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Extended Abstract

Introduction

The Iranian plateau, especially in arid and semi-arid regions, has sensitive and fragile conditions due to its specific
climatic characteristics. In these regions, soil erosion and desertification are among the most important factors that
severely threaten water and soil resources. In such conditions, the restoration of degraded rangelands through
revegetation with compatible species such as Haloxylon spp. can play an effective role in reducing soil erosion,
improving soil quality, and increasing carbon and nitrogen stocks. Due to its high resistance to drought and salinity,
this species is one of the key options for stabilizing mobile sands and restoring desert ecosystems in Iran. In
addition to its ecological role, the establishment of Haloxylon not only helps increase soil organic carbon content
and reduce atmospheric carbon dioxide but also can strengthen the livelihoods of local communities by improving
soil conditions and providing economic opportunities. However, the dynamics of carbon and nitrogen stocks over
time and with increasing plantation age are still not fully understood and require careful scientific investigation.
Therefore, the present study aimed to investigate the effect of Haloxylon plantation age on soil carbon and nitrogen
stocks in arid regions, to provide a basis for the optimal management of dryland restoration and the development
of carbon sequestration schemes by explaining the relationships between soil properties and vegetation age.

Materials and Methods

This study aimed to evaluate the effect of Haloxylon plantation age on soil carbon and nitrogen stocks in drylands,
in three areas located in the Merak area of Birjand County (South Khorasan Province). The study areas included
two Haloxylon plantations with ages of 34 and 26 years and a control area without Haloxylon cultivation, which
was located about 10 km northeast of Birjand City. The altitude of the area varies between 1610 and 1810 meters
above sea level, and its climate is arid desert. Sampling operations were carried out in June 2024 using a systematic
random method. In each area, six replicates were collected from three soil depths (0—15, 15-30, and 30—45 cm),
and a total of 54 soil samples were used for physical and chemical analyses. Physicochemical properties, including
pH, electrical conductivity, porosity, bulk density, organic carbon, and total nitrogen, were measured, and soil
carbon and nitrogen stocks were also determined. After checking for normality and homogeneity of variances, the
resulting data were analyzed using a factorial design and one-way analysis of variance (ANOVA) in SPSS
software. In addition, the relationships between variables were examined using Pearson's correlation coefficient in
R software.

Results and Discussion

The results of the analysis of variance showed that the effects of both area (plantation age) and soil depth on
physicochemical properties, including pH, electrical conductivity, bulk density, organic carbon, and total nitrogen,
were statistically significant (p<0.01). Comparison of means showed that with increasing age of the Haloxylon
plantation, pH decreased slightly, and electrical conductivity was higher in the 26-year-old site. The decrease in
bulk density and increase in soil porosity indicated improved soil structure and greater activity of roots and soil
organisms. One-way analysis of variance of carbon and nitrogen stocks at each depth showed that these variables
were significantly higher in the 34- and 26-year-old Haloxylon plantation sites than in the control area. The age of
Haloxylon planting had a significant effect on soil carbon and nitrogen accumulation, and this effect varied by soil
depth. In the 0—15 cm layer, the highest carbon stocks were observed in the 26-year-old site (4.46 t ha™), while in
the 15-30 and 3045 cm layers, the 34-year-old site exhibited the highest stocks (5.78 and 3.35 tha™!, respectively),
indicating the role of vegetation growth stage and microbial activity in organic matter accumulation and
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stabilization, and highlighting the importance of long-term management and drought-resistant species in enhancing
soil nutrient storage capacity. Principal component analysis (PCA) and correlation coefficients also showed that
organic carbon, total nitrogen, and nutrient stocks are co-directional and correlated with each other, while bulk
density has an inverse relationship. These findings emphasize that over time, Haloxylon cultivation improves the
physical and chemical quality of the soil and increases the nutrient storage capacity and environmental
sustainability of the soil in the drylands of the Merak region of Birjand County.

Conclusion

The findings of this study indicate that the age of Haloxylon plantation plays a decisive role in improving soil
quality and increasing carbon and nitrogen stocks in the drylands of Birjand County. Over time, the gradual
accumulation of carbon and nitrogen in the surface and subsurface soil layers increased, and bulk density
decreased, indicating improved soil structure, increased porosity, and higher activity of roots and soil
microorganisms. Principal component analysis and correlation coefficients confirmed that increased soil organic
matter is the main driver of the simultaneous increase in carbon and nitrogen stocks, and that the surface layers
show the greatest sensitivity to management changes. These results indicate that long-term Haloxylon plantation
can enhance soil ecological processes, including carbon and nitrogen cycling, and increase the environmental
sustainability of drylands. From a management perspective, the results of the study indicate selecting appropriate
areas for Haloxylon plantation and continuously monitoring the age of vegetation cover can help increase soil
fertility and improve nutrient storage capacity. Therefore, Haloxylon plantation is not only a soil restoration
strategy, but with proper management, it plays an important role in the sustainable development of drylands.
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Source Dependent Variable df Mean Square F
area pH 2 0.07 4525™
EC 2 0.82 816.8"
Porosity 2 300.0 144.6™
Bulk Density 2 0.13 239.7*
ocC 2 0.07 474.1*
TN 2 0.003 330.7*
depth pH 2 0.029 18.2*
EC 2 0.026 26.04™
Porosity 2 289.9 139.7*"
Bulk Density 2 0.011 19.7
ocC 2 0.021 143.8™
TN 2 0.001 98.3"
area* depth pH 4 0.02 16.86™
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**_indicate significance at the 1% probability levels.
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Table 2. Comparison of the mean interaction effects of site and soil depth on the studied parameters
Site depth pH EC (dSm™")  Porosity (%)  Bulk Density (gcm™) OC (%) TN (%)

Control area  0-15  8.074£0.04%¢  1.7240.02¢f 32+1.0¢ 1.24+0.01° 0.1240.0¢  0.013+0.0¢
15-30  8.04+0.06*  1.68+0.02f 27.3£2.0¢ 1.26+0.02° 0.10£0.0%  0.01040.0¢

30-45  8.12+0.03? 1.66+0.04" 22.6x1.5f 1.28+0.01° 0.09+0.01¢  0.010£0.0¢

26-year 0-15 8.0£0.02° 2.35£0.032 4140.5° 1.07+0.04¢ 0.2740.01°>  0.04610.0°
15-30  8.10+0.02%  2.2340.03° 38+1.0° 1.11£0.02° 0.20£0.01¢  0.024+£0.0°

30-45  8.04+0.01%  2.1740.04° 30.6+1.5¢ 1.15£0.01° 0.1240.01¢  0.01340.0¢

34-year 0-15 7.8310.02¢  1.8340.03¢ 45+1.1° 0.96+0.01¢ 0.2740.01°>  0.047+0.0b
15-30  7.89+0.05¢  1.754+0.03¢ 37.6%1.5¢ 1.02+0.02¢ 0.37+£0.01*  0.064+0.0*

30-45 8.0+0.04° 1.7540.02¢ 3141.7¢ 1.06+0.01¢ 0.21+0.02¢  0.029+0.0°

Different letters in each row indicate a significant difference (p<0.05).
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Table 3. Analysis of variance of soil carbon and nitrogen stocks at the 0—15 cm depth among the study sites

Soil Properties df Mean Square F
CcP Between Groups 2 3.50 4637
Within Groups 15 0.07
NP Between Groups 2 0.21 103.66™
Within Groups 15 0.00

**_indicate significance at the 1% probability levels.
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Table 4. Comparison of mean soil carbon and nitrogen stocks at the 0—15 cm depth among the study areas

Soil Properties Study areas
Control area 26-year 34-year
CP (tha™) 2.37£0.09¢ 4.46+0.4* 3.9140.1°
NP (tha™) 0.2540.02° 0.7440.01* 0.69£0.07*

Different letters in each row indicate a significant difference (p<0.05).
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Table 5. Analysis of variance for soil carbon and nitrogen stocks at the 15-30 cm depth among the study sites

Soil Properties df Mean Square F
CP Between Groups 2 10.69 167.6™
Within Groups 15 0.06
NP Between Groups 2 0.50 594.9™
Within Groups 15 0.00

**_indicate significance at the 1% probability levels.
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Table 6. Comparison of mean soil carbon and nitrogen stocks at the 15-30 cm depth among the study sites

Study areas

Soil Properties Control area 26-year 34-year
CP (tha™) 2.0410.1¢ 3.46+0.2° 5.78+0.32
NP (tha™) 0.1940.02¢ 0.40+0.04° 0.98+0.01*

Different letters in each row indicate a significant difference (p<0.05).
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Table 7. Analysis of variance of soil carbon and nitrogen stocks at the 30—45 cm depth among the study sites

Soil Properties df Mean Square F
CP Between Groups 2 1.97 41.88™
Within Groups 15 0.04
NP Between Groups 2 0.06 28.92"
Within Groups 15 0.00

**_indicate significance at the 1% probability levels.
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Table 8. Comparison of mean soil carbon and nitrogen stocks at the 30—45 cm depth among the study sites

Study areas

Soil Properties

Control area 26-year 34-year
CP (tha™) 1. 78+0.08° 2.19+0.2° 3.35+0.22
NP (tha™) 0.19+0.02° 0.23+0.06° 0.46+0.04*

Different letters in each row indicate a significant difference (p<0.05).
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Table 9. Results of principal component analysis on soil properties

Axis Eigen Value

Percent of Variance

1
2

70.15
13.10

PCA - Biplot

;
Dim1 (86.9%)
(PCA) (Lo! Sl aifgn 4 4 1285 10 &L (Sl puiio i [ —F S

Figure 2. Distribution of soil variables in the principal component analysis (PCA)
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Figure 3. Heatmap of Pearson correlations among the studied characteristics (depth: depth, pH: acidity,

EC: electrical conductivity, N: porosity, BD: bulk density, OC: organic carbon, TN: total nitrogen, CP:
carbon storage, NP: nitrogen storage)
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