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2- Principal component analysis
3- Redundancy analysis
4- Partial least square regression
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1-Topographic wetness index
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7- Profile curvature

8- Plan curvature

9- Total curvature

10- Minimal curvature

11- Maximal curvature

12- Multi-resolution Valley Bottom Flatness
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1- Orthents

2- Fluvents

3- Xerepts

4- Global Positioning System
5- Slope steepness

6- Slope aspect
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6- Shapiro-Wilk
7- Johnson transformation
8- Leave one out cross validation
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1- Digital elevation model

2- Shuttle Radar Topography Mission
3- Ryan-Joiner

4- Anderson-Darling

5- Kolmogorov- Smirnov
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Figure 1. Soil samples positions in Khodabandeh County in South Zanjan, Northwest Iran.

1- Root mean square error
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Table 1. Some of topographic indices in the studied wheat farms (n=110).

b)L“I

Ol s > .. . . .
coe g T wde S WS wasts
TR ORD Varlat{on Maximum  Minimum Mean Unit Characteristics
RJ coefficient
EW-BE e (ST
nS 0.85 1.05 34.73 0.00 4.51 j
(%) Slope Steepness
A 0.98 53.12 360 0 190.7 a3 = '
Slope Aspect
@6 bl
nPrC 0.98 -5.96 0.001 -0.001 -1.5 1/m
Profile Curvature
23| gl
nPIC 0.88 21.06 0.09 005 00007  1/m HE
Plan Curvature
Lol
nGC 0.75 -8.35 0.006 -0.004 -0.0002 1/m S
General curvature
. Sl gl
nMiC 0.96 -14 0.001 -0.002 -0.0003 1/m
Minimal Curvature
Sl slowl
nMaC 0.96 4.69 0.002 -0.001 0.0002 1/m
Maximal Curvature
W KB a8 Loy gl gen
MRVBF 0.99™ 0.52 5.95 0.02 2.96 - Multi-resolution Valley Bottom
Flatness
nTWI 0.94 0.25 20.38 6.21 10.1112 - e

Topographic Wetness Index

JLAJJ Jb\ LSL"”‘ nPIC i JLAJ; ij LSL’”‘ nPrC ‘g,?;: e A ol JLAJ; g,.;w?: s nS ‘(P>'/'\) JLAJJ GJ‘}J )‘ Coxd NS
@i Jlo 5 Slas glel AMaC e Jb i Bl bl IMIC e Jlo i JS bl DGC edd Jb 5 iloe Lol NTC ot
o Jlo et L li NTWI 5 £k S )08 L eys (551508 MRVBF il Jbo 3 Jsb (sl nLC

ns: following normal distribution (P>0.1), ns Normalized slope steepness, A slope Aspect, nPrC Normalized Profile
Curvature, nPIC Normalized Plan Curvature, nGC Normalized General Curvature, nMiC Normalized Mininal
Curvature, nMaC Normalized Maximal Curvature, MRVBF Multi-resolution Valley Bottom Flatness and nTWI
normalized Topographic Wetness Index.

A=A ) andllas 5 50 LS land 55058 A S 55 5l (Fp Y Jsur

Table 2. Some physicochemical characteristics of the soils (n=110).

S 0Ll o )bl Sk S RS oSl dl aatiie
RJ Variation coefficient Maximum Minimum Mean Unit Characteristics
0.99™ 0.36 67 9 452 22 o
(%) Sand
ns "\"p)é C”L:"“‘
0.99 0.19 56 13 344
(%) Silt
Ao
0.99™ 0.36 36 9 20.4 22 o
(%) Clay
Sk s
0.99 ™ 0.01 8.16 7.64 7.87 - oL
pH
Ao [
0.99"™ 0.31 1.3 0.32 0.71 > IS
(%) Organic carbon

ns

(P>v/0)) g 5 3 Cans

A
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1- Multicollinearity

2- Principal component regression
3- Ridge Regression

4- Variance inflation factor
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Table 4. Optimal model selection for description of soil organic carbon using PLSR and LOOCYV methods.
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Model coefficient of
determination (R%)
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Cross validation coefficient
of determination (R?)
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Model Error
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Input variance
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PC1: First Principal Component, Second Principal Component and Third Principal Component.
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Table 5. Analysis of variance for of partial least square model in the three replicates M1, M2 and M3.
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Table 6. Coefficients and standardized coefficients of PLSR model in the three replicates M1, M2 and M3.
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Table 7. Independent variable proportion in components of partial least square regression (nS, nMaC, nTWI
are normalized amounts of slope, Maximal curvature and topographic wetness index).
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Figure 2. Calculated and observed organic carbon fitting and its validation in the three replicates M1(a),

M2(b) and M3(c) (n=80).
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Figure 3. Selected model’s test in the three replicates M1(a), M2(b) and M3(c) (n=30).
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Abstract

Background and Objectives: Soil organic carbon is one of the crucial factors which affects soil quality,
water and atmosphere. Soil organic carbon content is a function of climate, vegetation cover, drainage,
crop management, land use and soil properties such as texture, mineralogy and structure. Slope steepness
and different topographic positions are influencing on soil moisture retention and a suitable condition
creation for plant establishment and eventually soil organic carbon accumulation and decomposition.
Among soil properties affecting on soil organic carbon, the most researches have been done on soil
texture constitutes and the different results has been reported. The aim of this study is developing a
regression model to estimate soil organic carbon using topographic indices and soil characteristics.
Materials and Methods: In the present study, 110 soil samples were randomly collected from topsoil
(0-30 cm) in three replicates from rainfed wheat farms of Khodabandeh County located in South Zanjan,
in 2013. Topographic indices including slope steepness, topographic wetness index, multi-resolution
valley bottom flatness and profile, plane, general, maximal and minimal curvatures were obtained using
digital elevation model in 90mx90m resolution. Soil properties including sand, silt and clay, saturated
paste pH and organic carbon content were measured in laboratory. If the data did not follow normal
distribution, Johnson Transformation was performed. Applying partial least square regression, a model
was developed for describing soil organic carbon variations (n=80). The cross validation by leave one out
method was executed to select the optimal model based on principal components number. Then, the
selected model was tested using new set of data (n=30). All the modeling, it validation and test processes
were performed in three replicates by grouping the data in modeling-validation and test data sets.
Results: Among topographic indices, soil organic carbon demonstrated highest Pearson correlation
coefficients with normalized topographic wetness index (r=0.59, P<0.01), normalized slope
steepness (r=0.37, P<0.01) and normalize maximal curvature (r=0.34, P<0.01). Also, Soil organic
carbon revealed the highest correlation with sand (r= -0.68, P<0.01), clay (r=0.64, P<0.01) and silt
(r=0.59, P<0.01). Normalized topographic wetness index, slope steepness and maximal curvature,
also silt, clay and equivalent calcium carbonate were used for modeling of soil organic carbon
variations applying least square regression method. The cross-validation results revealed that the two
first principal components were optimal for the modeling that could describe 57 and 53 percentages
of model’s inputs and output variances, respectively (P<0.01 and n=80). RMSE and R* of the
model’s evaluation were equal to 0.26 percent and 0.55, respectively (P<0.01).

Conclusion: In general, the results of the current research showed soil organic carbon in different
farms were mostly influenced by soil texture constitutes as silt and clay could describe 32 percentage
of soil organic carbon content variation. Topographic indices were in the next step, normalized
wetness index, slope and maximal curvature described 21 percentage of soil organic carbon content
variations. The partial least square regression model showed the model which contains two principal
components could significantly describe 62 percentages of soil organic carbon in rainfed wheat lands
(P<0.01). The model can be applied for estimation of soil organic carbon in rainfed lands.
Assessment of other variables such as soil profile characteristics, historical soil and crop
management may become beneficiary in development of more accurate model.
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