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In present study, geostatistical techniques were applied to assess the spatial variability 
of DTPA-extractable micronutrients which are named heavy metals as chemistry  such 
as; iron (Fe), copper (Cu), manganese (Mn) and zinc (Zn) in the non-tillaged layer in 
Ordu province- Altınordu district, Black sea region, Eastern part of Turkey. Study  area 
was approximately 40095.8 ha where was divided into grids with 2500 x 2500 m 
spacing with including 66 sampling points from 0-0.2 m in depth. Soil reaction (pH) 
was the least variable property while electrical conductivity (EC) was the most 
variable. While the highest nugget effect occurred for Ext-Cu with moderate spatial 
dependence, the lowest for Ext-Mn with strong spatial dependence. The greatest range 
of influence (17424 m) occurred for Ext-Cu and the least range (692 m) for Ext-Zn. 

 Keywords: DPTA-extractable micronutrients, spatial variability, site specific 
management. 
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Introduction 

The micronutrients B, Cl, Cu, Fe, Mn, Mo, and Zn are the seven essential elements for plants at requirement 
levels of less than 0.10% in the plant’s dry matter. They are essential for healthy growing of plants which are 
only needed in very small quantities.  Micronutrients are nutrients required by humans and other organisms 
throughout lifetime even in small quantities, to manage a range of physiological functions. Plants require 
very small amounts of micronutrients for optimal growth and excessive amount of micronutrients 
concentrations in soil can be harm for plants. Soil micronutrient deficiency is considerably important for 
yield, food quality and nutrient balance in human and animal nourishments. Also, they have huge important 
for environmental conservation On the other hand, for the better management in agricultural production 
areas, determination of soil micronutrient content has a vital importance (Epstein, 1972; Singh et al., 1985; 
Glass, 1989; Römheld and Marschner, 1991; Singh, 2008; Akbaş et al., 2009; Thakur et al., 2011; Sharma and 
Jassal, 2013).  

Soil properties in all ecosystems are controlled by a variety of factors that operate at different spatial and 
temporal scales. Soil physical, chemical and biological properties are all likely to change markedly across 
small distances, within a few hectares of agricultural fields (Cambardella et al., 1994; Chien et al., 1997; 
Benayas et al., 2004; Akbaş et al., 2009). Analysis of wide-scale variability has practical usage in managing 
soil fertility and sustainability for a chosen area (Singh et al., 1985; Brady and Weil, 2002; Akbaş et al., 2009; 
Sharma and Jassal, 2013). Geostatistics, increasingly popular in soil science, are useful to predict the spatial 
distribution of spatially dependent soil properties in the field with a number of samples (McBratney and 
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Webster, 1983; Oliver, 1987; Kerry and Oliver, 2004, Aşkın and Kızılkaya, 2006; Akbaş et al., 2009; Aşkın, 
2010). DTPA-extractable Fe, Cu, Mn and Zinc are the dominant micronutrients in soils and hence, to 
understand the spatial variability was expected to better understanding of the related soil chemical 
parameters for long-term study within district-scale (Singh et al., 1985; Gao and Tong, 2007; Akbaş et al., 
2009). 

Our aim with this present study was to assess the spatial variability of soil DTPA-extractable micronutrients 
in district-scale using by geostatistical techniques. 

Material and Methods 

Study site 

The study area is located in Ordu province, Altınordu district, Eastern Black sea Region, Turkey in 2015 
(Figure 1).  

 

Figure 1. Location map of the study area showing the sampling design (The coordinates are in meters in UTM datum). 

This area is characterized hardly sloping with a well-drained and moderate to clayey textured soil. Ordu is a 
center of hazelnut growing area of Turkey located near the Black sea, has typical Black sea climate with 
warm summers and cool winters. The highest and the lowest the temperature was from -7.2 to 37.3 °C. The 
annual mean temperature was 14.3 °C and the annual mean precipitation was 1035.1 mm based on a 65 
years period. The study site was marked with regular rectangle grids (2500 x 2500 m each) and including 66 
sampling points (Figure 1). 

Soil analyses 

Soil samples were air-dried and ground to pass from 2 mm sieve for chemical analysis. Selected soil 
physicochemical properties were determined by the following methods: organic carbon content by the 
modified Walkley-Black method (Nelson and Sommers, 1982), particle size distribution by the hydrometer 
method (Gee and Bauder, 1979), soil pH and electrical conductivity (EC) in 1:1 (w/v) soil-water ratio using 
pH-meter and EC-meter (Peech, 1965). Fe, Cu, Mn and Zn in soil samples were extracted with a DTPA 
solution (0.005M DTPA + 0.01 M CaCl2 + 0.1M triethanolamine, pH 7.3 as outlined by Lindsay and Norvell. 
The concentration of micronutrients in the extract was determined by atomic absorption spectrophotometer 
(Lindsay and Norvell, 1978). 

http://www.answers.com/topic/continental-climate
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Statistical analysis 

Descriptive statistics, ie, mean, standard deviation, median, minimum, maximum and data normality, were 
calculated using SPSS 15.0 software. Isotropic semivariances on data were calculated using GS+ 10.0 
geostatistical software (GS+, 2014). Semivariance γ(h) is defined in the following equation: 

  2 
ii  h)Z(x) Z(x Σ

2N(h)
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γ(h)   

(1) 

where, N(h)=the number of sample pairs at each distance interval 

Z (Xi,) and Z (Xi + h)= the values of variable at any two places separated by distance h. 

The semivariogram is the plot of the semivariance against the distance. Its shape indicates whether the 
variable is spatially dependent. Experimental semivariograms were fitted by theoretical models that have 
well-known parameters nugget (C0), sill (C0 + C) and range (A) of spatial dependence (Cambardella et al., 
1994). 

GS+ has several models that can be fitted to estimate semivariograms, but in this study, we used the isotropic 
spherical (2) and Gaussian models (3): 
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Where Co is the nugget variance 
  C is the structural variance 
  Co+C is the sill variance 
  A is the range of spatial correlation  

In this study, point kriging was used before constructing of contour maps to provide enough estimated 
data. The contour maps of DTPA-extractable Fe, Cu, Mn and Zn contents were constructed using ArcGis 
software. 

Results and Discussion 

Soil properties and DTPA-extractable micronutrients 

The soils had 39.2% sand, 26.0 silt and 34.9% clay fraction and soil textural class was named as clay loamy. 
Also descriptive statistics of soil properties are given in Table 1. 

Table 1. Summary statistics on the some soil properties and DTPA-extractable micronutrients (n=66) 

Soil Properties Mean Minimum Maximum Sd CV 
Clay (C), % 34.9 11.9 69.3 12.86 36.9 
Silt (Si), % 26.0 15.7 43.8 5.76 22.2 
Sand (S), % 39.2 10.7 68.3 13.24 33.8 
pH 5.97 4.54 7.97 0.73 12.3 
EC, dS m‾1 0.09 0.02 0.37 0.08 86.3 
OMC, % 2.75 0.43 6.50 1.48 53.8 
DTPA-Extractable micronutrients 
mg kg-1 

    
 

Ext-Fe 47.75 10.1 189.6 36.48 76.57 
Ext-Cu 1.47 0.14 5.49 1.06 72.55 
Ext-Mn 38.8 1.2 136.9 31.47 81.21 
Ext-Z) 0.77 0.16 2.64 0.56 71.71 
Sd, standard deviation; CV, variation of coefficient 

The soils were mostly clayey in texture, slightly acid in soil reaction, medium in organic matter content 
(average of 2.75%) and very low in electrical conductivity (<0.98 dS m–1) (Soil Survey Staff, 1993). 
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Spatial variability of DTPA-extractable micronutrients 

Distances between Ext-Fe, Ext-Cu, Ext-Mn and Ext-Zn pairs and semivariance values were calculated using 
the GS+ package program. The spherical and Gaussian models with the smallest reduced sums of squares 
values and the biggest R2 values were selected for evaluating spatial variability of these micronutrients in 
the study area by the GS+ package program (Table 2). 

Table 2. Isotropic models fitted to variograms of DTPA-extractable micronutrients 

Micro 
nutrients 

Co Co+C 
A 
m 

NE 
% 

R2 Model SD 

Ext-Fe 0.011 0.444 3723 2.5 0.50 Gaussian S 
Ext-Cu 0.594 1.609 17424 36.9 0.94 Gaussian M 
Ext-Mn 0.001 1.193 3600 0.1 0.30 Spherical S 
Ext-Zn 0.019 0.386 692 4.9 0.29 Gaussian S 
NE, nugget effect (Co/Co+C); SD, spatial dependence; M, moderate; S, strong  

The nugget effect (NE), representing the undetectable experimental error and field variation within the 
minimum sampling space, was quite large relative to the sill, which represents total spatial variation. The NE 
expressed in percentages can be regarded as a criterion for classifying the spatial dependence of soil 
properties. If the NE is less than 25%, then the variable has strong spatial dependence; between 25 and 75%, 
the variable has moderate spatial dependence; otherwise, the variable has weak spatial dependence (Chien 
et al., 1997).  

The ranges for Fe, Cu, Mn and Zn were 3723 m, 17424 m, 3600 m and 692 m, respectively. The highest NE 
occurred for Ext-Cu and with moderate spatial dependence. The lowest NE occurred for Ext-Mn with strong 
spatial dependence. Akbaş et al (2009) interpreted strong and moderate spatial variability as interactions 
among field-scale variability of soil DTPA-extractable micronutrients. 

The Gaussian model for Ext-Fe, Ext-Cu and Ext-Zn and the spherical model for Ext-Mn showed the best 
fitting value for the computed semivariance values. The model parameters and the experimental variograms 
for Ext-Fe, Ext-Cu, Ext-Mn and Ext-Zn are illustrated in Figure 2a,b,c, and 2d, respectively. 

 (a)  (b) 

 (c)  (d) 

Figure 2. Isotropic semivariograms for a) Ext-Fe b) Ext-Cu c) Ext-Mn d) Ext-Zn 

DTPA-extractable micronutrients were point-kriged based on the isotropic models in 250 x 250 m 
dimensions by 8811 points using the sixteen nearest neighboring points. The descriptive statistics are 
presented in Table 3 for observed and point-kriged on the studied micronutrients. 
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Table 3. Descriptive statistics on the observed and point-kriged values of DTPA- extractable micronutrients 

Statistics 
Ext-Fe Ext-Cu Ext-Mn Ext-Zn 

mg kg-1 
 Obs* Prd** Obs Prd Obs Prd Obs Prd 
N 66 8811 66 8811 66 8811 66 8811 
Minimum 10.1 10.9 0.14 0.28 1.2 1.2 0.16 0.19 
Maximum 189.6 186.2 5.49 4.00 136.9 131.1 2.64 1.66 
Mean 47.7 44.3 1.47 1.62 38.8 30.9 0.77 0.61 
Sd 36.5 11.7 1.06 0.51 31.47 17.99 0.56 0.13 
Prediction errors 
Mean  0.059  0.005  0.02  0.07 
RMSs***   1.02  1.06  0.47  0.93 
*Obs., observed; **Prd., predicted; ***RMSs, Root-Mean-Square Standardized 

As seen from Table 3, the mean reduced errors were near to zero and the squared differences between the 
predicted and the original values, the variance of the reduced error, were the lowest for the fitted models. 
This means that the kriging estimates are accurate, and the spatial relationships derived from the studied 
part of the research site may be applicable to similar areas with this area (Trangmar et al., 1985; Öztaş, 
1996; Ardahanlıoğlu et al., 2003; Başkan, 2004; Akbaş et al., 2009; Aşkın, 2010; Aşkın et al., 2011). The range 
of point-kriged Ext-Fe values (10.9-186.2 mg kg-1 with a mean of 44.3 mg kg-1) were somewhat narrower 
than the range of the measured Ext-Fe (10.1-189.6 mg kg-1 with a mean of 47.7 mg kg-1). The standard 
deviation of the kriged Ext-Fe values were lower than on the measured that this mean of selected model was 
true. Figure 3a shows a point-kriged map of Ext-Fe illustrated using the 8811 points. 

  
(a) (b) 

  
(c) (d) 

Figure 3. Point-kriged maps for a) Fe b) Cu c) Mn d) Zn 
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The range of point-kriged Ext-Cu values (0.28-4.00 mg kg-1 with a mean of 1.62 mg kg-1) were somewhat 
narrower than the range of the measured Ext-Cu (0.14-5.49 mg kg-1 with a mean of 1.47 mg kg-1). The 
standard deviation of the kriged Ext-Cu values were the lower than the measured values which means of 
selected model is true. Figure 3b shows a point-kriged map of Ext-Cu illustrated using the 8811 points. 

Also Ext-Mn kriging values ranging from 1.2 to 131.1 mg kg-1 with a mean of 30.9 mg kg-1 that were 
somewhat narrower than the range of the measured Ext-Mn (1.2-136.9 mg kg-1 with a mean of 38.8 mg kg-1). 
The standard deviation of the kriged Ext-Mn values were the lower than at the measured values. Figure 3c 
shows a point-kriged map of Ext-Mn illustrated using the same points. 

The point-kriged Ext-Zn values ranged 0.19-1.66 mg kg-1 with a mean of 0.61 mg kg-1 that were somewhat 
narrower than the range of the measured Ext-Zn (0.16-2.64 mg kg-1 with a mean of 0.77 mg kg-1). The 
standard deviation of the point kriged Ext-Zn values were the lower than on the measured values so that the 
selected model is true. Figure 3d shows a point-kriged map of Ext-Zn illustrated using the same points. 

Huichun et al. (2015) reported that spatial variability of available soil Fe, Mn, Cu, and Zn contents were 
evaluated in an ecological functional zone located at Yanqing County, Beijing, China, and their influence 
factors were analyzed. Their results revealed that the available soil Cu had a widest spatial correlation 
distance (e.g., 9.6 km), which for available soil Fe, Mn, and Zn were only 1.29, 2.58, and 0.99 km, respectively. 

Conclusion 

Assessing of the spatial variability of soil DTPA-extractable micronutrients and its affect factors are huge 
importance for applications such as fertilization, sustainable soil use and environmental protection 
especially for agricultural ecosystems. The range of spatial dependence ranged from 692 to 17424 m, 
indicating that the grid scale was adequate for assessing of the spatial variability of the DTPA-extractable 
micronutrients. In this area or a similar land, in soil productivity and fertility research studies to be done 
about sampling interval can be chosen. Although the Gaussian isotropic model was the best semivariogram 
model for Ext-Fe, Ext-Cu and Ext-Zn and the spherical model was the best for Ext-Mn. The information 
obtained from geostatistical techniques can be used to gain a better understanding of the spatial distribution 
of DTPA-extractable micronutrients status in the district topsoil. This approach enabled mapping of soil 
plant nutrients in the district-scale. Our results suggested that the use of kriging should decrease the 
required sampling density in the district-scale. Spatial analysis on soil micronutrients could be useful for 
assessing soil fertility status and soil quality, as well as developing appropriate sampling strategies. Also our 
results should help goals on site specific management applications in study area or similar lands.  
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