34k BT oW % 2026 4 7 A
Vol.34 No. 7 ACTA AGRESTIA SINICA Jul. 2026

doi: 10. 11733/j. issn. 1007-0435. 2026. 07. 001

SIRMER T, B2, oo, 45 . &0 IR Ak ok - JERROE B | B AR 4 D) R AR R B AR A s e (0], b2 4T, 2026, 34(7)
2341—2354
DING Cheng-xiang, LI Xing-fu, SU De-rong, et al. Effects of Grassland Degradation on Soil Carbon Cycle, Micro-
bial Functional Genes and Metabolism[J]. Acta Agrestia Sinica,2026,34 (7) :2341—2354

B iR L X T AR IE A R Th sE B E
B K15 B =2 M

TR, 3487, FER, 2 &Y
(1. FifE R, H 76T 8100165 2. [ MOl A& J5 sy 7=k & JE RLRI B, db 5T 1000105
3. b MOk K2, dEsT 1000835 4. H E FAEE B2 658 B, db i 100012)

TEE 2R T SR T, FHER A X S 08 R (2w ML AT B = R BN . AR SR DA R e i 15 0 KR
A — 1R AR WO A M o X G, 85 A ST T s AR R A S AR AL A BT, 25 S TR AR R fhoxE - MR AE PR OC R T R A
MUBR AL 53 2L 0 T R B PR R AR = W i 5 55 S I« 0 R b Sl 2 B AU 0 e A 2 U AT L B 38 fie AT AL
T AR B A W B 43 301 R I 48. 2194 .30, 87 % #1120, 21 % ), [w) A 48 5 A5 L AR B 1k (32 15 56. 7190, FRARAi AL 2 5%
FOFPE32.51%0) . R ALIE 5 BURRAE 21 D B AL K 2 REPE R FE (—2. 95% , P<<0. 05) , HLUE ¥ 43 fiff Bk IR B i K AL &
AC I 7= By B o3 0 BT 9. 3996 F149. 6%, P<<0. 05) , 7 WA A= b R sl ), £ 38 58 W& ey A B 1) 23 fifg 7k 7E
AT 5T N 22 2 00 T OA T B b 3R Ak R i A ARG B 14 SC B BIL A L 32 A BR BT R T 5 00 2E 0 R A T ) 9K B0
WARE, Horp A W D B SE IR S AR = R4 SR

SRR - b HEORAE P 5 o FE b 5 R 5 R A s TR LA A AR

hES%ES:S812.2 SCERARIRED : A X EHE1007-0435(2026)07-2341-14

Effects of Grassland Degradation on Soil Carbon Cycle, Microbial
Functional Genes and Metabolism

DING Cheng-xiang', LI Xing-fu*, SU De-rong’, LIU Yu"
(1. Qinghai University, Xining, Qinghai Province 810016, China; 2. Institute of Industrial Development Planning, National Forestry and
Grassland Administration, Beijing 100010, China; 3. Beijing Forestry University, Beijing 100083, China; 4. Chinese Research Academy of
Environmental Sciences, Beijing 100012, China)

Abstract: Under the context of global climate change, the influence mechanism of grassland degradation on soil
carbon cycling remain poorly understood. In this study, we investigated 15 paired degraded and non-degraded
grassland sites on the Qinghai-Tibet Plateau, integrated microcosm incubation, metagenomics and metabolo-
mics to assess the impacts of degradation on key carbon cycling processes, organic carbon fractions, microbial
functional genes, and metabolic intermediates. The results showed that grassland degradation significantly
reduced labile carbon pools, with particulate organic carbon, dissolved organic carbon, and microbial biomass
carbon decreasing by 48.21%, 30.87%, and 20.21%, respectively. Meanwhile, soil organic carbon mineral-
ization increased by 56.71% , and carbon accumulation efficiency declined by 32. 51%. Degradation also led to
a decrease in the diversity of carbon cycling functional genes ( —2.95% , P<<0.05), while the abundance of
starch-degrading genes and carbohydrate-related metabolites increased significantly (by 9.39% and 49.6%,
respectively). These changes indicated that intensified microbial carbon limitation and a shift in metabolic strat-
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egy from synthesis to decoomposition. This study elucidates the key mechanisms underlying soil carbon cycling
responses to grassland degradation from a multi-factor coupling perspective, revealing that environmental fac-
tors and microbial traits jointly regulated carbon cycling, with microbial functional genes and metabolic interme-

diates playing a dominat role.

Key words: Soil carbon cycling; Alpine grassland ; Qinghai-Xizang Plateau; Grassland degradation; Functional

genes; Microbial metabolism
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Table 1 Sample site information of alpine grassland on Qinghai-Xizang plateau

FE 4 Sample 4341 Group 4F34#/K & Mean annual precipitation/mm T80 Aridity index & Altitude/m 2% Longitude/°E £5J¥ Latitude/*N

sl KB AL FH 351.86
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s4 B Ak 2 b 301.65
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0.28 4635.00 92.93 34.81
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0.23 4560.00 94.06 35.71
0.24 4408.00 94.33 35.03
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Fig.1 Effects of grassland degradation on soil organic carbon pools
T+ R IR 225 I (P<0. 05) , MR 22 5 3 (P<<0. 01) ,ns IR 225 A B3 (P>0. 05) , T [#l

Note: * indicates significant difference at P<<0. 05, ** indicates highly significant difference at P<<0. 01, and ns indicates no significant difference

(P>0.05). The same applies below
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Fig. 2 Effects of grassland degradation on soil carbon cycle process
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Fig.3 Effects of grassland degradation on soil microbial carbon cycle functional gene
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Fig.4 Effects of grassland degradation on soil organic carbon metabolic intermediates
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Fig.5 Effects of grassland degradation on soil microbial limitation of carbon, nitrogen and phosphorus

FEbR 22 R IB B R Ko e B BEAT pH(E7EIR

S TRV RN 2 3 o e 8 o A O A S R AR Al

P 3t v bR OB

7l AR 18. 34 %0

4. 62% Wk, 78% (0 =% 2% 5 Kk

IR ) G

AR v - S e RN S K

2.5 TEm

IRALF

Degradation

AR H
Health

wn

Te-Ti AR 1 L
(BG+CBH)/(BG+CBH+ACP)

A B A T 54, 8190 M147. 74%(P<C0. 01D, 1l 4=
HEZSH RN 19. 32 %6 (P<<0. 05),

i 4G I B9 3R zh B F

BT A HUBR P B B o A LA KA B 2

RE S A 55 A B 4 S 1 R S 19 2 e T, 7 iR



%7

TR A - R A X e ERRAE PR G ) D) RE R PR R A A 5 2349

F2 EMGRAITER N RN SRR

Table 2 The effects of grassland degradation on plant feature and soil physicochemistry
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Environmental indicator Health Degradation Relative change rate/ % F value P value
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Fig. 6 The effects of grassland degradation on soil carbon cycle network
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Note: (a) represents the carbon cycling correlation network of non—degraded grassland; (b) represents the carbon cycling correlation network of

degraded grassland; (¢) shows the comparison of carbon cycling network characteristics between degraded and non-degraded grasslands
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