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Article Info ABSTRACT

Article type: Research Article Carbon sequestration is one of the ways to reduce the amount of carbon dioxide in the

atmosphere and thereby reduce the negative consequences of climate change. In this research,
the initial evaluation of the amount of carbon reserves in Halocnemum strobilaceum habitat in
Mighan Arak desert and determining the validity of Rothamsted Carbon Model (RothC) as
Received: Oct. 25, 2024 well as investigating future two climate scenarios (Absence and onset of climate change) in

. estimating the changes in soil organic carbon stock were done. Sampling was done in the form
Revised: Feb. 21, 2025 of random-systematic design using 48 points in the topsoil. To evaluate the efficiency of the
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Accepted: May. 19, 2025 model, the coefficient of explanation (R2), correlation coefficient (r), root mean square error
. . (RMSE) and also the efficiency index of the model implementation (PE) were used. The results
Published online: Aug. 2025 showed that the highest and lowest amount of soil organic carbon in the habitats of this plant

for each of the above scenarios, respectively, with the values of 19/1687, 20/0824, 20/0802
corresponding to the habitat of this plant in the west of Migan desert and 9/7525, 10/2211,
10/22 tons per hectare in the south of Meyqan desert. Also, the results showed the reduction
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Climate Change, material, microbial biomass, and soil humus organic matter equivalent to 14/167, 16/421,
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RothC Model, of climate change. Considering the fragile state of the Migan desert ecosystem and other playas
Halocnemum Strobilaceum. of Iran, if the economic value (the economic value of each ton of carbon is at least 50 US

dollars) and the environmental value of carbon deposition (reducing the effects of global
warming, etc.) add to the sum of the benefits and services of these ecosystems is done, the
need to protect these ecosystems becomes more obvious.

Cite this article: Akbari Bezcheloi, M., Attaeian, B., & Azad, B. (2025) Predicting Soil Organic Carbon as Affected by Climate
Change Scenarios in the Natural Habitat of Halocnemum strobilaceum, Iranian Journal of Soil and Water Research,
56 (6), 1437-1457. https://doi.org/10.22059/ijswr.2025.384239.669818

© The Author(s). Publisher: The University of Tehran Press.
DOI: https://doi.org/10.22059/ijswr.2025.384239.669818 BY _NC



mailto:makbari404@gmail.com
mailto:attaeian94@gmail.com
mailto:bijanazad@ut.ac.ir
https://doi.org/10.22059/ijswr.2025.384239.669818
https://doi.org/10.22059/ijswr.2025.384239.669818
file:///C:/Users/UTOB-PC/Desktop/0009-0006-5171-8575
file:///C:/Users/UTOB-PC/Desktop/0000-0001-6176-7756
file:///C:/Users/UTOB-PC/Desktop/0000-0002-9206-8904
https://creativecommons.org/licenses/by-nc/4.0/

Iranian Journal of Soil and Water Research, Vol 56 (6) 1438

EXTENDED ABSTRACT

Introduction

Atmospheric CO: mitigation through soil carbon sequestration is an essential strategy for combating
climate change, particularly in arid and semi-arid ecosystems where organic inputs are limited. Halocnemum
strobilaceum, a salt-tolerant halophyte dominating the edges of the Mighan Desert playa (Arak, Iran), may
contribute substantially to below-ground carbon storage under saline, water-scarce conditions. This study
provides a preliminary quantification of soil organic carbon (SOC) beneath H. strobilaceum, evaluates the
Rothamsted Carbon Model (RothC-26.3) for this environment, and projects SOC dynamics under two
contrasting climate scenarios through 2050. By validating RothC in this context, we aim to establish a robust
framework for long-term desert ecosystem carbon monitoring.

Materials and Methods

Field sampling was carried out in summer 2023 using a random-systematic design across four distinct H.
strobilaceum stands (north, south, east, west) on the Mighan playa. At each of 48 sampling points, topsoil (0—
25 cm) cores were collected, bulk density recorded in situ, and samples analyzed for texture (hydrometer), pH
and electrical conductivity (1:2.5 soil:water), and organic C via Walkley—Black titration. SOC stocks (t ha™)
were computed from percent C, bulk density, and sampling depth.

The RothC-26.3 model was forced with monthly climate inputs (2005-2022: mean temperature,
precipitation, potential evapotranspiration) and estimated plant-residue inputs based on local biomass data.
Two future scenarios were defined for 2023-2050:

No-change: continuation of long-term mean climate.

Climate-change: —10.4 % precipitation and +17.7 % temperature relative to baseline (per Koocheki et al.,
2007 projections).

Model calibration in inverse mode employed December 2012 SOC observations (n=24). Performance
metrics included coefficient of determination (R?), Pearson’s correlation (), root-mean-square error (RMSE),
and model efficiency index (PE). Measured versus simulated SOC time series were compared using Excel and
SPSS v21.0.

Results and Discussion

RothC exhibited excellent agreement with field observations: R?=0.99, r=0.98, RMSE=0.32tha™",
PE =0.99, indicating negligible bias and high predictive reliability. Baseline (Dec 2023) SOC stocks ranged
from 9.8 tha™! in the south stand to 20.1tha™ in the west. Under the no-change scenario, SOC increased
modestly by 1.8-2.3 % across all sites by 2050, reflecting steady carbon inputs. Conversely, the climate-change
scenario projected SOC declines of 4.6-5.6 %, with the greatest loss in the northern stand (-5.6 %) and the
smallest in the eastern stand (—4.6 %) by Dec 2050. Model outputs also forecast a 7-9 % increase in cumulative
soil CO: efflux under warming and drying, amplifying carbon losses. These divergent trajectories underscore
the sensitivity of desert SOC pools to altered precipitation and temperature regimes.

Conclusion

Our findings demonstrate that the RothC-26.3 model is robust for simulating SOC in saline, semi-arid
soils and can reliably predict future carbon dynamics under climate change. Projected warming and reduced
rainfall may drive a 4-6 % SOC loss and elevated CO: emissions by mid-century beneath H. strobilaceum. To
safeguard this ecosystem service, adaptive management—such as controlled grazing, maintenance of shallow
water tables, and halophyte stand conservation—is recommended. Future work should involve the
establishment of long-term monitoring stations and experimental plots to refine residue input estimates,
validate model projections, and assess the efficacy of management interventions in stabilizing desert SOC
stocks.
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