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Effects of the degraded desert grassland restoration on soil organic carbon and its

driving factors

AN Liwei'?, LI Zhigang"* "
1 College of Agriculture, Inner Mongolia Minzu University, Tongliao 028000, China
2 Key Laboratory of Horgin Sandy Land Ecological Agriculture of the State Ethnic Affairs Commission, Tongliao 028000, China

Abstract: Uncovering the patterns and underlying drivers of soil organic carbon ( SOC) accumulation in response to
restoration of degraded desert grasslands of Northern China can provide a scientific evidence for the effective management of
degraded grasslands and the elucidation of soil carbon sequestration effects through grassland restoration. This investigation
focused on the response of SOC to different stages of grassland restoration across the Ordos Plateau, which included areas of
shifting sands, pre—restoration, mid-restoration, and post—restoration, at soil depths of 0—10 em, 10—20 ¢m, and 20—
40 cm. To unravel the factors influencing SOC, a suite of statistical techniques was employed. The results indicated that;
(1) Grassland restoration significantly increased SOC across all studied depths ( P< 0.05). Notably, SOC increased by
8.28 times, 6.44 times, and 9.46 times at 0—10 c¢m, 10—20 cm, and 20—40 cm soil depths, respectively. (2) The
accumulation of SOC at different depths was found to be influenced by various factors. Vegetation coverage and plant
diversity were identified as the primary drivers of SOC accumulation at the 0—10 c¢m depth, while nutrient limitation,
specifically soil nitrogen, played a significant role in the accumulation of SOC in deeper layers ( 10—20 c¢cm and 20—
40 cm) , and this effect intensified with increasing soil depth. These findings offer a scientific foundation for informed

restoration strategies of the degraded grasslands and furnish evidence for the promotion of soil carbon cycling through
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grassland restoration, contributing to the achievement of dual carbon goals.

Key Words: desert grassland; diversity; soil organic carbon; restoration; driving factors
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S=1- ipf (1)
H=- iPiln(Pi) (2)
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MWD = iX,;W,; (5)
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ANOVA) ,FF7E 0.05 7KV o 35 . R Pearson AHSCHE S BT 8 AN [R] VR JBE 1 S8 ALK A1 ER B2 PR 1 OC
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M) {25 B9 R F (P<0.05) 40 A 2548 T FE AR R ( Structural Equation Model ,SEM) i F =3R48 20 1 (BhRL KR
FDRL) DL KA Yt A (M B A=W JR7& ) AR 2R AR W 6 ) 46 IR &0 o 22 [RIA7 7R 25 D R SRk | TRt ik
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MA, SE[) 72218

2 #R

2.1 AFEWRE B Bw AR YIRS 41K
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®1 EMARKREMREENT ZEMEYSRHE
Table 1 Main species, coverage and biomass of grasslands at different restoration stage

AR TR

i . " T i
R Z BB FEYFh T LYl Above-ground  Below-ground ?:{%% J\%
itter mass
Restoration stage Main species Coverage/ % Species biomass/ bhiomass/ (g/m?)
(/md)  (g/md) ¢
UK Agriophyllum squarrosum
NiRSIEdp: 52 Coris hyssopifoli
sht 4 EAX Corispermun hyssopifolium 5.84£3.07d  4.00£0.71d  10.98+6.37d  16.70+5.11d 0.620.31c
Shifting sand FFE Artemisia stelleriana
W Leymus secalinus
M Artemisia ordosica
JYSymas # o
A HRER. Setaria viridis 17234227 6.80£0.84c  63.54x821c  85.34250.54c 5.43+3.37¢
Pre-restoration SEJRER] Cirsium esculentum
KB Euphorbia esula
M Artemisia ordosica
s e ¥ Stipa bunge
i RIVEE Stipa bungeana 41.12:6.66b  1120£0.84h  242.80£37.79 250.28:46.53h 90.13£42.17h
Mid-restoration DA Allium sabulosum

FLI KR Euphorbia esula

ARELF Stipa bungeana

WESE Salsola collina

KB KAE Gypsophila oldhamiana  61.26£6.80a  18.60+2.07a  188.54+31.68b 427.65+57.10a 149.99+58.43a
W R 2R IIEAE Aster altaicus

REF T 5 Cleistogenes squarrosa

B—F AR NG FRFR A B3 %5 (P<0.05)

W5

Late-restoration
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Fig.1 Diversity indices of grassland communities at different stages of restoration
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restoration ; LR ; K4 J5 1] Late-restoration
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AR A N T AR A | IR AR A S & (P<0.05) 1 4% pH, R EE H
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0—10 cm,10—20 em LA}z 20—40 em B AE Yy A= 902 e R DA SR R A W s Y B o i)
PRGN (P<0.05) |, MiRAE ) A 1B LA K (P>0.05) (£ 3) .
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Fig.2 Changes in soil organic carbon in grassland at different stages of restoration
s, ow s wox AMIRERAE 0.05, 0.01 F10.001 K- 12257 3%

®3 AEMEMBEEN 0—10 cm TEEMEFEL

Table 3 Changes in 0—10 cm soil biotic factors of grassland at different stages of restoration

(DGR/ER7heR) A Wy

W71 ‘W(Em& ﬁi%&%iﬁ Microbial biomass Microbial biomass ﬂ%?i%i
Soil depth/cm i:““fa“"“ MlcltOb‘al biomass nitrogen/ phosphorus/ Root bl"TaSS/
ges catbon/ (mg/kg) (me/ke) (me/ke) (g/m”)
0—10 CR 13.8328.53¢ 1.50+0.91d 16.23+2.78a 2.00+0.96¢
PR 99.27+38.22b 8.77%3.32¢ 18.41+2.19a 47.61£44.86¢
MR 185.33+26.47a 14.05+2.57b 20.69+5.44a 194.24+40.16b
PR 187.25+10.17a 23.68+2.98a 19.76£6.69a 342.88+49.54a
10—20 CR 4.86%3.34c 1.3321.42¢ 18.16+4.95a 5.77+3.37d
PR 31.11x13.88b 4.52+0.76bc 15.833.77a 21.7626.42¢
MR 44.98+11.31b 6.84+1.51ab 18.55+5.80a 30.96+7.71b
PR 62.54+20.33a 9.49+4.31a 18.89+3.67a 43.76£6.57a
20—40 CR 4.75+1.03d 0.490.41c¢ 15.52+5.43a 8.93+2.60c
PR 11.71£2.42¢ 1.36+0.26¢ 14.91+4.95a 15.96+4.28¢
MR 20.25+3.81b 3.4020.74b 16.29+7.98a 25.08+5.37b
PR 33.44+4.66a 6.81x1.11a 18.01%3.30a 41.01%5.38a

2.4 AHGRE | HHEERAE TR M S R LR C R

SIS R (K 3) 76 0—10 em L3 HHEA NI S S HIR S KE Fikbe & BT
R EA 2R MAE ESA YAk MeEY e e R RALEYE W LAY REY YR
VI EL  Margalef + & J& 4544, Shannon-Wiener Z2 FE R 5 £ H1 Simpson L H AR EE IEAH KR, M5 14

H, B0hE oA 3 45  2 SUR OG (P<0.05) , 550490 24E W B A Pielou ¥5) BE 38 UM SC AN B35 (P>
0.05) . Ti#E 10—20 em 4 BR T HIEE/K R | HHOF I EE ERAES A ZH, HAE FHXEH S 0—
10 em b3 —50, A PR 13 5 KRS UG, T e 2 R AR R S A T A e
20—40 em BRI pH Ab, AR F RS 10—20 em 182401,

BEHLARAR T2 314878 T 0—10 em,10—20 em 1 20—40 em T34 PLEK 85.35% ,85.71% F1 92.73% 7%
(K 3), 75 0—10 em H3E EER WA S E MEDAYER AEYEY R HIRAR RAEY R,
Fyki i A RO Margalef £ & EFEUE R M A VLRI FEF K, MR ESA HEYWEY
w kAR RALEYE A E Margalef 5 JEF5 %L Shannon-Wiener Z2FE4: 3841, Simpson L # 5 $5 %%
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