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Structural Regulation Mechanisms of Soil Aggregate Reorganization and
Carbon Pool Responses to Grassland Degradation in Humid Regions

HUANG Hui-qun', LIU Xi-yuan', ZHU Xiao-hua', ZENG He-ping”
(1. Shaoyang Grassland Resources Protection Center, Shaoyang , Hunan Province 422000, China; 2. City college, Kunming University of

Science and Technology, Kunming, Yunnan Province 650500, China)

Abstract: Grassland degradation is a major driver affecting soil structure stability and carbon cycling processes ;
however, its underlying pathways and regulatory mechanisms under humid climatic conditions remain insuffi-
ciently quantified. In this study, a typical montane meadow in Nanshan Pasture, Hunan Province, China, was
selected to investigate the characteristics of soil aggregate structure and organic carbon distribution across a deg-
radation gradient, including non-degraded (ND) , lightly degraded (LD) , moderately degraded (MD) , and
heavily degraded (HD) grasslands within the 0-30 cm soil layer. The results showed that, with increasing deg-
radation intensity, the proportion of =5 mm macroaggregates decreased by approximately 47% , whereas the
proportion of <C0. 25 mm microaggregates increased by approximately 168%. Meanwhile, the mean weight
diameter (MWD) and geometric mean diameter (GMD) of both mechanically stable and water-stable aggre-
gates declined by approximately 46% and 53% , respectively, accompanied by a significant increase in fractal
dimension, indicating a transition of soil structure from a stable state to a fragmented state. The breakdown of
macroaggregates released organic carbon, part of which was subsequently adsorbed and stabilized by microag-
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gregates, resulting in a shift in carbon distribution from a “macroaggregate-dominated” pattern to a “microag-
gregate-dominated” pattern. Grassland degradation also led to a decline in total soil organic carbon and induced
substantial structural reorganization of soil carbon pools, highlighting the pivotal role of soil aggregates in
carbon protection and redistribution. These findings elucidate the structural mechanisms underlying carbon pool
dynamics driven by grassland degradation in humid regions and provide a theoretical basis for ecological restora-
tion and carbon sequestration management of degraded grasslands.

Key words: Grassland degradation; Soil aggregates; Soil organic carbon; Humid region
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Fig.1 Conceptual diagram of the mechanisms linking grassland degradation, soil aggregate dynamics, and carbon cycling
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Note: Arrows indicate the direction of effects: grassland degradation alters soil aggregate structure by reducing vegetation inputs and enhancing
hydrodynamic disturbances, leading to the breakdown of macroaggregates into microaggregates and a decline in structural stability. This structural
change exposes organic carbon to accelerated mineralization, while part of the carbon is stabilized within microaggregates, reflecting both a
decrease in total carbon and structural reorganization, and highlighting the mediating, cascading, and feedback roles of aggregate structure in the

degradation-carbon pathway
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Table 1 Basic information of grassland plots with different degradation degrees
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Degree 9f Altﬁﬁ/m Vegetation Aboveground biomass/ High-quélily Sol biafjiigrie/% Domiiftijlﬁjfecies
degradation coverage/ % (grm™) forage ratio/ %

FBAFEIND  1720+35.08  98..10£1.08 1052.85+62.15" 82.55+7.85" <5 EEEE AARCEY | L A1
BEBRMARBLLD 173524015  90.0541.03" 850.54465.13" 72.304:6.52" 8~12 BB A T TR
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TE - A BB L BE S hrfE 22 ok o ARG TR R 7R A R)IB AR B 2 1) 22 57 i 2 (P<<0. 05) , T I

Note: Values are expressed as mean+ SE. Different lowercase letters indicate significant differences among degradation levels (P<<0.05) ,

the same as below
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Table 2 Basic physical and chemical properties of soils with different degradation degrees
+ 2 Al asiiy EERiIR S £ .

Soil depth/cm Degree of degradation DO/ (g-em ) PHIH SOC/ (g-kg ™) TN/ (g kg ) C/N

ND 0.87+0.05" 6.25+0.25° 52.604-4.22° 4.8540.38" 10.8

0—10 LD 0.954-0.06" 6.1040.12° 43.8243.16" 4.0240.32" 10.9

MD 1.0440.07" 6.05+0.22° 35.5543.10° 3.260.28° 10.9

HD 1.1240.08" 5.9640.13" 28.3042.15¢ 2.62+0.244 10.8

ND 0.98+0.06™ 6.304+0.16" 38.5443.12° 3.56+0.30" 10.8

LD 1.0540.07" 6.2240.26" 32.63+2.18" 3.0240.26" 10.8

10720 MD 1.1340.08" 6.1440.13" 26.8742.23° 2.48+0.22¢ 10.8

HD 1.204-0.09" 6.06+0.14" 21.5441.19¢ 2.01+0.18 10.7

ND 1.084-0.07" 6.42+0.20° 28.6442.14 2.65+0.24° 10.8

o030 LD 1.1420.08" 6.3640.21° 24.2642.21" 2.254-0.20" 10.8

MD 1.2140.09" 6.2840.16" 20.35+1.18° 1.89+0.17¢ 10.7

HD 1.2740.10° 6.16+0.18" 16.8241.15° 1.58+0.15 10.6
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BB, MR, <<0. 25 mm L BAK A
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TR Bl A SR A B B 388 i, LB 2 T AR Ak e

m B 82% DL b {HRL AR L ] i AR Ak AR AR Ak /N
#3 AERUAEEZMMVAHREMEEREAEK
Table 3 Composition of mechanically stable aggregates in grasslands with different degradation degrees A%
12 BT EE RifE Aggregate size
Soil depth/ecm  Degree of degradation =5 mm 2~5 mm 1~2 mm 0.5~1 mm 0.25~0.5 mm <20.25 mm
ND 26.80+£2.22"  19.45+1.16"  16.2741.14"  13.45+1.12"°  13.52+£1.12"°  10.51£0.09""
LD 22.4541.29" 18.2241.15"  15.32£1.13"  15.24+1.16"  15.654-1.03"" 13.1241.11°
010 MD 20.30+£1.26"  17.45+1.14""  14.564+1.12"C 14.32+ 1.13"¢ 14.25+1.16" 19.12+1.85"
HD 16.2241.22°  15.024£1.08"  13.75+£1.11°°  13.86+£1.11"" 13.5041.80"  27.654£1.95
ND 23.5242.07*  18.3641.15""  15.544-1.13* 14.21.12"  14.274£1.62"°  14.11+1.12°
LD 19.85+1.17"  17.4541.14"F 14814112 15.804£1.16"C 16.17+£1.74"  15.9241.23®¢
10720 MD 16.5941.14"  16.05=1.13"" 13.64+£1.11"" 14.324£1.15"  14.8041.12"° 24.60+£1.37"*
HD 15.85+1.11%  15.004£1.12€C  13.5041.08P 13.46+1.11°" 13.26+1.15°¢  28.93+2.25"
ND 20.25+1.18"  17.82+1.15%  14.884+1.12°C  14.76+ 1.20™° 14.32-1.20"  17.97+1.25®
— LD 18.4441.15"  16.8521.14™" 15.88+1.14"° 15.2541.21"°  15.0641.45  18.52+1.26*
MD 16.264-1.12°°  14.57+21.21"" 14.224 1.12"" 14.28+1.17""  14.934+1.30""  25.74+1.80"
HD 14.864+1.00"  14.2541.12®  13.2341.00"  13.854£1.12°  14.1541.25%  29.66+2.20**
TE R RN 24 3R R AR 18 22 1) 22 57 1 2% (P<<0. 05) 5 AT AN [F) K 5 SR R b g 22 0] 22 53 ik 2% (P<<0. 05) , T I]
Note: Different lowercase letters within the same column indicate significant differences among degradation degrees (P<C0.05) ; differen-

tuppercase letters within the same row indicate significant differences among particle size fractions (P<C0.05), the same as below

2.2.2 KAMEERRAKER  KEENEREKHRR
We T K IER R g ta e, R4 s,

SR R o 1 P R AAR A FE , 4% 4b B K R A BR A o
=>0. 25 mm K A K L B B 8 A, 1 <<0. 25 mm
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e N & AEWRE . 78 0~10 e 2+ 3 rp ND 4b
FE=>0. 25 mm 7K FR Pk K H R AR & 528 70.18%, i
HD &b 38 % % 42, 75% , BRIk 2] 27. 43% . 5tk [A]
F, <<0. 25 mm ff A R & &l 29.82% 14 n =

57.25% o MUK 1 A AR AH HE , 2518 fh Ak B K
ot R AT SR AR 5 o T R R B K, 10 R bR b AN
A5 e A AT B AR A28 21 B, T) e U RIS T 1A 3R A A K
AR E Tk o A A R ORI TR 5 A 4 i 1A
RARWE R R T B A M RS e T R

R4 AREHE LR EE ok T30 F 3R 4K 22 A

Table 4 Composition of water-stable aggregates in grasslands with different degradation degrees A%

+2 B LR Hifk Aggregate size

Soil depth/ecm  Degree of degradation =5 mm 2~5mm 1~2 mm 0.5~1 mm 0.25~0.5 mm <0.25 mm

ND 11.804+1.02°  14.6241.02*°  17.52+1.15%  14.1041.02°° 12.1441.02"  29.82+2.24**
010 LD 8.6440.75""  12.2541.08"  15.0641.03"" 14.84+1.08"" 11.63+£1.01" 37.5843.15"*
MD 5.8140.55P 9.2040.88°  13.24%1.12% 12.65=1.10" 10.654-0.80"¢ 48.454-4.52
HD 3.55+0.329 8.0040.56'C  11.22+0.82""  10.5640.85"  9.4240.74"  57.25+5.05"
ND 9.8540.80"  12.87£1.01°°  15.811.11*" 152441.13"" 12.84+1.15" 33.3942.86**
1020 LD 7.2440.56""  10.634 0.90"°  13.8241.12""C 15.66+1.23" 12.2441.04""C 40.4143.45"
MD 4.84+0.24 8.24+0.72°"  11.01+0.95C 13.24+1.12"" 10.2540.98"C 52.42+4.38%*
HD 3.0340.13" 5.6540.58""  9.3040.76°  10.2340.96"  9.864-0.74  61.9345.15"
ND 8.2340.73""  11.5541.06"" 14.234+1.26*"C 15.87+1.14" 13.534+1.15  36.5943.58*"
LD 6.04+0.55" 9.5740.88""  12.26+1.15"  14.23+1.64" 12.8441.18"" 45.064.06"
20730 MD 4.084-0.33P 7.54740.65°"  10.262:0.93C  11.8441.25" 10.854-0.98"¢  55.434-4.85%
HD 2.5440.12% 5.0640.42"  7.8840.75%  10.854 0.92®  9.264-0.85" 64.414+5.65

2.3 TERHEEEMTHEARKREG

2.3.1 FHEEFHAZ(MWD) A JLF T34 A 12
(GMD) MWD 1 GMD &3 1 5 A1 B4k Fa o 1k

MR EFE bR, MR SHE 61T LA H b %5 5 B 1k
TR R, 4% 4 2 HUARS 2 M A K Bk A A MW D
A GMD ¥ 2 W3 T (P<<0. 05, LL0~10cm
2 R, MUA RS 2 PE A R AR MWD 7 ND 4b 2
3.18 mm, LD, MD, HD 4b H {& X % % 2. 78 mm,
2.35 mm Ml 1. 72 mm, HD % ND F# 1% 45. 9% ; GMD
2. 12 mmBEZE 113 mm, FEiE 46. 7% . KE& 1A
A MWD i ND /Y 1. 82 mm & % HD % 0. 85 mm,

[ 53. 3% ; GMD i1 0. 92 mm [ & 0. 42 mm, [ 1R
54.3% . KEatk A RIAK MWD F1 GMD [ [ i 35 K
THUARR E 1 P R A, 2% AR Ak X AT 23R AR K A e
M52 o o 2 . 10~20 em Ml 20~30 em + )2
MWD F1 GMD ¥ L F £ 2, B fh a4 5 3% 2 — 5L,
B JE W& /N . 20~30 em 4 J2 LA B e M R 1K
MWD M ND f#% 2. 65 mm [% % HD 1 1. 42 mm , K §
PEATBIA MWD M 1. 42 mm [ % 0. 68 mm. MK &R
JrZEar RN RAREM L ZEEXN MWD Y
GMD ¥4 ) B3 5 (P<<0. 01, —# L HAE AR
e

x5 FARBUBEEMNMEEMARGCFTHEEEEM/LAFEHER
Table 5 Mean weight diameter (MWD) and geometric mean diameter (GMD) of mechanically stable aggregates in grasslands

under different degradation degrees

BB P EE R MWD JUfTE 4 B AR GMD
Degree of degradation 0~10 cm 10~20 cm 20~30 cm 0~10 cm 10~20 cm 20~30 cm
ND 3.184-0.33" 2.954-0.42° 2.6540.36" 2.124-0.39" 2.0440.13" 1.9240.16*
LD 2.78+0.14" 2.6240.35" 2.5340.42° 1.854+0.10" 1.724+0.15" 1.634+0.21"
MD 2.3540.16™ 2.2040.31" 2.1240.30" 1.36£0.13" 1.2540.12" 1.1440.04"
HD 1.7240.08" 1.6540.09" 1.4240.06" 1.1340.13" 1.0340.05 0.9240.11°

TE ARG b 3R [ — e J2 A ) B A AR 32 0] 22 57 35 (P<<0. 05) , R Al
Note: Different lowercase letters in the same column indicate significant differences among different degradation degrees in the same soil layer
(P<<0.05), the same as below

2.3.2 W (D) HIEYEED kT R
PR B RE A% 43 A R AE RN 25 F /AR LM D K
FoRMRI AR BIR S Em SRR, K28R, 4%

Ab FROK Fa vk A AR D (H h 2.48~2.67. FJZ (0~
10 cm) H  ND 4b 2 D {H 4K, LD \MD .HD 4b B 4
WIS £ 2.52,2.59f12. 65, HDE ND J} & 6. 9% .
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*6 ARBUEEEMAREARGCFEHESEETILAEHER
Table 6 Mean weight diameter (MWD) and geometric mean diameter (GMD) of water-stable aggregates in grasslands under

different degradation degrees

B AL AR R S EE EHR MWD JUR[F- 3 542 GMD
Degree of degradation 0~10 cm 10~20 cm 20~30 cm 0~10 cm 10~20 cm 20~30 cm
ND 1.8240.23 1.7040.18° 1.42+0.20° 0.9240.06° 0.8240.07° 0.7540.06
LD 1.55+0.18" 1.42+0.14 1.3040.15 0.7540.04% 0.6540.05° 0.5640.06
MD 1.1840.15 1.0540.10 0.9040.09% 0.5640.03" 0.4540.06 0.3740.06
HD 0.85+0.05" 0.7240.06" 0.68+0.02" 0.42-+0.05% 0.3540.02% 0.28-0.06®

10~20 cm #120~30 cm L2 DEHEBEH S5 KE
— & Hm T )2 ,20~30 cm ND 4y 2. 51, HD J
F2.67, R 6. 4% . AHCHES T WL 7] 1, D AR
5 MWD .GMD £ ¢ i 3% 1 Ml 3¢ (r=—0. 885.r=
—0.872,P<C0.01),5<C0. 25 mm {4 & & i i
FIEH 6 (r=0. 918, P<<0. 01) , & W 43 J& 4 ¥ fie

S0 e A SR A R PR AR Ak, T AR kAR Ak b - A

2% R AR P SRR AL & B R 8 TR . ARk
BB R AR 7 BE RS 0N 5 1 R
0. 5~2 mm B2 (5 0. 5~1 mm A1 1~2 mm)
Fra R, <<0.25 mm S AR E B RAL. DO~
10 cm 4 JZ ND &b 2 5], 1~2 mm 7 48 A1 3R R 47 HL
e & o B (58.2 grkg D, HR N 0.5~1 mm
(56.8 g kg DM 2~5mm(53.5 g kg ), >5mm N

FIFE M H 47 50. 65 g-kg ', <<0. 25 mm K (38. 26 g-kg . Ffl
2701 A IR FE IR, 25 k04 P R AR A HLA 3 B3 T

——0~10 cm -®-10~20 cm -4+ 20~30 cm 267 . o
N 265k ’ I}%ﬁ%,'fﬂ%mﬁﬁﬁﬁﬁo ’T’£ON10 cm:t}%','iND
%'5260 4 kb, HD &b 3 >5 mm, 2~5 mm, 1~2 mm, 0. 5~
g2 1 mm, 0. 25~0. 5 mm F1<20. 25 mm &L {2 A Kk
&g ¥ LBk & B 5 9 I (T 22.50% , 21.44%, 21.32%,
£2.50 21.65%,20. 7% F113. 36 %% , KA 2 I B PR (5 mm)
2451 - - - (1) g e Jie K, B P ZR AR <20, 25 mm) g g AH G 528/

ND LD MD HD

AL FEE Degree of degradation
B2 FAEBUEEEMTEKBEARGSEE
B DT UHE
Fig.2 Variation of fractal dimension D of soil water-stable

aggregates in grasslands with different degradation degrees
2.4 AERAEEEMTIEFAREENRS HIFILE
2.4.1 BHEZARKANEES T ARBATEE

X —#H#AE 10~20 cm F1 20~30 cm JE R — 5, {H
25 RLAR A R AR A MLB & I T 3R )2, H Rl R Ak 09 %
/N T2 2. 20~30 cm + 2, HD 4 F 4 ND %
KA AR AR A LA & JERE R R 7.54%~11.56% .
WHE 22k BeRE L ERERH
(1) 28 A FH R 45 R0 A% ] B AT WL & i 3 A W 3
S0 (P<<0.05)

®7 BUBEMIEREMNARGREMEFNNERFTESF(FE)
Table 7 Two-way ANOVA of degradation degree and soil depth on aggregate stability indices (F value)

A 5 SRR HLAS E ¥ MWD BB € 1 GMD KEETEMWD KM GMD IR 4ERC D
source of variation  mechanical stability MWD mechanical stability GMD  water stability MWD water stability GMD  Fractal dimension D
BAEFREE (D) 156.8" 142.3" 178.5" 165.2" 112.6"
TJZREE (S) 385" 35.2" 42.6” 40.17 28.3"
DXS 2.3" 1.9m 2.5" 2.1™ 1.8™

T R P<<0. 01;ns #or P=>0.05
Note: ** indicates P<Z0. 01; ns indicates P=>0. 05
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Table 8 Organic carbon content of aggregates with different particle sizes in grasslands with different degradation degrees
B gekg !
T2 B HitE Aggregate size
Soil depth/cm  Degree of degradation >5mm 2~5mm 1~2 mm 0.5~1 mm 0.25~0.5mm  <<0.25 mm
ND 50.65-4.25"C 5352+ 446"  58.2044.80"" 56.8044.62""" 48.554+4.05°C 38.2643.26™
010 LD 42.3543.50"°  45.62+3.82"0  50.5544.22"  49.20+4.14"%  41.2043.44"C  32.5242.80"°
MD 34.564-2.80°C  38.2643.22"  42.8543.68" 41.5643.50"" 33.80£2.84 27.68+2.35P
HD 28.1542.30"¢  32.0842.76"  36.884+3.10" 35.15+2.96"* 27.854+2.38"¢ 24.90+2.16
ND 38.53+3.25" 41.2543.42"  44.8243.85"" 43.2243.65"" 37.2243.15°  30.52+2.62"
L0—20 LD 32.6622.76"  35.584:3.02""  39.254-3.30"™ 37.8243.26"" 32.052.78"  26.30%2.25"°
MD 26.862.25°  30.2242.53"  33.80+2.88* 32.54+2.76°" 26.85+2.27°C 22.56+1.90"
HD 22.2741.96"  25.6042.15C 29.2442.58" 27.84+2.36" 22.54+1.97C 20.254£1.70"
ND 29.644-2.56" 32544276 35.84+3.05"" 34244296 29.53+2.54 248242157
LD 25.2442.12"  28.204-2.44"  31.5242.74" 30.26+£2.65" 25.64+2.25" 21.8041.94"°
2050 MD 21.261.80°C  24.5442.13%"  27.5842.32% 26.574£2.25" 22.0141.90° 19.20%1.61""
HD 18.254-1.15%P  21.2641.87"" 24284218 23.2642.08"" 19.26+£1.67" 17.284-1.55P

AR NG FiE KRB AR B 22 (7] 22 5 8 35 (P<<0. 05) ; RAT AN R K S 78k LR ki g 2 1) 22 7 i 3 (P<<0. 05), F [l

Note: Different lowercase letters within the same column indicate significant differences among degradation degrees (P<20.05) ;

differen-

tuppercase letters within the same row indicate significant differences among particle size fractions (P<C0.05), the same as below

2.4.2 ARKANBEZTTRE KR HRIK
XF 4 S A HLAR 1 TR R R T SRR S R
BUBK & B PSR, R e 1 AN [) R AR P SR AR AE + 0
AU A P A E . NI LLE A
[i) 3R b 2 35 R i 45 b A2 TAT SR A4 X A AL 114 BTk R
MR 25, fEND AR 0~10 cm £ /2 ,>5mm
1 2~5 mm K PR ARG HLEK 1Y 51 kR B s, 4 )
S 25.66% F123.82% , &1 49. 48% 5 1~2 mm
0.5~1 mm 57 #ik % 4 il 24 18.25% il 14.86% 5 <<
0. 25 mm faf A R A& STRR R R AR AL 7. 77 % . W& B
AR, =2 mm KR AR TR % 23 R L HD b
FE>>5 mm Fl 2~5 mm BT #k 5 5 5 2 12, 55% Al

14.24% , & 3140 26. 79 % 5 11 <<0. 25 mm f#f A1 2 1A
o1k R B T, HD AR FRR B 28, 20% , 1% Sk Bk
R EmRAR4 . 0. 5~1 mm Fl 1~2 mm ki 42 57 ik
FRAE LD A MD Ab B0 A T 5 N R H AE 45 b 21
AT R 3R 8 . 10~20 em Al 20~30 em 1 2
AL 5 R )2 — B B RAK STk R s TR
2. 20~30 cm + )2, HD 4b B <C0. 25 mm fif 4] K &
TRRF IR B 32.42% , >5 mm K BIKTTHR R E =
8.65%0 . X —4RFRW] AR Ak B M A HLER F Z A A
FE K R rp iR Ab 5 b A ML A 28 A D % 2 Sy ik
PHERAA, B e 1 3R b b 2 v K AT 2R Al e 5 B8O MLk
TR, 853 WL i 1T 2R AR B R A 1 i A

x99 ARARUEEEMENERARGCENREETHRE
Table 9 Contribution rate of organic carbon storage in aggregates of different sizes in grasslands with different degradation degrees
A%
+ 2 B AL R RifE Aggregate size

Soil depth/cm  Degree of degradation =5 mm 2~5 mm 1~2 mm 0.5~1 mm 0.25~0.5 mm <20.25 mm

ND 25.66+4.05""  23.82+3.85"F 18.254+2.55"  14.86+1.46™ 9.82+1.25"Y 7.77+1.05"

010 LD 22.254+3.76"  21.564+3.46"" 19.544+2.20" 15.534+1.52"° 10.58+1.06" 10.54+1.157
MD 18.05+E2.46°*  18.564+2.42°"  18.82+2.31"  15.54+1.63" 11.064+1.32"C 17.97+1.86""

HD 12.5541.55°  14.244+1.86%  17.05+£1.96®® 13.14+£1.25"" 14.82+1.18¢ 28.2043.86**

ND 23.5443.85""  21.2043.21""" 17.584+1.90" 13.814+1.85¢ 12.5541.20°" 11.324+1.46"

L0—20 LD 21.65+3.44"  19.80+3.05"" 16.814+1.83"® 14.53+1.40" 13.65+1.27" 13.56+1.757"

MD 17.55+2.15%  16.524+2.65"¢  16.28+1.90"" 15.49+1.55 14.33+1.36"" 19.83+2.25"

HD 10.5241.35""  13.26£1.42C  1521+£1.37" 12.53+£1.36" 15.87+£1.48" 32.6143.98*

ND 21.62+2.62""  19.374+2.08""" 16.524+2.01°° 12.454+1.32" 13.63+1.18" 16.41+1.67%C

— LD 19.561.98"" 18.454+1.63""  15.3241.52"C 13.28£1.44" 12.874+1.10"" 20.52+2.05%

MD 16.2341.25% 14474182  15.52+2.46"C 14.24+1.32°C 13.284+1.26"" 26.26+2.66""

HD 8.65+1.25"  11.8641.34%C  13.5442.46 10.63+1.02'" 22.90+3.55" 32.42+4.26"
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2.5 ARGREESENHRHOBEXES T

Ry ik — 20 4 78 P SR A RS E I S A DLk 2 TE] Y
K F 0 FEFEFR 34T Pearson A5 36 B, 45 R WL &
3. M 3A A, >0.25 mm B BIEK G H 5 MWD,
GMD &2 % & # 1F 1 3¢ (r=0.862, 0.838, P<<
0.0, 53 4E 4 D 24k 1 2 i AH ¢ (r=—0. 915,
P<C0.01), & W K 1A A & o M v, AT 3R KR 1k
MesE . B PLER A RS 0025 mm HRIK S &
MWD ., GMD % % & 2 1F #H 3¢ (r=0. 782, 0. 796,
0.768,P<<0.01), 550 B 4 % D 2 I 3 1 A ¢
(r=—0.826, P<<0.01), % B A PLiKk & & 8 &, A
RERE MR, HRIEFHAENRE =5 5R
FEPEFE AR A O S B A ML AR — 8, -2
BT R, &R A R AR AT HLEK & 5 5 MWD [ 41
KMEAETE 22 5, =5 mm, 2~5 mm Kk 1% H B ARG
Bl & & 5 MWD Y A O¢ £ £ (r=0. 725, 0. 708,
P<<0. 0D F<C0. 25 mm i A B & (r=0. 512, P<<
0.05), & B K A1 5 44 v A5 B A X B2 M 1Y o7 ik o
hy KA

0.25 mmA RIR G4

P E R EEMWD

JUF-# HAZGMD

IHIEAEED

SABLETSOC

PSR -2 A Bl

2.6 HEMHFEERSHN

Ry ik — 20 4 7% B R A B A AL Bk A 52 e
FEAS AR T S5 D7 R R (K 4D, BRI
5 R BN, & WA I8 b 24 3k 3 B UKOF 2 /df=
1.87, CFI=0. 94, TLI=0.92, RMSEA=0.056) ,
Ui AR B RAF I AR RERE ) . BR AR AR AT A R
R BEY SO NIZIE X Nes - Sl i A ]
ChrfEAL A2 R ELB=—0.72,P<C0. 001) ; = 1R 1k
P dE % D B A W3 GE 5 m (3=0. 68, P<<
0.001) ; K A1 & & 5 X MWD B A7 i 3 1 [7] 52 1
(B=0.81,P<0.001) ; MWD Xf + 4 HLEE (SOC)
H A |3 1E [ %0 (3=0. 63, P<<0.01) ; 43 JE 4k %
D Xf SOC H A & 3 [ % i (3= — 0.59, P<<
0.0, i i Pearson A 5¢ 43 #1 il £ oo ol 9 4 56, +
S PRAR JE M X SOC 1) BLHAE A 8.3, K ik SEM
o DL R ARG O E B R AR R AR R LK
IG5 R R 2 ML 0 AR . Ak, bR b X
SOC My B3 AR A 10 3, 3R W JFC = 25 3o 5% ) [ 2R
A 235 g V] 422 08 4 - T A BILAR o
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ZiE U NI SO Ny
i HAEMWD
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JUflF-#
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3 ARGREMERSENBREXEERER

Fig.3 Correlation matrix of aggregate stability indicators and organic carbon
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P AT SR RR R T B R 3 s T L BRUAR 2 A A
Rk, KWK I E R R ek s X b
kAR BT AR AR R AB SR R



2634 B

S 34 4

$1df=1.87
CFI=0.94
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Fig.4 Structural equation model of grassland degradation, aggregate structure, and soil organic carbon

J17E A, WA P B A A R 5 s T A S Bl
5 — N K AT B, 5 45 R 55 1 SR o T o )
580 UREIE B | I {8 K 1T 5 A i A% A A0 KL 2 B T
PRI, 91 DX 3 3R AR T AT 3R 3 A8 T AR 458 O A
Wy i N — TS A U 55 — K B 0 TR K 5 A 3 [
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