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Abstract—To find out what plant nutrients are in the soil that are available, soil analysis is a
crucial procedure. The main source of nutrients for plants is the soil. Apart from soil, there are
other important variables that impact plant development, such as fertilizer, rainfall, and
precipitation. Our goal is to develop a prediction engine that can identify which crop would be
best for a given soil. Soil quality analysis is the process of examining the characteristics of the
soil to ascertain if it is appropriate for fostering plant development. It entails evaluating a
variety of factors, such as pH level, nutritional content, organic matter concentration, and
texture. This assessment helps identify any deficiencies or imbalances in the soil that can affect
crop yield. Crop suggestion is the process of suggesting suitable crops to cultivate based on the
results of soil analysis and other relevant factors. There are three characteristics that are used
to classify the kind of soil. Soil moisture, methane, and nitrogen make up the three
characteristics.

Index Terms— Nitrogen, Phosphorus, Potassium, Random Forest, Crop Prediction, Algorithms.

|. INTRODUCTION

In order to maximise agricultural productivity and sustainability, crop recommendations and soil quality analyses
are crucial. We can assess the fertility, nutrient availability, pH level, and overall health of soil by examining its
physical, chemical, and biological properties. When selecting crops, the soil quality analysis findings are
considered in addition to climate, availability of water, and market demand. Crops can be matched to the unique
properties of the soil to maximise yields and save expenses. It enhances the long-term productivity and
profitability of farming companies, reduces its detrimental impacts on the environment, and promotes the
effective use of resources. By evaluating the condition of their soil and carefully choosing their crops, farmers
may increase yields, improve the health of the soil, and contribute to food safety and sustainability of the
environment, and all of these benefits.

Il. LITERATURE SURVEY

Research on the agricultural industry has been conducted focusing on the highest yielding crops, utilising various
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ways to assist solve agricultural challenges. For this classification, some algorithms have been used: decision
tree, Naive Bayes, logistic regression, random forest and Support vector machine (SVM). By comparing all these
algorithms, we found that Naive Bayes and random forest algorithm has a better accuracy rate as compared to
others. In this project, a complete evaluation of the soil is being conducted based upon these respective factors.
For crop forecast based on season, the crop selection methodology has been devised. In light of this, crops that
are sown during the conclusion of the monsoon or at the start of the winter season—such as those planted
between September and October—are referred to as Rabi and Kharif, respectively. These crops are referred to as
monsoon crops. The seasonal crops will be forecast for Zaid, the short season that runs from March to July
between the months of Rabi and Kharif. Rainfall is one of the primary elements influencing crop development.
Other aspects that are considered include temperature, transpiration, land evaporation, and so on.

I1l. METHODOLOGY

Farmers first use a website or mobile application to access the platform and begin the login procedure. After
their successful login, clients are presented with an extensive dashboard that is easily navigable and provides
them with a variety of choices to solve their agricultural issues. These choices—soil analysis, crop forecasting,
and fertiliser advice—all play crucial roles in raising agricultural output and efficiency.

The first step in the procedure for farmers interested in crop prediction is a laboratory investigation of the soil.
This stage is crucial because it offers important information about the fertility and composition of the soil and
acts as a basis for further investigations. A thorough report is produced after the soil study is finished, outlining
the most important discoveries and observations. This report forms the foundation for additional study and the
creation of recommendations.

An innovative algorithm is used to facilitate crop prediction and recommendation creation after the soil study.
This method considers a number of variables, including as levels of nitrogen, phosphorus, and potassium, as well
as environmental elements like humidity and rainfall. The system uses advanced data analytics techniques to
produce customised crop suggestions based on the unique requirements and land characteristics of each farmer.

IV. ALGORITHMS

1) Random Forest: The Random Forest method is a supervised learning technique that enhances overall accuracy
and manages overfitting by aggregating predictions from numerous decision trees.

A. Data Preparation

The training set is split up into many replacement subsamples. A random selection of characteristics is chosen
for every subsample.

B. Decision Tree Construction

On each subsample, a decision tree is constructed using the chosen characteristics. The tree continues to grow
until a certain depth or other condition is satisfied. The optimal split is selected at each node according to an
impurity measure.

C. Prediction

For a new data point, each decision tree in the forest makes a prediction.
2)Naive Bayes algorithm:

D. Data Preparation
e Prepare your labelled dataset.
E. Probability Estimation

o Naive Bayes directly estimates the probabilities of each class and the conditional probabilities of
features given each class from the training data, assuming feature independence.

F. Probability Calculation

e Calculate the prior probabilities of each class based on their frequencies in the training data.
e Calculate the likelihood of each feature value given each class.

G. Prediction
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e When predicting the class for a new data point, calculate the posterior probability of each class given
the features using Bayes' theorem.
e Choose the class with the highest posterior probability as the predicted class.
H. Evaluation
Evaluate the model's performance using appropriate metrics like accuracy, precision, recall, or F1 score.

Accuracy Comparison

accuracy_models = dict{zip(model, acc))
for k, v in accuracy_models.items():
print (k, "--3", v}

Decision Tree

Naive Bayes

Algorithm

Decision Tree --» 8.9

Naive Bayes --» @.99895898908989851

SV --» 8,1868181818181818]

Logistic Regression --» 8.9522727272727373
& o o o o & RF --» 8.998585898%49891

Aecuracy

Logistic Regression

Figure. 1 Accuracy Comparison Figure. 2 Accuracy Values

V. DATASETS DESCRIPTION

The dataset utilized in this study encompasses environmental and soil factors crucial for crop cultivation,
including temperature, rainfall, soil type, pH level, and nutrient content. It specifically focuses on three
prominent crops: rice, maize, and watermelon. Each entry in the dataset contains feature values corresponding to
these factors for each crop, along with class labels indicating the crop type. These factors play a pivotal role in
determining the suitability of a particular crop for cultivation in a given region. This dataset can be used by
researchers to train machine learning algorithms, like Naive Bayes, to forecast which crop would be best to grow
given the current environmental and soil conditions.

N P K temperature humidity ph rainfall label

N P K temperature humidity ph rainfall label
1302 105 30 50 25299547 81775276 6.376201 57.041471 watermelon

210 58 68 70 20003735 10334704 871812 93552801 chickpea 2
1303 114 8 50 24748313 88.302663 6581558 57.058261 watermelon
201 43 68 70 19462340 15225300 TATGE0B T4555851 chickpea
1304 ©3 22 52 25587407 81325632 6.032740 41.875400 watermelon
212 55 82 81 10.513445 14627553 G.515500 TESSEN4T chickpes
5 2 = = ;
213 23 62 85 15874245 10516122 5400127 80710876 chickpes R I e e e il il S

244 27 82 7T 18187370 14710705 B.576416 70181352 chickpea 1306 B85 27 45 26.071276 82723566 6467006 57.708528 watermeion

JE 28 T2 24 12720831 19429073 BAB1TEI THSE0M02 chickpes 1307 85 22 53  Z5055342 BO.TTOTET 5.840472 50483335 watermelon
26 50 55 75 20085022 12.880130 TOSESI5 TIEOTID chickpes 1308 82 22 45  26.223330 85343560 6512105 54501593 watermelon
217 3@ 71 84 20.281558 19.385352 5.140825 B82.523307 chickpea 1309 118 12 54 24413112 89.815740 G.030585 44.078435 watermeion
218 25 78 75 17.420425 15755040 7228953 66.999808 chickpes 1310 83 25 53  26.491653 B0.045782 B.05T667 57.727862 watermelon
20500 TRFE S0RMMET ASAIMIN GRFNARIA0HAIINS chickpes 1311 25 15 47 24042558 04134058 £.423800 53730200 watermelon
Figure. 3 Chickpea Dataset Figure. 4 Watermelon Dataset

N P K temperature humidity ph rainfall label

0 B0 42 43 20878744 B2002744 6502085 202035535 rice

1 85 58 41 21.770452 BO.210644 7032086 226855537 rice

2 60 55 44 23.004450 B2.320783 T7.840207 263064248  rice

3 T4 35 4D 26491093 B0.158353 6.080401 242354034 rice

4 T8 42 42 204130175 51004873 T.028473 202717340  rice

5 80 37 42 23058040 E33T01IE 7.073454 251058000  rice

6 8@ 55 38 22708838 B2B30414 5700806 2713248560 rice

7 B4 53 40 20277744 B2.B204085 5718827 241074185 rice

8 B0 54 38 245152881 B3.535218 6.8853456 2304452358 rice

9 82 58 38 23223974 B3.033227 6.336254 221200188 rice

Figure. 5 Rice Dataset
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VI. RESULT

Five machine learning techniques for crop prediction were compared in this study: Naive Bayes, Random Forest,
Logistic Regression, Decision Tree, and Support Vector Machine (SVM). The dataset encompassed crucial
environmental parameters such as rainfall, humidity, soil nutrients, and others, with a focus on three main crops:
watermelon, rice, and chickpeas. Our experiments revealed that Naive Bayes and Random Forest consistently
outperformed the other algorithms in terms of prediction accuracy. Both Naive Bayes and Random Forest
achieved the highest accuracy rates among the tested algorithms, demonstrating their effectiveness in crop
prediction tasks.

The visualization of crop prediction outputs, as shown in the image below, illustrates the practical applicability
of the developed models. The output depicts the predicted crops based on the given environmental parameters,
providing farmers with valuable guidance for optimal crop selection and cultivation practices.

: |data = np.array([[23,72, 8@, 19.82861277, 17.13159126, £.320251378, 73.92A93081]])
prediction = RF.predict{data)
print{prediction)

['chickpea']
Figure. 6 Chickpea Prediction

data = np.array([[85,27, 45, 26.87974371, 88.13158126, 6.528251378, 57.92635851]])
prediction = RF.predict{data)
print{prediction)

['watermelon']
Figure. 7 Watermelon Prediction

data = np.array{[[9e,42, 43, 20.87974371, 82.13159126, £.520251378, 202.92698081]])
prediction = RF.predict{data)
print{prediction)

['rice']
Figure. 8 Rice Prediction

VIIl. CONCLUSIONS

The research presented in this paper highlights the critical role of machine learning algorithms in the domain of
crop prediction. Through a meticulous comparative analysis, we underscored the importance of selecting the
most appropriate algorithms tailored to the task at hand. By considering a diverse range of environmental
parameters and evaluating multiple algorithms, we provided compelling evidence of the efficacy of Naive Bayes
and Random Forest in accurately predicting the suitability of watermelon, rice, and chickpeas for cultivation.
Our findings carry substantial implications for agricultural decision-making practices. By furnishing farmers
with valuable insights into crop selection strategies, we empower them to make informed decisions aimed at
optimizing yields and efficiently utilizing resources. This knowledge enables farmers to adapt their cultivation
practices to suit prevailing environmental conditions, thereby mitigating risks associated with crop failure and
enhancing overall productivity.
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