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Abstract 

Our thesis has focused on cultivation of 55(fifty five) crops in 2(two) districts of 

Bangladesh. The classification of crop was based on the elements of soil and some other 

soil states. Classification algorithms we used are Random Forest, J48 Decision Tree, 

KNN, Neural Network, Naïve Bayes, SVM and some other algorithms. These algorithms 

give different % of accuracy. 

 

The main purpose of the thesis to make a proper way to find the crop which is suitable 

with the elements and state of a soil sample for maximum result. The main problem we 

faced the shortage of data and making the limited data suitable for a minimum level of 

accuracy for every algorithm we used. The data book was collected from Soil Research & 

Development Institute (SRDI), Khamarbari, Dhaka. 
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Chapter 1  

Introduction 

In general sense, farmers decide which crop they will cultivate and then after or just 

before sowing they apply fertilizer needed for that crop. A farm land already contains 

fertilizer of previous cultivation. And then, additional fertilizer makes farm land not 

suitable for the crop as we come to know that excess fertilizer doesn’t mean more yield. 

It’s a big problem for farmers as this decreases the yield of crop as well as wastage of 

fertilizer and money. 

 

If the farmers can get the idea of their soil elements and which crops are suitable for the 

soil, they can get more yields. In addition, they can apply fertilizer if they get soil report 

in details for a particular farm land. 

 

Now-a-days, data science can solve the problem by testing the elements of particular soil 

sample. Using classification, we use a data set for 51 crops. By using soil elements 

farmers can get the result of crops yield more crops. In some cases they don’t even need 

to apply additional fertilizer. That will save their money and time. 
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Chapter 2 

Classification 

2.1. Introduction of Classification 

Classification is a data analysis process to make a model to classify certain instance of 

data. It is a process of learning to make diction to classify instances and give accurate 

result as possible. It has two steps, 

 

1. Learning: Construction of Classification Model Different Algorithms are used to 

build a classifier using the available training sets to making the model learn. Every 

model has to be trained for prediction of accurate results. 

2. Classification: Models are used to predict class labels and testing the constructed 

model on test data and therefore estimate the accuracy of the classification rules. 

Data requirement for classification algorithm: 

 

1. Enough data instance to learning process draws many entities, relationships  

2. Data arrangement should be normalized 

3. Diverse Data 

4. As low as possible missing data  

5. Discrete data  

 

 

 

                     Figure 1: Classification Examples 
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2.2. Goals of Classification 

Goal of classification is to settle the natural grouping from set of labeled data. In so many 

classification algorithm it can’t be possible to say that a particular method is appropriate. 

It totally depends how the results a researcher wants to get and he needs to follow such 

way of different processes. 

 

2.3. Classification Algorithms 

Classification algorithm describe as listed below: 

 

2.3.1  Naïve Bayes  

 

Naive Bayes classifier is based on Bayes (1702-1761) Theorem. It’s a family of algorithm 

where all of the algorithm render a basic common principle. The Bayes classification 

represent a supervised learning method as well as statistical method for classification. 

Assumes an underlying probabilistic model and it allows us to capture uncertainty about 

the model in a principled way by determining probabilities of the outcomes. It can solve 

predictive and diagnostic problems. 

 

Bayes Theorem: 

P(A|B) =
 ( | ) ( )

 ( )
 

 

Using Bayes theorem we can find the probability of A happening, given that B has 

occurred. Here B is the evidence and A is the hypothesis. The assumption made here is 

that the features are independent, which is presence of one particular feature does not 

affect the other. Hence it’s called naïve.  

 

2.3.2  KNN 

 

KNN means K number of nearest neighbors. It is a very simple algorithm which can 

classify by measuring distance, takes the class occurs maximum number among the 

classes in N nearest neighbors. 

 

How it works: 

An instance is classified by KNN counting the maximum class occurred in K number of 

nearest neighbor. The value of K can be any number depending on the dataset. Lowest 

value, k=1 means the most nearest neighbor. There are 3 types of function to determine 

nearest neighbors. 
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Euclidean:  √∑ (       ) 
 
    

                                         Equation 1: Euclidean distance 

 

 

Manhattan:  ∑ |     |
 
    

 

                                         Equation 2: Manhattan distance 

 

 

 

 

2.3.3  Random Forest 

 

Random forest is a very easy and flexible algorithm to use in machine learning. It gives 

high accurate result without some requirements needed in other algorithms and it’s 

simplicity made it the most used algorithm.  

 

How it works: 

Random forest creates a forest like random decision tree. It most of the time trained with 

the bagging method, the method is a combination of learning models increase the overall 

result. It builds many decision tree and merge them to get an accurate prediction. It adds 

additional randomness while growing the tree. Instead of searching the most frequent 

result it search for the best feature. 

 

2.3.4  J48 Decision Tree 

 

J48 is the extension of ID3 with more feature of fulfill the continuous attribute value 

ranges, decision tree pruning, derivation of rules and missing values.  

 

How it works: 

ID3(Iterative Dichotomiser 3) creates a decision tree of a given dataset. It starts on the 

original datasets root node and do some iteration. On each iteration it checks the unsolved 

attributes and calculate the entropy or IG(Information Gain). Then it selects the attributes 

in ascending order. Then the data set is split by the selected attribute to produce subset of 

data. This process will be continued till all every element in same class. 

 

2.3.5  Support Vector Machine 

 

SMV(Support Vector Machine) is a machine learning algorithm that can be used for both 

regression and classification. But mostly it’s used in classification. This algorithm places 

data in dimensional place. Number of dimension is dependent on feature number. Then it 

performs classification by finding the hyper-plane that differentiate the two classes very 

well.     
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Figure 2: Support Vector 

 

The line in the middle of two lines separates the two spaces of classes indicated by red 

and green dots. These dots are called support vectors. 

 

2.3.6  Deep Neural Network 

 

Neural Network is mainly electronic network based on the neural structure of human 

brain. This algorithm process data and learn comparing previous known data classes. 

    

How it works: 

A neuron is the unit of the neural network. It is set of input values (xi) and associated 

weights(wi) A function (g) sums the weights and maps the result to the output(y). 

 

 
                         Figure 3: Deep Neural Network 

 

 

 

Neurons are organized in input layer, hidden layer and output layer. The input layer 

contains the data. The very next layer is hidden layer. Hidden layer may be many in 

number. The next layer is the output layers that is single node for each classes.  
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Chapter 3 

Data Collection and Preprocessing 

3.1. Data Collection 

 

We collected data from “Upozila Nirdeshika”, Land and soil resource utilization guide 

book. The books were collected from Soil Resource Development Institute. We took two 

books of two Upazila- Hijla and Srinagar as these two books contain more data than 

others. The guide boos discusses about all characteristic, soil property, elements. It also 

contains the measurements of elements which determines the crop for cultivation. 

 

 
 

                     Figure 4:  Upozila Nirdeshika (Hizla) 



 7 

 

 
 

                    Figure 5: Upozila Nirdeshika (Srinagar) 

 

3.2. Preprocessing 

 

The guide books of Upazila Hijla and Srinagar had many data classified in various fields. 

These guide books also provide a Map with it for easy understanding of data and their 

origins. But these data are not in the desired form that can be classified so easily. For that 

reason we had to preprocess the data by following preprocessing methods in order to 

create our desired dataset so that the classifying algorithms work finely. Firstly it is being 

find out, how many unions is there on a particular Sub-District. Different types of soil can 

be available in each single Union. According to soil series the areas of the map is shown 

in different color. We marked first 4 features as it can be differentiate only for different 

areas. We took the non-zero values and didn’t take the zero values which was 

unnecessary. But it is necessary to consider the missing data while we will consider a big 

dataset from the soils of different areas of Bangladesh. 
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                            Figure 6: First look data sheet 

 

 

3.2.1  Feature Extraction 
 
Our dataset has in total 17 features which are the elements of the soil. These features are 
given below 

->Land Type 

->Water Recession 

->Drainage Status 

->Soil Components 

->Soil Rigidity 

->Soil Juice 

->Soil Reaction 

->Soil Series 

->Chemical Elements 

 -> Nitrogen 

->Phosphorus 

->Potassium 

->Sulfur 

->Zinc 

->Boron  

-> Molybdenum 

->Magnesium 

 ->Organic Matter 

 

 

 
 

 

We mainly worked with 9 elements among of them. Because the other elements were not 

effective for the results. But if we can take data from all the Upazila’s then the rest of the 

elements we ignored can be a major part of prediction. 
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                         Figure 7: After Preprocessing  

 

 

We used 51 crops as our class value from different season and types. Table of all the 

crops given below. 

 
Crops list in different season: 

 

 

                   Table 1: Class Values in Different Season 
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3.2.2  Data Visualization 
 

Table of attribute type: 

 

 
 

 

                               Table 2: Attribute Type 

 

 

We used WEKA to apply different data visualization method to visualize our dataset. 

Here some pie chart model is shown below. Pie charts with a few of crops among with 

their required soil elements. 
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     Figure 8:  Pie Chart of Crops Split into Soil Elements 

 

 

Among of the attribute value we took the Sulfur and compared with the crops in a graph. 

In this graph we can see the effect of sulfur on crops. 
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        Figure 9: Quantity of Sulfur by Crops Graph 

 

 

And then we took all the crops and made a bar chart for each crop what is the quantity of 

attributes. 

 

 
 

                    Figure 10: Bar Chart (Crops vs Attribute) 
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Chapter 4 

Experiments and Results 

4.1. Experiments 

We implemented different machine learning algorithms on our dataset and got different 

accuracy. 

 

We developed a JAVA based Soil Evaluation tool to compare all the machine learning 

algorithms. Some screenshots given below as for example. 

 

 

 
 

                                      Figure 11:  KNN 

 

10.1% 
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For KNN we can see the value of K is 2, number of fold is 9 and we get the accuracy for 

testing data set is 10.1%. 

 

 

 

 
 

 

Figure 12: J48 Decision tree 

 

 

For J48 Decision tree it shows the accuracy for testing data set is 71.7%. 
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                           Figure 13: Deep Neural Network 

 

 

For Deep Neural Network we got so far the best result which is 98.5%. When the batch 

size was 25 and the epochs was 150. 
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Here is the table of comparison of all machine learning algorithms: 

 

Classifier Training Data Test Set 

KNN(k=2) 71.7% 10.1% 

Decision Tree 87.2% 71.7% 

Random Forest 91.5% 97.9% 

Naïve Bayes 67.3% 24.2% 

SVM 27.9% 24.2% 

Neural Network 67.3% 21.2% 

DNN 98.5% 98.5% 

 

Table 3: Comparison of all Machine Learning Algorithms We Implement 

 

 

4.2. Results 

In case of prediction of crops Deep Neural Network gives 99.5% of accuracy. Which is 

the best so far. Our research was about to found the best classifier among the machine 

learning algorithms we implemented. We followed the process while implementing is 

given below: 

 

 
 

                           Figure 14: Prediction Procedure 
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Chapter 5 

Conclusion and Future Works 

This research has proposed a system of soil evaluation for crops cultivation. We have 

experimented on various machine learning algorithms. The study concludes the 

following: 

 

i) The Deep Neural Network provided the best accuracy of 98.5% on test set.  

ii) Experimentation was done on limited data. 

iii) KNN provides lowest accuracy. 

iv) We did not consider missing data. 

v) We did not consider land type, climate data and irrigation period in our 

dataset. 
 

In future we would like to concentrate on the limitations described above.  
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