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Soil carbon sequestration has become increasingly important as one of the most 

effective strategies for reducing greenhouse gas emissions and mitigating climate 

change. This study aimed to investigate the effects of livestock grazing intensity on 

soil carbon and nitrogen storage in the Sarsaru rangelands of Khash County, which 

are characterized by arid and unique ecological conditions. Soil samples were 

collected under three treatments: no grazing, light grazing, and heavy grazing, at 

three depths (0–30, 30–60, and 60–90 cm). The measured parameters included pH, 

electrical conductivity, bulk density, organic carbon, total nitrogen, carbon storage, 

and nitrogen storage. The results indicated that carbon and nitrogen storage in the 

ungrazed area were significantly higher than in areas under light and heavy grazing. 

Specifically, in the 0–30 cm layer, carbon storage was 11.35, 8.73, and 5.34 t/ha, and 

nitrogen storage was 1.87, 1.69, and 1.01 t/ha under no, light, and heavy grazing, 

respectively. Heavy grazing caused the greatest reduction in carbon and nitrogen 

stocks at all depths, whereas light grazing had a lesser effect. Additionally, bulk 

density increased with depth in all sites (from 1.39 to 1.62 g/cm³), and electrical 

conductivity increased significantly in deeper layers, particularly under heavy 

grazing. These changes reflect the impact of livestock grazing on soil structure and 

quality, potentially reducing microbial activity and carbon and nitrogen fixation 

processes. Therefore, optimal management of grazing intensity is essential to 

maintain soil carbon and nitrogen stocks, enhance fertility, and ensure the stability of 

rangeland ecosystems in drylands. The findings highlight the importance of reducing 

grazing pressure and preserving vegetation cover to prevent soil degradation and 

control erosion. Such practices improve soil biological function and increase the 

resilience of rangelands to climatic stress. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Given the increasing importance of carbon sequestration as an effective solution for reducing 
greenhouse gases and the direct role of grazing management in soil carbon and vegetation function, it 
is essential to investigate the effect of livestock grazing intensity on carbon and nitrogen sequestration 
in rangelands of arid regions, including Khash County, which has unique ecological conditions. In 
addition to affecting nutrient storage, livestock grazing intensity can lead to structural changes in 
vegetation and soil, potentially causing environmental hazards such as soil erosion, biodiversity loss, 
and ecosystem degradation. This study aims to better understand the ecological and management 
mechanisms associated with livestock grazing and assess the risks and consequences of changes in 
grazing intensity, in order to provide effective solutions for maintaining and increasing carbon and 
nitrogen storage in rangelands while promoting the sustainability of natural resources. 

 

DATA AND METHODOLOGY  

In order to investigate the effect of livestock grazing intensity on soil carbon and nitrogen storage, 
sampling was conducted in three areas, including ungrazed, light grazing, and heavy grazing. Samples 
were collected in June 2023 using a random systematic approach. At each site, six 100-meter transects 
were established with intervals of about 50 meters—three transects parallel to the slope direction and 
three transects perpendicular to it. Along each transect, 10 two-meter plots were sampled with an 
interval of 10 meters. Soil was collected from three depths of 0 to 30, 30 to 60, and 60 to 90 cm, and 
composite samples were prepared for each depth and area. In total, 54 soil samples were transferred to 
the laboratory, and their physical and chemical properties, including texture, acidity, electrical 
conductivity, bulk density, organic carbon, and total nitrogen, were measured. After confirming the 
normality of the data and homogeneity of variance, one-way analysis of variance and Duncan's 
multiple range test were used at a significance level of 5% to compare the means. 

 

RESULTS AND DISCUSSION 

The analysis of variance revealed that livestock grazing intensity significantly affected soil physical 
and chemical properties. In the ungrazed area, surface layer carbon storage (0–30 cm) measured 11.35 
t/ha with nitrogen at 1.87 t/ha, decreasing to 6.05 and 0.87 t/ha, respectively, at the 60–90 cm depth. 
Under light grazing, carbon storage declined from 7.38 to 9.02 t/ha (surface to deeper layers) while 
nitrogen decreased from 1.69 to 0.81 t/ha. The peak carbon storage (6.08 t/ha) in the heavy grazing 
site was observed in the middle layer (30–60 cm), with surface nitrogen storage at 1.01 t/ha decreasing 
to 0.56 t/ha at 60–90 cm. Bulk density increased with depth (1.39–1.62 g/cm³) in all sites, while 
electrical conductivity was high at depths of 60 to 90 cm, particularly under heavy grazing. 

These findings demonstrate that reduced grazing intensity enhances soil carbon and nitrogen retention, 
whereas heavy grazing drastically depletes both. The vertical stratification pattern—higher surface 
concentrations gradually decreasing with depth—underscores the critical role of grazing management 
in soil health. Researchers have reported that the absence of grazing in rangelands has positive effects 
on carbon sequestration and have confirmed this trend (Gao et al., 2007; Wang et al., 2025; Zhou et 
al., 2024). These findings highlight that optimal grazing management is essential for preserving soil 
reserves and sustaining the productivity of rangeland ecosystems (Chen et al., 2022). 

 

CONCLUSION  

The present findings indicate that livestock grazing intensity plays a decisive role in changes in soil 
organic carbon and total nitrogen storage across the soil layers of the Sarsaro rangelands in Khash 
county. Reducing grazing intensity, especially through grazing removal, leads to increased soil organic 



���  ��� � 	�
� �
�� ����� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

matter accumulation and nitrogen storage in both surface (0-30 cm) and subsurface (30-90 cm) layers, 
which can lead to improved microbial activity, increased carbon and nitrogen fixation, and improved 
soil fertility. Conversely, the destruction of vegetation cover due to heavy grazing led to a reduction of 
organic matter input and intensified erosion, significantly reducing soil carbon and nitrogen storage at 
all depths. The increase in soil bulk density caused by heavy grazing confirms high soil density and 
reduced pore space, which in turn limits water permeability, soil ventilation, and microbial activity, 
affecting biogeochemical processes of nutrient fixation. This degradation process reduces the soil's 
potential for carbon dioxide absorption and weakens the function of soil carbon storage, which can 
accelerate greenhouse gas emissions and exacerbate climate change. Similarly, reducing soil nitrogen 
storage has consequences such as reduced fertility, reduced biodiversity, and weakened rangeland 
ecosystem stability. These results are consistent with previous studies that have reported the 
destructive effects of overgrazing on the physical, chemical, and soil biological properties (Wang et 
al., 2024) and the reduction of the carbon storage capacity of rangeland ecosystems (Moameri et al., 
2024). Accordingly, implementing careful and optimal management of livestock grazing with the aim 
of reducing grazing pressure, maintaining vegetation cover, and preventing soil compaction is of vital 
importance for maintaining soil quality and reducing environmental risks. These approaches help 
improve the health of rangeland ecosystems and increase their resilience to climate pressures. 
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نسخه  نیا دیارجاع دقت کن ی. لطفا براباشد یم یینها از چاپنسخه موقت و قبل  نیا

 و شماره است. خیبدون تار

 

  
 منطقه تحت چرای شدید :۴شکل  منطقه تحت چرای سبک :3شکل 

 های خاک برای هر منطقه )بدون چرا، چرای سبک و چرای شدید(، منظـور تعیـین ویژگی برداری خاک به برای نمونه

 60و  60تا  ۳0، ۳0ها، با حفر پروفیل از عمق صفر تا  از کنار زدن لاشبرگ بعداز ابتدا، وسط و انتهای هر ترانسکت 

سانتیمتر نمونه خاک برداشت شد. سپس سه نمونه برداشت شده از هر ترانسکت )شش ترانسکت و در نهایت  ۹0تا

  نمونه 54تعداد نمونه مرکب تهیه شد. در مجموع  برای هر منطقه و عمق مشخص( با هم مخلوط و یک شش نمونه 

های خاک شامل بافت با استفاده از  مشخصهبه آزمایشگاه انتقال یافت. های مورد نظر ویژگی گیری خاک جهت اندازه

متر، هدایت الکتریکی با عصاره گل اشباع و  pHاسیدیته خاک به روش عصاره گیری اشباع و هیدرومتری بایکاس، 

Ec  ،جمتر( رم مخصوص ظاهری به روش کلوخهShahbazi et al., 2024 ،)ترتیب با روش  و نیتروژن به کربن آلی

پس از محاسبه  ( اندازه گیری شدند.Kamali et al., 2022اکسیداسیون دی کرومات والکی و بلاک و روش کجلدال )

( محاسبه MacDicken, 1997ش )کربن آلی و نیتروژن خاک، میزان ترسیب کربن و نیتروژن در خاک بر اساس رو

 شد.

 ها و تحلیل داده تجزیه 

ها با  و همگنی واریانس Kolmogrove- Smirnovها با آزمون  ، نرمال بودن دادهآزمایشگاهیپس از انجام مطالعات 

و تجزیه واریانس  SPSSهای حاصل با استفاده از نرم افزار  مورد ارزیابی قرار گرفت. سپس داده Leveneآزمون 

ای دانکن در سطح احتمال پنج درصد  ها با آزمون چند دامنه مقایسه میانگین ( تحلیل شدند.ANOVAیکطرفه )

 انجام گرفت.

 

 و بحث جینتا

 های خاک در منطقه بدون چرا ویژگی

گیری شده خاک در  دهد که تمامی خصوصیات اندازه نشان میبین سه عمق مورد مطالعه نتایج تجزیه واریانس 

کل، جرم مخصوص ظاهری، ذخیره کربن و  نیتروژناسیدیته، هدایت الکتریکی، کربن آلی،  از جملهمنطقه بدون چرا 

 (.1)جدول  های مورد بررسی داشتند های معناداری بین گروه ذخیره نیتروژن، تفاوت
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