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Abstract

To further identify the main controlling factors of soil carbon emissions from five
natural desert shrublands in the western Ordos Plateau region, estimate shrub-
land soil carbon emissions, and elucidate the carbon emission characteristics of
different shrubland soils, five typical desert shrub forests were selected as study
objects. Soil respiration rates, soil temperature and moisture, and carbon emis-
sions of the five shrublands were measured using the soil carbon flux ACE (auto-
mated soil CO exchange station) monitoring system. The results showed that:
(1) The diurnal dynamics of soil carbon emission rates from the five shrublands
generally exhibited an asymmetric bell-shaped unimodal curve pattern, with
peaks occurring between 11:30 and 13:30. The soil carbon emission rates during
the growing season were significantly higher than those during the non-growing
season for all five shrublands, with Helianthemum songaricum shrubland being
0.76-1.67 times higher than the other shrublands. The annual average carbon
emissions from soils were 8090.63 kg - hm 2-a ! for Ammopiptanthus mongolicus
shrubland, 7868.16 kg +hm 2-a ! for Tetraena mongolica shrubland, 7287.40 kg -
hm 2-a! for Zygophyllum xanthoxylum shrubland, 8375.69 kg-hm 2-a! for
Helianthemum songaricum shrubland, and 7618.47 kg - hm 2+ a ! for Reaumuria
soongarica shrubland; (2) Under three future climate scenarios (low emission
scenario B1, medium emission scenario A1B, and high emission scenario A2),
soil carbon emissions from the five shrublands would be up to 8.30% higher than
the baseline scenario, with Zygophyllum xanthoxylum shrubland showing the
most pronounced changes. The responses of soil carbon emissions from different
shrubland types to temperature variations differed, but the differences were not
significant. This study can provide a data foundation and reference basis for
carbon balance estimation in arid and semi-arid regions of northwestern China
under global environmental change.
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Abstract

For more accurate estimation of soil carbon emissions from five desert shrub
forests and a clearer understanding of their impacting factors in the West Or-
dos Plateau, soil CO emissions and the main environmental factors of five desert
shrub forests were studied using an Automated Soil CO Exchange Station. The
results showed that the daily variation of soil carbon emission rate displayed a
single-peak curve, with the maximum rate occurring between 11:30 and 13:30.
The monthly soil carbon emission rate during the growing season (May to July)
was much higher than that in the non-growing season (October). Helianthe-
mum songaricum exhibited the highest emissions, with the maximum rate in
the growing season being 0.76-1.67 times higher than the minimum in the non-
growing season. The annual average soil carbon emission rates were 8 090.63 kg -
hm 2-a ! for Ammopiptanthus mongolicus, 7287.40kg - hm 2 - a ! for Zygophyl-
lum xanthorylum, 7868.16kg - hm ?-a ! for Tetraena mongolica, 8375.69kg -
hm 2-a! for Helianthemum songaricum, and 7618.47kg-hm 2-a?! for Reau-
muria songarica. Under three future climate scenarios (low-emission scenario
B1, intermediate-emission scenario A1B, and high-emission scenario A2), soil
carbon emissions from the five desert shrub forests are expected to increase by
8.30% compared to the baseline scenario, with Zygophyllum zanthozylum being
the most temperature-sensitive. While differences existed in the response of soil
carbon emissions to temperature change across different shrub forests, these
differences were not statistically significant. This research provides basic data
and references for carbon balance estimation in arid and semi-arid regions of
northwest China under global environmental change.
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1. Introduction

Soil respiration is a critical component of terrestrial ecosystem carbon cycling
and a major pathway for soil carbon loss. Previous studies have investigated
soil respiration in various ecosystems, including grasslands [9-10], forests [11],
and agricultural systems [12]. However, research on soil carbon emissions from
desert shrub ecosystems remains limited, particularly regarding the response of
different shrub species to environmental changes. The West Ordos Plateau rep-
resents a typical arid region where desert shrubs play a vital role in maintaining
ecological stability. Understanding the patterns and drivers of soil carbon emis-
sions in these ecosystems is essential for accurately assessing regional carbon
budgets and predicting responses to climate change.

2. Materials and Methods

2.1 Study Area The study was conducted in the West Ordos Plateau region
(approximately 106°44 E). The area is characterized by an arid climate with
sparse vegetation cover dominated by five desert shrub species: Ammopiptan-
thus mongolicus, Zygophyllum xanthoxylum, Tetraena mongolica, Helianthemum
songaricum, and Reaumuria songarica.

2.2 Experimental Design and Measurements Soil CO fluxes were mea-
sured using an Automated Soil CO Exchange Station. Measurements were
taken during both the growing season (May-July) and non-growing season (Oc-
tober). Soil respiration rates were monitored continuously with a temporal
resolution of 30 minutes. Soil temperature and moisture were measured concur-
rently at a depth of 5 cm.

2.3 Data Analysis Statistical analyses were performed using SPSS 17.0 and
SAS 9.0 software. One-way ANOVA was used to test for significant differences
in soil carbon emissions among different shrub types and across seasons. Signif-
icance was determined at p < 0.05.

3. Results

3.1 Daily Variation in Soil Carbon Emissions The daily variation in soil
carbon emission rates exhibited a distinct single-peak curve for all five shrub
species, with maximum emissions occurring between 11:30 and 13:30. This pat-
tern aligns with diurnal temperature fluctuations, indicating strong temperature
dependence of soil microbial activity and root respiration.

3.2 Seasonal Variation in Soil Carbon Emissions Monthly soil carbon
emission rates during the growing season (May-July) were substantially higher
than those in the non-growing season (October). Helianthemum songaricum
showed the highest seasonal amplitude, with growing-season maxima 0.76-1.67
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times greater than non-growing-season minima. The pronounced seasonal differ-
ence reflects the combined effects of temperature, moisture, and plant phenology
on soil respiration processes.

3.3 Annual Soil Carbon Emission Rates The annual average soil carbon
emission rates varied among shrub species: - Ammopiptanthus mongolicus:
8090.63kg-hm2-al - Zygophyllum zanthoxylum: 7287.40kg-hm?2-a?
- Tetraena mongolica: T7868.16kg-hm2-a! - Helianthemum songaricum:
8375.69kg - hm 2 - a ! - Reaumuria songarica: 7618.47kg+-hm2-a!

3.4 Future Climate Scenario Projections Under three IPCC climate sce-
narios (B1, A1B, and A2), soil carbon emissions from the five desert shrub
forests are projected to increase by 8.30% on average compared to baseline
conditions. Zygophyllum zanthoxylum demonstrated the highest temperature
sensitivity, with emission increases of 8.03%, 8.20%, and 8.30% under B1, A1B,
and A2 scenarios, respectively. Other species showed similar but slightly lower
responses: Ammopiptanthus mongolicus (6.66%, 6.72%, 6.77%), Tetraena mon-
golica (6.61%, 6.74%, 6.81%), Helianthemum songaricum (5.86%, 5.93%, 5.98%),
and Reaumuria songarica (5.84%, 5.99%, 6.07%). Although interspecific differ-
ences in temperature response were observed, they were not statistically signif-
icant.

4. Discussion

The observed daily and seasonal patterns of soil carbon emissions are consistent
with previous studies in arid ecosystems [30, 32]. The temperature sensitivity of
soil respiration in desert shrub ecosystems has important implications for carbon
cycling under global warming. The projected 8.30% increase in emissions under
future climate scenarios suggests that these ecosystems may become net carbon
sources, particularly if warming exceeds 2°C. However, the lack of significant
differences among shrub species indicates that community composition may be
less important than environmental factors in controlling soil carbon fluxes at the
regional scale. These findings provide essential baseline data for regional carbon
balance models and highlight the need for long-term monitoring to validate
climate change projections.

5. Conclusion

This study quantified soil carbon emissions from five dominant desert shrubs in
the West Ordos Plateau and assessed their responses to future climate scenarios.
The results demonstrate significant temporal variation and moderate tempera-
ture sensitivity, providing a scientific basis for carbon budget estimation in arid
and semi-arid regions of northwest China under global environmental change.
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