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Avrticle Info ABSTRACT

Avrticle type: Background and Objectives: Soil organic carbon is very important in
Full Length Research Paper increasing the production of agricultural products and reducing soil erosion
and greenhouse gas emissions. A better understanding of the amount and

L ) storage of soil organic carbon is essential to the use of soil and maintaining
’é‘gﬁ:filveeg,'ség%‘ 2022 its productivity. The extended pastures of Fandogloo region in Ardabil
Revised: 09.24.2022 province potentially could support and sequestrate considerable amounts
Accepted: 10.02.2022 of carbon but they are subjected to land-use change, high population
and tourism. Such tensions led to land degradation and low carbon

sequestration in some parts. This study aimed to find effective natural

Keywords: variables on soil carbon density and sequestration. Such variables could be
Avrtificial neural network, applied for remediation and resilience of degraded pastures and croplands
Multivariate linear in Fandoghloo region.

regression model,

Sensitivity analysis Materials and Methods: By application of Latin Hypercube techniques

and spatial variables like soil, land use and geological maps the location of
sample points was determined. For each land use unit (pasture or cropland)
70 composite surface soil samples (in total 140 samples) were collected
from zero to 15 cm deep. After pretreatments of soil samples, soil's
physical and chemical properties were measured according to standard
protocols. A digital elevation model of the study area was formed using
digital isolines of topographic maps and primary and secondary derivates
were constructed. Landsat 8 bands were extracted from the Geology
Department site of the USA and Normalized difference vegetation index
and thermal map of the study area were calculated. Multiple linear
regression and artificial neural network models were applied and soil data,
digital elevation model and its derivates, normalized difference vegetation
index and land surface temperature map have entered the models as
independent variables for the prediction of soil organic carbon density. To
evaluate the results of the models, the coefficients of determination and
root mean square error was used.

Results: Application of multiple linear regression model indicated that
total soil nitrogen, normalized difference vegetation index and mean
weight diameter of aggregates justified 53% of soil organic carbon density
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in the pasture while 46% of soil organic carbon density in croplands land
use was explained by total soil nitrogen and plane curvature. The results of
the paired t-test showed a significant difference (at P<0.01) between soil
organic carbon density of the pasture and cropland land use. An artificial
neural network with an arrangement of 1-10-24 and tan-sigmoid transfer
function in the hidden layer justified 71% and 82% of the soil organic
carbon density in the pasture and croplands, respectively. Root mean
square error of multiple linear regression models for predicting soil organic
carbon density in the pasture and croplands were 1.07 and 1.04,
respectively but of artificial neural network model was decreased to 0.85
and 0.58 for pasture and cropland, respectively. Sensitivity analysis
revealed that the artificial neural network model was severely sensed to
digital elevation model and soil moisture content at wilting point.

Conclusion: The result of this study indicated the significance of natural
vegetation cover and the mean weight diameter of soil aggregates for
carbon sequestration in the pastures. Artificial neural networks performed
to simulate changes in soil organic carbon density showed that these
networks are successful in tracking an important part of soil organic carbon
density changes at pasture and cropland land uses. In other words, artificial
neural networks were able to identify the effects of these variables on soil
organic carbon density using tracing and identifying the effects and
interactions between an independent variable series with organic carbon
density status. The results showed that transmission functions can be used
by the data of primary and secondary topographic parameters for
estimating soil organic carbon density in the region.
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3- Multi Liner Regression, MLR
4- Artificial Neural Networks, ANN
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1- Soil Organic Carbon Density, SOCD
2- Picogram
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1- Training

2- Generalized

3- Parallel Processing

4- Robustness

5- Coefficient of Determination, R2
6- Root-Mean-Square Error, RMSE
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Figure 1. The location of the region of studies in (a) the country, (b) Ardabil province and Namin city (c)
DEM, and (d) land use map area.
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1- Latin Haypercube Sampling
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Table 1. Measurement methods of physical and chemical properties of soil samples.
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3- Radiance

4- Universal Transverse Mercator coordinate
system, UTM

5- Digital Elevation Model, DEM

6- Triangulated Irregular Networks, TIN
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Figure 4. Graphical views of the multi-layered perceptron network of the artificial neural network to predict

soil organic carbon density.
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Table 3. Describes the characteristics of the physical and chemical properties of the studied soils in two
pasture and farmland landuse (number = 140) (P: Pasture, C: Cropland).

Loy PVt
S e oSk gls Sl o S e oSSk kS Sl goa
Skewness - gy Mean  Landuse Properties Skewness | JY Mean  Landuse Properties
CV% CV%
0.37 15 031 cr 0.04 27 o175 &7
P as e bbb P o0 e
L FC g/ L Clay%
0.006 18 o035 99 0.14 32 3624 v
c c
0.38 34 0.14 cs 0.54 18 33.71 &s
P Sy ek sk P e A3
- PWP g/ 133 Silt%
0.28 21 o017 < 99 115 15 3016 0
c c
0.18 12 1.03 e S s oSl 0.11 25 3852 & '
P (o oe) wlsSls P o b0
13 13 Total sand%
0.03 14 095 MWD (mm) 0.001 27 3359 P 0
o c
0.42 26 15.08 & ) 0.04 27 5.29 & A
P i o2 P o
. 0, . .
06 26 1208 & Gravel% 0.71 33 6.26 o3 Very fine
C C sand%
0.43 20 3.43 ¢ ] 0.03 2 6.72 ¢
P J!Q_.JS.L;); P FEIRS R
153 Organic carbone% 153 Fine sand%
053 23 200 ¢ ° 018 27 666 0
c c
cr e BEEY-H
0.018 13 1071 - s IS Sl 0.1 29 7.38 P
. Lo s
s Calcium carbonate (o ;
116 17 13 equivalent % 0.16 29 6.7 il Medium
C C Sand%
0.44 26 375 & 0.16 38 8.4 & o Ao
P U5 8555 des P -
s Total Nitrogen% 1 I
-0.39 2% 253 “’:: >0 gen 0.71 36 6.8 fc > Coarse sand%
0.028 8 6.76 cs 071 36 10.09 cs o e
P Sl sy P il
1 6 732 IV Soil pH 1.07 50 707 £ Verycoarse
C C sand%
0.52 3 1.27 cs Bl advo
P sl
0.67 3 121 ) Bulk density
' ' c (glcm®)

k3



OlSe 9 858 ol | e SB I 0095 05155 (g5lwde 9 (2L

38 Sl > J S Dl e
BIEFERRGNVIREW-STI | SEPIA KSR Co Vi P S
S8 53 gl S IS alus e
b S s Kyl Gl 4 sy L
S 5ls QLS § 5o 50 cpl 2 815 (Ao y5 Y 0-Y0)
Saal G i gy Sl JI S Ol
5 2l 68 s SReal L Kl e &S
OA) Al Lo e andlas 3550 adkaie 55 31 S5 s
e Jin Ble s (rd) OSes 5 LS
Gos Gl do 3 YA Ll 1y JT S Sl uis
OhlSer 5 iy (1) el Ve U is
ol 5 Jlaler Ol Ja) addaie (gl (Yo )
OLKen 515 5 (A8) doys £ Ol uid o2
it ol 6 L LT aike gl (Yert)
(W0) Ws S 5,18 1 Aoy VY il s
& 050l b a8 s S T S W81 5
ST S oS5 S sl 0L (6 i) s
Ol 2ly s g S s e Sk
5 Kbl sgrs ) mae s gl
s (7)) 55 5 Ks3 5 (YY) e
RS S5 Ol 4S5 dsls OLE 552 gla s
3 AU Sl B s s S
osle a3 s s i3 G O e 5 el
VXA Wspes 0Ly T

FLL Gl ek o0l Sk o b

10 5l SSa S Sl b Il aalllae )
Ol xS o el ‘V’S S mdd sdksglil Lo s
5 hugte g d oaT sasilis s Vo-To
SOl Aoy YO I SSHp Ok o
Sleo g o 5 (V) Col BLy gl s
o bl o e p o pled 5 (S5
b (Somg bl Coshy 5 doss an bl i
S RARS A Ao TEL i Dl o b
S S bl Slo et g e o Sk
SJ\JQL;:_}J:AL;;L\OUI&JWJJJB-
b sl oo Sl T S e
ol s ol s RARS 5 Mo YT o SSls
Ol pl ol Aoy YAY S Sle L el
5 LS b 33 O gk b Sl
OSLS ey pde Jlesl 3l andlas 550 adlaie
Q) cul bl o s s e b S
adlassyse agkie j5 31 S5 5 Sliie Ol
5 S Cusby mis 50 et Cel Sl S
Q\M:f@}qvﬁdféoudakfﬁﬁ
Q) o sl JLis w1y adlae St JT o S
b @B s S IS Ol 02 VY
53 15 el bgs o adlate glacSle ail 4 Ylozs|
Oy som 4 &S Sl od g dlf»— IIBPRTARLY
e R N S NTE P

NG P W ‘.59‘))

#058 Er S 2 53 53 S I S (S5 i 5 0gel @B - s
Table 4. T-test results of organic carbon density in pasture and cropland land use.
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Table 5. Descriptive of remote sensing data extracted from Landste images for the study area.
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Table 6. Regression models related to pasture and cropland land uses.
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Figure 5. Comparison of measured values and estimates of soil organic carbon density for training steps (a),
validation (b) and test (c) in pasture land use and training (d), validation (e) and test (f) in cropland land use.
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Figure 6. Comparison of measured values and estimated soil organic carbon density (SOCD) using artificial
neural network model (ANN) for pasture land use (a) and cropland land use (b) also a linear multivariate
regression model (MLR) for pasture land use (c) and cropland land use (d) (number = 70) (green line:
line 1:1 diagram and red line: fitted line to points).
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