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4- Continuous or discrete sampling
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1- Vertical slope position
2- Slope steepness
3- Potential solar radiation
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Figure 1- Location of the study area and distribution of the sampling points
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Figure 2- Maps of topographic indices of the study area
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Table 1- Soil organic matter evaluation according to USDA textural classes (23)
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Figure 3- Soil texture map of the study area (16)
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Table 2- Descriptive statistics of selected soil parameters

~ daxs Bl o
.. -] " - o P = & -
5% Di’tsa wiged Ot Ol ok Lse Ny Seds P
Variable group No.of  Minimum  Maximum Mean  gtandard SKewness Kurtosis Value
samples deviation
:ﬂ 150 0.34 451 1.82 0.68 1.12 5.28 -
() J ske P 104 0.34 451 1.82 0.70 1.20 575 100
- Training
Organic matter ]
(%) S 23 0.84 3.79 1.85 0.72 1.05 3.97 1.00
Validation
o)l 23 0.93 2.91 1.80 0.55 0.51 2.64 1.00
Test
:; 150 0.10 25.96 5.83 4,29 1.44 6.48 -
o ! 104 0.13 25.96 5.99 458 1.60 6.69 1.00
() s Training
Slope (%) e ls] 23 0.13 11.40 5.48 3.26 0.10 2.14 0.94
Validation
o)l 23 0.10 15.02 5.50 3.94 0.61 2.94 1.00
Test
:; 150 0 359.42 176.44 107.15 0.02 1.78 -
"'ff)"_al 104 0 355.09 175.63 108.94 0.04 1.76 0.95
(42 0) Training
Aspect (degree) (el 23 3113 33224 18280  98.48 0.08 180 097
Validation
o)l 23 0 359.42 173.76 111.59 -0.06 1.77 0.99
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:; 150 4.75 43.58 9.37 6.74 3.28 14.80 -
N g 104 4.75 39.07 9.33 6.46 3.33 1530 0.9
ot asld Training
Wetness index 2l 23 4.86 4358 9.26 8.06 3.83 1926  0.94
Validation
0 23 4.76 34.43 9.64 6.89 2.58 1044  1.00
Test
B 043 35 3 (E g (omas (SBaSws ()5 -T Jouo
Table 3- Performance of selected ANN models
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Figure 4- Measured vs. predicted soil organic matter using artificial neural network
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Table 4- Parameters of optimized variogram models
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Figure 5- Cross-validation of soil organic matter interpolation based on a) ordinary kriging and b) ANN-kriging methods
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Figure 6- Maps of soil organic matter a) content and b) status of the study area
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Introduction: Soil organic matter (SOM) is an important soil quality factor that affects physical, chemical
and biological properties of soil. Accurate estimation of SOM variability provides critical information especially
in precision agriculture. Geostatistics and geographic information system (GIS) are powerful tools for
characterizing and mapping the spatial distribution and variability of soil properties. Kriging is a basic
geostatistical technique that provides the best linear unbiased estimation for a spatially dependent variable. This
method will produce satisfying results if enough sample points are available. Unfortunately, laboratory
measurements of the SOM are costly and time-consuming. Artificial neural network-kriging (ANNK) is another
geostatistical method that extends kriging of a primary variable to the readily available auxiliary variables based
on their relationship with the primary variable. This relationship is captured using an artificial neural network
(ANN) model. The residuals of the model were then interpolated using kriging, and added to the prediction
obtained from the ANN model. Terrain attributes, derived from digital elevation models (DEMs), are useful for
estimating SOM at landscape scale. Topographic indicators including slope, aspect, elevation, and topographic
wetness index may be the dominant factors affecting SOM variability in an area with same parent material and
climate. Hence, these factors can be used as auxiliary variables for estimating spatial variability of SOM using
ANNK. The objective of this study was to estimate SOM spatial variability using ANNK and topographic
indices and assess its status in hilly areas of Ghorveh in Kurdistan province (Iran).

Materials and Methods: A total of 150 soil samples from a depth of 0-15 cm were systematically collected
in a grid spaced 2 Km x 2 Km. The SOM content of soil samples was measured in the laboratory. Topographic
indicators including slope, aspect, elevation, and topographic wetness index were derived from the DEM. ANN
was used to predict SOM variability based on topographic index combinations. The feed-forward network consisted
of an input layer, one hidden layer with sigmoid neurons, and an output layer with linear neurons. The network was
trained with Levenberg-Marquardt backpropagation algorithm. According to the Kolomogrov’s theorem, the
number of nodes in the hidden layer was 2n+1, in which n is the number of input neurons. The optimal subset of
topographic index combinations correlating best with the SOM was selected as the best ANN model. This model
was used to generate an initial SOM surface. The residuals of ANN model were interpolated using ordinary kriging
(OK) and combined with the initial SOM surface to produce the final ANNK SOM surface. The SOM status map
was derived from overlaying of soil texture and SOM maps in four different levels (very low, low, medium and
high).

Results and Discussion: The results of ANN suggested that elevation was the most important variable
determining the distribution of SOM across the landscape. Further, aspect was the other variable which had a
significant influence on SOM distribution. The selected two inputs ANN model (elevation and aspect) can
explain about 33% of total variance of SOM. The cross-validation results indicated that the OK and ANNK
techniques can explain about 37 and 89% of total variance of SOM, respectively. The ANNK technique
performed better than the OK and ANN techniques since it was able to capture most of the small variations of
SOM. The resulting SOM status map indicated a low and very low SOM content in relation with soil texture in
most regions surveyed (79%). Low SOM level can be attributed to the erosive processes under Mediterranean
climate on hills coupled with intensive and/or inappropriate agricultural practices. Based on the results of this
study, proper agronomical and environmental planning such as soil conservation strategy is highly required in
this area to restore and increase the SOM content in agricultural soils, combat soil erosion and maintain soil
ecological functions and productivity. The SOM replenishment can be achieved in the degraded areas (i.e., low
SOM content) by adopting conservative practices such as conservation tillage or no-tillage (e.g., direct seeding),
improving land use rotations with forage crops, returning crop residues to soil, growing green manure crops, and
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supplying the soil with proper exogenous organic matter (compost, manure, sewage sludge, etc.). Furthermore,
the results highlighted the potential of ANNK in combination with GIS to provide improved distribution patterns
of SOM.
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