



COMPARISON OF SOIL FERTILITY CLASSIFICATION ALGORITHMS USING A DATA MINING TOOL 
ABSTRACT

To search for the possibility of soil fertility classification, a data mining technique was followed. The open-source data mining toolkit Weka was used for the development of a classification model for soil fertility. Thus, after cleaning and sorting the soil dataset, six classification algorithms, viz., Neural Network, Support Vector Machines, KNN, Random Forest, Random Tree, and Naive Bayes, were used over the soil dataset. The results indicated that the Bayesian-based algorithm has better performance than the function-based, lazy-based, and tree-based algorithms. The Naive Bayes algorithm was found to be the best fit in the classification of soil fertility as it recorded a classification accuracy of 97 %, a sensitivity of 0.97, and a precision of 0.97 as compared with other algorithms. The Naive Bayes algorithm has also achieved the highest F1 score of 0.97 and MCC of 0.94.
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INTRODUCTION 

India has made considerable progress in the agriculture sector in terms of area, production, and productivity. The quantity of agricultural production depends on the fertility of the soil. In this research, soil parameters, namely pH, EC, N, Zn, Fe, Cu, Mn, Sand, Clay, CaCo3, and CEC, were used to classify soil as Fertile and Non-Fertile. A user-friendly data mining toolkit, It is developed by the University of Waikato, New Zealand. Weka has numerous algorithms for predictive modeling. The continued use of ANNs in soil science research will open the door to a greater comprehension of the soil environment and the creation of methods for sustainable soil management (Elakiya et al., 2024). ANN technique can be adopted for the determination of physical properties of the expansive soil such as free swell index, unconfined compressive strength, shear strength of the soil, swelling pressure, swell percent, compaction characteristics, and plasticity index(Goutham et al., 2021). The six classification algorithms, viz., Neural Network, Support Vector Machines, KNN, Random Forest, Random Tree, and Naive Bayes, were used for the development of a classification model to classify the soil as Fertile and Non-Fertile. Rajeswari and Arunesh (2016) studied three algorithms, viz., Naïve Bayes, JRip, and J48, and found JRip is the best-fitted algorithm to forecast soil types. Chiranjeevi and Ranjana (2018) examined Naive Bayes and J48 algorithms and observed Naive Bayes algorithm gives better results for the soil dataset compared to the J48 algorithm. Raunak (2018) studied Naive Bayes, Zero, and Stacking algorithms and found Naive Bayes classification algorithm gives a superior effect on the soil dataset.  Kalekar et al. (2018) examined the tree-based algorithm and showed an accuracy of 87.5% in estimating soil fertility. Parmar et al. (2022) studied J48, RandomForest, DecisionTable, PART, and Naive Bayes classifier algorithms and noticed tree-based RandomForest algorithm performs best to analyze soil fertility conditions. Yield estimation with a data mining approach is the most modern technique and was employed for different crops, viz.,  rice (Baby et al., 2021) and groundnut (Shah and Shah, 2018). ANN is used as a tool to predict the soil permeability coefficient ‘k’ allowing the reduction of the costs and time needed to conduct laboratory or field tests to determine this parameter. They presented a method that can be extended to more types of non-cohesive and cohesive soils (Grzegorz et al., 2022). Liu et al. (2021) examined artificial neural network (ANN), random forest (RF), and support vector machine (SVM) for mapping the wall horizontal displacement along depth. Kamani et al. (2021) examined regression models, namely linear regression, multilayer perceptron, SMOReg, Gaussian processes, and additive regression, and showed that the MLP has also achieved the highest direction accuracy of 100 % and coefficient of determination (R2) of 98 % as compared with other fitted models. Thus, the MLP model emerged as the best-fitted model for the productivity of rice. In this paper, we have attempted to compare soil fertility classification algorithms for knowledge discovery and analysis using the powerful data mining toolkit Weka.
MATERIALS AND METHODS

The basic information regarding the soil Samples, viz., pH, EC, N, Zn, Fe, Cu, Mn, Sand, Clay, CaCo3, and  CEC, was obtained from 100 selected respondents. A powerful toolkit, Weka is an album of machine-learning algorithms for data mining tasks. It provides an implementation of many most widely used data mining algorithms. It contains tools for data preparation and visualization, classification, association rules, outlier detection, clustering, and regression. It can be used for applying data mining techniques to large agricultural datasets. Users need to import raw data into the Weka toolkit through a CSV data file. Once the user imports the data, Weka will analyze it. Based on what the user wants to study, the user can select desired classifiers as per the requisitions in the Weka toolkit. It is a sophisticated digital toolkit originally designed to support data mining tasks and the management of experimental datasets. The present study was undertaken to compare soil fertility classification algorithms viz., Neural Network, Support Vector Machines, KNN, Random Forest, Random Tree, and Naive Bayes by using the effect of soil variables viz., pH, EC, N, Zn, Fe, Cu, Mn, Sand, Clay, CaCo3, and  CEC. 

RESULTS AND DISCUSSION

Waikato Environment for Knowledge Analysis (WEKA) is an open-source  Knowledge analysis toolkit for machine learning. It is intended for data analysis and modeling. It has a user-friendly graphical interface. It is widely used to classify soil types and calculate soil fertility levels. It has different machine learning algorithms to analyze soil parameters and categorize soil types. A data mining toolkit, WEKA, was used to compare the performance and effectiveness of fitted classification algorithms, and six classification models were built from the data mining technique. The Neural Network, Support Vector Machines, K-Nearest Neighbors, Random Forest, Random Tree, and Naive Bayes classification algorithms were used to classify soil fertility. The result of each fitted classification model is tested in terms of Mean Absolute Error (MAE), Root Mean Squared Error (RMSE), Relative Absolute Error (RAE), and Root Relative Squared Error (RRSE). Soil properties, namely pH (Soil pH), EC (Electrical Conductivity), N (Nitrogen), Zn (Zinc), Fe (Iron), Cu (Copper), Mn (Manganese), Sand, Clay, CaCO₃ (Calcium Carbonate), and CEC (Cation Exchange Capacity), are used in soil science for assessing soil health and fertility. Fig. 1 shows that the attributes, namely pH, EC, N, Zn, Fe, Cu, Mn, Sand, Clay, CaCo3, CEC, and Soil Fertility, have different distribution ranges.
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Fig. 1. Attributes Distribution
Table 1 explains the comparison of different classification algorithms. Out of six fitted models in this research study, Naive Bayes has the lowest MAE (0.05), RMSE (0.19), RAE(10.93 %), and RRSE (37.35 %) as compared to other fitted models. Naive Bayes has achieved better performance than other models. In general, it is revealed that Naive Bayes is the best classifier to classify the soil fertility dataset. 

Table 1. Comparison of Different Classification Algorithms

	Performance

Error
	Functions Based
	Lazy Based
	Trees Based
	Bayesian Based

	
	MLP
	SMO
	IBK
	Random Forest
	Random Tree
	Naive Bayes

	MAE 
	0.09
	0.10
	0.09
	0.14
	0.10
	0.05

	RMSE 
	0.27
	0.32
	0.28
	0.23
	0.32
	0.19

	RAE  (%)
	18.49
	20.00
	17.83
	28.40
	20.00
	10.93

	RRSE (%)
	54.48
	63.25
	55.99
	45.76
	63.25
	37.35


Fig. 2 displays the training accuracy of different classification algorithms.  Naive Bayes has better training accuracy than other fitted classification models, with 97 %, followed by IBK (Instance-Based k-nearest neighbor learner) with 92 %.  SMO (Sequential Minimal Optimization) and Random Tree have the lowest estimation accuracy at 90 %.
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Fig. 2. Training Accuracy of Different Classification Algorithms
Fig. 3 depicts the error results of different classification algorithms. Naive Bayes has the lowest MAE of 0.05 and RMSE of 0.19.  This exposes minimal errors observed during the classification of the soil fertility dataset.  SMO and Random Tree have the highest error with 0.10 and 0.32 of MAE and RMSE, respectively.
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Fig. 3. Error Results of Different Classification Algorithms

Fig. 4 displays the true positive rate of different classification algorithms. Out of six algorithms used in this research study, Naive Bayes has a better true positive rate than other fitted classification algorithms, with 0.97, followed by IBK with 0.92.  SMO and Random Tree have the lowest true positive rate, with 0.90. 

[image: image4.png]True Possitve Rate

0.96

0.94

0.92

4
0
5

o
®
&

0.86

il

Random  Random
Forest Tree

Classification Algorithms

Naive
Bayes





Fig. 4. True Positive Rate of Different Classification Algorithms
Out of six algorithms used in this study, Naive Bayes indicated the lowest false positive rate of 0.03, followed by IBK with 0.08, as shown in Fig. 5. SMO and Random Tree classification have the highest false positive rate of 0.10 as compared with other fitted models.
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Fig. 5. False Positive Rate of Different Classification Algorithms
Kappa Statistic (Cohen’s Kappa) is a performance measurement parameter that shows the relationship between estimated and actual classifications. Fig. 6 visualizes that Naive Bayes has the highest kappa statistic, 0.94, followed by the IBK model with 0.84.  SMO and Random Tree models recorded the lowest kappa statistics, 0.80, as compared with other fitted models.
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Fig. 6. Kappa Statistics of Different Classification Algorithms

ROC Area is a performance measurement factor that shows the performance of fitted classification models, mainly binary classifiers. It is based on the Receiver Operating Characteristic (ROC) curve, which plots: True Positive Rate (TPR) and False Positive Rate (FPR). Fig.7 depicts the ROC Area curve of different classification algorithms. Naive Bayes recorded the highest ROC Area of 0.99, followed by Random Forest with 0.98.  SMO and Random Tree have the lowest ROC Area of 0.90. 
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Fig. 7. ROC Area of Different Classification Algorithms
Table 2 explains the comparison of the statistics of different classification algorithms. The Naive Bayes has achieved the highest prediction accuracy of 97 %, a sensitivity of 0.97, and a precision of 0.97. While the SMO and Random Tree have achieved the lowest prediction accuracy of 90 %, a sensitivity of 0.90, and a precision of 0.90.  The Naive Bayes has achieved the lowest specificity of 0.03. While the SMO and Random Tree have achieved the highest specificity of 0.10. F1 Score and MCC (Matthews Correlation Coefficient) are powerful measurement factors for assessing classification models. The F1 Score is the harmonic mean of Precision and Recall. MCC is a more informative and reliable score than accuracy or F1. It has four confusion matrix categories: TP, TN, FP, FN. The Naive Bayes has achieved the highest F1 score of 0.97 and MCC of 0.94. The SMO and Random Tree have achieved the lowest F1 score of 0.90 and MCC of 0.80.
Table 2. Comparison of the Statistics of Different Classification Algorithms

	Performance

Parameters


	Classifier Model

	
	Functions Based
	Lazy Based
	Trees Based
	Bayesian Based

	
	MLP
	SMO
	IBK
	Random Forest
	Random Tree
	Naive Bayes

	Accuracy (%)
	91 
	90
	92
	91
	90
	97

	Sensitivity 
	0.910
	0.900
	0.920
	0.910
	0.900
	0.970

	Precision
	0.914
	0.900
	0.923
	0.918
	0.900
	0.970

	Specificity
	0.090
	0.100
	0.080
	0.090
	0.100
	0.030

	F1 score
	0.910
	0.900
	0.920
	0.910
	0.900
	0.970

	MCC
	0.824
	0.800
	0.843
	0.828
	0.800
	0.940


The actual and predicted soil fertility classification using the Naive Bayes algorithm is revealed in Table 3. The actual soil fertility classification is also given for comparison. It is noticed that the actual and predicted soil fertility classifications are the same as each other. 

Table 3. Actual and Predicted Soil Fertility Classification Using Naive Bayes Algorithm

	Sr. No.
	Soil Fertility Classification
	Sr. No.
	Soil Fertility Classification

	
	Actual
	Predicted
	
	Actual
	Predicted

	1
	 Fertile
	 Fertile
	11
	Fertile
	Fertile

	2
	Non Fertile
	Non Fertile
	12
	Fertile
	Fertile

	3
	Non Fertile
	Non Fertile
	13
	Non Fertile
	Non Fertile

	4
	Non Fertile
	Non Fertile
	14
	 Fertile
	Fertile

	5
	Non Fertile
	Non Fertile
	15
	Non Fertile
	Fertile

	6
	Non Fertile
	Non Fertile
	16
	 Fertile
	 Fertile

	7
	Non Fertile
	Non Fertile
	17
	Non Fertile
	Non Fertile

	8
	Non Fertile
	Non Fertile
	18
	Non Fertile
	Non Fertile

	9
	 Fertile
	 Fertile
	19
	Non Fertile
	Non Fertile

	10
	Non Fertile
	Non Fertile
	20
	Fertile
	Fertile


The ROC curve is a graph showing the performance of a classification model at all classification thresholds. This curve plots two parameters, viz., FP Rate on the X-axis and TP Rate on the Y-axis. Fig. 8 and 9 show the Area under ROC for class value Fertile (0.9928), and class value No Fertile (0.9928), respectively, which were found to be good for the Naive Bayes algorithm only. Hence, it is evident that the Naive Bayes algorithm's performance is better than the other algorithms while predicting soil fertility.
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Fig. 8.  Thresholds Curve (Class value Fertile) for Naive Bayes Algorithm
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Fig. 9. Thresholds Curve (Class value No Fertile) for Naive Bayes Algorithm
CONCLUSION

Classification of soil fertility is of great significance. Soil parameters influence the classification of soil fertility hence, an attempt was made to identify the soil parameters and to suggest a suitable classification model for soil fertility. This study has shown the classification of soil fertility by using six classification algorithms. The results revealed that the fitted Naive Bayes algorithm performed superiorly by achieving the highest prediction accuracy, sensitivity, and precision than other fitted algorithms. In terms of F1 score and MCC also Naive Bayes algorithm also demonstrated the highest prediction accuracy and best quality of classification. The Naive Bayes algorithm explained 97 percent of the total variation in the classification of soil fertility. It can be concluded that the fitted Naive Bayes algorithm used on the soil dataset should be recommended for the development of a classification model for soil fertility.
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