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3- Geostatistics
4- Variogram
5- Kriging
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1- Soil thematic maps
2- Detailed soil maps
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3- Ortho-Photo-Georeferencing
4- Global Positioning System, GPS
5- Pressure plate
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1- Piedmont
2- Integrated Land and Water Information System,
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2- Within-class variance
3- Variowin
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1- Discrete Model of Spatial Variability; DMSV
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Figure 1. Location of study area along with 150 observation points (left) and its geoform map (right).

1- Nugget effect
2- Range
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2- Coefficient of determination
3- Relative root mean square error
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Table 1. Summary statistics of studied physical and chemical properties in the area.

\
o value VD s Bl bl ale oSk sl e
) Skewness Max Min Variance  Median Mean Unit Variable
s el S
0.13 543 1.02 4950 025 96.57 16.80  18.10 % Plas ol S 5
Carbonate calcium equivalent
Sl s
0.07 13 -1.11 775 7.04 0.01 7.57 7.54 — 5
Soil reaction
0.09 14.7 0.34 66.00 3400  47.66 46.00  47.02 % o
Sand
0.06 28.2 0.55 16.00  4.00 6.37 8.00 8.96 % o
Clay
Sy )i
0.07 515 0.65 2500 250  24.62 9.00 9.63 % T =2
Coarse fragments
N Tosle
0.00 437 2.73 420 0.30 0.27 1.10 1.19 % e
Organic material
L s
0.97 20.2 0.09 4032 1442 30.87 2768  27.54 % et
Field capacity
0.01 75.4 1.80 177 0.02 0.09 0.35 040  (meg/1)’* = T
Sodium adsorption ratio
* S eslaas LB
0.00 59.4 5.64 5.48 0.49 0.27 0.73 0.87 dS/m A i
Electrical conductivity
L I
035 9.7 291 144 086 001 118 117 gem? s o

Bulk density

(Coefficient of variation) (s ;4 a5 s 2 !
ol 1233 40 Slinlol prbans 53 ol 0350 s ne s tunsilis ® Cudle 5 bl o G pmamel — 55 S 500 S 05a31 51 ol ams Sl cabs 0 slitel !

The numbers show the results of Kolmogrov-Smirnov test and * indicates the significance of the results in 95 percent confidence interval.

adlas 5) 50 gla ite 2bOLe S S5 5 S sls sada - Jyax
Table 2. Variogram models and interpolated properties of studied variables.

SN IS SNat Lo 53 . Sl o Slaskas I (o) s Je e
Correlation Correlation S Nugget .
class Percentage Partial sill effect Range (m) Model Variable
b g2 LS o9 [,MJS =L
> 339 64.8 33.28 839.97 o < g
Moderate Exponential ~ Calcium carbonate equivalent
L5t Sk s
- 389 0.011 0.007 1944.9 625 S
Moderate Spherical Soil reaction
.L,..u - LN .o
> 30.8 30.28 13.48 509.94 = o
Moderate Exponential Sand
b g2 L
7 39.7 3.87 2.55 781.99 < o
Moderate Exponential Clay
b g2 e b
> 614 11.93 19 1277.98 625 F sk
Moderate Spherical Field capacity
b g2 [ Ao b Ol o
- 433 0.312 0.238 717.94 < S T
Moderate Exponential Sodium adsorption ratio
; L IJARCH
©r 13.6 26.59 4.198 899.94 o I S =
Strong Exponential Coarse fragments
5 Tosle
s 5.9 0.24 0.015 513.93 85 S
Strong Spherical Organic matter
5 LS S ol el
©r 45 0.279 0.013 680.94 o A s
Strong Exponential Electrical conductivity
b g s b &
> 38.5 0.008 0.005 1047.9 o sAl b
Moderate Exponential Bulk density

T
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Figure 2. Kriging maps of studied properties.
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Table 3. Weights calculated for various properties using geoform map and kriging estimators.

Weight 5
. P 5o /: W e 'X:i;&
fr) e S A Variable
Geoform map Kriging map
0.427 0.573 (Calcium carbonate equivalent) Jsles qedS b S
0.285 0.715 (Soil reaction) s> ,2s|y
0.324 0.676 (Field capacity) 1,5 <,k
0.365 0.635 (Sand) s
0.142 0.858 (Clay) -,
0.023 0.977 (Sodium adsorption ratio) adw  sdaw dor o
0.060 0.940 (Coarse fragments) ez i3 I3
0.088 0.912 (Organic matter) Ji osls
0.195 0.805 (Electrical conductivity) G Il colas o LB
0.157 0.843 (Bulk density) ¢ sl J&

S sla S5 meds il gla iy, v lisl glao,lel —£ J i

Table 4. Validation statistics of different methods of soil properties estimation.

R’ RMSE% '
o Z. o . P o o Z. o . P o N
oS S AL Sz S 4l pASS AL S S Al Sz S 4l pASS AL Variable
Hybrid map  Kriging map  Geoform map  Hybrid map  Kriging map  Geoform map
s pdS by
0.26 0.16 0.13 50.26 50.84 52.51 < ) 4
Calcium carbonate equivalent
Sk s
0.63 0.58 0.56 1.59 1.68 1.70 5
Soil reaction
0.37 0.34 0.33 13.47 13.58 14.08 o
Sand
0.29 0.26 0.24 26.68 26.76 27.64 o
Clay
ORFCH
034 023 0.18 26.11 30.70 43.03 @ =R Y
Coarse fragments
dﬂ osle
0.23 0.20 0.17 37.57 39.69 43.72
Organic matter
s e s
0.23 021 0.23 23.49 23.93 23.52 SFs b
Field capacity
Ao pbao Ol Sl
0.12 0.11 0.09 71.48 71.72 72.40 = e
Sodium adsorption ratio
S eslas el
0.24 0.21 0.11 33.88 36.62 49.41 A o
Electrical conductivity
L J&s
0.45 0.39 0.36 8.91 9.42 9.44 Sl

Bulk density
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Abstract

Background and Objectives: Because of wide variety of soil properties (including physical,
chemical and biological), the type and rate of change of these properties in relation to the
cultivation of agricultural products is great importance. For optimal management of soil, it is
need to know these properties. Since it is very expensive to measure soil characteristics in the
laboratory and for a broad area, estimation of their spatial distribution is required. This study
has estimated some soil physical and chemical properties in geoform map units of some parts of
Sarduieh region using the conventional soil mapping method, kriging and their combination as
single estimator and has compared the results with each other.

Materials and Methods: 150 observation points (with a mean distance of 200 m) as a random
classified sampling pattern were taken from the topsoil (0-30 cm) of the area. Besides,
undisturbed samples were taken from each observation point by cylinder. After air drying the
samples and passing them through the 2 mm sieve, required laboratory analyses were done on
the samples. After calculation of estimated values and error variance of the studied variables
using the mentioned estimators, their validation was conducted using coefficient of
determination (R?) and relative root mean square error (RMSE%).

Results: All the studied soil properties, except bulk density and soil reaction, had moderate
variability. The spatial structure of all variables (except volume percentage of coarse fragments,
organic matter percentage and electrical conductivity, which had strong spatial structure) was
moderate and spherical and exponential models were well able to model the spatial structure of
soil properties. The range of models for various properties was variable between 450 m for field
capacity and 1945 m for soil reaction. A distance of approximately 880 meters, which represents
an average range of studied properties, can be considered as an optimum sampling distance for
future studies in this region.

Conclusion: Results showed when the spatial correlation class of a variable was strong, the
kriging estimator and combined method had a more successful estimation of that property.
Besides, in such situation, using combined estimator leading to a significant reduction in
amount of estimations’ bias. On the other hand, using the combined method for estimating other
soil properties in the study area that had moderate spatial correlation classes did not have a
significant preference than two other estimators, i.e, geoform and kriging maps.
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