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ABSTRACT: The global significance of food production and the untapped potential of artificial intelligence (AI) in 
revolutionizing agriculture technology are paramount concerns. This study offers a thorough examination of machine 
learning (ML) applications in agriculture, exploring its capacity to transform farming methods and boost efficiency. 
Statistical analysis reveals a notable upward trend in research activity within this field, marking it as one of the most 
dynamic areas of study. By presenting the basics of ML and covering intelligent agriculture, AI is used for optimally 
producing crop yield with minimum environmental footprint. The article covers ML characteristics in data processing 
and classification of agricultural data, substantiated by instances of increased farm production and profit. We cover 
important the unique ML model characteristics that has been promises when applied in agriculture domains. By 
conducting literature review in systematic manner, this research fills the knowledge gap in AI agricultural and offer 
useful details for researchers and beginners. By illuminating uncharted territories of this new field, we anticipate 
enabling a better understanding of AI's immense contribution and potential in agriculture for the community of research. 
 
KEY WORD: Agriculture, Artificial Intelligence (AI), Machine Learning (ML), Precision Agriculture, Smart Farming, 
Digital Agriculture 
 

I. INTRODUCTION 

 
“Agricultural advancement lies not in enhancing farming techniques, but in implementing more intelligent 
approaches to cultivation.” – Unknown 

 
Agriculture's emergence marks the beginning of human civilization and has left an enduring mark on our species. This 
field encompasses various practices, such as crop cultivation [1] and animal husbandry, along with aquaculture and 
forestry, yielding both edible and non-edible products like fibres, fuels, and raw materials including rubber. As a crucial 
sector for sustaining the world's expanding population, where the Food and Agriculture Organization (FAO) estimates 
by 2050 will be nine billion [2], agriculture is essential. Agriculture is also a cornerstone of the world's economy, 
facilitating sustainable development and long-term economic growth. Its significance is also recognized by most 
countries, as reflected in the percentage of agriculture's contribution to their gross domestic product (GDP). US 
agricultural GDP was $203 billion as of 2024, with India along with China along with Japan also contributing heavily, 
emphasizing the economic importance of the sector [3]. 
 
Agricultural practices have been influenced by three major revolutions throughout history [4]. Figure 2 provides a 
visual illustration to enhance understanding. The First Agricultural Revolution, also referred to as the Neolithic 
Revolution, which began in the Fertile of Crescent in 10.000 BCE of the Middle East. Domestication of plants along 
with animals characterized this period, leading to agriculture as a lifestyle. The 18th and 19th centuries saw the Second 
Agricultural Revolution the Northern America along with Europe which introduced technological techniques like the  
drilling of speed along with rotation of crop, that remarkably raised productivity. The mid-20th century witnessed the 
global phenomenon known as the Green Revolution or Third Agricultural Revolution. It was an era of concentration on 
high-yielding crop varieties, fertilizer and pesticide application on a large scale, and introducing mechanization and 
irrigation to boost agricultural production. Now, the fourth agricultural, is already technologies and AI [5] leading the 
way, as they are transforming the fourth industrial revolution with specialists [6, 7]. 
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• Precision agriculture: The primary goal is to optimize crop yields by making optimal utilization of fertilizers along 
with water along with pesticides. 
• Digital agriculture: This approach centres on leveraging digital technologies, as such sensors along with images with 
satellites, and data analysis software, to gather along with analyse data in agricultural sector. 
• Smart agriculture: These is where applying high-tech like artificial intelligence, robotics, along with Internet of 
Things is used to make and improve farming operations. 
 

 
 
 
 

 
 
 
 
 
 
 
 

Figure 1: Evolution in Agriculture 
 

II. SCOPE OF STUDIES 

 
Agricultural AI research has experienced a notable increase, leading to the publication of numerous reviews and 
cutting-edge research papers. This review article aims to address gaps in existing literature, providing a comprehensive 
understanding of the current agricultural AI research landscape. Our approach involved a three-step process: study 
identification, screening, and eligibility assessment. This method allowed us to highlight the unique characteristics, 
benefits, and limitations of each application, shedding light on both the potential advantages and obstacles in 
implementing machine learning (ML) in agricultural contexts. In contrast to previous surveys, our review offers an 
extensive examination of practical agricultural applications from leading AI and robotics companies or agricultural 
startups, as well as how academic research can foster innovation.  
 
But nothing in this paper is really about the technical details of some ML algorithms or the enduring socio-economic 
effects of farm AI. Instead, we intend to provide a general and helpful overview, presenting the reader with a good 
sense of the state and potential of ML to change agriculture. 
 

III. MACHINE LEARNING: BRIEF INTRODUCTION 

 
Machine learning (ML), field of AI, is concerned with the development from data to make decisions or predictions. The 
algorithms are trained on training data to undertake certain tasks. Through data-driven model training, ML makes 
decisions with up to date information. The field, first developed next to Arthur Samuel [9] along with Frank Rosenblatt, 
1950s has progressed significantly with the advent of powerful computing and huge amounts of data. The past few 
years have seen the exponential growth of data make ML an imperative for organizations that wish For decision-
making, product and service enhancement, and operational optimization. Machine learning is widely utilized across 
various sectors, such as finance, healthcare, transportation, and entertainment industries [10]. Figure 3 depicts the three 
major types of ML. 
 

Agric

ulture 

1.0 
Introd
uction 
of 

traditi
on 
farmi

ng 

Agric

ulture 

2.0 
Green 
Revol
ution 

 
 
 

Agric

ulture 

3.0 
Sustai
nable 
Agric

ulture 
Practi
ce 
 

Agric

ulture 

4.0 
Introd

uction 
of 

smart 

farmi
ng 

techn

Evolution of Agriculture 

http://www.ijirset.com/


 

|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710| 

                                               Volume 14, Issue 3, March 2025 

                                            |DOI: 10.15680/IJIRSET.2025.1403183| 

IJIRSET©2025                                      |     An ISO 9001:2008 Certified Journal   |                                          3235 

 
 

Figure 2: Major classification of ML. 
 

A. Learning Through Guidance 
Supervised learning is one of the machine learning processes that uses a labelled data set, input data, and also the 
corresponding output labels to train a model [11]. The purpose of learning through guidance is training in order to 
consistently plan the load into the outputs in order to be able to predict or classify items correctly whenever it is 
subjected to new unseen data. Various techniques are applied in training as a way to learn the labelled data set in order 
to design a model to make correct predictions and generalize the new data. Table 1 displays the nature and unique 
attributes of commonly utilised supervised models, including Linear Artificial Neural Networks, Support Vector 
Machines, Random Forests, and Regression. 
 

Model Method Uses 

Linear Regression 
Regression method minimizing the total 
of squared residual values 

Predicting continuous values 

Logistic Regression 

 
Transforming linear relationships using 
sigmoid functions 
 

Tasks involving two-class 
categorization 
 

Decision Trees 
Hierarchical diagram representing 
choices and their consequences 

Classification and Regression tasks 

Random Forests Integrating numerous decision trees 
Mitigating model overfitting, enhancing 
predictive accuracy 

Support Vector 
Machine 

Optimizing the boundary between classes 
or forecasting continuous variables 

Tasks involving classification and 
regression 

K-Nearest 

Neighbour 

Identifying the nearest k data points and 
predicting based on their majority vote or 
mean 

Classification and regression tasks, 
vulnerable to data noise 

Gradient Boosting 
Sequentially improving models by 
addressing previous errors 

Classification and regression tasks for 
improved predictive performance 

Naive Bayes 

Probabilistic approach using Bayes' rule 
with the assumption of independent 
features 

Categorizing text, detecting spam, 
analysing sentiment, applications in 
medicine 

 
Table 1: Evaluation of supervised learning techniques [8]. 

Machine 

Learning

Supervised Unsupervised Reinforcement 
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B. Learning Without Guidance 

 
Unsupervised learning is an ML approach that employs a dataset without predetermined labels or target variables to 
train the model [11]. The goals are to find interesting patterns and relationships, such as grouping or clustering, from 
the data and to find hidden useful insights in it. Unlike supervised learning algorithms where an already determined 
goal or outcome is to be predicted, unsupervised learning methods aim to find the hidden structure and patterns of the 
data. Unsupervised learning involves some of the methods of clustering. Table 2 provides a summary of the primary 
characteristics, advantages, and disadvantages of the most commonly applied models in unsupervised learning. 
 

Sr No. Model Feature Advantages Disadvantages 

1 Clustering 
grouping untagged data 

based on their similarities 
and differences. 

Capable of 
recognizing unknown 

patterns, 
beneficial for 

detecting outliers 

May be affected by 
initial conditions, 

challenging to 
interpret outcomes 

2 
Dimensionality 

Reduction 

Decreases the quantity of 
data features, 

advantageous for 
visualization 

and data compression 

Can enhance model 
effectiveness 

by eliminating noise 
and unrelated 

attributes 

Potential loss of 
crucial information, 

challenging to 
interpret results 

3 
Association Rule 

Learning 
 

Discovers connections 
between 

elements in extensive 
datasets, valuable 

for analyzing market baskets 

Able to reveal hidden 
trends 

and relationships 

Restricted to 
categorical 

information, 
may produce 
misleading 
associations 

4 
Anomaly 
Detection 

 

Detects uncommon or 
infrequent data 

elements, valuable for 
identifying fraud 

Able to recognize 
unknown patterns 
and irregularities 

Challenging to 
establish appropriate 
threshold for anomaly 

identification 

5 
Generative 

Models 
 

Acquires the underlying 
probability 

distribution of valuable 
information 

Able to produce new 
data samples, 

beneficial for data 
augmentation 

Computationally 
demanding, 
challenging 
to train and 
comprehend 

 
Table 2: Assessment of unsupervised learning approaches [8]. 

 
C. Learning Through Environmental Feedback 

 
Reinforcement learning is one form of machine learning where an agent learns to behave in a specific environment by 
taking actions and getting reward or penalty for the same [11]. The agent attempts to discover how it can make optimal 
decisions to maximize its reward in the long term. The environment provides the agent with feedback in rewards, which 
are good or bad feedback messages informing the client. As the agent continues act in it world, becomes increasingly 
knowledgeable about what to do most and what to avoid. This type of iterative learning is extensively employed in 
numerous applications, including robotics, computer games, and high-level decision-making. Table 3 gives important 
attributes, strengths, and weaknesses of famous reinforcement learning models. 
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Sr 
No. 

Model Features Advantages Disadvantages 

1 Q- Learning 

Free of models, utilizing 
temporal difference, 
capable of managing 
extensive state spaces  

Straightforward to 
implement, adept at 
handling intricate decision-
making challenges 

May converge slowly, 
necessitates careful choice 
of learning and 
exploration rates 

2 SARSA  

Absent of models, 
employing temporal 
difference, able to cope 
with large state spaces 

Suitable for dynamic and 
probabilistic environments 

Convergence can be 
gradual, demands 
judicious selection of 
learning and exploration 
rates 

3 
Deep Q-Networks 
(DQN)  

Employs deep neural 
networks to estimate Q-
values, suitable for high-
dimensional state spaces 

Capable of managing 
complex environments with 
high-dimensional state 
spaces 

Training can be unstable, 
requires meticulous 
selection of 
hyperparameters 

4 Policy Gradients  

Model-independent, 
policy-centered, suitable 
for continuous action 
spaces 

Able to handle complex 
environments with 
continuous action spaces 

Convergence may be 
slow, necessitates careful 
selection of learning and 
exploration rates 

5 Actor- Critic 

Model-free, integrates 
value-based and policy-
centered approaches, 
suitable for continuous 
action spaces  
 

Capable of managing 
complex environments with 
continuous action spaces  
 

May converge slowly, 
requires careful selection 
of learning and 
exploration rates 

6 
Proximal Policy 
Optimization 
(PPO) 

Model-independent, 
policy-focused, suitable for 
continuous action spaces 

Able to handle complex 
environments with 
continuous action spaces, 
more stable than policy 
gradients 

Convergence can be slow, 
demands careful selection 
of learning and 
exploration rates 

7 
Monte Carlo Tree 
Search 
(MCTS) 

Model-based, employs 
tree-based search, capable 
of managing large state 
spaces 

Suitable for complex 
decision-making tasks, can 
make decisions with 
incomplete information 

Computationally 
demanding, may not 
perform well in 
continuous state or action 
spaces 

 
Table 3: Comparison of Reinforcement learning Models [8]. 

 
IV. AGRICULTURE: AN OVERVIEW 

 
It is the process growing crop, animals, along with other raw material for the purpose of utilization or consumption by 
human beings. It has been part of human society since ages. The most prominent divisions of farming include farming 
techniques, animal husbandry, fisheries, agricultural engineering, along with economics. These agricultural activities 
classified under three broad headings: pre-harvesting, harvesting, and post-harvesting. A full-fledged demonstration of 
this agricultural activity subfields is given in Fig. 4. In pre-harvest operations, farmers concentrate on choosing crops 
appropriate for the local climate and soil. They cultivate the land, plant seeds, and care for crops through techniques 
like pruning, application of pesticides, and irrigation. Yield estimation, an important part of pre-harvesting, entails 
activities like counting fruits and yield mapping to estimate output and create suitable harvesting or post-harvesting 
strategies. Harvesting is the act of gathering ripe crops or fruits from farms such that they reach market quality levels. 
Post-harvest procedures, such as processing and storage systems, are important in the preservation of harvested produce 
quality. At all steps in farming, factors as such productive crops, rinse, and extermination play crucial roles. 
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Figure 3: Integral Stages of Agriculture. 
 

V. MACHINE LEARNING’S ROLE IN AGRICULURAL ADVANCEMENT 

 
Machine learning methods have found a lot of popularity in agriculture because they can enhance farming practices, 
enhance yields, and minimize losses in agriculture. The following sections illustrate how these methods have been 
successfully implemented across different agricultural processes. 

 

A. Utilization of Machine Learning Techniques During Crop Growth 

 
ML is revolutionizing the agricultural industry through increased pre-harvest activities where analytical based 
operations improve plant health, along with resource allocation is maximized. With the ability to analyses large datasets, 
ML algorithms track crop development, nutrient levels in the soil, and weather conditions in real time. This is done by 
merging satellite imagery, unmanned aerial vehicle monitoring, Internet of Things sensors, and computer vision. 
Forecasting methods make use of historical weather data, soil health data, and current crop performance in forecasting 
yields and harvesting times for maximum returns while minimizing risks associated with adverse weather. Computer 
vision-based identification technology makes early detection of plant diseases, insect attacks, and nutritional 
deficiencies possible to take early interventions that reduce damage to crops. 
 
B. Implementation of Machine Learning Strategies in Crop Collection 

 
ML is revolutionizing the gather in process, improving accuracy, efficiency, and scalability. Sophisticated algorithms 
analyses data from multispectral drone imagery, satellites, and ground-based IoT sensors to decide when to harvest, 
taking into account crop maturity, weather conditions, and market demand. Computer vision and reinforcement 
learning control autonomous harvesting robots, allowing them to identify ripe fruits and vegetables, deal with irregular 
shapes and sizes, and perform gentle picking methods to minimize damage. In vineyard environments, hyperspectral 
imaging enables ML models to analysed grape sugar content and colour, determining optimal harvesting times. 
Growers gain from real-time yield prediction models to optimize labour and equipment deployment, while anomaly 
detection algorithms detect infected or infested crops during harvesting, avoiding the contamination of clean produce. 
 
C. Employing Machine Learning Methods for Post-Harvest Management 

 
ML plays a major role in augmenting post-harvest activities through quality assurance improvement, waste reduction, 
and supply chain optimization. Computer vision-powered ML systems provide automatic classification of produce 
based on dimensions, colour, ripeness, and blemishes to ensure compliance with market standards. In warehouses, IoT 
sensors track environmental conditions like temperature, humidity, and ethylene levels, while ML programs 
dynamically control these parameters to prolong product shelf life and avoid spoilage. Demand planning and stock 
management are streamlined by predictive analytics, preventing overstock and stockout problems. For instance, ML 
algorithms can predict the shelf life of highly perishable crops such as berries or salad greens, allowing for more 
strategic distribution decisions. Further, sophisticated imaging methods like hyperspectral imaging and spectroscopy 
can detect early signs of spoilage or microbial activity in stored produce, triggering interventions in time. 

Pre-Harvesting : These are all the 

processes prior to the crop's 

harvesting.

Harvesting : These refers to the 

exercise of harvesting on the field 

of mature crops.

Post-Harvesting : These include all 

work done after the harvest of the 

crops.
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VI. STATISTICAL AND BIBLIOMETRIC ANALYSIS 

 
Agricultural research has seen a significant uptick in machine learning applications, with bibliometric studies revealing 
a 22% yearly increase in publications since 2015, propelled by progress in precision farming and crop yield forecasting 
[8]. Prominent algorithms such as Random Forest and XGBoost are prevalent in studies, yielding RMSE improvements 
of 15–30% over basic models, especially when incorporating satellite-derived NDVI information and soil parameters 
(e.g., nitrogen, phosphorus). For example, Random Forest outperformed neural networks and linear models in Spanish 
wheat and sunflower experiments (RMSE 35–38%), while XGBoost exhibited high precision (~92%) in USDA crop 
yield estimates. Ongoing issues include geographical data imbalances (e.g., overemphasis on North America/Asia) and 
limited sustainability evaluations (present in only 8% of studies). Novel approaches like the interaction regression 
framework, which achieved <8% relative error in US corn/soybean predictions, and ML-powered decision support 
systems for optimizing fertilizer use and irrigation, are emerging as potential solutions[8]. 
 

VII. LEADING AI AND ROBOTICS FIRMS TRANSFORMING AGRICULTURE 

 
In the last few years, the application of AI and robotics technologies has gained momentum in the agricultural industry. 
Some companies have become industry in the realm of agricultural AI and robotics, several global corporations stand 
out as industry frontrunners. Ranked in descending order of value, the leading companies in this sector are: Benson Hill 
Biosystems, Iron Ox, FarmWise, Carbon Robotics, CropIn, Blue River Technology, Aerobotics, Prospera, AgroScout, 
and Root AI. [8]. These companies have created various kinds of technological solutions, such as machine learning, 
these technologies, including computer vision and robotics, are being utilized to improve crop cultivation, monitor 
plant health, and detect diseases early on. By leveraging these tools, farmers are empowered to make data-driven 
choices and maximize their harvests without increasing their environmental impact. The success of these companies 
indicates the potential of AI and robotics in revolutionizing agriculture and making food production efficient and 
sustainable [8]. 
 

VIII. EMERGING DIRECTIONS FOR MACHINE LEARNING IN THE AGRICULTURAL SECTOR 

 
AI-driven solutions are often hailed to cure-all for contemporary issues, and agriculture is a field where AI applications 
offer practical and realistic advantages [8]. Some future directions for machine learning in farming include: 
• IoT standardization: Important to establish trustworthiness along with create a agricultural retail for IOT. Still it is 
difficult to connect physical objects to the internet due to the compatibility of applications with the protocol of internet 
with the objects. 
• IoT data quality: Faulty equipment, network node failure, infestation can create problems in the reliability and the 
consistency, and scale of farm data. Space in facts and figures can have bad effects in precision of computations along 
with restrict application agriculture with Internet Of Things. 
• Regulatory environment: Clear regulatory and legal frameworks for farm data ownership and management, 
particularly for the farm worker-data company, need to be formulated. Regulations can differ by nation, factors of 
consider as such provision of services, level of technology, market competition, and protection of data.  
• Market considerations: The agricultural sector typically operates with narrow profit margins, necessitating careful 
planning when incorporating IoT-enabled technologies. It's crucial to evaluate their potential long-term advantages 
before implementation. 
• UAVs and drones: Unmanned aerial vehicles (UAVs) provide an economical and comprehensive method for 
environmental monitoring. They capture imagery and gather data about specific areas. As drone technology continues 
to evolve, its application in agriculture is anticipated to grow in the near future. 
• Smart irrigation systems: In combination with historical weather patterns, smart irrigation systems for forecast the 
resources needed to provide ideal crop growth. Smart irrigation systems employ real-time machine learning to deliver 
ideal soil conditions, resulting in greater average yields. 
•  Monitoring of plant health: Traditional plant health observation method are time-consuming along with qualitative. 
But industries today are making competition for creating hyperspectral imaging and 3D laser scanning technology that 
has the potential to increase precision and accuracy through the creation of massive data sets. Through the use of 
Artificial Intelligence methods, an alarm created to assist in plant preservation. 
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IX. CONCLUSION 

 
The agricultural zone ceaseless to play a critical role in providing direct livelihoods for approximately half of the global 
population. As artificial intelligence (AI) demonstrates its potential for rapid adoption in farming, the space linking 
current farming application along with Artificial Intelligence implementation swiftly narrowing. These paper offers 
thorough survey of machine learning (ML) practice in farming, highlighting the extensive overlap between these two 
fields. The fundamental truth of Machine Learning along with their connection to farming, establishing a robust 
foundation for understanding. The paper presents various case studies that illustrate the practical application of AI in 
addressing real-world challenges and driving significant changes in the agricultural domain. While numerous 
opportunities exist, the integration of AI into agriculture faces certain obstacles and limitations, which we have 
thoroughly examined, emphasizing the necessary steps for successful implementation. Our research includes point-wise 
elaborations forecasting the future landscape of ML in agriculture. These predictions reflect the underlying forces of 
change already in motion, driving transformation in the farming area. To paraphrase Oscar Wilde, "Those who embrace 
AI early will shape the future." The gap between current agricultural practices and the thorough capability of AI in 
farming is narrowing, highlighting the growing importance of embracing AI technologies for the continued 
advancement of the agricultural sector. Early adopters will emerge as the primary catalysts for change, ensuring the 
future viability, growth, and success of the agricultural sector. 
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