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Abstract: Agriculture shows its considerable contribution to the GDP of India. The common
citizens of India turn on directly or indirectly on farming for their living. Prediction of crop in
agricultural field is based on different input variables. Here we proposed a model in which different
input parameters are analyzed using different machine learning algorithms. Automation based crop
production system in agriculture field help the farmers to enhance the yield of crop by introducing a
best crop for the agriculture field. This model helps in analyzing the best suitable machine learning
algorithm by monitoring the accuracy with different training and testing ratios.

Keywords: Machine Learning, Prediction analytics, Decision Tree, KNN, Random Forest, Naive

Bayes Gradient Boosting

1. Introduction

In our country, the automatic concept of farming the
field is not completely evolved and farmers still uses the
old traditional techniques for growing plants which is not
effective to lead to a great yield and at the same time had
a high risk of lack of success. Economists have proved that
agriculture and farming are the precursors of economic
development which contribute immensely to its
development e.g., by supplying wage goods to industrial
workers, by transferring surplus from agriculture to
finance, for industrialization, by using the product of
industry as investment for the agricultural sector and by
transferring surplus labor from agriculture to industrial
jobs, contributing to the development of the country. Our
country is facing many difficulties in the field of
agriculture, many new technologies has been developed
still India is facing many challenges like lack of water
during early crop development can result in reduced
production or failure of the entire production. Therefore,
we may leverage cutting-edge technologies like machine
learning and artificial intelligence to lessen these
obstacles. With the aid of artificial intelligence and data
prediction, agricultural output can be increased. Al robots
are also being developed to undertake other agricultural
jobs including harvesting and monitoring soil health.
Additionally, machine learning algorithms are capable of
analysing and forecasting environmental effects like
climate change. Basically, we can predict the crop which
is basically suitable for the field and environment, with the
help of sensors and Machine Learning. The machine
learning algorithms have not been widely used for crop
classification, and as to our knowledge, their performance
in this type of application has not been thoroughly
compared'?. With the aid of the Global Positioning

System, sensors are utilised to measure the necessary
characteristics of the soil (GPS). Crop sensors are also
utilised to instantly control equipment for variable rate
application.

Farmers that adopt an advanced agricultural system
mindset can find the right balance between productivity
and post-harvest technologies. This will lead to help the
farmers and also to the country by producing a large
amount of crop or better growth.

Crop yield relies strongly on how effectively the basic
land requirements can be utilized; land here refers to
topography, soil type, soil nutrients, water content,
sunlight, and all such factors related to crop growth*®.
The data collected from the agricultural field and the
environmental surrounding are measured by sensors for
the input parameter like NPK content, soil moisture,
humidity, rainfall and pH of the soil etc. and these
parameters are analyzed using different ml algorithms
such as kNN, decision tree, random forest, Gaussian
Naive Bayes and gradient boosting through different ratio
of training and testing dataset. We are using different ratio
of training and testing the model which us 70-30, 75-25
and 80-20. By the help of this, we can get the best accurate
and suitable model to predict the crop for our agriculture
fields.

2. Literature Review

J. Gholap et. al. suggested the Agricultural research can
be beneficial by the use of technical advancement like
automation and data mining ™. It is young research in the
field of agriculture. It aims that the classification of the
soil type with the help of various Machine Learning
Algorithms and the analysis of soil dataset usinh data
mining technique. Another objective is to predict the
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attributes which remains untested with the help of
regression techniques.

In research carried out by Zeel Doshi et. al. stated that
the Indian population is dependent upon the agriculture
directly or indirectly 3!V, The Indian farmers following
the ancestral pattern without analysing the climatic
conditions and soil conditions. So, there research
represent an intelligent system known as AgroConsultant,
which gives a prediction on the basis of climatic
conditions, soil conditions, geographical location, and the
sowing season.

Avinash Kumar el. al. described that the farmers are
unaware of the minerals and the other parameters which
are required by the crop, this can affect the crop as well as
the farmers in both ways financially and mentally. Also,
they stated that the pest and diseases can affect the growth
of the crops '>!¥. So, as a solution they are using some
pest control techniques and also predicting the best
suitable crop with the help of different machines learning
algorithm i.e., SVM classification algorithm, Logistic
Regression and Decision Tree algorithm.

In the research carried out by Nidhi H. Kulkarni and
others, developed a system that uses ensembling
technique of machine learning '5!'”. Ensembling
technique is made which integrate the number of ml
models to anticipate the best crop according to the type of
agriculture field. The different classifier used are first one
is Random Forest, secondly the Naive Bayes, and the last
one is Linear SVM. Each model gives their own data with
its predicted accuracy. The labels of the class of every
classifier are merged using the technique of majority
voting. The ensembling technique is then used to classify
the dataset of the soil into Kharif and Rabi.

The research which is carried out by the S. Pudumalar
el. al. discussed about analyzing the biotic and abiotic
factors in the agriculture using the data mining '8V, The
farmers didn't select the crop according to the soil
conditions due to which they face a serious issue in the
productivity. So, this kind of problem can be solved using
the majority voting techniques using CHAID, Random
Forest Classifier, Naive Bayes and K-nearest neighbors.

Kevin Tom Thomas el. al. designed a precision
agriculture in which the soil property such as texture of
soil, pH temperature, rainfall etc. of soil is used for
observing that which crop is suitable for farming 2.
This minimizes the incorrect prediction of crop and
increases the productivity. Also, they are predicting the
accuracy of different machine learning models. The
various Machine Learning Algorithms used by them are
K-nearest neighbors, Decision Tree, k-nearest neighbors
with cross validation, Naive Bayes and SVM.

3. Working

In this model, we have taken a open source dataset and
found that it has 2200 rows and 8 columns present in it.
We observe that the dataset has 22 unique classes and has
7 parameters, which is considered as the input and the

predicted crop is the output. Then the input parameter is
analyzed (data visualization) with the help of histogram
plot. After data visualization, the correlation between the
input parameters is checked in which we have found a
strong  relation  between  P(Phosphorous) and
K(Potassium). Then we design three cases for model
performance. In first case, the 70% data has been for the
training the model and 30% data has been used for testing.
According to that data split the accuracy of five algorithm
i.e., 1) Decision Tree (ii) Random Forest (iii) kNN (iv)
Gaussian Naive Bayes and (v) Gradient Boosting, is
checked. In second case, the 75% data is for the training
and 25% data is for testing the model. According to that
data split the accuracy of all the five algorithm is checked.
In third case, the 80% data is measured for the training and
20% data has been used for testing. Similarly, data split
the accuracy of five algorithm is measured.

When all the accuracies are measured then the best
accuracy at different cases is observed, then the best
combination (best accuracy of any model from the three
training and testing cases) is taken for the prediction.

Data
collection

data split into
75-25 ratio for
training and testing

aceuracy
measurement of
ML algorithms

Best combination
is selected

Crop Prediction

Fig.1: Flowchart

data split into
70-30 ratio for
training and testing

data split into
80-20 ratio for
training and testing

accuracy
measurement of
ML algorithms

accuracy
measurement of
ML algorithms

4. Methodology
4.1 Data Collection

The dataset consists various parameters of the soil and
environment. There are various datasets available as an
online open source that has been used here. So, in this
model we are considering 22 types of crops i.e., rice,
maize, chickpea, kidney Beas, pigeon peas, moth beans,
mung beans, black gram, lentil, pomegranate, banana,
mango, grapes, watermelon, musk melon, apple, orange,
papaya, coconut, cotton, jute, coffee.

Figure 1 shows the number of instances of all the 22
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crops. In this dataset, there are 2200 data values and all
the crops has equal instances i.e., 100 instances for each

mango
gaps:

maze
uckpen
eybes
Pgsanp
metiieans
abe
backgram
tenti
pomegranats
tanana
el
uskmelon

crop.
Fig. 2: Instances of crops

This dataset also consists some parameters which is
considered for the crop recommendation. That parameters
are NPK(Nitrogen-Phosphorus-Potassium) content of the
soil, temperature and humidity, pH value of the soil and
the amount of rainfall. Here, we can observe the dataset
from Fig.3.

N(Nitrogen) P{Phosphorus) K(P humidity ph label
] % Q 0 0879744 82002744 6502985 rice
1 3 58 #7702 80319644 7038095 nce
] 60 5 @ 000450 B2320763 TRONT rce
3 4 % 0 26491096 80158363 6980401 rice
‘ ;] Q Q 010175 81604873 TERMT rice

Fig. 3: Dataset

Basically, soil is the main attribute for any crop. There
are some techniques by which we can grow plants without
soil but still soil is considered as the best suitable attribute
for growing crops or any plant. So, we are observing NPK
content as they are the macronutrients present in the soil
which is very important for any crop. It fulfils all the
necessary requirements of crop also it delivers better
quality. So, the parameters we have measured are:
1)NPK content- NPK stands for Nitrogen-Phosphorus-
Potassium. These are the basic essential
macronutrients required for any crop.

il)Temperature and humidity- Temperature and
humidity is another an important aspect for the
growth of plants or crop. In warm temperature, with
low humidity plant started to go up into the
transpiration state which reduces the growth of plant.

iii)pH value- Targeting the pH value of the soil is an
important factor it ensures the bacteria present in the
soil and also the availability of nutrients.

iv)Rainfall- The proper amount of rainfall, results in the
better growth of the crop. The amount of rainfall
should be balance. Excessive amount of rainfall can
also damage the crops.

These parameters are the main aspect for any crop. So,
the prediction is based on these parameters.

4.2 Preprocessor used for Analysing Dataset
The pre-processor steps which we have taken are as

follows :

a) Library importing

b) Reading the dataset

c) Checking for unique values

d) Missing values checking

e) Plotting histograms of input parameters
f) Correlation between input parameters
g) Splitting of dataset

First, we have imported all the necessary libraries
which are required to process all the steps and to run all
the machine learning algorithm and then the dataset is
being read.

Then the unique values are checked to analyse the
number of classes present in the dataset. After checking
unique values, the missing values is checked. Since, there
is no missing values found, no further handling techniques
is applied for the missing values. The histogram plotting

EE N
2000 Ea P
B K
B temperature
1500 BB humidity
B8 ph
E 3 minfall
3 1000
500
0 — . - :
0 50 100 150 200 250 300

is then done for the visualizing the dataset.
Fig. 4: Histogram plot of dataset

After data visualization the correlation between the
variables (parameters) is done. We got the high correlation
between the P (Phosphorus) and K(Potassium). Simply,
we can observe it from Fig. 5. i.e., the correlation plot.

-10

temperature -
humidity 4
oh

minall -

Emperature  tumiaity " rintal

N P K

Fig. 5: Correlation Plot

We have taken 3 cases for data splitting i.e. (i) 70% data
for training and 30% data for testing

(1) 75% data for training and 25% data for testing

(ii1) 80% data for training and 20% data for testing.

According to these data split the appropriate machine
learning model has been taken for the prediction of crop.

-1301-



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 11, Issue 02, pp1299-1304, June, 2024

4.3 Accuracy of Models

i) Decision Tree Algorithm- This algorithm consists of
parent node and child node. This algorithm works on the
principle of flowchart. We have taken this algorithm
because our data has multi classes. So, we are predicting
the crop on the basis of parameters which is taken from
the dataset. NPK content of the soil, Temperature and
humidity, pH of the soil, amount of rainfall is considered
as the input parameter for the algorithm and that data is
splitted for the testing and training.

Now, the data is fitted into the Decision Tree Classifier
for the prediction of crop.

In [14]: from sklearn.tree import DecisionTreeClassifier
clf=DecisionTreeClassiftier()
clf.fit(X train,y train)
y_pred=clf.predict(X_test)

ii) kNN Algorithm- The kNN Algorithm is basically
used for the classification. It is the simple supervised
algorithm. kNN Algorithm is suitable for the multi class
problem as our dataset has 22 classes. So, this algorithm
is suitable for our system. The value of 'k' is calculated by
the Euclidean formula. So, the value of 'k' is taken 1. Then
data is splitted into the training and testing and fitted into
the kNN Classifier.

d(x,y) = ‘I i',(x, - )’
i=1

In [16]: knn = KNeighborsClassifier(n_neighbors=5)
knn.fit(X _train,y train)
y_pred2 = knn.predict(X test)

iii) Random Forest Algorithm- It is used for the

problems having multiple classes and for the classification.

This algorithm takes some samples from the dataset and a
decision is made for every sample. Then a large number
of decision trees is collected then the voting is performed
to predict the result. So, our dataset is splitted into the
training and testing and fitted into the Random Forest
Classifier.

In [15]: from sklearn.ensemble import RandomForestClassifier
forest = RandomForestClassifier()
forest.fit(X_train,y_train)
y_predl=forest.predict(X_test)

iv) Gaussian Naive Bayes Algorithm- This Algorithm
is used for the problems having multiple classes. This
theorem is the extension of Naive Bayes Algorithm. It
follows the Gaussian normal distribution and also it
supports the continuous distribution of the data. As the
dataset is continuously distributed and has multi class so
we have used Gaussian Naive Bayes Algorithm. Then the

dataset is splitted into the training and testing and fitted
into the Gaussian Naive Bayes Classifier.

In [17]: from sklearn.naive bayes import GaussianNB
gnb = GaussianNB()
gnb.fit(X train, y train)
y_pred3 = gnb.predict(X test)

v) Gradient Boosting Algorithm- This algorithm
usually used for the regression and classification. This
theory predicts the output on the basis of arranging all the
weak predictions. So, the dataset is splitted into the
training and testing and fitted into the Gradient Boosting
Classifier.

In [18]: from sklearn.ensemble import GradientBoostingClassifier
gb = GradientBoostingClassifier()
gb.fit(X train, y train)
y_pred4 = gb.predict(X_test)

5. Outcome

Here, we have seen that by introducing different
machine learning classifiers, we can clearly observe the
difference between them. And by using different ratio of
training and testing, we get to know the comparison
between them that at which ratio, which classifier
provides the best accurate result. So, the accuracy of all
the five algorithms at different training and testing ratios
is measured successfully.

; Accuracy at different training and testing data
Hlasiiter Ratio 7030 Ratio 7525 Ratio 8020
Decision Tree 98.33% 97.80% 98.40%
Random Forest 99.69% 99.27% 99.09%
INN 97.87% 97.27% 97.27%
Gaussian Naive Bayes 99.24% 99.45% 98.86%
Gradient Boosting 98.78% 97.81% 99.09%

Fig. 6: Tabular presentation of Accuracy

The above table represent the accuracies at different test
cases of different classifiers.

So, we can observe at 70% training data and 30%
testing data the accuracy of Decision trees, Random Forest
Classifier, kNN Classifier, Gaussian Naive Bayes
Classifier and Gradient Boosting Classifier is 98.33%,
99.69%, 97.87%, 99.24% and 98.78% respectively.

Similarly, at second case i.e. At 75% training data and
25% testing data the accuracy of Decision trees, Random
Forest Classifier, kNN Classifier, Gaussian Naive Bayes
Classifier and Gradient Boosting Classifier is 97.80%,
99.27%, 97.27%, 99.45% and 97.81% respectively.

Also, at 80% training data and 20% testing data the
accuracy of Decision trees, Random Forest Classifier,
kNN Classifier, Gaussian Naive Bayes Classifier and
Gradient Boosting Classifier is 98.40%, 99.09%, 97.27%,
98.86% and 99.09% respectively.
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Accuracy of models

BN TFaining data 80%
BN TFaining data 75%
EEE Taining data 70%

Accuracy

2t psh T
(ot aa o w

Gtms.s\ﬁ““B

Fig. 7: Accuracy of models

So, we can see form the above data, we got the best
accuracy at case first i.e., 70% data for training and 30%
data for testing of the Random Forest model which is
99.69% which is highlighted in the table also. Then with
that combination the crop is predicted. This would be very
beneficial for farmers for growing their crop without any
risk of failure. It also helps in increasing the economy of
our country.

6. Conclusion and Future Scope

The proposed system takes the input parameters into
consideration and determines the best suitable model at
best ratio of training and testing for production of crop. So,
the system examine which crop is to be produced in that
particular field. This model ensures the farmer to decide
on their own that which crop provides them the maximum
profit through their agricultural field. By applying
machine learning to sensor data, farm management
systems are evolving into real time artificial intelligence
enabled programs that provide rich recommendations and
insights for farmer decision support and action9). Our
future work focusses on modifying this model with some
other soil characteristics and with more no. of data set.

Farmers decisions, such as land preparation, irrigation,
sowing date or fertilizer applications, have also a great
influence on crop yield7).

Normally, this prediction is carried out according to the
farmers’ long-term experience for specific fields, crops
and climate conditions. Future agricultural duties may
also be carried out by some autonomous farm vehicles that
can give high tractive effort at modest speeds. These
tractors can detect their location, control the speed, and
avoid obstacles while carrying out various agricultural
duties including tillage thanks to GPS technology.
Numerous agricultural trade exhibitions and agricultural
fairs are held in various nations to promote new
technologies, and these events allow investors and other
technology-based businesses to present their concepts and
cutting-edge innovations to the general audience.
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