
International Journal of Recent Technology and Engineering (IJRTE)  
ISSN: 2277-3878 (Online), Volume-8 Issue-4, November 2019 

 

9382 

 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: D9606118419/2019©BEIESP 
DOI:10.35940/ijrte.D9606.118419 
Journal Website: www.ijrte.org 
 

 
Abstract: Digitization of agriculture has tremendously 

increased in the adoption of various advanced techniques in the 
Indian agricultural sector. One of the core agriculture objectives 
is preserving soil fertility. To achieve this efficient soil fertility 
management alongside an effective spatial distribution of soil 
nutrient properties is required. The main objective of this study is 
to evaluate and propose the best interpolation technique on 
estimating the soil nutrients status to provide site-specific fertilizer 
recommendations through the Soil Test Crop Response target 
yield approach. In this study, we have focused on three major soil 
nutrients viz., nitrogen (N), phosphorus (P2O5) and potassium 
(K2O) for evaluation. The benchmarking study has considered 
four most successive interpolation techniques like Ordinary 
Kriging (OK), Radial Basis Function (RBF), Inverse Distance 
Weighted (IDW), and Global Polynomial Function (GPI). The 
evaluation and analytical results proved Ordinary Kriging is 
better by securing the highest accuracy against other interpolation 
techniques concerning RMSE and ME for interpreting the soil 
nutrients N, P2O5, and K2O. The interpreted values are also 
cross-validated with actual soil test samples with an accuracy of 
more than 85% for each nutrient. Nevertheless, these results are 
dependent on the number of actual soil test samples and the 
accuracy of the designed network with overall accuracy between 
the interpreted and the actual data. 
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I. INTRODUCTION 

The extensive use of GIS applications in the agricultural 

sector is increasing enormously. Indian precision farming is 
stepping towards the use of internet of things (IoT) and 
machine learning embedded with GIS applications. As the 
soil properties vary spatially and temporally from small fields 
to large fields affecting both intrinsic and extrinsic of farming 
practices, crop management, soil fertility management, etc. 
[1]. Evaluating the soil properties effectively before crop 
cultivation is highly required and the application of a proper 
dose of fertilizers throughout the cropping period is most 
essential for targeting high yield [2]. The significance of 
spatial distribution of soil nutrients and adopting the latest 
interpolation techniques to provide optimum site-specific 
nutrient requirements is very important. Currently, In India 
sever-al measures have been taken to collect the soil samples 
from farming land and obtaining the soil test values from Soil 
Test Laboratories (STL) is an on-going process. However, 
most of the farmers are still practicing the blind application of 
fertilizers and are lethargic to get their soil nutrients test-ed. 
To overcome the current situation, using the interpolation 
techniques the soil nutrients can be interpreted for unsampled 
areas for each geo-coordinate. Based on the interpreted 
values, the fertilizer recommendations using Soil Test Crop 
Response (STCR) equations for specific yield tar-gets for 
each crop can be provided to the farmers through GIS based 
cloud solution services at their fingertips to increase their 
productivity without going for the actual soil test analysis. 

The fundamental of geostatistics is to analyze the 
geospatial autocorrelation of the variables and determine the 
range of spatial dependence that is calculated by performing 
experimental semivariograms [3]. In most of the studies, 
determining the performance of various interpolation 
methods depend upon spatial data structure, selection of 
semi-variogram models, number of nearest neighboring 
points and search radius. Researches have evolved the 
significance and put efforts for spatial modeling of soil 
proper-ties by adopting various geostatistical methods [4]. 
Over the decades, the commonly used conventional 
interpolation techniques are Ordinary Kriging (OK) and 
Inverse Distance Weighted (IDW) in various agricultural 
activities [5]-[7].  
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In many research studies [8]-[10], authors adopted OK and 
cokriging, geometric method-IDW, global and local 
polynomial, and statistical methods such as the linear 
regression model (LR) in predicting the soil properties.  

Another study by Wang [6] proved OK and IDW 
techniques gave comparative root mean square error (RMSE) 
values while evaluating the soil properties. Then again, most 
investigations supported OK over IDW when contemplating 
soil nutrient parameters [11], [13], [5]. 

The kriging technique is ideal and superior to any 
supplementary [12] for determining the spatial variability on 
soil properties; this was proved in some of the research studies 
[13]. The study adopted many other techniques like IDW, 
Radial Basis Function (RBF) and OK to scrutinize the spatial 
circulation of organic content and pH value of soil for various 
constraints. However, kriging resulted better over all other 
techniques studied. 

The implementation of IDW technique resulted in good 
results on various soil parameters excluding N. However, 
Reza[13] reported the results obtained are better analyzed 
with OK but not by IDW technique.  

Yasrebi [3] evaluated and com-pared some soil chemical 
parameters by OK and IDW methods and reported spatial 
variability for different soil parameters (except N) may be 
better understood by OK than by IDW method. 

The past studies have proposed many qualitative types of 
research on the comparison, prediction and performance of 
interpolation techniques in climatology [11],[3] and 
environmental studies [10],[14]. Few studies specific to soil 
science are found in the area of erosion of soil [9],[10], 
comparison of soil fertility for pH values [8],[15] 
macronutrients [10],[12] and organic matter [4],[14]. 

Based on the previous studies and analysis of spatial 
modeling of soil nutrients, the best-chosen interpolation 
techniques that are less prone to errors were identified. The 
fundamental objectives of this study were: (1) To examine 
reasonable landscape spatial modeling for soil nutrients, (2) 
Interpret the soil nutrients by exploiting OK, IDW, RBF and 
GPI. (3) Analyze the accuracy level of referenced techniques 
against the cross validation methods such as root mean 
squared error (RMSE) and mean error (ME) and to adopt the 
best method. (4) Compare and analyze the accuracy level with 
interpreted data and actual soil test values. 

II.  MATERIALS AND METHODS  

The soil sampling and soil analysis was carried out by the 
team of AICRP on STCR, Department of Soil Science and 
Agricultural Chemistry, UAS, GKVK, Bengaluru to 
investigate the spatial variability of available macro soil 
nutrients in extremely developed soils by collecting soil 
samples through randomly choosing revenue number of 223 
villages out of 2708 villages of Tumkur [1] of Karnataka 
covering 8 to 10% of aggregate number of villages by 
collecting farmer details along with geo-referenced data for 
each soil sample. The study area is carried out in Tumkur 
District 1059.7 (about 000 ha) of Karnataka state. 

 

 
Fig. 1. Geographical location of the study area  

A. Normalization of Soil Sampled Data 
A total of 1332 soil samples were collected randomly 

covering whole of Tumkur district and these soil samples 
were analyzed for various soil parameters at UAS, GKVK, 
Bengaluru. The soil test results for both major and 
micronutrients along with farmer details, fertilizer usage, land 
details, and geo-referenced (latitude, longitude) values were 
provided in excel format. These data were pre-processed 
using ArcGIS 10.2 software for each major nutrients viz., N, 
P2O5, and K2O and spatial variability maps were generated. 
Using geostatistical analyst wizard in ArcGIS software, the 
data distribution were reviewed graphically using 
semi-variogram, cross-validation, and covariance plots. 

For this research study, the 1332 soil samples were 
randomly selected as input for the interpolation for each of the 
soil nutrients and for evaluation of the interpolated results, 
around 20 soil samples were collected from each taluq of 
Tumkur district for validation and accuracy measurement.   

The preliminary step before exploiting geostatistical 
techniques, the presence of spatial structure among the soil 
nutrient data by analysis variogram was studied. Skewness 
coefficient was worked out to understand the state of spatial 
distribution and analyzing the normality of data. As per 
previous studies, many researchers considered if the skewness 
coefficient is lower than 0.5 formerly normality of data is 
usage of skewness coefficient. As conversion of data is not 
required, but if this coefficient ranges from 0.5 to 1, and more 
than 1, then data normalizing using square root and algorithm 
must be adopted, respectively [18] 

B. Ordinary Kriging (OK) 

OK is a geostatistical method to statistically correlate a 
function of distance measurement utilizing the semivariogram 
analysis. A semivariogram can be calculated using the below 
equation(1):  

 

where s(n) denotes the experimental semivariance value at 
a distance n for all pairs, N denotes the number of sample 
pairs of observations within the distance n, Z(Xi) symbolize 
the sample variables at point i and Z(Xi+n) is the sample 
variables of two points separated from Xi, by a discrete 
distance interval n,Xi  is the geo-referenced point where Z(Xi) 
values are measured[19]. 

The basic parameters like nugget, sill and range are used to 
calculate the semivariogram models. The variance distance 
denoted by nugget is 0, the variables spatially reliant each 
other with distance that is known as range.  
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Though, variance at point does not impact the neighboring 
range/distance point. The best fit model was shortlisted [2] 
based on many changing parameters looking up the smallest 
nugget with the best fit. The model-like spherical, circular, 
power, exponential and Gaussian included the semivariogram 
model with best fit soil property. 

C. Inverse Distance Weighting (IDW) 

IDW interpolation is a technique to determine the 
multivariate interpolation for known sample points. This 
technique interprets the unknown values with specifying 
search distance and nearest points based on the power values. 
IDW can be defined as mentioned in equation(2) and (3): 

          

                   
From the equation, the interpolated point is predicted by 

value at D(x), and known point value is identified by 
parameter Hi. Further interpolation and know points count 
and total is represented by parameter n, keeping the prediction 
in mind i and di to measure the distance prediction point and 
actual distance. As the distance increases, the weight also 
decreases and we calculate these values by using parameter u 
as weighting power, the total weight is identified by Gi 
parameter and is allocated to point i. The power parameter 
value is the key factor in upsetting the accuracy of IDW. The 
most standard and practiced IDW technique is analyzed with 
the assessed comparison with parameter ranging from 1 to 4 
[6], [11]. 

D. Radial Basis Function (RBF) 

RBF geostatistical method is used for multi-dimensionally 
scattered sample data to analyze each measured sample value 
through surface data [12]. The radial basis functions are 
classified into various types such as thin-plate spline, 
completely regularized spline, multiquadric function, spline 
with tension and inverse multiquadric function. Only two 
functions gave least errors for the soil nutrients N, P2O5 and 
K2O and we considered a completely regularized spline 
method in our study. Every function depicts diverse contour 
and effects in different interpolation surfaces. Comparably 
both IDW and RBF are known as exact interpolators, but 
IDW predicted values cannot measure the value below the 
minimum measured or above the maximum measured value.  
Conversely, the RBFs can predict values below the minimum 
and above the maximum measured values [2]. 

E. Global Polynomial Interpolation (GPI) 

GPI, commonly referred to as trend surface analysis, is an 
interpolation method that addresses potential relationships 
between variables and the spatial locations of sample points 
[20]. This method could prove to be valuable for modeling 
significant variations of the mean value in a spatially 
continuous dataset [21]. Trend surface analysis relies on a 
polynomial function to produce a smooth surface model 
relative to the known values of the sample points. The 17 
polynomial equation utilized during calculations is a 
two-dimensional polynomial equation of the first, second, or 
higher degree [2]. GPI is defined by a mathematical 
polynomial function that fits a smooth surface to input sample 

points. GPI surface varies gradually and captures coarse-scale 
pattern in the data and also fits a polynomial to the whole 
surface. 

F. Evaluation of Interpolation Techniques 

The evaluation of four interpolation techniques is 
performed using the statistical criteria namely RMSE and 
ME. The interpolation techniques comparison [11] was 
validated by applying cross-evaluation mode as it is 
considered to be the standard practice. This technique was 
highly implemented to educate the model with the used model 
[8] for validation, the technique considers the sample points 
that separated by two sets of data. Further, this technique was 
consumed for evaluation and comparison of various 
interpolation techniques for better accuracy. Two key 
methods viz., Root Mean Square Error (RMSE) and Mean 
Error (ME) are integrated while performing the comparison 
of interpolation techniques to accomplish best results. The 
RMSE failed to offer a point of direction to authentic data 
[13], we considered ME as prime measuring source. 
Additionally, the lowest values in the computation displayed 
errors with both ME and RMSE. The below equation (4) and 
(5) narrates, 

RMSE =              (4) 

ME=                (5) 

Where n is the number of samples, Pi is the predicted value 
of missing point soil nutrient status (N, P2O5, K2O), P is the 
actual point tested soil nutrients (N, P2O5, K2O) and Oi is the 
geographic coordinates at location i.  

By utilizing the geostatistical analysis tool available in 
ArcGIS 10.2, all four interpolation techniques were 
performed. 

III. RESULTS AND DISCUSSION 

A. Ordinary Kriging (OK) 

The soil nutrients are highly considered for expressing the 
spatial structure and the best shortlisted interpolation model 
was adopted for standard soil major nutrients N, P2O5, and 
K2O to perform OK technique. The natively available models 
like power, circular, gaussian, exponential and spherical were 
adopted to calculate the small and large nuggets but 
investigated semivariogram found to be the best fit for 
computing the lag distance kriging on each soil N, P2O5 and 
K2O nutrient with a circular distance of 500 meters. The two 
formulae methods RMSE and ME performed better on each 
soil nutrient for small values with the least errors. Table 1 
explains the semivariogram and shortlisted parameters. 

Table-I: Soil nutrients and associated semivariogram 
parameters   

Variab
le 

Semi-var
iogram 
models 

Nugget Sill Ran
ge 

RMSE Mean 
Error 

N Circular 1913.6
0 

1540.0
7 

0.23 50.62 0.04 

P2O5 Circular 159.79 153.94 0.01 16.81 0.12 
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K2O Exponent
ial 

10548.
65 

7221.6
4 

0.00 139.61 -1.08 

The spatial distribution maps for the major nutrients 
(N, P2O5, K2O) according to OK are shown in Fig 2. 

 

 
Fig. 2. Spatial distribution maps of soil N, P2O5 and K2O 

nutrients using OK interpolation technique  
Various types of semivariogram functions such as circular, 
exponential, spherical and gaussian can be used to model the 
semivariogram. In the present study, we have used a circular 
model for N and P2O5 and an exponential model for K2O 
nutrient as it showed the least error when compared with other 
semivariograms. Fig 3 displays the semivariogram of the soil 
N, P2O5, and K2O nutrients. 

 
Fig. 3. Semivariogram N, P2O5 and K2O nutrients using 

OK method  

B. Inverse Distance Weighted (IDW) 

The IDW method was evaluated using the power model 
ranging from 1 to 4. We have selected the power 2, 3, and 4 
powers exponential for the soil nutrients and limiting distance 
to 50m. The various trial and errors were performed with a 
distance of 50 m, 100m and 500m, 50 m and 50 m gave the 
nearest accuracy.  Table 2 details the power's values and 
accuracy of selected soil nutrients for cross-validation 
methods. However, power value with 2 was selected for the 
study with the least errors. 

Table-II: Cross-validation of IDW interpolation 
method based on various power values 

Powe
r 
values 

N P2O5 K2O 
MRE RMSE MRE RMSE MRE RMSE 

2 -1.02 53.78 0.39 17.52 -0.18 145.84 
3 -1.32 56.16 0.53 18.29 0.39 151.38 
4 -1.51 57.83 0.63 18.87 0.67 155.73 

Spatial distribution of IDW maps are shown in below Fig 4. 

 
Fig. 4. Spatial distribution maps of soil nutrients N, P2O5 

and K2O using IDW interpolation technique 

 
Fig. 5. Semivariogram of N, P2O5 and K2O nutrients using 

IDW interpolation technique 

From the calculation excluding the parameter N, P2O5 and 
K2O nutrients generated very low errors with IDW, where the 
calculation by ME and RMSE was in power of 2 in the 
comparison with other nutrients. However the rise in power 
from 2 to 3 benefited results, which can be seen in Fig 5, 
displays the soil property interpolation using the IDW 
technique on soil N, P2O5 and K2O nutrients with lowermost 
RMSE. 

C. Radial Basis Function 

 Radial basis function using regularized and tension Splines 
gave similar results in the prediction of soil nutrients (N, P2O5 
and K2O) as RMSE observed in case of regularized and spline 
with tension was 50.98 and 50.99 respectively. According to 
RMSE values that are shown in Table 3, completely 
regularized spline produced more accurate maps when 
compared with all other functions for the soil N, P2O5 and 
K2O nutrients with RMSE values of 50.99, 16.81 and 139.98 
respectively.  

Table-III: Cross-validation of RBF interpolation 
method based on various functions 

Radial Basis 
Functions 

N      P2O5  K2O 
M

ME 
R

RMSE 
M

ME 
R

RMSE 
M

ME 
R

RMSE 
Thin-plate 
spline 

6.58 339.35 -0.13 48.14 0.28 423.89 

Spline with 
tension 

-0.43 50.98 -0.04 16.83 -1.55 139.98 

Completely 
regularized 
spline 

-0.43 50.99 -0.03 16.81 -1.50 139.98 

Multiquadric 
function 

-0.67 56.34 0.42 18.42 0.20 154.18 

Inverse 
Multiquadric 
function 

-0.60 51.68 -0.10 
 

16.89 -3.23 143.59 

 

Fig. 6. Spatial distribution maps of soil N, P2O5 and K2O 
nutrients using RBF interpolation technique 

 

Fig. 7. Semivariogram of N, P2O5 and K2O nutrients using 
RBF interpolation technique 
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D. Global Polynomial Interpolation (GPI) 

Global polynomial interpolation fits single polynomial 
while local polynomial interpolation fits many polynomials, 
each within specified overlapping neighborhoods [22]. 
Therefore, the use of many polynomials within overlapping 
neighborhood might be the reason for lower mean error and 
root mean square error values in the global polynomial 
interpolation method.  

Global polynomial interpolation indicated higher mean 
error and root mean square error as compared to the other 
three interpolation methods in Table 4. 

Table-IV: Cross-validation of GPI interpolation method 
based on the order of polynomial values 

Order of 
Polynom
ial 

            N          P2O5         K2O 

M
ME 

R
RMSE 

M
ME 

R
RMSE 

M
ME 

R
RMSE 

1 0.00 56.72 -0.00 18.14 0.00 146.78 

3 -0.00 56.16 -0.00 17.91 -0.04 146.29 

 

 

Fig. 8. Spatial distribution maps of soil N, P2O5 and K2O 
nutrients using GPI interpolation technique 

 

Fig. 9. Semivariogram of N, P2O5 and K2O nutrients using 
GPI interpolation technique 

Table-V: Comparison of performance of the four 
interpolation methods based on RMSE and ME 

Interpolatio
n Methods 

            N          P2O5           K2O 

RMSE ME RMSE ME RMSE ME 
OK 50.62 0.04 16.81 0.12 139.61 -1.08 
IDW 53.78 -1.02 17.52 0.39 145.84 -0.18 
RBF 50.99 -0.43 16.81 -0.03 139.98 -1.50 
GPI 56.16 -0.00 17.91 -0.00 146.29 -0.04 

The cross-validations were performed for all the four 
interpolation methods to evaluate the accuracy and to choose 
the best method based on the least error for the soil nutrients 
as shown in Table 5. The OK technique resulted in better with 
ME and RMSE for achieving lower most errors standing next 
to RBF and GPI. 

E. Cross-validation of interpolated values with actual 
soil test results 

The soil samples were collected randomly for each taluk of 
Tumkur district by the team of Soil Scientist, AICRP on 

STCR, Dept. of Soil Science and Agril. Chemistry UAS, 
GKVK, Bangalore after post interpolation. These values were 
cross-validated with interpolated values for N, P2O5, and K2O 
nutrients as shown in Table 6. The results showed good 
accuracy over actual and interpolated values (OK) with 
97.84% for N, 85.38% for P2O5 and 90.47 for K2O. The 
results depicted that overall accuracy of more than 85% of 
interpreted nutrient values can be used to provide site-specific 
fertilizer recommendations for individual farmers. 

Table-VI: Comparison of actual soil nutrient values 
with OK interpolated values for randomly selected values 

for each taluk of Tumkur district 
Soil Nutrients     N 

(kg ha-1) 
   P2O5  
(kg ha-1) 

   K2O  
(kg ha-1) 

Average: 
Actual soil test value 

251.09 22.66 
 

199.62 

Average: 
Interpolated value 

256.51 25.97 
 

220.62 

%Variation 2.15 14.61 9.52 
%Accuracy 97.84 85.38 90.47 

IV. CONCLUSION 

This study was conducted to provide site-specific 
fertilizer recommendations based on the interpolated soil 
nutrients status using the STCR approach. These values were 
cross-validated through soil analysis by Soil Scientist, AICRP 
on STCR, Dept. of Soil Science and Agril. Chemistry UAS, 
GKVK, Bangalore. These results showed a good accuracy of 
more than 85% for each nutrient. In this study, four important 
interpolation methods were used to predict the major soil 
nutrients (N, P2O5, and K2O). The results of the present study 
clearly showed the Ordinary Kriging (OK) technique is 
suitable for larger distribution of area with random samples. 
Though, the soil nutrient status predicted with 97.84% for N, 
85.38% for P2O5 and 90.47 for K2O of accuracy, these 
nutrients can be well utilized for providing site-specific 
fertilizer nutrient recommendations for individual farmers for 
achieving the desired yield. Further, the proposed technology 
benefits the farmers by eradicating the legacy system in 
availing the soil health report by reaching soil test laboratories 
every year. The prime benefit of the proposed technology is 
that it can determine the impact on estimations by adoption of 
features like sampling size, design and data. This technology 
suggests the selection of right interpolation method which is 
necessary to ensure complete consumption of spatial 
information by samples. The proposed technology 
demonstrated and strongly suggests OK interpolation is better 
in assessing the soil nutrients in comparison with other 
interpolation techniques.  
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