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Abstract

Background and objectives

Iran has a high potential in carbon storage due to the large extent of rangelands. Rangeland
ecosystems are atmospheric carbon sinks. Soil is an important source of carbon storage and it has
been proved that carbon storage in soil is more than three times the storage in the atmosphere and
vegetation. Knowing the amount of soil carbon sequestration and storage can be used as a useful
and practical tool to better understand soil carbon cycle. Therefore, the purpose of this research
is to investigate and determine the most important soil factors affecting the amount of soil carbon
storage in Zirkouh and Ferdows habitats in South Khorasan with different plant types.
Methodology

The present research was carried out in South Khorasan province in rangeland habitats of
Zirkouh, including Artemisia sieberi, Zygophyllum eurypterum, and Tamarix stricta plant types,
and in the desert areas of Ferdows, including Calligonum polygonoides, Seidlitzia rosmarinus,
Stipagrostis pennata, and Zygophyllum eurypterum types. In order to sample vegetation and soil,
60 4x4 m quadrats were randomly-systematically established in the representative area of each
habitat, and the percentage of canopy cover and plant density in each plot were estimated. Then,
10 stands of each species were randomly selected. In the same plots, soil samples were taken to a
depth of 70 cm below the plant canopy. Soil physical and chemical properties were determined
in the laboratory. The correlation diagram (Pearson correlation coefficient) between
environmental characteristics and carbon storage was drawn. First, ordinary multiple linear
regression (OLS) analysis was used to examine the relationships, and the multiple collinearity
between environmental characteristics and organic carbon storage was examined by the variance
inflation factor (VIF) criterion. Since normality and multiple collinearity are assumptions of
ordinary regression, two regression models: Partial Least Squares (PLS) and Principal Component
Regression (PCR), were used in the present study.

Results
The results of descriptive statistics showed that in Zirkouh habitat, the highest and lowest changes
in soil carbon storage are in Tamarix stricta habitat (Mean=20.77, SD=11.66) and Artemisia
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habitat (Mean=13.83, SD=1.81), respectively. In Ferdows region, the highest and lowest changes
in the amount of soil carbon storage were observed in Calligonum polygonoides (Mean=6.96,
SD=1.57) and Zygophyllum eurypterum (Mean=5.36, SD=0.80) habitats, respectively. In Zirkouh
habitat, carbon storage had a significant negative correlation with sand (p<0.05) and a significant
positive correlation with canopy cover percentage, N, P, silt, EC (p<0.01), lime and K (p<0.05).
Interestingly, sand percentage had a significant negative correlation with all measured soil
properties in this diagram. In Ferdows region, carbon storage had a significant negative
correlation with gypsum and potassium (p<0.05) and a significant positive correlation with N. In
the present study, two models of partial least square regression (PLS) and principal component
regression (PCR) were used. In PLS regression method as the best model, in Zirkouh habitat, the
parameters such as sand, silt, phosphorus and canopy cover percentages remained as significant
variables in the remaining model and among them, silt percentage had the most impact in
predicting carbon storage. In Ferdows habitat, the parameters including organic carbon, silt,
nitrogen, potassium and gypsum remained as significant variables in the model.

Conclusion

Investigating the effective factors on carbon storage can help managers and decision makers in
choosing management methods and modifying existing methods in order to reduce atmospheric
carbon density. The results of this research showed that among the two models of partial least
square regression (PLS) and principal component regression (PCR), PLS model is the best model
to determine the factors affecting carbon storage. There was a positive relationship between
vegetation cover and soil nutrients (N, P, K) and carbon storage in the Zirkouh habitat, which
emphasizes the role factors related to fertility in carbon storage. By implementing appropriate
range management strategies—such as protection, improvement, and restoration of vegetation
cover can increase soil organic carbon storage. This approach can help prevent air pollution,
reduce vegetation degradation, and ultimately mitigate the harmful effects of climate change.
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Table 1- Geographical characteristics (latitude, longitude and elevation) of studied habitats in South Khorasan
province, Iran

Vegetation type Site Latitude Longitude Fii;?;?' E(:Te]";ts'.cl’)”
Artemisia sieberi
Zygophyllum eurypterum Zirkouh 60° 03" 32" 33°37 40" 156.4 985
Tamarix stricta
Calligonum polygonoides
Sedilitzia rosmarinus Ferdows 58°17° 22" 34° 01 58" 95 1293

Stipagrostis pennata
Zygophyllum eurypterum
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Table 2- Descriptive statistics (mean and standard deviation) and variance inflation factor (VIF) of soil carbon
in the Zirkouh region storage data, soil physical and chemical properties, vegetation cover, and plant density

. Artemisia Tamarix Zygophyllum
Variable VIF
Mean SD Mean SD Mean SD
SCS (ton/ha) 13.83 1.81 20.77 11.66 7.54 2.86 -
(ds/m) EC 0.46 0.14 1.84 1.32 0.40 0.08 5.78
pH 7.78 0.18 7.99 0.18 7.63 0.06 6.16
OC (%) 0.32 0.05 0.46 0.25 0.16 0.06 104.28
Sand (%) 60.58 11.86 59.75 15.30 73.13 4.01 21.23
Silt (%) 17.40 8.58 27.90 13.42 18.28 4.16 15.19
Clay (%) 22.03 6.55 12.35 5.50 8.60 5.24 2.51
Gravel (%) 50.99 17.49 43.32 12.84 22.43 14.13 6.03
N (%) 0.033 0.010 0.062 0.031 0.017 0.004 97.4
P (%) 24.24 11.28 25.00 2.35 10.36 4.67 5.48
K (%) 12.67 5.62 18.53 8.78 6.85 1.77 4.4
CIN 10.20 1.79 6.76 2.26 9.54 2.97 16.24
CaCOs (%) 12.64 3.59 10.74 2.34 8.06 2.26 2.89
CaSO0s (%) 3.83 3.46 20.54 18.01 42.61 1.49 7.76
SP (%) 27.91 2.87 27.21 4.37 32.76 4.21 2.54
BD (gr/m) 1.44 0.07 1.53 0.08 1.57 0.07 6.37
Plant Cover (%) 23.60 8.68 36.84 3.72 16.04 4.79 4.92
Plant Density (%) 2040.63 343.61 1071.88 1103.19 1312.50 1065.97 241

SD: Standard Deviation, VIF: Variance Inflation Factors
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Figure 1- Box plots of standardized mean values of Soil carbon deposition, soil physical and chemical properties,
and vegetation percentage and plant density in the Zirkouh region
Abbreviations: SCS: Soil Carbon Storage, EC: Electrical Conductivity, OC: Organic Carbon
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Table 3- Root mean squared error of prediction (RMSEP) for different number of components of partial least
squares (PLS) repression and variance explained in the predictors and the response variable in the Zirkouh

region
Variable Comp.1 Comp.2 Comp.3 Comp.4
RMSEP 5.33 4.03 3.40 3.02
variance explained in the predictors (X) 35.59 50.33 62.13 71.79
variance explained in the response variable 76.69 93.04 97.27 98.43
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Table 4- Root mean squared error of prediction (RMSEP) for different number of components of principal
component regression (PCR) and variance explained in the predictors and the response variable in the Zirkouh

region
Variable Comp.1 Comp.2 Comp.3 Comp.4
RMSEP 6.06 5.91 5.40 4.19
variance explained in the predictors (X) 37.08 55.43 67.78 75.09
variance explained in the response variable 56.57 66.51 76.23 89.35
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Table 5- Partial least squares (PLS) and principal component regression (PCR) calibration statistics in the
Zirkouh region

Model RMSEcv Rsquare
PCR 0.99
PLS 0.99

RMSEcv, root mean square error of cross-validation
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Table 6-Results of partial least squares (PLS) regression analysis: factor loadings of the principal components

obtained from the analysis

Variable Comp.1 Comp.2
EC 1.38 1.00
pH 0.34 0.42
ocC 2.75 1.55
Sand -0.72 -0.93
Silt 1.18 0.95
Clay -0.39 0.23
N -0.88 0.18
P 2.36 1.46
K 0.23 0.73
CIN 0.17 0.70
CaCO3 1.02 0.08
CaSO4 0.87 0.70
SP 0.57 -0.18
BD -0.44 -0.46
Plant Cover 0.23 -0.37
Plant Density 0.88 0.97
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Table 7- t-test statistics and p values for the regression models (OLS, PCR, and PLS) with SCS as dependent
variable in the Zirkouh region

Soil properties oLs PCR PLS
t value Pr(>It)) t value Pr(>[t]) t value Pr(>[t])
EC -0.13 0.90 1.07 0.30 1.46 0.16
pH 0.94 0.37 1.46 0.16 1.55 0.13
oc 21.41 0.00™" 1.99 0.06 1.18 0.25
Sand -0.44 0.67 -2.09 0.05" -2.04 0.05"
Gravel 0.08 0.94 1.15 0.26 1.77 0.09
Clay NA NA 2.67 0.01" 0.89 0.38
Silt -0.17 0.87 2.94 0.01™ 3.46 0.00™
N 0.40 0.70 1.81 0.08 1.87 0.07
p 0.04 0.97 2.80 0.01™ 2.75 0.01*
K 0.56 0.59 2.15 0.04" 1.46 0.16
C.N 0.33 0.75 -1.13 0.27 -1.54 0.14
CaCo3 0.90 0.38 2.17 0.04" 1.12 0.27
CaSOs 0.50 0.62 -2.93 0.01™ -1.59 0.12
sSp -0.63 0.54 -1.09 0.28 -1.22 0.23
BD 4.56 0.00™" -2.39 0.02" -1.55 0.13
Plant Cover 0.36 0.73 2.23 0.03" 2.22 0.03"
0.30 0.77 0.08 0.94 0.17 0.86

Plant Density

Signif. codes: 0 “***>(0.001 “**>0.01 **’ 0.05 <. 0.1 “* 1
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Table 8- Descriptive statistics (mean and standard deviation) and variance inflation factor (VIF) of soil carbon
storage data, soil physical and chemical properties, vegetation cover, and plant density in the Ferdows region

Vatiable p(c:)?;ggr?gilfj?s Sedilitzia rosmarinus  Stipagrostis pennata i{lgr?/g?grlbuﬁ VIE
Mean SD Mean SD Mean SD Mean SD
SCS 6.69 1.57 5.49 1.23 7.30 1.09 5.36 0.80 -
EC 1.07 0.05 19.39 17.52 1.14 0.09 2.52 1.97 221.55
pH 8.10 0.00 7.92 0.16 8.10 0.00 8.12 0.04 45.35
ocC 0.12 0.03 0.12 0.03 0.14 0.02 0.11 0.02 333.81
Sand 95.60 0.89 65.60 12.12 88.00 5.10 72.40 14.52 262.93
Silt 2.40 0.89 21.20 8.32 7.60 4.34 18.80 9.44 144.45
Clay 2.00 0.00 13.20 7.56 4.40 1.67 8.80 5.76 3.21
N 0.012 0.003 0.010 0.002 0.012 0.002 0.009 0.001 342.41
P 5.27 0.92 5.03 1.03 5.45 0.71 5.51 0.67 3.71
K 0.62 0.08 2.14 1.19 0.64 0.07 0.87 0.41 135.82
C/N 10.61 2.52 11.94 0.48 11.77 0.26 11.95 0.75 186.5
CaCo3 11.00 2.24 11.50 2.24 11.50 2.24 11.00 2.24 3.19
CaSO4 0.88 0.06 2.81 0.46 0.82 0.09 1.30 0.67 101.76
SP 24.20 1.10 29.20 1.30 25.40 0.89 27.80 4.09 6.02
BD 1.78 0.03 1.59 0.04 1.75 0.06 1.66 0.08 11.45
Plant Cover 18.23 4.29 10.15 4.25 17.55 4.79 14.78 3.44 5.77
Plant Density 4687.40 2212.36 2000.00 964.20 10656.20  4540.08  19375.00 4819.39 11.09
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Figure 3. Box plots of standardized mean values of soil carbon deposition, soil physical and chemical properties,

and vegetation percentage and plant density in Ferdows region
Abbreviations: SCS: Soil Carbon Storage, EC: Electrical Conductivity, OC: Organic Carbon
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Continued from Figure 3
Abbreviations: C.N: Carbon to Nitrogen Ratio, SP: Saturation Percentage, BD: Bulk Density, P.Cover: Plant
Cover, P.Density: Plant Density
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Figure 4. Correlation chart (Pearson correlation coefficients) of environmental characteristics and SCS with
highest correlation (>0.4). Soil characteristics included CaCO4, K, N, and SCS. The blue and red colours
indicate positive and negative correlations, respectively. Asterisks indicate the significance level (* p <0.05, ** p
<0.01).).
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Table 9. Root Mean Square Error of Prediction (RMSEP) of the various components of the PLS model, along
with the percentage of variance explained by the independent and dependent variables in the Ferdows region

Variable Comp.1 Comp.2 Comp.3 Comp.4
RMSEP 2.33 1.11 1.32 1.06
variance explained in the predictors (X) 40.23 54.46 62.20 68.63
variance explained in the response variable 61.92 95.19 97.56 99.16
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Table 10. Root Mean Square Error of Prediction (RMSEP) of the various components of the PCR model, along
with the percentage of variance explained by the independent and dependent variables in Ferdows region

Variable Comp.1 Comp.2 Comp.3 Comp.4
RMSEP 2.79 2.92 1.76 1.32
variance explained in the predictors (X) 73.75 57.48 68.54 77.10
variance explained in the response variable 31.03 32.10 80.97 92.89
2 S oS Fse Jelse i Sl 2 Je cn 2@ PLS Jlie islasl glas 55 epa o alate s
RO TSN 4 RMSE 5| 5mb PLS Jue 3l sasl &ws 4 (RMSE)

Jae il 0 Jsua) el PCR Jae 5l siel s

933

Table 11. Validation statistics of partial least squares (PLS) and principal component regression (PCR) models
in Ferdows region

Model RMSE Rsquare
PCR 0.66 0.99
PLS 0.58 0.99

RMSEdcv, root mean square error of cross-validation
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Table 12. Results of partial least squares (PLS) regression analysis: factor loadings of the principal components
obtained from the analysis

Variable Comp.1 Comp.2
EC -0.25 -0.10
pH 0.11 -0.18
ocC 0.59 1.55
Sand 0.24 0.05
Silt -0.21 -0.04
Clay -0.25 -0.06
N 0.44 0.92
P 0.23 0.48
K -0.32 -0.28
CIN 0.16 0.70
CaCO3 0.11 0.40
CasO4 -0.28 -0.13
SP -0.23 -0.11
BD 0.28 0.26
Plant Cover 0.23 0.12
Plant Density -0.09 -0.36

u‘ujb)é duab.’uo‘)b &w‘jﬁ?ﬁu‘r&mw; b,:’.)j(PLSJPCR OLS) u”;‘) ‘_;Lh‘_].up.valuejt,i.:u.e—\’r’ J).\?

Table 13. t-test statistics and p values for the regression models (OLS, PCR, and PLS) with SCS as dependent
variable in Ferdows region

Soil properties oS PCR PLS

t value Pr(>[t]) t value Pr(>[t]) tvalue Pr(>[t))

EC -2.26 0.09 -1.15 0.26 -2.01 0.06

pH -1.92 0.13 1.47 0.16 1.07 0.30

ocC 0.05 0.96 0.56 0.58 2.26 0.04"
Sand -5.34 0.00™" 2.13 0.05" -1.80 0.09

Silt -2.13 0.10 -2.36 0.03" 217 0.04"
Clay NA NA -1.63 0.12 -1.91 0.07

N 4.02 0.02* 0.99 0.33 221 0.04"

P -0.61 0.57 0.15 0.88 1.03 0.32

K 2.18 0.09 -1.20 0.24 -2.81 0.01"

C.N 4.25 0.01" -0.90 0.38 112 0.28
CaCO3 0.23 0.83 -0.43 0.67 0.60 0.56
CaSO, -0.79 0.47 -1.79 0.09 -2.36 0.03"
SP -0.34 0.75 -2.10 0.05" -1.57 0.13

BD 9.24 0.00™" 212 0.05" 1.55 0.14
Plant Cover 1.60 0.19 1.68 0.11 1.60 0.13
Plant Density -0.51 0.63 -0.70 0.49 -0.83 0.41

Signif. codes: 0 “***>(0.001 “**>0.01 **” 0.05 . 0.1 “* 1
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