhao et al., 2010; Madakam et al., 2015;
Verdouw et al., 2019).

Cloud Computing:

Cloud computing involves a network of servers
connecting computers or IT infrastructure over the
Internet. This essentially involves sharing of
resources, software, applications and services over
the internet to meet the varied demand of the users
entailing least effort or interaction with the service
provider. Cloud computing has three types of
services:

Platform as a Service (PaaS) is used to build software
applications and engines to support relevant
infrastructure and backbone for applications;
Software as a Service (SaaS) helps in anytime-
anywhere access to data and applications;
Infrastructure as a Service (laaS) provides computing
power the storage needs for cloud.

The advantage of cloud computing is mainly based
on the fact that data stored in cloud has vast amounts
of agricultural data, sensor readings, satellite
imagery, historical records, etc. Data processing
helps in high performance computing for data
analytics, modeling, creating predictive algorithms,
etc.

Google Cloud and Al in Farming:

Offers precision agriculture platform, Al based
solution for targeting large scale data, pictures of
crops for disease and pest infestation early-stage
diagnosis, and prediction for timely Phyto
pathological intervention to avoid crop loss, thereby,
producing healthier plants, leading to increased
yields with lesser efforts. Timely detection of
infestation by pathogens with the help of imaging
sensors and image analysis has extensively been used
in recent times for disease detection in cotton,
banana, cassava, maize, rice, grapes, potato, wheat,

tomato, peas, cucumber, peach, mango, apple, tea,
etc., thereby enabling timely and appropriate
intervention for eliminating such deterrents to
healthy crops. Smart drones with high-definition
cameras and image recognition systems on board
have helped in early disease detection and monitoring
and consequently, through autonomous and self-
guided systems, applied the appropriate pesticides in
accurately applicable quantities and frequency on the
affected crop, removing human intervention. Also,
several studies have established strong correlation
between pest infestation and yield loss in various
crops in India (Nair, 1975; Dhaliwal and Arora, 1994;
Muralidharan et al, 2003; Rajeswari et al, 2004;
Muralidharan and Pasalu, 2006; Rajeswari and
Muralidharan, 2006), which is estimated to be about
37.4% in rice, 28.2% in wheat, 31.2% in maize and
26.3% in soybean worldwide (Oerke, 2007).
Similarly, it amounts to 25% in rice and maize, 5% in
wheat, 15% in pulses and 50% in cotton (Dhaliwal et
al, 2010). Such precision pre-symptomatic disease
detection from biotic and abiotic data analysis can
traverse a long way in mitigating crop loss and
ensuring higher productivity, production and
increased profitability. It also helps in providing
precise data and, consequently prediction of sowing
date, planting depth, spacing based on soil
mineralogy, fertilizer recommendations and weather
forecast.

India’s largest precision farm includes soil-less
cultivation (uses cocopeat instead), has temperature-
controlled germination rooms, climate sensors and
high-pressure fogging system.

Soilless agriculture has been highly appreciated by
the world over primarily due to its ability for
maximizing crop production in an intensive
environment. It utilizes enclosed growing structures
and systems enabling the management of reusable
effluents, thereby minimizing water and nutrient
losses, resulting in reduced water and environmental
pollution. With the integration of loT sensors,
continuous monitoring of crop growth is done for
immediate and real-time restoration of normalcy.
Hydroponics, aeroponics, and agquaponics which are
widely used in soilless cultivation techniques,
involve nutrient solutions and inert media for
supporting plant growth. Such technological
advancements offer promising prospects for
profitable and sustainable agriculture. (Satpute et al.,
2024).
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Smart Farming Cycle:

Decrease in yield due to

- Poor soil condition

- Infestation

Notice yield increase due to

- Less crop loss due to
infestation

- Higher productivity and
production due to good
management practice

Plant crops into best soil with
ideal management practice

Challenges:

However, with a multitude of advantages which
harbinger tangible results and benefits, Al based
technologies have their inherent challenges,
primarily with regard to data privacy and security,
connectivity issues in rural and remote areas where
internet access is limited, especially in developing
and underdeveloped countries coupled with adoption
barriers, technology literacy, and resistance to
change. Another major constraint in effective and
real-life application of Al based precision agriculture
is the huge amount of investment required for an
integrated system farm which needs to be addressed
at governmental levels since such large-scale
investments seem to be a distant reality for individual
farmers, especially medium and small farmers having
access to limited financial resources.

Prospects of Al in Agriculture:

Al and ML will be used for advanced analytics,
predictive modelling, and decision making. Edge
computing will bring computing resources closer to
the source of data for faster processing and reduced
latency. Combining 10T and Cloud computing will
enhance the capabilities of emerging technologies.

Study soil composition and
identify gaps

- Recognize best suitable soil

- Identify ideal planting depth
and sowing distance

Automated drones can be used for precise
fertilization, keep track of soil and crop health and
progress which will be very beneficial to understand
the crop cycle process. Satellites use Al to provide
accurate and detailed weather reports. This can also
help in increasing the productivity and reducing
operator exposure. This method has been a priority in
China and Thailand. The Covid-19 pandemic
affected everyone globally which was challenging to
farmers and the economy of the countries. Despite of
the stay-at-home order, farmers continued to go out
and work in farms to keep the crop productivity alive
for food production. (Narain, 2020, pp. 2-6). India
has diversity in its climatic and soil conditions. Areas
which are densely vegetated receive heavy rainfall
throughout the year. But certain areas don’t receive
rainfall for years and are highly dependent on
monsoon. This affects the food production and the
nation’s economy (Saha et al., 1979, pp. 177).
Monsoon season in India (June-September) majorly
affects the crop productivity for the two main crops
which are Kharif (summer) and Rabi (winter) and the
economy of India. Almost 65% of India’s population
consists of rural areas which are dependent on
agricultural practices (Prasanna, 2014, pp. 1129).
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Majority of Indian farmers are not well equipped with
technology for having strategies for manual water
system and this brings up and down in their economic
status (Karnawat et al., 2020, pp. 1019-1021). Plant
disease has massive impact on the quality and
production of fiber, crops, food, etc. Pests and insects
often damage the crops and farmers cannot do much
about it. Billions of dollars are spent on crop disease
management without any technical support which
cause pollution, result in poor disease control, and
other harmful biological effects. This might also
degrade the land on which the crops are being
produced (Guest, 2006).

A comprehensive Al based fertigation system for
improved productivity and production together with
intelligent disease diagnostic and control system to
address some of the major issues presently being
faced by Indian agriculture is the necessity of the
hour. There is a huge gap in the present availability
of scientific agricultural practice systems developed
in the laboratory and research field conditions and the
actual implementation in the farmers’ fields. The
question, therefore, is how to make use of the
available technology for improving the farmers’
economic condition as also reduce dependence on
agricultural produce imports together with increased
agricultural produce exports by such developing
countries.

Al based sensors for moisture and micronutrients like
Nitrate (N), Phosphate (P) and Potassium (K) will be
placed in the farmers field which will be divided into
cells of appropriate size forming a matrix. These
sensors will be calibrated with pre-filled data relating
to optimum moisture and NPK levels for the standing
crop. These sensors will also continuously transmit
real time data which will be received at a receiving
station near the field which will subsequently feed
this data into a computer. The field will have a
network of servo motor-based irrigation system
which will double up as water mixed fertilizer supply
lines also.

Based on the real time information being received
from the sensors and comparing them with pre-fed
desired data levels, the automatic water and/or
fertilizer (N or P or K) will be supplied to specific
cells of the matrix which will trigger such distress
signals. Thus, there will not be any abiotic stress
faced by the growing crop thereby increasing
productivity and consequently production. High yield

variety seeds will be used to further optimize yield.
No human interference will be required leading to
available manpower getting engaged in other
productive sectors.

Additionally, pest and control are another important
area to achieve higher productivity and production
levels. For this, low flying camera equipped drones
will regularly fly over the cropped area and transmit
real time visual data of the canopy leaves to the
control center system. The transmitted image will be
matched with pre-fed healthy leaves images and
immediately trigger distress signals in case of
unhealthy (diseased) leaves being spotted for
remedial action including spraying of
insecticide/pesticide. This would concurrently be
remotely monitored by experts for effective diagnosis
of infestation by experts. This real time identification
and diagnostic mechanism will drastically reduce the
biotic stress on crops and reduce the otherwise
possible crop loss leading to unimaginable economic
losses.

Il. CONCLUSION

This Al based farming model is highly cost effective
requiring very less manpower and is bound to deliver
high quality yield of the crops due to optimum and
timely provisioning of water and micronutrients
reinforced with least abiotic and biotic stress. This,
however, required initial capital for establishment of
the farmland which seems to be a detriment in the
developing  countries’  perspective.  Hence,
institutional credit finance would be required to
bridge this gap. The remote diagnosis of disease is
one of the best features of this model, especially
where we do not have locally available expertise.
This model if implemented can transform agricultural
practices in countries leading to exponential increase
in their GDP.
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