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ARTICLE INFO ABSTRACT

Article history:

Since the invention of the computer, all available information in every field has been digitized and made
available to people who use computer resources. As a result, massive amounts of data are being gener-
ated in every domain at an alarming rate. Agriculture is one such area of interest for researchers.
Machine learning is the process of extracting useful information from various types of data. The classifi-
cation of objects is an important area within the field of data mining, and its application extends to a vari-
ety of areas, whether or not in the field of science. Although k-Nearest Neighbor classification is a simple
and effective technique, it slows down the classification of each object. Furthermore, the classification’s
effectiveness suffers as a result of the uneven distribution of training data. The purpose of this paper is to
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look into the applicability of various machine learning techniques in agriculture.
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1. Introduction

Indian agriculture [1] is in the early stages of adopting Informa-
tion and Communication Technology (ICT) techniques for farm
management and output improvement. ICT has the potential to
benefit all farmers, including small landholders, who are the most
vulnerable to crop losses. Agriculture is the most important part of
the Indian economy and is critical to India’s growth, employing
more than 40% of the Indian population (directly or indirectly).
ICT techniques can help vulnerable farmers, particularly small
stakeholders, take appropriate preventive/mitigating actions in
the event of crop diseases, adverse weather, or even soil health.

Machine Learning (and its subset deep learning) and Artificial
Intelligence [2] have contributed to an explosive increase in the
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application of computer science to previously thought-to-be-
impossible complex science problems. The foundation of this the-
sis is machine learning, specifically Deep Learning and its subset,
Convolutional Neural Networks (CNNs). Deep learning methods
have been used successfully to solve problems that are simple for
humans, such as game play or object recognition, but are difficult
to describe mathematically or are computationally prohibitively
expensive.

Image recognition, in particular, has undergone a paradigm
shift, with use cases sprouting up all over the place. Machine
Learning enables applications to predict outcomes with greater
precision and accuracy without being explicitly programmed. It
works by creating procedures that take input data and then predict
an output based on statistical analysis of the data.

Machine learning [3] and data mining employ similar statistical
analyses, both of which involve searching for patterns in data and
updating outputs in response to new inputs. Furthermore, machine
learning is powering virtual assistance technologies by combining
several deep learning models to provide relevant context and to
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interpret natural speech. Machine learning [4] is making it possible
for us to live happier, healthier, and more productive lives.

Agriculture is critical to the country’s economy since it feeds the
whole population. In this way, it connects and interacts with all of
the country’s relevant companies. If a country has a reasonably big
agricultural foundation, it is considered socially and economically
wealthy. Agriculture is the principal source of employment in the
majority of countries. Large farms frequently necessitate the hiring
of additional personnel to assist with planting and farm animal
care. The majority of these large farms have processing units
nearby where their agricultural goods are finished and developed.

This article provides a comprehensive review of machine learn-
ing algorithms applicable in the area of agriculture. This will help
future researchers to develop machine learning based solutions
for agriculture sector to reduce agriculture waste, water irrigation
etc.

2. Literature survey

This section contains literature review of various machine
learning algorithms, which are applicable in agriculture domain
for various tasks like- disease detection in crop, intelligent irriga-
tion, and soil classification, monitoring and tracking.

2.1. Machine learning techniques

Machine learning (ML) is a new area of data mining that allows
a computer program to become more accurate in predicting out-
comes without being explicitly programmed. These ML algorithms
are frequently classified as either supervised or unsupervised. For
inference (classification, regression), supervised learning algo-
rithms use labeled training data, whereas unsupervised learning
algorithms use unlabeled data to discover hidden existing patterns
(clustering).

Classification is the process of converting an input set of
instances P into a unique set of attributes Q, also known as target
attributes or labels. Various applications use classification tech-
niques such as decision tree classifiers, bayesian classifiers, artifi-
cial neural networks, nearest neighbor classifiers, random forest,
and support vector machines [5]. We'll talk about each of them
briefly. Each technique operates on the basis of the learning algo-
rithm it employs.

A decision tree is one of the most common and straightforward
classifiers for solving classification problems. A decision tree is a
graph in which instances are sorted based on their feature values
to classify them. The decision tree is made up of nodes and
branches, where each node represents a classification instance
and each branch represents a value that the node can take on. In
decision, instance classification begins at the root node, and
instance sorting is based on their feature values.

In some applications, predicting the class label for a given set of
input attributes is difficult. Furthermore, class variables are non-
deterministic, even when using the given input attribute set values
to match some of the attributes of the training data set. This is con-
ceivable owing to the presence of some noisy data and puzzling
aspects that are not taken into account during analysis. For exam-
ple, predicting the likelihood of heart disease in a specific person
based on the routine that person follows.

In this case, it is possible that most people who eat healthy
foods and exercise regularly are at risk of developing heart disease
due to other factors such as smoking, alcohol consumption, and
possibly heredity. In such cases, the classification model is defined
based on commonly known heart disease attributes, which cannot
provide accurate information. There is a need to model probabilis-
tic relationships between the attribute set and the class label in
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such applications, and the Bayesian classifier is all about justifying
such tasks [6].

The concept of an artificial neural network (ANN) is inspired by
biological neural networks, which are used to construct animal
brains. Because it is made up of interconnected nodes and directed
links, ANN is also known as a connectionist system. Each connected
link is given a weight and is in charge of transmitting a signal from
one node to another. When a node receives a signal, it processes it
before transmitting it to another node.

The signal at the connection between artificial neurons in com-
mon ANN implementations is essentially a real number, and the
output of each neuron is calculated by a non-linear function of
the sum of all its inputs. The strength of the signal increases or
decreases as learning progresses due to the weights of artificial
neurons and the connections between them [7].

There are two strategies for making a model learned in ML clas-
sification. One of them is that as soon as the training set is avail-
able, the model begins learning; such models are known as eager
learners. Another model observes all training examples but per-
forms classification only if the attributes of the test instance
exactly match any one of the training instances. Such students
are referred to as lazy students [8].

Each example is treated as a data point in a d-dimensional space
by the Nearest Neighbour (NN) classifier, where d is the number of
attributes. The distance between the given test example and all
data points in the training set is calculated. The k-Nearest Neigh-
bors of data point X are the k points closest to the X.

The data point is then classified based on its neighbors’ class
labels. If a data point has more than one class labeled neighbor,
the data point is assigned the class label with the greatest number
of class labels. The value of k’s nearest neighbors should be deter-
mined exactly. If the value of k is too small, it may misclassify due
to the presence of noise in the training data. On the other hand, if
the value of k is too large, there is a chance of misclassification
because the set of nearest neighbors may contain data points that
are located far away from the neighbourhood of the test attribute.

To begin, Random forest is a supervised machine learning algo-
rithm that consists of a forest of decisions made by multiple deci-
sion trees generated using random vectors. This approach may be
used to address classification difficulties as well as regression pro-
cedures. The result generated by the random forest is related to the
number of trees it combines in the forest in such a way that as the
number of trees in the forest increases, the possibility of obtaining
greater accuracy increases. It is important to note that creating the
forest is not the same as creating decision trees [8].

The primary distinction between decision trees and random for-
ests is that in the case of random forest classification, finding the
root node and splitting the feature nodes will occur at random.
Because of its benefits, random forest classification is popular.
One of them is that it can be used for classification as well as
regression. Another advantage of this method is that if a sufficient
number of trees are available, the problem of overfitting is avoided.
In addition, a random forest classifier can handle missing values
and can be modelled in the case of categorical values.

The random forest classifier has applications in medicine, bank-
ing, e-commerce, and the stock market. Random classifiers are
used in banking to identify loyal and fraudulent customers. In
medicine, Random Forest is used to identify the correct combina-
tion of medicines and to recognize the disease based on a patient’s
previous medical records. Random Forest classier is used in the
stock market to observe a stock’s behavior and then identify the
loss and profit. In the context of e-commerce, Random Forest
may be used to forecast customer product recommendations.

The supervised learning model used for classification is the Sup-
port Vector Machine (SVM). It has gotten a lot of attention in the
classification field. In the SVM model, instances of the distinct cat-
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egories are separated in vector space by a visible gap. As soon as a
new sample comes, it is mapped into the specific vector space, and
its label is assigned to a category based on which side of the gap it
falls [9]. Using the kernel trick, an SVM can perform non-linear
classification efficiently.

Clustering, also known as cluster analysis, is the task of group-
ing a set of objects so that objects in one group are more similar to
each other than objects in another, as illustrated in Fig. 1. The clus-
tering would improve as the similarities between objects in one
group and the dissimilarities between objects in different groups
increased. Clustering is the foundation of data mining and can be
applied in a variety of fields such as image processing, data com-
pression, computer graphics, machine learning, and many others.

As shown in Fig. 1, clustering can be used in conjunction with
other techniques for categorizing objects, such as classification,
segmentation, and partitioning. When we compare Cluster analysis
to classification, we can say that clustering is unsupervised learn-
ing. Cluster analysis differs from classification in that knowledge
of classes is retained in classification, whereas knowledge of
classes is not retained in clustering. Furthermore, in the case of
classification, new samples are classified into known classes,
whereas in the case of cluster analysis, groups are suggested based
on data patterns [9].

Hierarchical clustering is popular for several reasons, including
the following: 1) It does not require a specific value, as k-means
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clustering does. 2) The generated tree contains meaningful taxon-
omy. 3) To compute the hierarchical clustering, only the distance
matrix is required. There are two types of algorithms available
for hierarchical clustering: an agglomerative algorithm that uses
a bottom-up approach, and a divisive algorithm that uses a top-
down approach.

2.2. Feature Extraction

Decock et al. [10] used mutual similarity relations in the
domain of discourse to represent linguistic hedges (e.g., cool,
warm) as fuzzy rough approximations.

In determining existing practices for the management of soil
nutrients, the extent of those practices and perception of soil fertil-
ity changes, Pilbeam et al. [11] used triangulated data. According to
the survey, the use of farm manure and chemical fertilizer are the
two most important soil fertility maintenance practices (mainly
urea and di-ammonium phosphate).

The comparison of various sensory types and instruments,
including field-based electronic sensors, spectral radiometers,
vision machines, multispectral and hyperspectral remote sensing,
satellite imaging, thermal imaging and olfactors systems, was car-
ried out by Lee et al.[12]. Lee et al. The study also examined and
discussed how precision farming and crop management, especially
with regard to specialty crops, can take place in these sensing tech-
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nologies. The work relating to that impact on aspects such as accu-
racy, reliability and time-consuming, has been the imprecise or
ambiguous character of information in decision-making.

In order to determine the membership and non Member Func-
tion of FUZZY System Reliability, Garg [13] proposed the hybri-
dized technique called Particle Swarm Optimisation Vague
Optimisation. The system uses regular arithmetic operations rather
than flimsy arithmetic operations and particular swarm optimisa-
tion to prevent uncertainty. The system builds membership
functions.

As a common approach to the representation and rationalisa-
tion of uncertainty, Sturlaugson and Sheppard illustrated a Baye-
sian network. When the complexities of the network increase,
Bayesian is used as an intractable determinant with a large number
of nodes and states.

Mueller et al. [14] have developed studies on soil structure rel-
evance and how soil quality overall is preserved. Their findings
indicate that for visual soil structure assessment, soil with a con-
centration in clay greater than 30%, i.e. unfavorable soil structure,
was not reliably detected.

Chu et al. [15] aimed for a method of solving problems with pat-
tern recognition based on measures of similarity using intuitionist
fuzzy sets from Atanassov. In addition to the [16,17,18,19] conve-
nience of computing and ranking processes, a computer interface
decision support system has been developed to help decision-
makers more efficiently make diagnoses. This helped a lot in crop
monitoring, tracking, disease detection and freshwater saving.

3. Result and discussion

A data set of 500 images of crops was created for experimental
study. In experimental analysis, three classification algorithms
namely, SVM- Support Vector Machine, C 4.5 and ID3 classifiers
are used. These machine learning algorithms classified different
crop images. This will help in identifying diseases prediction in
crop. It will result in reduction in crop waste. It is shown in Fig. 2:

4. Conclusion

Agricultural research has benefited from technological advance-
ments, particularly by incorporating industrial advances into a sus-
tainable agriculture production system. By electrifying every
farming procedure, technology has transformed farming into a
viable business. This saves the farmer money and eliminates the
middleman who buys low from farmers and sells high to end con-
sumers. Recent applications of computational intelligence tech-
niques (such as evolutionary algorithms, neural networks, and so
on) provide solutions to site-specific decision modeling problems
in agricultural systems.

Agriculture is important to the country’s economy since it feeds
the whole population. It links and interacts with all of the country’s
relevant enterprises in this way. A country is considered socially
and economically prosperous if it has a sufficiently large agricul-
tural basis. In the majority of countries, agriculture is the primary
source of employment. Large farms usually require the hiring of
extra workers to help with planting and farm animal care. The bulk
of these huge farms have close processing plants where their agri-
cultural products are processed and developed.

Machine learning’s adaptability, promotion, and reduced costs
helps in assessing the complicated link between the input and out-
put of agricultural systems utilizing analytical approaches that are
characterized by non-linearity, time variable features, and numer-
ous unknown elements. This paper provides a review of various
machine learning-based algorithms that can be used in agriculture
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for tasks such as crop disease detection, intelligent irrigation, soil
classification, monitoring, and tracking.
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