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Effects of precipitation changes on the soil organic carbon distribution and stability

of organic carbon pool in desert steppe
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Abstract: The aims of this work were to investigate the regulatory mechanisms of soil organic carbon (SOC)
dynamics in a desert steppe ecosystem, and to determine how they are affected by changes in precipitation. This is
critical for advancing our understanding of carbon (C) cycling processes and stabilization mechanisms in vulnerable
arid environments. A field experiment was conducted in the desert steppe in Yanchi County, Ningxia. A gradient of
five precipitation levels was simulated by rain shelter technology; namely 33%, 66%, 100%, 133%, and 166% of
normal rainfall (designated as Py, Py, Pk, Py, and Py, respectively). The distribution pattern of SOC and the
stability of the C pool under different precipitation changes in the desert steppe were analyzed, and the mechanisms

by which changes in precipitation affected the stability of the soil C pool were explored. The results showed that: 1)
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Under all precipitation treatments, the contents of SOC, soil dissolved organic C (DOC) , and soil microbial
biomass C (MBC) decreased with increasing soil depth, and all these parameters had the highest values in the
surface layer (0—10 ¢cm). In the same soil layer, water addition significantly increased SOC, the easily oxidized soil
organic C (EOC) content, and MBC content, while the DOC content increased significantly under reduced
precipitation treatments. 2) The stability index of the soil C pool showed that increased precipitation treatments
significantly increased the carbon pool activity (CA) and carbon pool management index (CPMI). The CPMI of the
Py, treatment reached 192. 49% , indicating that a moderate increase in precipitation could enhance the stability of the
C pool. 3) Pearson’s correlation analysis and structural equation modeling (SEM) showed that precipitation affected
the active SOC components through soil moisture and soil enzyme activity, which in turn affected CPMI; the effect
of DOC on CPMI was the main pathway. Therefore, increased precipitation can effectively enhance the active SOC
components and CPMI of soil in the desert steppe. Notably, active SOC was highly sensitive to variations in
precipitation, so it can serve as an indicator of the effect of changes in precipitation on the stability of the soil C pool
in the desert steppe.
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Fig. 1 Profile of the study area
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Fig.2 Temporal variations of soil temperature and soil moisture under the change of precipitation
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Fig.3 The content of organic carbon and its components in each soil layer under the change of precipitation
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differences at the 0.05 level among different soil layers of the same treatment. The same below.
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1. 36, o e RAE H BUAE P A BE R, 43 482 Py Py P S P A PR 85 54. 55% .36. 00% .63. 86 % .88.89% .
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Table 2 Soil carbon pool management index under the change of precipitation

pig:it - R I Tk A2 3% 8 45 KX T B 48 K Tk A 4 LA KL
Treatment Carbon pool activity (CA)  Carbon pool activity index (CAI) ~ Carbon pool index (CPI) ~ Carbon pool management index (CPMI, %)
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Pex 0.54+0. 24b 1.0040. 00bc 1.0040. 00ab 100. 00£0. 00b
Pl 2.1942. 052 2.8842.32a 0.880. 33ab 192. 49--96. 53a
Pss 0.93+0. 58b 2.054+1.99ab 1.3640. 74a 190. 074157. 09a
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Fig.4 Changes in soil enzyme activity with each soil layer under the change of precipitation change
BG: B-1, 4- 7 %i ¥ 17 B B-1, 4-glucosidase; CBH: £F 4 — i /K fi B Cellobiose hydrolase; NAG: B-1, 4-N-Z, i & % % %5 W 17 B g-1, 4-N-
acetylglucosaminidase; AKP: 78 1k %5 2 i Alkaline phosphatase. F [f] The same below.
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Fig. 5 Correlation analysis between soil physical and chemical properties, soil enzymes, soil organic carbon components and soil
carbon pool stability

CA: BRJE 1% [ Carbon pool activity; CAT: % J7 7if & 5 %L Carbon pool activity index; CPMI: ## %45 B 45 %4 Carbon pool management index; SOC: +
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# ik Microbial biomass carbon; M: 7K 73 Soil moisture; T: 33 B Soil temperature; TP: 4 Total phosphorus; TN: 4% Total nitrogen. *:

P<C0.05; **: P<C0.01, F[d] The same below.
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Fig. 6 The structural equation model analysis (SEM) and standardized total effect for the effects of precipitation change on the
carbon pool management index
Precipitation: F#7K #45 £ Precipitation change; Enzyme: 4 + 8§ 1% P Activity of four kinds soil enzymes (BG, CBH, NAG, AKP); CPMI: iK%
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positive and negative pathways, respectively. The thickness of the line reflects the extent of the effect. ***. P<C0.001.
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