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ABSTRACT 
 

GPS based three hundred and three surface soil samples (0-15 cm) were collected from dominant 
cropping system and analyzed for different soil characteristics in laboratory using standard 
procedures. The results were statistically interpreted that the N, P, K, and S were found to be 
deficient in 56.77, 31.68, 6.6 and 52.48 percent soil samples, respectively. Geo-statistical results 
revealed that the exponential model was found best fit for available N, P, K, and S. Spatial 
distribution maps showed that soil pH, EC, organic carbon, calcium carbonate, N, P, K, and S 
spatially varied and were deficient in Hundia, Timarani, Khirkiya and Sirrali. These maps will be 
helpful for farmer’s to decide the quantity of fertilizer to be added to soil to improve fertility status for 
sustainable crop production and environmental protection.  

Original Research Article 
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1. INTRODUCTION 
 
Increase in human population and disturbance 
on the earth’s ecosystem to produce food and 
fiber will place greater demand on soils to supply 
essential nutrients. In India, continuous cropping 
for enhanced yield removes substantial         
amounts of nutrients from the soil. Amongst, 
macronutrients are required in large quantities for 
growth, increase plant productivity and yield, but 
these nutrients were deficient in the majority of 
soybean and chickpea growing areas and where 
sulphur free fertilizer has been used. Soil fertility 
maps are meant for highlighting the nutrient 
needs, based on fertility status of soils to realize 
good crop yields. 
 
Information related to spatial variability and 
distribution of soil properties is critical for farmers 
attempting to increase the efficiency of fertilizers 
and crop productivity [1]. Geo-statistics has been 
used extensively to characterize the spatial 
variability of soil attributes due to its ability to 
quantify and reducing sampling uncertainties and 
minimizing investigation costs [2]. [3] and [4] 
characterized the spatial variability of soil 
physical, [5] studied the chemical properties and 
microbiological properties [6].  
 
Classic statistic method is needed for extensive 
sampling to decline variation correlation. Despite 
high costs spent in this method, the results are 
limited only on mean value for specific classes. 
Some studies were undertaken in traditional 
survey, mapping of soil fertility and large 
numbers of samples analyzed, but the latitude 
and longitude of sampling sites are often time 
missing. Hence, an attempt was made to use 
GPS receivers to map the exact location of 
sampling sites which can be used as input data 
in GIS and is used to run the queries to know 
various properties of soil.  
 

2. MATERIALS AND METHODS 
 
2.1 Description Study Area  
 
Geographically, Harda district situated between 
21° 53’ to 22° 36’ North latitude and 76° 47’ to 
77° 30’ East longitude with an area of 3330 sq 
km. It is located in the Narmada river valley and 
the Narmada forms the northern district 
boundary. Administratively, the district divided 
into six blocks, Rahatgaon, Harda, Khirkiya, 
Hundia, Sirrali and Timarani (Fig. 1). The district 
feels maximum temperature up to 47°C and 

minimum up to 12°C and an average annual 
rainfall of 1021.84 mm. The major crops grown in 
the study area are soybean, wheat, summer 
mungbean, chickpea, sugarcane and vegetables.  
The soil map of NBSSLUP Nagpur showed the 
highest area is dominated by Vertisols followed 
by Inceptisols and Entisols. 
 

2.2 Land Use and Cropping Pattern 
 
The Land use map was prepared by using Indian 
remote-sensing satellite-P6, linear imaging self-
scanning satellite-III (IRS-P6, LISS-III) satellite 
imagery. The Satellite data has the 
characteristics of 23.5 m spatial resolution, four 
spectral channels green (0.52 µ-0.59 µ), red 
(0.62 µ-0.68 µ), NIR (0.77 µ-0.86 µ), and SWIR 
(1.55 µ-1.70 µ) and five days temporal resolution 
with 141 km swath.  
 

The survey of India topographical maps 
(1:50000), the digital map of soil and satellite 
imagery as a secondary data was used from 
internet. For image processing/analysis ERDAS 
Imagine 9.3.1 was used.  On the basis of the 
information obtained by the identification of the 
physical characteristics from the imagery and 
their verification in the field was done. 
 
The major land-use/land-cover categories were 
identified and mapped (Fig. 2). From the maps, it 
is evident that the major area 2082.20 sq km, 
which was accounted to 62.52%, is occupied by 
cultivated land. On the basis of information 
obtained from every sampling site and local 
agriculture department, the soybean based 
cropping pattern is dominant existing cropping 
system viz., soybean-wheat, soybean-wheat-
summer mungbean, soybean-chickpea and 
soybean-fallow. Sugarcane and horticultural 
crop/orchards-spices crop/vegetables land uses 
were observed in study area. Based on the 
interpretation of classified image and calculated 
area statistics the forest was classified in two 
categories; dense 20.0% (666.0 sq km) and open 
6.96% (231.90 sq km).  
 
Other land use categories are built-up (52.83 sq 
km) which accounted by 1.59 percent 
represented to Harda city and some village’s 
settlements. Water bodies were occupied (68.25 
sq km) 2.05% of total geographical area. The  
classified data showed the wasteland in four 
category i.e., gullied/ravenous land 0.05% (1.82 
sq km), sandy area-riverine,0.10% (3.17sq km), 
dense scrub1.28% (42.72 sq km) and open scrub 
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1.80%(59.89 sq km) and minimum area covered 
by mining 0.01% (0.17 sq km) of the TGA. 
 
2.3 Soil Sampling, Processing and Their 

Analysis 
 
Sampling sites were randomly distributed over 
agricultural land by considering of topography 
and heterogeneity of the soil type. GPS based 
three hundred and three soil samples (0 to 15 
cm) were collected from farmer’s field during the 
off season of 2014. Soil samples were dried and 
crushed with the help of wooden rod and passed 
through 2 mm sieve and then used for analysis of 
soil pH, EC, OC and CaCO3. The available N, P, 
and K were analyzed using [7,8] and [9] 
respectively. The available S was determined by 
the turbidimetric method [10]. The nutrient index 
(NI) was calculated according to by [11] and 

classified as low (<1.67), medium (1.67 to 2.33) 
and high (>2.33). 
 
2.4 Geo-statistical Analysis 
                        
It was necessary to normalize the data prior to 
the geo-statistical analysis because of high 
skewness and the presence of outliers. 
Logarithmic transformations were selected to 
normalize the dataset. When skewness 
coefficient is lower than 0.5 there is no need to 
convert data, but if this coefficient is between 0.5 
and 1, and more than 1 for normalizing data 
square root and logarithm must be used, 
respectively [12]. When this ratio is smaller than 
0.25 the concerned parameter has a strong 
spatial steal structure, between 0.25‐0.75 spatial 
structure is middle, and when it is greater than 
0.75 spatial structures is weak [13]. 

 

 
 

Fig. 1. Location map of study area 
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Fig. 2. Land use and its spatial distribution in Harda district 
 
If the data distributions are largely deviate from a 
normal distribution, data transformations are 
often performed to reduce the influence of 
extreme values on spatial analysis [14].  
           

f(x) =ln(x) λ=0, 
 
Where f(x) is the transformed value and x is the 
value to be transformed. For a given data set (x1, 
x2,…..xn), the parameter is estimated based on 
the assumption that the transformed values 
(y1,y2,…..yn) are normally distributed. When λ = 
0, the transformed becomes the logarithmic 
transformation.  
 

Geo-statistical tool in GIS 9.3.1 was used to 
analyze the spatial correlation structures. 
Ordinary Kriging was used for the spatial 
interpolation because it is best at providing an 
unbiased prediction for specific unsampled 
locations and minimizing the influence of outliers 
[1]. Semi-variogram ��ℎ� is computed as half the 
average squared difference between the soil 
properties of data pairs.  
 

The semi variance ��ℎ� is estimated as: equation 
as: 

   ��ℎ�  = 12	�ℎ� 
 �z�x�� − z�x� +  h� �����
��� ², 

 
Next, this was fitted with a theoretical model, 
such as Exponential, Spherical and Gaussian 
models [15]. Choice of the best-fitted model was 
based on the lowest residual sum of square 
(RSS) and the largest coefficient of determination 
(R2). The model provided information about the 
spatial structure as well as the input parameters 
(i.e. nugget, sill and range) for the Kriging 
interpolation. Nugget is the variance at distance 
zero, sill is the semi- variance value at which the 
semi-variogram reaches the upper bound after its 
initial increase, and the range is a value (x axis) 
at which one variable becomes spatially 
independent. 
 
The nugget to sill ratio was used to define 
different classes of spatial dependence for the 
soil properties. Nugget/sill ratio of 25%, 25-75% 
and >75% were classified as having strong, 
moderate and weak spatial dependence, 
respectively, according to [16].  
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2.5 Validation Indices  
 

Mean absolute error (MAE) and mean squared 
error (MSE), measure the accuracy of prediction, 
whereas goodness of prediction (G) measure the 
effectiveness of prediction given by [17] and [18]. 
 

MAE     = 1	 
�|z�x�� − z��x��|��
���  

 

Where zˆ (xi) is the predicted value at location i. 
Small MAE values indicate few errors. The MAE 
measure, however, does not reveal the 
magnitude of error that might occur at any point 
and hence MSE was calculated, 
 

MSE       = 1	 
�z�x�� − z��x����
���

�
 

 

Where z is the sample means If G = 100, it 
indicates perfect prediction, while negative 
values indicate that the predictions are less 
reliable than using sample mean as the 
predictors. 
 

 = !1 − " �z�x�� − z��x������� �
∑ �z�x�� − z$����� � % × 100 

 
Squaring the difference at any point gives an 
indication of the magnitude, such as small MSE 
values indicate more accurate estimation, point-
by-point. The G measure gives an indication of 
how effective a prediction might be, relative to 
that which could have been derived from using 
the sample mean alone [19]. 
 

 
 

Fig. 3. Semi-variogarm parameters 
 

3. RESULTS AND DISCUSSION 
 

3.1 Descriptive Statistics of Soil 
Properties 

 
The descriptive statistics of soil properties 
presented in Table 1 showed the pH, EC,        
OC and CaCO3 varied from 6.4 to 8.9, 0.09 to 

0.98 dSm-1, 2.35 to10.16 g kg-1 and 5.0 to 115.0 
g kg-1 with the mean values of 7.6, 0.2 dSm-1, 
5.32 g kg-1 and 37.4 g kg-1, respectively. The 
available N, P, K, and S varied from 87.8-326.1 
kg ha-1, 4.94-76.85 kg ha-1, 161.3-885.9 kg ha-1 
and 1.0-89.0 mg kg-1 with mean value of 231.3 
kg ha-1, 23.8 kg ha-1, 472 kg ha-1 and 28.2 mg    
kg-1, respectively. 
 
Considering the coefficient of variation CV <10% 
as low, 10 to 100% as moderate, >100% as high 
variability, CaCO3 had the largest variation (CV = 
83.40 percent) followed by EC (CV = 60.00 
percent), OC (CV =24.06 percent) and pH had 
least variability (CV = 6.70 percent). The 
available P had the highest variability (CV=71.19 
percent) followed by available K (CV=32.15 
percent) and N had the lowest variability (CV= 
18.62 percent). The S was found to be 
moderately variable (CV = 61.03 percent). Data 
revealed the skewness coefficients ranged from -
0.35 to 3.70. Data showed the higher for EC, 
CaCO3, and available P are largely deviated from 
normally distribution. 
 

3.2 Nutrients Status and Spatial 
Distribution 

 
Data presented in Table 2 showed that the soil 
pH varied from 6.5 to 8.40, 6.60 to 8.40, 6.40 to 
7.80, 6.90 to 8.70, 6.50 to 8.10 and 6.60 to 8.90 
with mean value of 7.63, 7.60, 7.18, 7.85, 7.60 
and 7.77 in Harda, Hundia, Khirkiya, Rahatgaon, 
Sirrali and Timarani block, respectively. The EC 
of the soil varied from 0.10 to 0.59, 0.10 to 0.93, 
0.09 to 0.37, 0.10 to 0.59, 0.10 to 0.30 and 0.10 
to 0.98 dSm-1 with mean value of 0.19, 0.27, 
0.17, 0.19, 0.17 and 0.22 dSm-1 in Harda, 
Hundia, Khirkiya, Rahatgaon, Sirrali and 
Timarani block, respectively. The soils were 
neutral to slightly alkaline in reaction, electrical 
conductivity indicated the order Hundia > 
Harda=Timarani > Rahatgaon > Khirkiya=Sirrali. 
Similar results were reported by [20]. 
 
The organic carbon in soil ranged from 2.92 to 
10.16, 3.46 to 7.83, 2.35 to 6.95, 2.81 to 9.38, 
2.52 to 8.31 and 2.48 to 8.46 g kg-1 with the 
mean value of 5.64, 5.54, 4.23, 5.25, 5.24 and 
5.82 g kg-1 in Harda, Hundia, Khirkiya, 
Rahatgaon, Sirrali and Timarani block, 
respectively. Considering <5.0 g kg-1 as the 
threshold value of organic carbon, 75.9% soil 
samples showed low in Khirkiya block  might be 
due to unbalanced fertilization and high summer 
temperature, resulting in rapid decomposition of 
it. In Rahatgaon and Sirrali block about 43.3 and 
43.4% soil samples were low; whereas 32.5, 
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25.5 and 22.5 per cent soil samples were 
collected from Hundia, Harda, and Timarani 
respectively was found to be low. [21] who 
reported the amount of SOC in soils of India is 
relatively low ranging from 0.1 to 1% and 
typically, < 0.5%. [22] and [23] reported similar 
results. 
  
The CaCO3 content in soil varied from 5 to 115, 
30 to 107.00, 5 to 110, 5 to 75, 5 to 105 and 5 to 
115 g kg-1 with an average value of 54.02, 79.05, 
34.81, 18.02, 44.17 and 28.52 g kg-1 in Harda, 
Hundia, Khirkiya, Rahatgaon, Sirrali and 
Timarani block, respectively. The soils of entire 
district are non calcareous except soils of Harda 
and Hundia blocks its value soils are weakly            
to moderately calcareous in nature due to                
the presence of excess calcium carbonate               
>50 g kg-1. 
 
The available N content in soils of Harda, 
Hundia, Khirkiya, Rahatgaon, Sirrali, and 
Timarani blocks varied from 163.07 to 301.06, 
150.53 to 301.06, 137.98 to 263.42, 137.98 to 
326.14, 150.53 to 313.60 and 87.81 to 326.14 kg 
ha-1 with a mean values of 253.16, 218.27, 
207.67, 227.45 240.84 and 238.51 kg ha-1, 
respectively. However, available phosphorus 
content in soils of corresponding blocks varied 
from 6.95 to 76.85 7.04 to 57.82, 5.94 to 54.07, 
5.69 to 63.56, 4.94-55.31 and 6.69 to 60.03 kg 
ha-1 with a mean value of 28.69, 39.32,15.94, 
19.82,18.22 and 22.79 kg ha-1. 
 
Status of the available K in the soils of Harda, 
Hundia, Khirkiya, Rahatgaon, Sirrali and 
Timarani blocks varied from 198.24 to 863.52, 
172.48 to 885.92, 161.28 to 841.12, 176.96 to 
846.72, 287.84 to 857.92 and 244.16 to 885.00 

kg ha-1 with a mean value of 497.42,398.0, 
447.46, 468.43, 488.10 and 508.32 kg ha-1, 
respectively.  
  
The available S content in soils of Harda, 
Hundia, Khirkiya, Rahatgaon, Sirrali, and 
Timarani block, varied from 1.76 to 62.50, 1.12 to 
87.60, 3.21 to 82.40, 4.51 to 86.20, 2.08 to 41.50 
and 1.76 to 89.1 mg kg-1 with a mean value of 
20.92, 16.29, 23.96, 31.72, 16.34 and 26.72 mg 
kg-1 respectively. Considering 10 mg kg-1 as the 
threshold value, 52.48 percent samples were 
found deficient, 28.05% medium and 19.47% 
adequate in soils of Harda district. Low and 
medium availability S in soils may be due to lack 
of sulphur addition and continuous removal of S 
by crops. Similar finding was reported by [24,25] 
and [26] 
 

3.3 Percent Sample Deficiency and 
Nutrient Index 

 
Data presented in Table 2 showed the percent 
deficiency and NI of N in soils of Harda district 
was in the order of Khirkiya (75.93 and 1.24) > 
Hundia (72.50 and 1.28) > Rahatgaon (62.00 
and 1.38)> Timarani (53.52 and 1.46)> Sirrali 
(46.67 and 1.53)>Harda (30.91and 1.69), 
respectively.  This might be due to low statusand 
its continuous  removal by crop. 
 
The P was deficient in soil samples (59.26%) 
from Khirkiya, (43.33%) Sirrali, (36.00%), 
Rahatgaon and (28.17%), Timarani blocks. The 
low content of available phosphorous could be 
ascribed to the high amount of free oxides of 
Ca2+, Mg2+ and Na+ which induce the fixation and 
subsequent precipitation of phosphorus as well 
as to the low amount of organic matter. 

 

Table 1. Descriptive statistics of soil attributes (n=303) 
 

Parameters Physico-chemical properties Available nutrients (kg ha-1) S 
 (mg kg-1) pH EC 

(dSm-1) 
OC 
(g kg-1) 

CaCO3 
(g kg-1) 

N P K 

Minimum 6.4 0.09 2.35 5.0 87.8 4.9 161.3 1.0 
Maximum 8.9 0.98 10.16 115.0 326.1 76.8 885.9 89.0 
Mean 7.6 0.20 5.32 37.3 231.3 23.8 472.0 28.25 
S.D. 0.51 0.12 1.28 31.15 43.06 16.98 151.8 17.24 
Skewness -0.45 3.7 0.13 0.83 -0.35 0.85 0.41 0.19 
β -0.48 17.39 0.26 -0.45 -0.12 -0.56 -0.1 -1.28 
CV% 6.7 60 24.06 83.4 18.62 71.19 32.15 61.03 
PS_Low     56.77 31.68 6.6 52.48 
PS_Medium     43.23 25.74 29.7 28.05 
PS_High     0 42.57 63.7 19.47 
NI     1.43 2.11 2.57 1.66 

S.D. = Standard deviation, CV = Coefficient of variation, PS_Low= Percent sample low, NI= Nutrient Index, β = Kurtosis, 
n = no of soil sample 
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Table 2. Status and spatial distribution of physico-chemical properties and macronutrients 
 
Blocks Physico-chemical properties Available nutrients (kg ha-1) S 

(mg kg-1) pH EC 
 (dSm-1) 

OC  
(g kg-1) 

CaCO3 
(g kg-1) 

N P K 

Harda (n=55) 6.5-8.4 
(7.63) 

0.1-0.59 
(0.18) 

2.92-10.16 
(5.64) 

5-115 
(54.2) 

163.07-301.06 
(253.16) 

6.95-76.85 
(28.69) 

198.24-863.52 
(497.42) 

1.76-62.5 
(20.92) 

Percent sample deficiency 30.91 14.55 3.64 41.82 
Nutrient Index 1.69 2.15 2.75 1.67 
Hundia (n=40) 6.6-8.4 

(7.6) 
0.1-093 
(0.27) 

3.46-7.83 
(5.54) 

30-107 
(79.05) 

150.53-301.06 
(218.27) 

7.04-57.82 
(39.32) 

172.48-885.92 
(398) 

1.12-87.6 
(16.29) 

Percent sample deficiency 72.50 10.00 17.50 75.0 
Nutrient Index 1.28 2.5 2.23 1.33 
Khirkiya (n=54) 6.4-7.8 

(7.18) 
0.09-0.37 
(0.17) 

2.35-6.95 
(4.23) 

5-110 
(34.81) 

137.98-263.42 
(207.67) 

5.94-54.07 
(15.94) 

161.28-841.12 
(447.46) 

3.21-82.4 
(23.96) 

Percent sample deficiency 75.93 59.26 12.96 51.85 
Nutrient Index 1.24 1.69 2.48 1.63 
Rahatgaon (n=53) 6.9-8.7 

(7.85) 
0.1-0.59 
(0.19) 

2.81-9.38 
(5.25) 

5-75 
(18.02) 

137.98-326.14 
(227.45) 

5.69-63.56 
(19.82) 

176.96-846.72 
(468.43) 

4.51-86.2 
(31.72) 

Percent sample deficiency 62.00 36.00 6.00 43.00 
Nutrient Index 1.38 1.79 2.53 1.93 
Sirrali (n=30) 6.5-8.1 

(7.6) 
0.1-0.3 
(0.17) 

2.52-8.31 
(5.24) 

5-105 
(44.17) 

150.53-313.6 
(240.84) 

4.94-55.31 
(18.22) 

287.84-857.92 
(488.1) 

2.08-41.5 
(16.34) 

Percent sample deficiency 46.67 43.33 0.00 63.33 
Nutrient Index 1.53 1.67 2.57 1.4 
Timarani (n=71) 6.6-8.9 

(7.77) 
0.1-0.98 
(0.22) 

2.48-8.46 
(5.82) 

5-115 
(28.52) 

87.81-326.14 
(238.51) 

6.69-60.03 
(22.79) 

244.16-885 
(508.32) 

1.76-89.1 
(26.72) 

Percent sample deficiency 53.52 28.17 1.41 50.70 
Nutrient Index 1.46 1.9 2.73 1.82 

n= no of soil samples 
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In Harda and Hundia only 14.55 and 10.0% soil 
sample found deficient. This high available P 
content is attributed to the regular application of 
phosphatic fertilizers and the immobile nature of 
phosphate ions in soils, which must have 
resulted in the accumulation of P in soils. 

Similarly, the NI indicated as 2.15, 2.5, 1.69, 
1.79, 1.67 and 1.9 in Harda, Hundia, Khirkiya, 
Rahatgaon, Sirrali, and Timarani block, 
respectively. This might be due to 
calcareousness of soil. This is supported by the 
result reported by [27].  

 

  
 

Fig. 4(a). Spatial variability of pH                              Fig. 4(b). Spatial variability of EC 
 

 
 

Fig. 4(c). Spatial variability of OC 

 
 

Fig. 4(d). Spatial variability of CaCO3 
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Fig. 4(e). Spatial variability of Avail. N 
 

Fig. 4(f). Spatial variability of Avail. P 
 

 
 

Fig. 4(g). Spatial variability of Avail. K                   Fig. 4(h). Spatial variability of Avail. S 
 

The deficiency of K was high in Hundia (17.5%) 
followed by Khirkiya (12.96%), Rahatgaon 
(6.0%), Harda (3.64%), Timarani (1.41%) and 
none in Sirrali block. However, the NI in soils of 

Hundia, Khirkiya, Rahatgaon, Sirrali Timarani, 
and Harda block as 2.23, 2.48, 2.53, 2.57, 2.73 
and 2.75. The available potassium content as a 
whole district is generally medium to high and 
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Table 3. Characteristics of the models fitted to variogram and evaluation criteria for cross-
validation 

 
Variables pH EC OC CaCO3 N P K S 
Transformation None None None Log None Log None Log 
Range(m) 4256.5 6947.2 1950.2 2090.9 6603.5 3053.5 5275.9 3570.5 
Nugget 0.08 0.01 0.76 0.5 1252.9 0.26 18290 0.23 
Partial Sill 0.12 0.01 0.52 0.17 415.43 0.17 3340.2 0.3 
Sill 0.2 0.01 1.28 0.66 1668.3 0.43 21630 0.54 
NS Ratio 0.38 0.48 0.59 0.75 0.75 0.60 0.85 0.44 
MAE 0 0 0.02 1.84 0.18 0.13 1.43 0.59 
MSE 0.15 0.01 1.09 685.92 1423.4 234 20788 221.72 
G 44.39 20.03 27.24 28.49 18.89 16.49 4.72 20.81 

NS Ratio = Nugget Sill ratio, MAE = Mean absolute error, MSE = Mean squared error, G = goodness of prediction 
 
only 6.6% soil samples were tested low. Only 
soils of Hundia block was found medium with NI 
value (NI=2.23), and that of rest blocks was high 
(>2.33). The high status of K in these soils may 
be due to the predominance of K rich micaceous 
and feldspars minerals in parent material. Similar 
results were reported by [28]. 
 
The deficiency of S was high in Hundia (75%) 
followed by Sirrali (63.33%), Khirkiya (51.85%), 
Timarani (50.70%), Rahatgaon (43%) and Harda 
block (41.82%). respectively. The NI value of S in 
soils low in Sirrali (1.27), followed by Hundia 
(1.33), Rahatgaon (1.42), Khirkiya (1.63), Harda 
(1.67) and Timarani (1.82). 
 
In Harda district as a whole, 56.77,31.68,6.60 
and 52.48% soil samples rated as low, 43.23, 
25.74, 29.70 and 28.05 soil samples rated as 
medium and 0, 42.57, 63.70 and 19.47% soil 
samples rated as high of N, P, K, and S, 
respectively. The NI 1.43 and 1.66 for N and S 
was found to be low and 2.11 for P as rated 
medium whereas 2.57 rated as high for K. In this 
work the N is practically low in all the blocks of 
Harda district and P status was medium (2.11) 
except Hundia block (2.50), but [29] reported a 
wide spread deficiency of P in 98% of districts in 
India. [30] reported NPK fertility status it was 
1.66, 2.35 and 1.98 (L-H-M). In our study for 
Harda district it was 1.43, 2.11 and 2.57. So the 
result revealed that there was L-M-H fertility 
status of N, P and K. According to [31], the NPK 
status of Karnataka was L-L-H. In Uttar Pradesh, 
the NPK status was L-M-M [32]. 
 
3.4 Spatial Variability Maps  
 
In the present study, natural logarithmic 
transformation was used to reduce the skewness 
of the data distributions of CaCO3,

 P, K, and S. 
Ordinary Kriging was chosen to create the spatial 
distribution maps of soil characteristics with the 

maximum search radius being set to the 
autocorrelation range of the corresponding 
variable. No apparent anisotropy was found for 
any studied variable through experimental 
variograms. So, all variograms were in isotropic 
form and fitted using basic math models, such as 
Spherical, exponential, Gaussian and linear 
based on the values of weighted residual                
sums of squares, goodness (G) and relative 
spatial structure indicator (Nugget/Sill) that 
indicated spatial dependency for Kriging 
interpolation. 
 
Geo-statistical result revealed that the 
exponential model was best fitted for pH, EC, 
OC, CaCO3, AN, AP, K, and S [33]. The 
nugget/sill ratio for pH, EC, OC, P, and S fell 
between 38% and 75% and exhibit moderate 
spatial dependency. However, CaCO3, N, and K 
were showed >75%, which showed weak spatial 
dependency [34]. Reported exponential model 
and that it exhibited moderate spatial 
dependence, with a nugget/sill ratio of 0.462. 
Strong spatial dependence of soil properties 
could be attributed to intrinsic factors, and a 
weak spatial dependence could be attributed to 
extrinsic factors [16]. In addition, spatial 
dependence is defined as weak if the best fit 
semi-variogram model has an R2 < 0.5 [35] 
Prediction map created using the geo-statistics 
tool of Arc GIS software. [36] by using several 
interpolation methods such as ordinary kriging 
and IDW drew similar value maps for potassium 
and phosphorus content of soils. Correlation 
ranged for pH, EC, OC, CaCO3, N, P, K, and S 
were 4256.5, 6947.2, 1950.2, 2090.9, 6603.5, 
3053.5, 5275.9 and 3570.5 m, respectively 
(Table 3). Apparently, pH, EC, N, and K are auto 
correlated in longer ranges than OC, CaCO3,                
P, and S. This result is consistent with their                
CV values. The results are also supported                 
by [37]. Similar result was reported by [38] and 
[39]. 
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It is obvious from the data that there was no 
mean absolute error for pH and EC. However, 
mean squared error was noticed high for K 
followed by N, CaCO3, P, S, OC, pH and EC. 
Again, the goodness of fit (G) was positive and 
highest for pH followed by CaCO3, OC, S, EC, N, 
P and K.  
 
Kriged maps were showed in Fig. 4a (pH), 4b 
(EC), 4c (OC), 4d (CaCO3), 4e (AN), 4f (AP), 4g 
(AK) and 4h (AS). The Kriged map of spatial 
variability of soil nutrient could be used as a 
basis for consideration in variable rate 
fertilization, especially for N and P in order to 
supply the optimum requirements for plant 
growth that can be optimized crop production. 
Fertilization based on maps with 
recommendations related to soil fertility may lead 
to reduced fertilizer inputs without reducing yield. 
 
4. CONCLUSION 
 
The soils of Harda district were found neutral to 
alkaline in soil reaction, safe in electrical 
conductivity, low to medium in organic carbon 
content and non-calcareous to calcareous in 
nature. Results revealed the severity of 
deficiency occurred in the order N > P and K and 
NI status of N, P and K as low, medium and high 
(L-M-H). Geo-statistical result showed the 
exponential model best fitted for pH, EC, OC, 
CaCO3, AN, AP, K and S. The nugget/sill ratios 
for pH, EC, OC, P, and S fell between 38% and 
75%, which exhibit moderate spatial 
dependency. Spatial variability maps of soil 
nutrients prepared will be helpful for making 
better future sampling designs and management 
decisions.  
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