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Rangeland soils have always been of interest due to their high organic
content, but the change of land use influences the amount of organic
carbon, which plays a key role in soil quality. In this research, the
guantification of soil quality in the Sahand rangeland, East Azerbaijan
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21 March 2025 two undisturbed and wheat-cultivated rangelands at one sampling
. depth (0-30 cm) in October 2022. Thirteen soil physical and chemical
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parameters were measured and screened through principal component
Non-linear scoring analysis (PCA). The minimum data set obtained by PCA was scored by
functions, a non-linear scoring function, and then integrated into a soil quality
Organic carbon, index. _Finally, stepwise_multiple linear regress_ion was employed to
Rangeland determine the relationship patterns between soil organic carbon and

) ) soil attributes. The results showed that the value of the soil quality
Soil quality index in the undisturbed rangeland (0.78) was significantly higher than
in the cultivated rangeland (0.63). The highest score value used to
estimate the soil quality index was related to the organic carbon
indicator (0.73). The mean weight diameter (0.72), clay percentage
(0.93), bulk density (0.24), and saturated water content (0.04) in the
undisturbed rangeland soil, and acidity (-0.13) and electrical
conductivity (-0.48) in the cultivated rangeland soil showed a
significant effect on soil organic carbon (as indicated by the highest
standardized regression coefficient). It can be concluded that different
land use systems play an important role in changing soil quality by
affecting the soil attributes, and thus changing the input and
preservation of organic carbon in the soil.
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Extended Abstract

Introduction

Grassland ecosystems cover about 40% of the Earth's surface and 11 million hectares in Iran.
They are essential for biodiversity, livestock forage, soil erosion control, and carbon storage.
However, their ability to provide these services depends on proper land management. Soil
quality, defined as the capacity to maintain productivity, environmental health, and plant growth,
can be negatively affected by land-use changes, such as converting grasslands to agricultural
land. Organic carbon is a key indicator of soil quality, especially in arid and semi-arid regions,
and can be improved through land management practices, impacting carbon sequestration and
reducing atmospheric CO, . The study focuses on comparing soil quality and organic carbon
levels between natural grassland and wheat fields in the Sahand region of East Azerbaijan, and
investigating their correlation with soil physical and chemical properties.

Material and Methods

The study was conducted in the Sahand rangelands, located 50 km southeast of Tabriz, where
annual rainfall ranges from 300 to 500 mm. The rangeland, rather than forest, is due to the
region's topography and short growing season. Two sites with different land uses (natural
rangeland and rain-fed wheat) were selected, both with similar environmental conditions (18%
slope, northern aspect, and 2,632 meters elevation). Soil samples were collected in October 2022
using a linear transect method. Two transects of 50 meters were established per site, with 10
random 1x1 meter plots for sampling from a 0-30 cm depth. A total of 120 samples (60 per site)
were analyzed for various soil properties in the lab. The Soil Quality Index (SQI) was calculated
by identifying key indicators through Principal Component Analysis (PCA), scoring them, and
aggregating the results. A stepwise regression model was used to relate soil organic carbon to
other soil properties, with validation based on adjusted R2 and the standard error of the estimate.

Results and Discussion

The comparison of mean physical and chemical properties of soil using an independent t-test at a
5% significance level showed significant differences between the soil properties under the two
land-use systems. The cation exchange capacity (cmolc kg™ t 15.65), organic carbon (% 1.62),
total nitrogen (% 0.15), clay (% 23.58), saturation moisture (% 41.16), and mean weight
diameter of soil aggregates (mm 2.32) were significantly higher in the pasture land-use compared
to the agricultural land. On the other hand, acidity (pH 7.34), electrical conductivity (dS m™ !
0.39), sand (% 55.65), calcium carbonate equivalent (% 7.43), and bulk density (g cm™ 3 1.16)
were significantly higher in the agricultural land-use. The land-use change from pasture to
agricultural land resulted in reductions of 13.54% for cation exchange capacity, 18.51% for
organic carbon, 26.66% for total nitrogen, 4.79% for clay, 19.16% for saturation moisture,
56.03% for the mean weight diameter of soil aggregates, and 2.29% for silt. Conversely, acidity,
electrical conductivity, sand, calcium carbonate, and bulk density increased by 6.99%, 25.80%,
0.05%, 23.62%, and 33.33%, respectively. Increased tillage activities in agricultural lands boost
microbial activities, leading to a greater breakdown of organic matter and a consequent decrease
in soil organic content. Furthermore, the absence of vegetation on the soil surface increases soil
erosion and further depletes organic matter and fine soil particles (clay and silt) from agricultural
soils. Land-use change causes significant alterations in soil properties, including a decrease in
soil quality, rendering it more prone to erosion.
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The effects of land-use type on soil quality were evaluated using the Soil Quality Index (SQI).
Principal Component Analysis (PCA) of twelve soil physical and chemical properties identified
three main components that explained most of the variance. The first component, primarily
characterized by organic carbon, explained 58.79% of the total variance and was selected as a
key indicator for the Minimum Data Set (MDS). The second component, represented by cation
exchange capacity and electrical conductivity, explained 26.15% of the variance and was also
selected for MDS. The third component, which correlated with silt and acidity, was similarly
included in the MDS. In total, five variables—organic carbon, cation exchange capacity, acidity,
electrical conductivity, and clay—were chosen as indicators for the MDS. Non-linear scoring
functions for each of the selected indicators were compared using a t-test, revealing significant
differences between the two land-use types. Organic carbon, clay, and cation exchange capacity
had the highest scores in pasture soils, while in agricultural soils, the highest scores were
recorded for organic carbon, acidity, electrical conductivity, clay, and cation exchange capacity.
The soil quality index for the pasture land-use (0.78) was significantly higher than that of the
agricultural land-use (0.63), indicating a better soil quality in the pasture. Based on a four-tier
quality classification, the pasture soil was categorized as high-quality soil (Grade II), while the
agricultural soil fell into the moderate-quality category (Grade I1I).

Conclusion

This study found significant differences in most soil properties between undisturbed rangeland
and agricultural soils, with five key indicators (organic carbon, clay percentage, cation exchange
capacity, pH, and electrical conductivity) affecting soil quality. Converting rangeland into
agricultural land led to a decline in soil quality, primarily due to reduced organic carbon input.
The study highlighted that organic carbon played a major role in maintaining higher soil quality
in rangelands. Seasonal vegetation removal in agricultural soils increased acidity and electrical
conductivity, further decreasing organic carbon and soil quality. Overall, MDS indicators
influence soil quality both directly and indirectly through organic carbon levels.
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Table 1- Some physical and chemical properties of the studied rangeland and
agricultural soil
: <y Epst ) S (S
Sig X . . . . :
(Agricultural soil) (Rangeland soil) (Unit) (Soil properties)
003 3.5 7.34+0.11 6.860.12 i
(Acidity)
0.02 273 0.04+0.39 0.3£0.31 m*ds é"s‘” Salia ..
(Electrical Conductivity)
004 7.99 0.52+1353 0.47+15.65 cmol. kg ol Pl 2
(Cation Exchange)
0.01 8.68 0.14+1.32 0.12+1.62 7. (Organic Carbon) Ji s
0.01 3.67 0.02+0.11 0.03+0.15 7. (Total Nitrogen) s 39,
0.04 11.47 0.1147.43 0.21+6.01 / poeels” 2y
(Calcium Carbonate)
W
0.04 5.73 2.21+33.27 1.57+41.16 / et
(Field Capacity)
0.03 243 0.04+1.16 0.07+0.87 gcm? $AlL orate o2
(Bulk Density)
Al Jlad S5 (peSilee
0.03 6.20 0.21+1.02 0.32+2.32 mm (Mean Weight Diameter of
Soil Aggregates)
0.02 1.37 0.76+22.45 23.58+1.05 / (Clay) »,
0.07 1.09 0.72+21.75 22.26+0.64 A (Silt) elews
0.03 3.73 1.76£55.65 1.85+54.08 /. (Sand) ;.
B ) 5 o ) (Texture)<at
S cods el b))
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Fig.2. Scree plot obtained for the 12 components derived using the PCA method
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Table 2- Results of principal component analysis for the characteristics affecting soil
guality in the studied land uses

pow adlgo pgo adlge Jol adlze '
Principal ) Principal ) Principal ) u”f“’"
(Variables)
(component, PC3 (component, PC2 (component, PC1
0.56 0.19 0.12 PH
-0.09 -0.53 0.22 EC
0.34 0.62 -0.11 CEC
0.12 0.36 0.72 oC
0.18 0.11 0.34 TN
-0.31 0.27 0.09 CaCOs
0.06 0.32 -0.15 SWC
0.33 0.16 0.34 BD
0.31 0.11 0.29 MWD
0.75 0.13 0.18 Clay
0.05 0.16 0.08 Silt
0.15 0.04 -0.13 Sand
2.34 4.56 9.43 (Eigenvalue) o35 lace
15.06 26.15 58.79 (Percent) wo s
Cumulative ) 5
82.12 76.25 58.79 e e
(percentage

ML)LSA MDS LS‘)" o &.)L?b." Lng)i:Lw L) Jayfo ol w).: &L@W
The highlighted variables correspond to the selected markers for MDS.
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Table 3- Correlation matrix between soil properties in the studied land uses

. B o, 555
St Clay MWD BD SWC CaCO, N OC CEC EC pH  —osbem
(Soil properties)

0.11 EC

0.13 0.43° CEC

0.58" 0.23 0.68™ OoC

0.39" 0.21 0.12 0.09 N
-0.04 0.03 -0.11 0.29 0.17 CaCO;

0.17 025 019 0.18 0.04 -0.27 SWC

0.48* 0.26 0.14 0.08 0.14 -0.16 0.08 BD
0.28  0.55° -023 0.11 015 038" 031 0.24 MWD

0.51 0.43*  0.09 0.14 0.06 0.12 0.47* 023 0.04 Clay

0.11 0.27 0.16 0.18 0.11 0.11 0.07 0.21 0.03 0.11 Silt

0.16 0.18 0.14 0.19 0.10 0.17 0.04 019 0.2 0.08 -0.06 Sand
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Fig.3. Scores assigned to the selected indicators for MDS using a nonlinear function
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SB s adla
(Soil quality index)




Y oulS g Cawd o
e I e3tsS Ol i § S CopiaS 2L oot BTl il

S 5255 Ol 1 550 Jolge (s

o a4 ol s oymieniz e, oS cuaS asls p S I oS Lol i 4 azg b
s ool U a5 Saieb sla Sy 5 SB I 05 o bl slosS ) sl
(F Jgoz)

andln 5 50 (51l 99 )0 T (ol 9 (SO0 6L (FH9 b T oo bLIHI-F Jeu
Table 4- Relationship between carbon content and soil physical and chemical
properties in the two studied land uses

W)u| b w¥olwe Sl
—(validation) (linear equation) (land use)
SEE  Ru
024 0.78 0.24 -OC=7.21+1.68 CEC + 0.93 Clay + 0.72 MWD &y
s6Bd + 0.04 (Rangeland)
021 072 0C =1.21 - 0.48EC - 0.13 pH b

(Agricultural land)
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