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Abstract
The majority of the GDP of an agriculture-based economy comes from farming. This 

initiative was inspired by the rising suicide rates among farmers, which may be related 
to poor crop yields. The field of agriculture is now seriously threatened by changes in 
the climate and other environmental factors. For this problem to be solved effectively and 
practically, machine learning is a crucial strategy. Estimating agricultural output based on 
historical information such as Ph, humidity temperature, rainfall, N, P, K. We used Machine 
Learning method to achieve this. We constructed and compared a number of various 
machine learning algorithms and ultimately settled on the Random Forest Algorithm, which 
provided an accuracy of 97.87%. 

Subject Classification:  68M11.
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1.  Introduction

The main emphasis was given to the agriculture field considering the 
importance of production in India, although it is very important in every 
corner of the world, In terms of farm output, India is rated second globally 
[1]. About 41.49% of all workers were employed in the agricultural and 
related industries in 2020, which contributed 18.4% of the GDP [2]. The 
financial contribution of the agriculture sector to India’s GDP is steadily 
shrinking.
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A total of 10,000,881 people of maharashtra dependent on farming 
sector consisting of farmers and agricultural labourers. The farmers 
committed suicide during the year 2021, around to 6.6% of total suicides 
victims in the country [3].

Using technology to raise awareness about farming has been a need 
in recent years. Food insecurity is brought on by seasonal climate changes 
that are harmful to basic resources including soil, water, and air. In order 
to solve this issue, we suggest a system that would allow farmers to choose 
crops based on economic and environmental considerations in order to 
maximize their output, which will subsequently assist them fulfill the 
nation’s growing demand for food supplies. The suggested system makes 
use of machine learning to make informed estimations. To ensure that 
farmers receive the most possible yield from their crops, the system will 
offer crop recommendation and crop selection depending on weather 
conditions that are optimal for the crop. The system analyses variables like 
rainfall, temperature, N, P, K, and humidity to predict suitable crops.

Predicting the right crop is a significant agricultural issue. Artificial 
intelligence’s branch of machine learning describes a machine’s capacity 
to imitate intelligent human behavior.

2.  Literature Survey

In [4], the authors proposed a mobile application system for farmers 
in Maharashtra and Karnataka, using GPS to identify their location and 
inputting their area and soil type. Machine Learning algorithms like SVM, 
ANN, Random Forest (RF), were used for forecasting crop yield, with RF 
having the highest accuracy of 95%. The system also suggests the best 
fertilizer timing for optimal yield.

The system proposed by Kamath et al. [6] uses Random Forest, to 
predict crop yield based on historical data, incorporating soil agronomic 
parameters and seasonal variations. Train and test data is in the ratio 80% 
and 20%, respectively. The system is accessible via a website with four 
functional modules: Crop, Soil, Weather, and Predict. The Predict module 
allows users to input district region, crop type, soil type, and cultivating 
area to generate estimated crop yield.

This framework put forward by M.S. Minu et al. [7] focuses on climate 
estimating, crop yield expectation and harvest cost determination. 
Grouping strategies like RF,SVM, Logistic Reasoning(LR) and ANN are 
utilized. The information of anticipated yield is available for the cultivators 
through a web application. This guides them to choose the yield they 
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might want to plant for the expected year. The web application gives a 
discussion to the ranchers to stock the merchandise without mediators 
thereby empowering them to acquire the most cost for their items.

In their study, the authors of. [8] proposed a system that utilizes 
calculations such as Multiple Linear Regression to identify the pattern 
among the data. Once identified, it is processed according to the given 
conditions to suggest the best feasible crops based on the prevailing 
environmental conditions. This system only requires the user’s location 
and recommends various beneficial crops, providing farmers with a 
decision on which crop to grow.

The objective of [9] was to develop a model for crop yields, which can 
help farmers make informed decisions about which crops to sow based on 
the climate and soil nutrients. They found that (RF) algorithm achieved 
the highest accuracy of 99.32% when using both Entropy and Gini 
Criterion. In contrast, the (KNN) algorithm had the lowest accuracy of 
97.04%, and Decision Tree Classifier had accuracy levels between KNN 
and RF. The study recommends further data collection from fields to 
improve the classification of crop types using other algorithms such as 
(ANN) or (CNN).

3.  Methodology

The proposed system uses machine learning to anticipate the crop, 
and Python programming language is used. To gather experience and 
create a trained model by using the data, machine learning leverages past 

Figure 1
Block diagram of model
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data and knowledge. The output of this model is then predicted. The 
accuracy of the model will increase with the quality of the dataset collected. 
Regression and classification techniques used in machine learning have 
been found to outperform a number of statistical models. The 
implementation of proposed system shown in Figure 1. The various steps 
involved are explained below.

1. Temperature 2. Rainfall 3. Humidity 4. Ph 5. Nitrogen  
6. Phosphorous  7. Potassium levels in the soil.

Geographical elements including soil chemistry, rainfall, terrain, soil 
type, temperature, and others have a huge impact on how much food can 
be produced. These elements significantly increase crop output.

Steps involved in the implementation:

1.	� Data collection: Our datasets were obtained from the following 
sources: The rainfall, temperature, and humidity data was collected, 
where value of N,P, K, and pH was referenced from [18].This 
data was found in [15] with the data credits given to the Indian 
government. These variables’ data were supplied as input. Figure 2. 
shows a sample of input dataset

Figure 2
Snapshot of dataset

2.	� Preprocessing: Processing raw data to make it suitable for machine 
learning is the goal of preprocessing. The method consists of data 
formatting, cleansing, and sampling. 

3.	� Data: Finding out how each parameter affects the target parameter 
can also be done with the use of pre-processing shown in Figure 3. 
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Figure 3
Data Cleaning

Figure 4
Histogram of each feature with a  

default bin:10

	� A new feature called water usage was used which was calculated 
based on the amount of rainfall as low, medium, and high. The 
threshold values are 150,250 where values less than 150mm of 
rainfall is considered as low water usage and above 250 mm as high-
water usage. The following is shown in Figure 4,5.

Figure 5
water usage in dataset

4.	� Splitting a dataset: A dataset that will be used for machine learning 
should be divided into training and testing categories. The method 
consists of data formatting, cleansing, and sampling. 

5.	� Model training: After separating the gathered data into train and 
test sets using preprocessing, we moved on to model training. The 
algorithm was fed with training data during this process.
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4.  Comparison of algorithms

Table 1 shows a comparison of the three models. It can be inferred 
that the advantages of random forest over the rest is high.

5. Testing and model assessment: This stage aims to create the most 
straightforward model capable of accurately and quickly formulating a 
target value. Model tuning is one way a data scientist can accomplish this. 
For an algorithm to work at its best, model parameters must be optimized. 
It is done to make sure that the model is not over fitting or creating too 
high of a variance 6. Predict yield: The outcome on fresh input is predicted 
using the trained model. Here, we’ve stored the learned model in a file so 
it can forecast fresh input.

In this approach, the trained Machine Learning model created in 
Jupiter is used and the model is tested using a dataset. This prediction 
model includes the random forest method, which develops attributes 
from training data and uses that data to produce predictions. The datasets 
are scrutinized to guarantee correctness. Our crop prediction and optimal 
yield system provides improved production planning and decision-
making. 

The Graphical User Interface for the proposed model using pickle 
and flask web frame. Html, CSS was used to display and create styles as 
shown in Figure 6.

Table 1
Comparison of various models of Machine Learning

Algo Description Benefits
RANDOM 
FOREST

It is fabricating a multitude of 
decision tress at training time.

Over-fitting is less of 
an issue. Pruning is not 
needed.

K-Nearest 
Neighbour 
(KNN)

Non-parametric path for regression 
and classification. The input consists 
of, k closest training models in the 
feature space.

Tests production output 
of different crops in 
previous years.

Artificial 
Neural 
Networks 
(ANN)

Non-parametric path for regression 
and classification. The input years. 
consisting of, k closest training 
models in the feature space.

It is an intelligent 
system that can deceive 
complex data.

DECISION 
TREE 

All possible outcomes of a decision 
are illustrated by a branching method 
by a graph. Accredits any possible 
outcomes, so that decision can be 
automated.

To classify an 
obscure sample, its 
characteristics values 
are tested against the 
decision tree.
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Steps:
1.	� Take 5 inputs from the user: N, P,K, temperature, humidity, Ph, 

rainfall. The expected (valid) range of these input values, along with 
their measurement units is mentioned on the webpage, to make sure 
there is no miscommunication with the user.

2.	� These values are given as input to the machine learning 
implementation in the backend

3.	� The algorithm returns the most suitable crop to the end user on the 
server.

Figure 6
GUI of crop prediction system

5.  Experimental result and analysis

Accuracy: For accuracy measurement the total number of forecasts 
divided by the number of right predictions, accuracy is determined as 
shown in Table 2.

Table 2
Accuracy of proposed models

Model Accuracy
Logistic Regression 93.63
Decision tree 95.45
Random Forest 97.87

It should be noted that Random forest gains the maximum accuracy 
and outperforms all other models whereas RF algorithm attained high 
accuracy by taking into account several algorithms when forecasting the 



ENHANCING AGRICULTURE PRODUCTIVITY IN CROP YIELD OPTIMIZATION� 221

yield. This is due to the fact that it builds the decision tree for each set of 
training data, merge the various trees into a single one, and estimates the 
yield by taking into account the average value of the tree.

A confusion matrix is used for the performance evaluation of a 
classification model by comparing predicted and actual values. It consists 
of four quadrants: True Positive, False Positive, False Negative, and True 
Negative (TN).The matrix can be used to calculate various evaluation 
metrics. We infer that the matrix of RF algorithm has least number of false 
values demonstrating a high decisive model. Below graphics shows in 
Figure 7confusion matrices of all the three models

A classification report as shown in Figure 8 is a type of evaluation 
report generated after training an ML algorithm for a classification task. It 
provides a summary of the performance of the algorithm on the test set, 
including the varied evaluation metrics, and support for each class label. 
The report also includes the overall model accuracy and the macro and 
micro averages of the metrics. It is a useful tool for performance comparison 
of varied algorithms and selecting the best one for a given task. Graphic 14 
shows the classification report of logistic regression.

2.  Future Scope

More features and precise datasets improve the performance of the 
system. Future scope of this proposed model will concentrate on 
periodically updating the datasets to provide reliable forecasts, and the 
procedures can be automated. Along with predicting the best crop, an 
approximate yield of the crop can be predicted based on the area available. 
This will supplement the farmers’ knowledge of the variation of production 
of each crop and thus make a well- informed decision.

Fig. 7a
Confusion matrix of 
logistic regression

Fig. 7b
Confusion matrix of 

decision tree classifier

Fig. 7c
Confusion matrix of 

random forest  
algorithm
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An application can be developed that enables the user to log in and 
get the predicted output. This will enable the user to keep a record of the 
predictions. The application can be trained to provide statistical 
information regarding each set of feature values.
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