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Abstract 
Soil electrical conductivity is more like soil pH; a limiting factor in crop growth and production as well 

as it corresponds to the soil conditions that is excess of salt in the soil or not hence define suitability of 

soil for crops. The present research was undertaken in Mirzapur district of Uttar Pradesh to assess the 

spatial variation in electrical conductivity (EC), its prediction and mapping. A sum of 48 representative 

soil samples were yielded from twelve geo-referenced soil profiles excavated in the study area. 

Following physic-chemical analysis of soil samples from various depth (i.e. 0-15, 15-30, 30-45 and 45-60 

cm) of 12 profiles, more specifically determination of electrical conductivity (dS/m). Further, classical 

and geo-statistical methods have been employed to characterize soil parameter i.e. EC (dS/m) and its 

spatial distribution. Ordinary kriging interpolation was used to create spatial variability map and 

semivariogram model was applied for quantification of electrical conductivity. 

 

Keywords: Spatial, mapping, geo-statistics, semivariogram, kriging, soil properties, electrical 

conductivity 

 

1. Introduction 

Soil productivity attributed to various characteristics of the soil which contributes to soil 

fertility like soil pH, electrical conductivity, organic carbon content, micronutrient (Fe, Cu, Zn, 

and Mn) and major nutrient (N, P, and K) concentration in soil. Soil electrical conductivity is 

the major of soil salinity or saltiness/ accumulation of salt in the soil and determinant of 

different soil properties. Soil EC can be use both as direct and indirect indicator of soil 

physical, chemical and biological properties. Buildup of salt in soil may hamper the agriculture 

crop production that will be of great concern for farmers, government and agricultural 

scientists [1]. For this purpose mapping and accurate assessment of soil- EC which in turn 

correspond to soil salinization are must needed for soil management thus crop production [2]. 

Soil-EC governs by many environmental such as climate, rainfall, temperature and edaphic 

factors such as soil moisture content (porosity and water filled pore space), texture, soil type, 

geology as well as influenced by human activities; irrigation practices, land use, ground water 

table and drainage [3, 4 , 5]. 

Increasing interest in precision agriculture in recent years has led to a need for soil maps that 

are more detailed and accurate than those traditionally produced. Site specific management 

proved to be potential strategy for managing soil inherent variability hence optimize 

production and economic return while conserving resources (soil and water) and improve soil 

quality [6]. To avoid the intensive soil sampling as it is laborious and costlier way 

implementation of selective soil sampling based on soil characteristics such as soil colour, 

texture, depth, slope and erosion to examine spatial variation at field scale [7]. Further 

laboratory analysis of electrical conductivity provide highly correlated measures in terms of 

crop production at surface soil up to a depth of 90 cm [3]. Mirzapur have many constraints in 

relation to agricultural crop production as it comes under rainfed region and nutrient deficient 

zone determined by various soil physic-chemical properties that limits productivity. 

Different approaches have been developed to map and delineate the spatial variation and 

distribution pattern of soil characteristics. Soil electrical conductivity can be mapped using: 

geostatistical methods, such as ordinary kriging (OK) [8]; regression kriging (RK) [9]; classical 

statistics, such as multiple linear regressions (MLR) [10], artificial neural networks [11] and 

random forest [12]. Ordinary kriging an interpolation method has been widely used as it is very 

simple, precise and basic geo-statistical model does not account environmental variable which 
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in addition at different local position has variable influence on 

different soil properties [13].  

The objective of the study is to evaluate the mapping accuracy 

of the ordinary kriging in mapping spatial distribution of soil 

electrical conductivity and estimate efficiency in prediction 

mapping via cross validation with semivariogram parameters 

such as mean error (ME), root mean square error (RMSE), 

average standard error (ASE), and root mean square standard 

error (RMSSE) to examine the suitability of methods 

employed [7]. With this objective present research was 

undertaken to perform prediction mapping of soil electrical 

conductivity for rainfed agricultural land of Mirzapur district, 

U.P. 

2. Materials and Methods 

2.1 Study area 

Our study area is Mirzapur district located in state of Uttar 

Pradesh, India. It occupy an area 4522 Km2 and situated at 

latitude 24.41’30” to 24.47’N and at longitude of 82.21’45” to 

82.30’E (Fig. 1). It has a sub-humid climate; with the mean 

annual rainfall is 1085 mm and temperature ranges from 

minimum 14.18 °C in January to 39.80 °C maximum 

temperature during June with 85% relative humidity. Area is 

dominated by alluvial soil in endo-Gangatic belt belongs to 

Sandy to Clay loam classes and red soil (Alfisols) in vindhyan 

region where rain-fed agriculture is plasticized. 

 

 
 

Fig 1: Sampling site and location map of study area 

 

2.2 Soil sampling 

Ground truthing was conducted in study area to execute the 

present research objectives. A sum of 48 representative soil 

samples were recovered from 12 geo-referenced profile dig in 

the study area using auger sampling method from various 

horizon with equal interval class (i.e. 0-15, 15-30, 30-45 and 

45-60 cm) up to 60 cm based on morphological variation in 

the area. Profile locations were note down in the field using 

Garmin GPS. Collected samples thus processed using 

standard protocol; drying, grinding, sieving through 2 mm and 

stored in polythene bags for characterization. Then after these 

processed soil samples were subjected to physic-chemical 

analysis via standard analytical procedure. Electrical 

conductivity of samples was determined using a dilution ratio 

of 1: 2 (soil: water). According to Jackson 10 gm soil added 

with 20 mL of distilled water and stirred well, allow to settle 

for 30 minutes and the reading was taken using EC meter. 

Before to take reading instrument was calliberated using 

0.01N KCl accounts for EC of 1.41 dSm-1. 

 

2.3 Statistical analysis 

Statistical analysis was performed using IBM SPSS (version 

20) software and descriptive statistics viz; skewness, kurtosis, 

range, standard deviation, mean, maxm and minm etc. were 

also applied to EC datasets. Moreover, present variation in the 

datasets classified based on coefficient of variation ranging 

from <15%, 15-35% and >35% denotes low, medium and 

high variation respectively. 

 

2.4 Geo-statistical analysis 

Geo-statistics were employed to determine the pattern in 

spatial variation of soil electrical conductivity (EC) in the area 

of interest. For mapping the spatial variability ArcGIS version 

10.8 Software was used in which geo-referenced sampling 

location was linked to soil attribute to create maps.  

The geo-statistics analyses were implemented in ArcGIS 10.8. 

The ordinary kriging method of interpolation was performed 

to estimate the EC of unsampled area because of its simplicity 

and accuracy rather to use other methods of interpolation or 

kriging. For roughly normal distribution these methods of 

kriging have high efficiency. Eq. (1) used to calculate kriging. 

 

Z∗(x0) = ∑ 𝜆𝑖Z
∗(xi)

𝑁

𝑖=1
    (1) 

 

Where Z*(x0) is the estimated value for unsampled sitex0; xi 

is sample points in a selected nearness; Z (xi) is the observed 

value for the given attribute atxi; 𝜆𝑖 is weight of the 

determined value at locationxi, and N is the number of 

locations in the nearness searched for the interpolation. 

Semivariogram were created to determine the pattern in 
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spatial distribution of soil attributes. Semivariogram 

parameters i.e. Nugget, sill and range were computed using 

following eq. (2) [14]. 

 

γ (ℎ)=
1

2𝑁(ℎ)
∑ [Z(xi) − Z(xi + h)2]

𝑁(ℎ)

𝑖=1
  (2) 

 

Where γ(h) is the empirical semi-variogram value at the lag 

interval distance h; N(h) is the number of sample pairs within 

the lag interval distance h; Z(xi) and Z(xi + h) are sample 

values at the two spatial locations xi and xi + h, respectively.  

In the present investigation semivariogram model was 

evaluated for electrical conductivity of surface soil as well as 

soil underneath. Model fitness and prediction accuracy was 

determined through cross validation technique via cross-

comparison with possible committed error values. The 

prediction errors included (1) ME (mean error) describe the 

bias level in estimate, (2) RMSE (root-mean-square error) 

quantifies accuracy of model to predict observed value, (3) 

RMSSE (root-mean-square standardized error), and (4) ASE 

(average standard error) were computed using eq. (3 to 6), 

respectively. The less significant the error degree is, the 

further accurate the findings will be [15]. 

 

 ME =
1

𝑁
∑ (Z∗ xi − Zxi)

𝑁

𝑖=1
    (3)  

 

RMSE = [∑ (Z∗ xi − Zxi)
2N

𝑖=1
/N)]

1/2

   (4)  

 

RMSSE= √
1

𝑁
∑

[(Z∗ xi−Zxi)]2

𝛿2(xi)

𝑁

𝑖=1
    (5) 

 

ASE = √
1

𝑁
∑ 𝛿2(xi)

𝑁

𝑖=1
     (6)  

 

Where N is the number of validation point; Zxi and Z∗ xi is 

the measured and predicted value. 

For say, ME should be near to zero, RMSE and ASE must be 

small and have value close to each other and RMSSE 

approximately one for a model to fit for mapping spatial 

variability of soil attributes and to make considerable 

prediction [16]. 

 

3. Results and Discussion 

Statistical description of the electrical conductivity of the soil 

from different layers of studied profiles presented in Table 1. 

Our finding shows that EC ranged from 0.02 dS m-1 to 0.206 

dS m-1 and mean EC of 0.084±0.24 dSm-1 and 53.8 % 

coefficient of variation indicates that EC showed a moderate 

variation in the region [17]. Profile study at particular depth 

revealed that at 0-15 cm depth EC varies from 0.024 to 0.206 

dS m-1 with mean EC of 0.094 dS m-1 and down the profile it 

varies from 0.031 to 0.186 dS m-1, 0.020 to 0.123 dS m-1 and 

0.043 to 0.170 dS m-1 with average EC of 0.079, 0.074 and 

0.087 dS m-1 at 15-30 cm, 30-45 cm and 45-60 cm profile 

depth respectively. It could be depicted from the observed 

values that EC of deepest horizon is higher than other top 

layer but comparable to that of surface layer. Initially it 

decreased from surface 0-15 cm to 45 cm and then increases 

and becomes highest in the last layer i.e. 45-60 cm. this might 

be due to dynamic nature of top soil salts may get 

accumulated to surface layer due higher rate of evaporation in 

the area [18] though intensive leaching processes tend it to 

deposited in deeper layer [19]. Overall, the maximum EC in 

various depth of profile observed in Ori, Badauhi, Jalalpur 

Mafi and Karanpura at 0-15, 15-30, 30-45 and 45-60 cm 

respectively while at Belahi lowest EC was recorded 

throughout the profile. Further skewness and kurtosis (Table 

2) revealed that data sets was moderate to highly skewed with 

skewness varied from 0.79 to 1.19 for all layers except 

electrical conductivity of 3rd depth (30-45 cm) had 

approximately symmetric distribution with skewness of -0.03. 

Further the distribution of EC had platykurtic to leptokurtic 

curve with kurtosis ranged from 2.30 to 3.15.  

 
Table 1: Descriptive Statistical parameters for Soil electrical conductivity 

 

Depth (cm) 
Geostatistical parameters 

Average Maximum Minimum SD Skewness Kurtosis 

0-15 0.09 0.206 0.024 0.06 0.93 2.40 

15-30 0.07 0.186 0.031 0.04 1.19 3.15 

30-45 0.07 0.123 0.020 0.02 -0.03 2.30 

45-60 0.08 0.170 0.040 0.04 0.79 2.51 

 

Ordinary kriging an interpolation technique has been applied 

in mapping spatial variability in soil electrical conductivity 

(Fig. 2). There were remarkable changes detected in the EC 

map through the whole depth of soil profiles in the study area. 

Entire area was found in the safe range of EC <0.34 dS m-1 

indicates the non-salinity of soil. Throughout the depth of 

profile all the layer are non-saline that means no accumulation 

of salts in the profile. According to soil salinity classess; non-

saline, slightly, moderate, severe and saline-sodic soil that 

corresponds to soil electrical conductivity of < 0.34, 0.34–

0.98, 0.98–1.87, 1.87–2.96, > 2.96 dS/m respectively [20, 21]. 

However, higher soil-EC could be seen in south-western part 

while lower soil-EC in the central part of study area at all the 

layer of soil profiles excavated. Nugget/sill ratio indicate that 

in all three (0-15, 15-30 and 30-45 cm) depth electrical 

conductivity was found to have strong spatial dependence (i.e. 

nugget/sill < 0.25) while at deeper depth (45-60 cm) moderate 

spatial dependence of soil-EC was observed i.e. nugget/sill 

between 0.25-0.75. Cambardella et al. (1994) classified the 

strong, moderate and weak spatial dependency based on the 

ratios of nugget/sill at < 25%, 25%–75% and > 75%, 

respectively [22]. 
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Fig 2: Spatial variability map of soil electrical conductivity from different depth of soil profile (a) 0-15 cm, (b) 15-30 cm (c) 30-45 cm and (d) 

45-60 cm 
 

Table 2: Output from semivariogram model of Ordinary kriging 
 

Depth 

(cm) 

Semivariogram parameters 

Range 
Nugget 

(°C) 

Nugget/ 

Sill ratio 
RMSE RMSSE ASE 

Mean 

Error 

0-15 0.520 0 0 0.070 2.07 0.03 -0.02 

15-30 0.456 0 0 0.049 1.46 0.03 -0.001 

30-45 0.525 0 0 0.028 0.96 0.03 -0.0004 

45-60 1.320 0.001 0.58 0.041 0.98 0.04 0.0001 

 

Semivariogram model parameters are presented in Table 2. 

These results are confirmed by cross validation using 

prediction error such as RMSE, RMSSE, ASE and ME from 

the semivariogram model of ordinary kriging. Prediction error 

shows that RMSE and ME were found close to zero varied 

from 0.028 to 0.070 and -0.02 to 10-4 confirm the usefulness 

of the technique for prediction and suggested that OK model 

was best fit to predict the distribution of EC in Mirzapur 

district with higher accuracy and yield better results (Fig. 3).  

 

 
 

Fig 3: Prediction map of soil electrical conductivity as yielded from semivariogram model of Ordinary kriging 
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4. Conclusion  

Geo-statistical method of ordinary kriging was found best fit 

to delineate soil electrical conductivity well estimates the 

electrical conductivity of soil from area that was not surveyed 

hence prove to be best method in prediction mapping for soil 

EC based on which the study area was overall non-saline 

having electrical conductivity of < 1 dS m-1 and profile study 

reveals that there was not significant changes occurred in EC 

of top and deeper layer while middle layer was found with 

somewhat lower EC than that of both above said layers. 

Spatial distribution map detailed the finding that EC in the 

study area has moderate to strong spatial dependency. Further 

need to strengthen our research system to cop up the 

upcoming challenges in crop production and resources 

management.  

 

5. References 

1. Zhao Y, Feng Q, Yang HD. Soil salinity distribution and 

its relationship with soil particle size in the lower reaches 

of Heihe River, Northwestern China. Environmental 

Earth Sciences. 2016;75(9):1-18. 

2. Taghizadeh-Mehrjardi R, Ayoubi S, Namazi Z. 

Prediction of soil surface salinity in arid region of central 

Iran using auxiliary variables and genetic programming. 

Arid Land Research and Management. 2016;30(1):49-64. 

3. Nosetto MD, Jobbágy EG, Tóth T. Regional patterns and 

controls of ecosystem salinization with grassland 

afforestation along a rainfall gradient. Global 

Biogeochemical Cycles. 2008;22(2):1-12. 

4. Wu JH, Li PY, Qian H. Assessment of soil salinization 

based on a low-cost method and its influencing factors in 

a semi-arid agricultural area, northwest China. 

Environmental Earth Sciences. 2014;71(8): 3465-3475. 

5. Zhang SW, Shen CY, Chen XY. Spatial interpolation of 

soil texture using compositional kriging and regression 

kriging with consideration of the characteristics of 

compositional data and environment variables. Journal of 

Integrative Agriculture. 2013;12(9):1673-1683.  

6. Wallace A. High-precision agriculture is an excellent tool 

for conservation of natural resources. Commun. Soil Sci. 

Plant Anal. 1994;25:45-49. 

7. Francis DD, Schepers JS. Selective soil sampling for site 

specific nutrient management. BIOS Scientific Publishers 

Ltd., Oxford, UK, 1997, 119-126.  

8. Ye HC, Huang YF, Chen PF. Effects of land use change 

on the spatiotemporal variability of soil organic carbon in 

an urban–rural ecotone of Beijing. Journal of Integrative 

Agriculture. 2016;15(4):918-928. 

9. Hengl T, Heuvelink GBM, Stein A. A generic framework 

for spatial prediction of soil variables based on 

regression-kriging. Geoderma. 2004;120:75-93. 

10. Yang QY, Jiang ZC, Li WJ. Prediction of soil organic 

matter in peak-cluster depression region using kriging 

and terrain indices. Soil and Tillage Research. 

2014;144:126-132.  

11. Huang YJ, Ye HC, Zhang SW. Prediction of soil organic 

Matter using ordinary kriging combined with the 

clustering of self-organizing map: A case study in Pinggu 

District, Beijing, China. Soil Science. 2017;182:52-62. 

12. Raczko E, Zagajewski B. Comparison of support vector 

machine, random forest and neural network classifiers for 

tree species classification on airborne hyperspectral 

APEX images. European Journal of Remote Sensing. 

2017;50(1):144-154. 

13. Li QQ, Zhang X, Wang CQ. Spatial prediction of soil 

nutrient in a hilly area using artificial neural network 

model combined with kriging. Archives of Agronomy 

and Soil Science. 2016;62(11):1541-1553. 

14. Wang YQ, Shao MA. Spatial variability of soil physical 

properties in a region of the Loess Plateau of PR China 

subject to wind and water erosion. Land Degrad Dev. 

2013;24(3):296-304. 

15. Tripathi R, Nayak AK, Shahid M, Raja R, Panda BB, 

Mohanty S, et al. Characterizing spatial variability of soil 

properties in salt affected coastal India using geostatistics 

and kriging. Arab J Geosci. 2015;8(12):10693-10703. 

16. Johnston K, Ver Hoef JM, Krivoruchko K, Lucas N. 

Using ArcGIS Geostatistical Analyst. ESRI. Redlands, 

CA, 2001. 

17. Warrick AW, Nielsen DR. Spatial variability of soil 

physical properties in the field. In: Hillel D. (Ed.). 

Applications of Soil Physics. Academic Press, New 

York, NY, USA, 1980, 319-44. 

18. Jordán MM, Navarro-Pedreno J, García-Sánchez E. 

Spatial dynamics of soil salinity under arid and semi-arid 

conditions: geological and environmental implications. 

Environmental Geology. 2004;45(4):448-456. 

19. Akramkhanov A, Martius C, Park SJ. Environmental 

factors of spatial distribution of soil salinity on flat 

irrigated terrain. Geoderma. 2011;163(1):55-62. 

20. Wenshou H, Yangchun L, Jinyu H. Relationships 

between soluble salt content and electrical conductivity 

for different types of salt-affected soils in Ningxia. 

Agricultural Research in the Arid Areas. 2010;28(1):111-

116. 

21. Wu JH, Li PY, Qian H. Assessment of soil salinization 

based on a low-cost method and its influencing factors in 

a semi-arid agricultural area, northwest China. 

Environmental Earth Sciences. 2014;71(8):3465-3475. 

22. Cambardella CA, Moorman TB, Parkin TB. Field-scale 

variability of soil properties in central low a soils. Soil 

Science Society of America Journal. 1994;58(5):1501-

1511.  

https://www.thepharmajournal.com/

