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Abstract 
 The principle aim of fertilization is to provide the nutrients in the soil to 

satisfy the requirements of plants. The identification and application of 

chemical fertilizers that add to the nutrients in the soil, help the agronomist 

in decision-making regarding crop yield. Different statistical or 

computational techniques are used for predicting fertilizers. Artificial 

Intelligence (AI) methods offer a more impressive way of predicting 

fertilizers under various cropping patterns. Artificial Neural Network 

(ANN) models can easily interpret complex input structure. This study 

describes the development of fertilizer’s application rate prediction model 

for Coconut Tree with the help of ANNs. The prediction model is 

developed with the soft technique of ANNs through the use of back 

propagation algorithm and multilayer neural network model. Today's 

farmers depend on advanced technology to reduce their overall labor and 

to increase production. In this study, the promising methodology in AI 

called deep learning is used to predict the application rate of fertilizers for 

Coconut Tree. The Deep Neural Network (DNN) achieved better accuracy 
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as compared with standard ANN. These two methods are compared in the 

terms of their performance. The predicted accuracy rate for fertilizers Urea, 

MOP and Lime using Standard Neural Network Classifier is 85.95%, 81% 

and 93.39 % respectively. But the same measurement using DNN is 95.1%, 

95.05% and 96.7% respectively which shows that DNN performs better 

than other neural network models in the agricultural system with large 

data.  

Index Terms:Fertilizer recommendation, classification, neural network, 

deep neural network. 
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1. Introduction 

The demand for food is increasing and the farmers, government, researchers, 

and agricultural scientists are compelled to try to put extra energy and methods 

for more production. Since the quantity of data grows, it requires a forced way 

for these data to be separated when needed. Fertilizer remains one of the highest 

and most challenging expenses for farmers. The soil is the natural resource 

foundation upon which each State must build its economy. It is necessary to 

identify the areas which lack adequate soil fertility so that farmers can supply 

additional nutrients in that area. This will certainly benefit the agriculturists and 

farmers who are the backbone of India’s economy thereby increasing the 

economic status of the country. 

The study zone for this work is the Kerala state of India. Kerala State is divided 

into three distinct parallel physiographic zones: the high land (above 75m from 

the Mean Sea Level), the low land (below 7.5 m from the Mean Sea Level) and 

the mid land (between 7.5 and 75 m above the Mean Sea Level). The major 

crops of low land are rice, coconut, banana etc. Coconut crop occupied 30.84% 

of the gross cropped area. The productivity of Coconut over the past few 

decades has been almost stagnant with only slight improvement in the current 

decade. The increase in production could be possible through effective soil 

resource management and corrective measures including micro nutrient 

supplementation. The soil is a life support system to be kept in a highly 

productive stage. In the case of Coconut, proper nutrition during early stages 

has a profound influence on yields during productive life time. The maintenance 

and enhancement of changing soil parameters are the major focus for soil 

nutrient management in agriculture for enhancing crop productivity. Over 

application of inorganic fertilizers had led to environmental damage to the 

society. The role of nutrients in agricultural productivity has been viewed with 

great importance recently. The relationship of specific nutrients contents in 

respect of ten elements was resolved for Coconut [1]. The result showed that 

regular use of traditional fertilizers has led to the stage of negative feedback for 

them and it also mentioned that improper recommendation of fertilizers limits 

the Coconut yield. 

The soil testing laboratories in Kerala are analyzing soils and giving the 

Package of Practice (PoP) recommendations for nutrients. Action plans are 

prepared for the correction of soil nutrient deficiencies and soil fertility advisory 

cards are given to the farmers. Kerala State Planning Board delineate the state 

into various Agro Ecological Zones (AEZ) and Agro Ecological Units (AEU) 

for the development of agriculture by exploiting the regional potential through a 

scientific assessment. AEZ’s are broad spatial divisions which emphasize on 

physiographic features. The Coastal Plain AEZ comprises the nearly level to 

gently sloping lands along the coast at an elevation below 30 meters and lying 

between the sea and the middle lands [2]. In this zone, the Northern Coastal 

Plain AEU is considered for this study. This unit represents the Coastal Plain 
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north of Ernakulam district and comprises 77 panchayats along the coast from 

Thrissur till the northern end of the state. The unit with tropical humid monsoon 

climate (rainfall 3133 mm; mean annual temperature 280 C) has dominantly 

sandy soils on nearly level lands. The unit covers 1,22,970 ha (3.16 %) in the 

state. These soils are very deep, well drained, sands on very gently sloping 

subdued coastal sand dunes. The color is yellowish brown to brown or gray. 

The soil reaction is strongly acid [3]. 

Fertilizer has an essential role in future growth of Indian agriculture system as 

the net area available for cultivation is declining due to rising demand for new 

factories, houses and other commercial uses. To assure the availability of 

required quantity and proper quality of fertilizers is a major concern to farmers. 

The price of fertilizer urea is much lesser than that of other fertilizers. This has 

resulted in excessive use of urea for Coconut crop, thereby twisting the balanced 

standards of fertilizer application. To sustain and improve soil health and its 

productivity, soil test based judicious application of fertilizers in accordance 

with nutrients is a major concern. Balanced fertilization would have assured 

required availability of nutrients in the soil to obtain the requirements of plants at 

different stages of growth. 

AI methods provide a more efficient way to predicting fertilizers under variety 

cropping patterns. This study describes the development of fertilizer application 

rate prediction model for Coconut Tree by making use of ANNs and DNN. 

These two approaches have been exposed by forecasting of Coconut Tree 

fertilizer prediction for the Northern Coastal Plain AEU for the year 2014 and 

2015 for Kerala state of India. This study is on the basis of variables including 

Soil reaction (pH), Total Soluble Salts (T.S.S), Organic Carbon, Potassium, 

Phosphorous and Fertilizers Viz. Urea, MOP and Lime. 

2. Related Work 

The ANN structure is based on the biological neural activities of human brain. 

The interdependencies of the inter-connected processing neurons of the human 

brain are used to develop the ANN models. Discover the relationship for a huge 

number of input and output examples by generate a formula using the ANN 

model predictions [4]. The input, hidden and output layers are required for an 

ANN model. The input and output parameters are represented with the input 

and output layers. A large number of works have illustrated the production of 

agriculturally based models by using ANNs. Agricultural ANN applications 

include soybean crop progress modeling [4], pesticide and nutrient loss 

estimations [5], soil water retention assessments [6], and disease prediction 

modeling [7]. An ANN model can convey more accurate and reliable crop yield 

prediction compared to other methods such as regression models [9]. Different 

studies have defined the potential for using ANN for the forecast of crop 

production. A study reported the use of ANN for the development of precise 

estimation tool to predict rice yields. According to a study on forecasting 

soybean rust, the ANN models were found to produce better results than 
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statistical methods [7]. More accurate results were generated using ANN model 

compared to regression techniques to evaluate soil water content based on the 

physical properties of the soil. Similarly, in a study, the ANN model is 

compared with regression model to predict the applied nitrogen leaking below 

the root zone of turf grass and ANN model is performed better than regression 

model [9].  

A study on the use of back propagation network to predict rice yield based on 

weather data results in an average accuracy 97.5% [10]. Rainfall of six 

hydrological divisions of India is effectively predicted using ANN and 

clustering methods Long range forecast on south west monsoon rainfall is 

effectively predicted using ANNs based on clustering approach [11]. The 

extreme events like drought or flood monsoon conditions over the Indian 

subcontinent is forecasted using ANN with a prediction accuracy of 90% [12]. 

Deep learning methodology is an Artificial Intelligence System for next 

generation agriculture [13]. A review of machine learning approaches for 

agricultural system suggests that deep learning is capable of processing the 

complex input data and learning tasks. It is capable of “learning features” from 

the data at each level [13].  

A deep convolutional neural network was used to identify 14 crop species and 

26 diseases and the trained model achieves an accuracy of 99.35% [14]. The 

deep learning method was explored in order to automatically classify and detect 

plant diseases from leaf images with an average accuracy of 96.3 % [15]. Deep 

Convolution neural network is used to find out soil nutrient elements required in 

a plantation for maximum production. The results of the developed model 

yielded results with an accuracy of 99.58% [16]. This study focuses on the 

effectiveness of predicting application rate of fertilizers for Coconut Tree of 

Northern Coastal Plain Agro Ecological Unit, India. We compare and evaluate 

the performance of deep learning over ANN (Multilayer Perceptron). 

3. Research Methods 

Study Area  

As part of data collection, soil test reports for the years 2014-2015 are collected 

from different places of Thrissur district, Kerala. The main soil parameters 

collected for this study are Soil reaction (pH), Total Soluble Salts (T.S.S), 

Organic Carbon (%), Potassium (Kg /ha) and Phosphorous (Kg /ha). The soil 

test reports are collected from agricultural divisions like Edathiruthy, Kattoor, 

Valappad, SreeNarayanapuram, Kaipamangalam, Perinjanam and Mathilakam. 

These places come under Coastal Plain AEZ and Northern Coastal Plain AEU. 

The required fertilizers for Coconut Trees are Urea (Gram), Muriate of Potash 

(MOP) (Gram) and Lime (Kg), which act as the dependent variables for this 

study. 
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Methodology Clustering Technique 

In cluster analysis, based on similarity the data items are grouped into natural 

clusters. Data grouping is important because it can show unwanted information 

about data items. The absolute number of clusters is often resolved within the 

clustering algorithm. A wide variety of clustering algorithms has been proposed 

to produce the best clustering of objects based on a set of real data. An 

important type of clustering algorithm is hierarchical clustering. The Ward’s 

clustering method is beginning with N clusters, each containing one object. The 

total within-cluster sum of squares (SSE) is calculated to find out the next two 

clusters combined at each step of the algorithm [18]. Clustering internal 

validation uses intrinsic information in the data to evaluate the quality of the 

clustering. The Dunn index measures the ratio between the smallest cluster 

distance and the largest intra-cluster in a partitioning. The Dunn index has a 

value between 0 and infinity and should be maximized. The silhouette value is 

an estimate of how similar an object value is to its own cluster compared to 

other clusters. The values of silhouette coefficient range from -1 (poor-clustered 

observations) to 1 (well-clustered observations). 

Neural Network Classifier 

A Neural Network (NN) is composed of a set of highly interconnected nodes or 

entities [19]. The resilient back propagation algorithm was used here for 

training the neural network. For present research, the multilayer perceptron was 

used as the artificial neural network for predicting the application rate of 

fertilizers for Coconut Trees in Northern Coastal plain AEU. 

Deep Neural Networks 

Deep learning permits computational models that are composed of multiple 

processing layers to learn representations of data with multiple levels of 

abstraction. This property of deep learning is useful for the classification 

problems with machine learning approach. The aim of any machine learning 

problem is to find the predicted variable N from the predictor variable M. This 

can be represented with a mapping function N=F(M), where the input provided 

is large amount of data. The mapping is F: M→N, where N belongs to {1..., P}, 

and P indicates the classes. Deep learning solves classification problems with 

layer by layer approach. Every layer properties are refined from its features. A 

deeper layer's property become the next layer's features. The t
th

 layer is denoted 

with the representation L
t
 and M= L

t
 gives the final output N. The working of 

deep learning can be defined as  

                                       (1) 

 ……                              (2) 

                                   (3) 

Where  are threshold levels,  are weight matrices and is the activation 

function. When an input (M) is given, the layers are each of the (T) 

transformations with the output as the (T+1)
th

 layer. Deep learning has a 
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powerful set of techniques for learning in neural networks. Deep Neural 

Networks (DNN) is able to describe a neural network that has two or more 

layers of hidden processing elements. Different type of deep learning 

architectures is 

1. Deep Neural Networks. 

2. Convolutional Deep Neural Networks. 

3. Deep Belief Networks. 

4. Recurrent Neural Networks. 

 

Figure 1:  An example for DNN 

To perform deep learning, it requires more than one hidden layer in its structure. 

A sample network representation of DNN is represented in figure 1. The 

network functions used with the DNN is also demonstrated in figure 2. The 

hyperbolic tangent function is used as activation function and the range of Tanh 

function is [-1,1] 

 

Figure 2: Network Functions in DNN 

4. Proposed Method 

The block diagram of different steps carried out in this work is depicted in 

figure 3. 
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Clustering of Fertilizers 

The independent parameters pH, Organic Carbon and Potassium are extracted 

using PCA [17]. The dependent parameters for this soil data to identify the 

application rate of fertilizers are Urea, MOP and Lime. After pre-processing the 

soil data, the cluster validation techniques are applied to identify the best 

clustering method for doing this research. The clustering techniques like 

kmeans, Partitioning Around Medoids (PAM) and hierarchical clustering is 

taken here for validation. Dunn index and silhouette coefficients are the internal 

validation measures used for selecting the best clustering approach and the 

optimal number of clusters [20]. Table 1 shows the optimal number of clusters 

to group the fertilizers by using hierarchical clustering. Based on the values of 

Dunn index and silhouette coefficient, the best clustering method to group the 

fertilizers is hierarchal clustering.  

Table 1: Cluster validation results on fertilizers 

Fertilizer Optimal No. of Clusters Clustering Method Validation Measures 

Urea    8 Hierarchical Clustering Dunn: 1.46 

Silhouette: 0.99 

MOP   10 Hierarchical Clustering Dunn: Infinity Silhouette: 1 

Lime    5 Hierarchical Clustering Dunn: Infinity Silhouette: 0.99 

 

Figure 3: The Different Steps of the Fertilizer Recommendation System 
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Fertilizer Recommendation by Standard Neural Network Classifier 

Pre-processed soil data for training and testing contains independent parameters 

pH, Organic Carbon and Potassium and dependent parameters Urea, MOP and 

Lime respectively. After performing cross validation, seventy percent of data is 

used for training and the remaining for testing. The Standard Neural Network 

model is developed with three layers: input layer, hidden layers and output 

layer. Two hidden layers are used for this model. Ten hidden neurons are used 

in the first hidden layer and twenty in the second hidden layer. Resilient back 

propagation with weight backtracking algorithm is used for developing this 

model. The sum of squared errors is used as error function and the activation 

function is sigmoid. In this paper, NN is considered as the fertilizer classifier 

which will try to classify the soil data into proper fertilizer application rate. In 

the first stage of classification, learning the data values which is the outcome of 

the method using the Standard Neural Network classifier for fertilizer 

recommendation. Then, the second stage is test stage, in which testing of data is 

performed by using learned model. This step denotes the class to which the data 

value belongs. Figure 4. illustrates the trained neural network model to predict 

the fertilizer Urea. According to this model, the application rate of Urea for 

coconut tree can be predicted from pH, Organic Carbon and potassium. The 

Urea is grouped into 8 clusters and training error rate for this model is 0. 19. 

Urea is predicted from this model with Mean Squared Error (MSE) of 0.21 and 

Percentage Error (PE) is 14.05%. 

 

Figure 4: Neural Network Training Model for Predicting Urea 

Figure 5. illustrates the trained neural network model to predict the fertilizer 

MOP. According to this model, the application rate of MOP for coconut tree 

can be predicted from pH, Organic Carbon and potassium. The MOP is grouped 

into 10 clusters and training error rate for this model is 0.15. MOP is predicted 

from this model with Mean Squared Error (MSE) of 0.71 and Percentage Error 

(PE) is 19 %. 
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Figure 5: Neural Network Training Model for Predicting MOP 

Figure 6. Illustrates the trained neural network model to predict the fertilizer 

Lime. According to this model, the application rate of Lime for coconut tree can 

be predicted from pH, Organic Carbon and potassium. The Lime is grouped into 

5 clusters and training error rate for this model is 0.28. Lime is predicted from 

this model with Mean Squared Error (MSE) of 0.22 and Percentage Error (PE) 

is 6.61 %. 

 

Figure 6: Neural Network Training Model for Predicting Lime 
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Fertilizer Recommendation by Deep Neural Network 

The proposed method for classifying and predicting the fertilizers for Coconut 

crop is by Deep Neural Network. To perform this type learning the fertilizer 

Urea is grouped into 8 clusters, then MOP is grouped into 10 clusters and Lime 

is grouped into 5 clusters by hierarchical clustering method. Pre-processed soil 

data for training and testing contains the same independent and dependent 

parameters used in the previous model. To create deep learning model, the 

objects used for this study needs to be imported to deep learning cloud. The 

Deep Neural Network model is built by using feed-forward multilayer artificial 

neural network. Four hidden layers are used for deep learning model. Each layer 

consists of 100 hidden neurons. The main parameters used to build this model is 

its epoch and activation function. The epoch is set to 700, the reason to set 

epoch by this value is demonstrated by figure 7 and 8. Promising results are 

obtained for the activation function Tanh which is shown bold in table 2. 

Table  2: Comparison of Mean Squared Error (MSE) for different activation 

functions 

 

The deep learning model developed to learn the soil data for predicting the 

application rate of fertilizers and the different error measures obtained with the 

deep learning training model is listed in table 3. The proposed model predicts 

the application rate of fertilizers for Coconut crop more accurately when 

compared with standard neural network classifier. The MSE values after 

prediction of Urea is 0.14, for MOP is 0.07 and for Lime is0.08. It indicates 

Urea is predicted with 95.1 %, then MOP is 95.05 % and 96.7% accuracy is for 

Lime. 

Table 3: Error Measures Obtained after DNN Training for Fertilizers 
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Figure 7: Epoch and MSE Values for DNN Training Models 

 

Figure 8: Epoch and MSE Values for DNN Testing Models 

5.  Results 

Table 4 represents the efficiency of the proposed deep learning method 

compared with NN classifier. Here we use the Mean Squared Error (MSE) and 

Percentage Error (PE) to evaluate the efficiency and performance of our 

fertilizer recommendation system. As shown in Table 4, the recommendation 

model based on the Deep Neural Network (DNN) outperforms the Standard 

Neural Network classifier with an accuracy equal to 95.1 % (Urea), 95.05 % 

(MOP) and 96.7 % (Lime). Our model highlights the real possibility for 

forecasting the application rate of fertilizers for Coconut crop. The results are 

promising to investigate neural network fertilizer recommendation strategies 

and to improve the deep learning classifiers. 
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Table 4: Comparison of Percentage Error (PE) and Mean   Squared Error 

(MSE) for Standard Neural Network classifier and the proposed Deep 

Neural Network 

 

6. Conclusion 

In this paper, a novel approach to predict Coconut crop fertilizer application rate 

is proposed by computational analysis of soil data. It is based on an accurate 

and efficient technique called Deep Neural Network. We have applied the 

standard neural network classifier to detect the application rate of fertilizers 

Urea, MOP and Lime for Coconut crop, then, we have used the Deep Neural 

Network classifier to identify the same. The proposed method can perform 

better than the other method because it satisfies the following these 

requirements: It can eliminate unnecessary costs. In particular, it can learn 

interesting features to make our inspection robust. The performance and 

efficiency of our deep learning technique on the soil data is proved through the 

model evaluation. This encouraging result with fertilizer recommendation 

system hopefully will motivate computer scientists to extend this approach to 

monitor and handle the problems likely to be created by the collection of 

advanced data from a wider area. 
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