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Effects of Different Grazing Intensities on Soil Organic Carbon in Typical
Grasslands

HE Xiao-han, TANG Yue, LIU Xin-rui, WANG Zhong-wu', HE Li-ming, YAN Jia, WANG lJing,
QU Zhi-qiang, LI Zhi-guo, HAN Guo-dong
(College of grassland science, Inner Mongolia Agricultural University, Hohhot, Inner Mongolia 010010, China)

Abstract: To clarify the distribution characteristics of soil organic carbon (SOC) and its influencing factors
under different grazing intensities in a typical Inner Mongolian grassland, this study measured and analyzed
SOC, total carbon (STC), total nitrogen (STN), total phosphorus (STP), soil water content (SWC) , soil
pH, soil bulk density (SBD), and aboveground biomass (AGB) across the 0-50 cm soil layers under no graz-
ing (CK) , moderate grazing (MG) , and heavy grazing (HG) in Zhengxiangbai Banner, Xilingol League,
Inner Mongolia. Key results included: SOC content decreased with soil depth under all grazing intensities, with
the highest SOC content observed in the 0-10 ¢cm layer. From 0 to 50 cm deep layers, SOC declined by 7%
(CKD, 17% (MG), and 8% (HG). Moderate grazing significantly increased SOC content in the 0-30 cm
layer, with the greatest increase (11%) in the 0-10 cm layer (from 35. 33 to 39.45 g-kg ). Grazing effects on
SOC diminished with soil depth, showing weaker impacts on deeper layers. Grazing intensity altered SOC-envi-
ronment relationships: SOC was primarily driven by AGB and SWC under CK, shifted to interactions with soil
nutrients (STN) and physical properties (SBD, pH) under MG, and strongly correlated with STC, STN,
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STP, and SBD under HG. The study concludes that moderate grazing enhances SOC accumulation and trans-

formation in the short term, while heavy grazing poses a risk of carbon loss despite no significant SOC reduc-

tion. Protecting surface carbon pools through controlled grazing intensity is critical for sustainable grassland

management.

Key words: Typical Grassland ; Grazing Capacity ; Organic Carbon;Soil Physical and Chemical Properties
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Fig.1 Map of rain fall and temperature in the study area
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Fig. 3 Characteristics of soil organic carbon distribution

A PR S Soil organic carbon content/(g-kg™)

under different grazing intensities
TE ¢ [l — e JZ AN [) Ak B A AN ) R 5% B 7R A4 7 o 35 22 7 (P<<
0.05) 5 [al — &b B[] 4 )2 ) 5 T A R /NG 7 B R OR A7 78 . 35 2% 5
(P<<0.05).
Note: different capital letters mean significant differences between dif-
ferent treatments in the same soil layer (P<C0.05). Lowercase letters
mean significant differences between different soil layers in the same

treatment (P<C0. 05). The same as below

HG %55 T CK(P<<0. 05) ; STC 7 1 Fifi it 0o JiF
3% KM FEAR , CK 2 25 5 T MG I HG (P<<0. 05),
HWE 4y B A 15% F1 27% , MG & 3\ T HG (P<<
0. 05), 31 R 9 %6 3 STN Fifi it 430 56k JBE 1) 38 K Se 38
JE > MG 2 T CK fTHG (P<<0. 05) , #4543
ok 16% F121% ,CK 8 # & F HG(P<<0.05) , 3
W5 R 894 5 STP B JIC 4305k B 1) 38 K g 388 hn Jis ek 2> o
MG & Z 5 T HG(P<<0. 05) , 11§ J 32% .

R2 FEBHERE T B &S Fn I L i R

Table 2 Aboveground biomass and soil physicochemical properties under different grazing intensities
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Note: Different capital letters in the same column indicate that there are significant differences between different treatments (P<<0. 05)
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3.1 TEFEVHRIT R E AR E R G

- AT HLARAE Ry i b A 3 B G0 AT 2 A O
LRy, s B AR T4 RS RS Y68 A
WA FEAAM ARG EEZE L, AFREHR,SOC
P b Bl 2 TR A 3G G BRI, X —
JTA PR TN R B X RS F W E
N BIFFE 25 8 ARAF, B 36 2 - 50 & & A e 1Y
SOC # i , 1M FER N, SOC & & & W F . X
FEJE Ry R R A AR R o A X
2 Bl A W T B dR R TS BR A s, R A AL A B
AR il R A g bl R IR B K Wk s
i 8 R LA R 0 A R 2 R | i g
W2 12 SOC & TR,

TERH A S R G OROVE S OCBE i N 2R T B
Z— X SOC Wy s & BA WL . AR K
R i P58 JEE Y B8 SOC 5 i 5 TR S T 5 i AR 1Y
BT, SOC B dk 1 35 8 AN il 440 R o
WO, 4 R AE 0~10 em + 2 b 3R 2 1%,
P S AR AT R A A TR A 2 . R TR R T R
TR RS ET EEE W S RS, i
fE YRR SR 5 SOC Z AfffE B EEMELR,
T LA BE O B AR T T SOC 1Y & 8 ] fig
PRk o B RO A TR R TR R R R AR R H
R ZR 1 43 0 ) 1T LA Sy - M6 A ) 4L 5 7% ) o AR
Tl 2B 3 Bt 2 TN A HIL A 5 o A AR
FE A BT SOC Ry >, 5 v B OO He , 3 ik
W FEAR T 0~10 em, 10~20 cm 1 20~30 em 4 J2 1Y
SOC & it , i A e 2 P oh 3 B iR IR 7 AGB 33
T G 7 R BE 1 R RT3 3 SOC F B
iK™, 7F 40~50 em + 88 )2, Bk SOC & 4 b ik
WO B R R 2 AL S AR AR K
FIREA WA, —J2 B 2R 2 b O SOC 1
5 ) AF T 55, 3R] B8 5 TR 2 A A B Ak M T
RO A Wil MR AR 6, IR AR IX L e
R S AE - BE R 32 B 40 em DLRET 45 R
2B AEAE T LAJE )l — 2 W 3 5% i [ 55 A 9 SOC
IR D i A e LB o A

3.2 ARMPCEETTEANKRS THEEBEAUMER.
hEEYEEPX R
SIS BCBGR EE T SOC 5 B5E B 11 5¢ R i



%28

B GRETE A < N [ Tl P R ok 2R B AT BIL B 1Y) 5 629

R SOC & M H RAEER . EANBHR %
PEF 8 m SOC % i i 2 K JE SWC M AGB,
A 5T 2 W] 3R SOC KRR IR THIY , MR
F R RE O bk AR e A P A LT i
M SOC F i, Ruiz 58 N (4 BIF 58 2% WA 1 3 o
JER R R X SOC & i m . SWCRMYAEK T
MERER, SKE ST, BB L
SOC st £ , 55— Jr i SWC i 58 4> S 5+ He b
U S M R W 2 B B T P AT e HE X SOC B 43
VEFREAR A R TR SOC & #'

FE PR AAET L 52m SOC & & 1 R Z R R
J& STN,SBD fil -3 pH., A & /& - 54 ¥y E o
(R 06 BT Z T 19 STN & 4] D4R 5 e A= 4
s, AR T LS EY S LA RN A
B T N T SOC & & . pH {H 2 iy & + iR
g M 1) B B AE AR, 2 R WA HILRK 19 B Ak R BIF 5
FW pH & &k S A TE N,
B 1 M 2 B B A AL S i R A
TS B SOC & 34N, SBD 4 14 fin il 4 2 0k %5
R R X 2 BRI AR R AR KRR s
g, T 2> SOC (R B ARHIF 5% v oy B il
SBD FEAG, B T 85 W id kw4 7 T SOC
T,

P2 U T 52 m SOC & & 1 R Z &R
/& STN,STC,STP il SBD., A Hf 58 7 , & i 44
T STN & 5 A%, SBD F+ &1, Iifii 3 2 SOC 7 & %
i WY a0y 3 Bk AR AR5 b
JE RS T AGB S B0 75 ) & m s/, ik 530
SOC &8 FEAKTY . STP B AR TE + 5 v i) & 2 A
A AR HLAR 19 43 v AR E B C R B & +
e, A 5 b R T 09 3G SCaT DL HE AT HL K 19
BN,

4 Zig

b A HLAR R A P R R RO AT 8
Bt J2= % HE 1) 39 o AR, b M SRR A BIL e
o s TG Y O B ST BLRR A
Wi, R ORE AR T A HLRR S B A A T
AL BLR o O B A HLER B A I 3
TERIUAE LR 2 . 2B O 52 0 s

TR o R SRR T A LR S AR W A v L
A Wy A S BEAR IR 9 06 AR B A 55 R Y 3

T, ST BILRIK A 52 Wi PR 2R DA 0 3 9 b A iy
A 8 5 K A 7 A B o) 9 SR 0 R ) B I
AT, A HLAK T2 AR Y RE VR B )
A KR B R R s R RO, B R R
H pH X b JEA LA A 5 e B 2 5 FRE RO,
AR A VA AR A ALK R R B
e

S % Uk

[1] ORWIN K H,OSTLE N, WILBY A, et al. Effects of species
evenness and dominant species identity on multiple ecosystem
functions in model grassland communities[ J]. Oecologia, 2014,
174(3):979-992

[2] DLAMINI P, CHIVENGE P, CHAPLOT V. Overgrazing
decreases soil organic carbon stocks the most under dry climates
and low soil pH: A meta-analysis shows[J]. Agriculture, Eco-
systems and Environment, 2016(221) : 258-269

[3] EZE S,PALMERSM, CHAPMANPJ. Soil organic carbon in
grasslands: effects of inorganic fertilizers, liming and grazing in
different climate settings[J]. Journal of Environmental Manage-
ment, 2018,223(OCT. 1):74

[4] CHENG J,WU G L,ZHAO L P, et al. Cumulative effects of
20-year exclusion of livestock grazing on above and below-
ground biomass of typical steppe communities in arid areas of
the Loess Plateau, ChinalJ]. Plant Soil & Environment, 2011,
57(1):40-44

[5] YANGIJJ,LIAY, TANG Y F,etal. Soil organic carbon stabil-
ity under natural and Anthropogenic-induced pertuibations anthro-
pogenic-induced perturbations [ J]. Earth-Science Reviews: The
International Geological Journal Bridging the Gap between
Research Articles and Textbooks,2020,205(1):103199

[6] b, T, 8wl , 45 . B bR i o st - e BLAR 3 1 4
fiE R HEZm £ 1], T RIXHF5E, 2021, 38(5) : 1355-1366
CHANG S,YU H F,CAO C M, et al. Distribution characteris-
tics and influencing factors of soil organic carbon in Xilinguole
grassland[J]. Arid Zone Research,2021,38(5):1355-1366

[7] DIAOHIJ, HAOJ, YANG Q W, et al. Soil environment and
annual rainfall co-regulate the response of soil respiration to dif-
ferent grazing intensities in saline-alkaline grassland [J].
Catena, 2024,236:107709

[8] ZHOU G,LUO Q,CHEN Y,et al. Effects of livestock grazing
on grassland carbon storage and release override impacts associ-
ated with global climate change [J]. Global Change Biology,
2019,25

[9] ZHAO Y,LIU Z,WU J. Grassland ecosystem services: a sys-
tematic review of research advances and future directions [J].
Landscape Ecology,2020,35(4):1-22

[10] REN S, TERRER C, LI7J,et al. Historical impacts of grazing
on carbon stocks and climate mitigation opportunities [J].

Nature Climate Change,2024,14(4) : 380-386



630 A - $ 348
[11] LIU C,L1 W, XU J, et al. Response of soil nutrients and stoi- plastic film mulching on crop yields, soil water, nitrate, and
chiometry to grazing management in alpine grassland on the organic carbon in Northwestern China: A meta-analysis [J].
Qinghai-Tibet Plateau [J]. Soil and Tillage Research, 2021 Agricultural Water Management, 2018,202:15-28
(206):104822 [22] PG, ST . A [ i Ao 3 X 1A 552 oty ) R 8 s
[12] AR #W IR BESE R85, 55 . AR ICBOR AL B BoR B 50 R R+ MUK B9 5 Wi (32 3C) [J]. Journal of Geographical Sciences,
STEAT HURR AR 2 Ak M HOR IR BT ST [T v [ B = 4, 2021, 43 2016,26(11):1550-1560
(7):37-44 XIE R, WU X Q. Effects of different grazing intensities on soil
RENJ T,ZHANG P J,LV Y,et al. Study on the stability and organic carbon in Xilinguole grassland of Inner Mongolia [J].
source of soil organic carbon in Stipa grandis steppe at different Journal of Geographical Sciences,2016,26(11):1550-1560
grazing degradation stages [J]. Chinese Journal of Grassland, [23] RWEW , 25 F58, B0 /NGE 5 . M2 4 AR AN ] 0 B D 5y B
2021,43(7):37-44 TR b ST R R b 22 S (7). R ROl R
(13 AR, BT 0, 4B, 45 . AN () Bl 0y 2O A0 242 11 725 2 i fa) #%,2020,25(9):121-130
ATBUR R B [T ], WA, 2020, 28(5) 1 1412-1420 ZHU X Y,LIZ H,ZHAO X R, et al. The differences of soil
DU K, KANG Y K, ZHANG D Z, et al. Effects of different microbial biomass carbon, nitrogen and phosphorus contents in
grazing methods on organic carbon and nitrogen pools in alpine typical steppe of Inner Mongolia under different grazing intensi-
meadow of Qilian Mountains[J]. Acta Agrestia Sinica, 2020, ties for 4 consecutive years [J]. Journal of China Agricultural
28(5):1412-1420 University, 2020, 25(9):121-130
[14] ZHANG,M,LI X, WANG H,et al. Comprehensive analysis of [24] XU,V BTS . CHCRIRNRR X 5 3t A AT BLAR R A 9 6
grazing intensity impacts soil organic carbon: A case study in RAgFEm[T]. Sk FEa#,2014,31(3):367-374
typical steppe of Inner Mongolia, China[J]. Applied Soil Ecol- ZHAO N,ZHUANG Y,ZHAO J,et al. Effects of grazing and
ogy,2018(129):1-12 reseeding on soil organic carbon and microbial biomass carbon
[15] YU L,CHEN Y,SUN W, et al. Effects of grazing exclusion on soil in grassland[J]. Lawn Science,2014,31(3):367-374
carbon dynamics in alpine grasslands of the Tibetan Plateau[J]. [25] TIJRPE . 0 B T 3 V52 0 i+ A MLAs 20 7 B HL R e i
Geoderma,2019:133-143 BWRLD ] PR NS ARl R, 2023 31-33
[16] XUJREE . A )il 4o B 1 ol R o JE A ) 2w vk e 5 e MEN X Y. Effects of grazing intensity on soil organic carbon
SR D], W R NS Al R, 20240 1-4 fractions and their stability in desert steppe[D]. Hohhot: Inner
LIU X R. Study on the stability and source of soil organic Mongolia Agricultural University,2023:31-33
carbon in Stipa grandis steppe at different grazing degradation [26] A5 . o B x5 5 T 3 AL 21 53 B HLAR e M Y 52
stages[ D ]. Hohhot : Inner Mongolia Agricultural University, AT D] PERIIE 4 - N 5l K2, 2023:57-60
2024:1-4 FU Q. Effects of grazing intensity on soil organic carbon frac-
[17] XU 2270, AR I AR A8 0, 4 . P9 52 ol i 200 0 AV A D B tions and their stability in typical steppe [D]. Hohhot: Inner
X I A R BE e o2 [T ). e B M AT, 2021, 43(9) 1 23-31 Mongolia Agricultural University, 2023:57-60
LIUS Y,LIX B,LIM Y,et al. Responses of vegetation and [27) BRA . MR R 5 I 4 0 B2 A B R REAEL D . RIS R - Y
soil properties to grazing intensity in typical steppe of Inner St el k2%, 2006:10-11
Mongolia[ J]. Chinese Journal of Grassland, 2021,43(9):23-31 CHEN Y J. Temporal characteristics of soil moisture in typical
(18] E& o, FER , S, 55 . AR B N B AL B 26 5 15 5 grassland area[ D]. Hohhot: Inner Mongolia Agricultural Uni-
JEAE B — - MR AT HLBR AL A RN [T, AR, 2016, versity,2006:10-11
36(15):4617-4625 [28] ®AKEE, MIET i te 45 . H P s 5 A HLAk 2 ) A T AR
WANG H Y,DONG Z,GUO J Y, et al. Characteristics of organic F BT e S R T]. p E i i, 2022, 38(14) : 77-81
carbon component storage in vegetation-soil system of Stipa brevi- ZHAO T X,E S Z,YUAN J H, et al. Research progress and
flora desert steppe under different grazing intensities[J]. Acta Eco- prospect of the interaction between calcium and organic carbon
logic Sinica,2016,36(15):4617-4625 in soil [J]. Chinese Agricultural Science Bulletin, 2022, 38
(191 =il ATl Jg , S0 ZR L 55 . 77 B LA 5K 9K T b + 387 BIL sk 2 (14):77-81
G VR AR LT ] Rk 54, 2021, 30(1) : 24-35 [29] Taxtfy, BAED KOCE A 7 R 5 504 LRk A 18] 43 1E
JIB,HE J L,WU X D, et al. Variation characteristics of soil P H AN R [T]. A% ,2023,43(5):1913-1922
organic carbon and its active components in typical natural grass- DING JM,WANG W Z,MI W B, et al. Spatial characteristics
land in Ningxia[J]. Acta Prataculturae Sinica, 2021, 30 (1) : and influencing factors of grassland soil organic carbon in
24-35 Ningxia[ J]. Acta Ecologic Sinica, 2023,43(5):1913-1922
[20] JOBBAGY E,JACKSON R B. The vertical distribution of soil [30] RUIZ-COLMENERO M, BIENES R, ELDRIDGE D 7T, et al.

[21]

organic carbon and its relation to climate and vegetation [J].
Ecological Applications, 2000, 10(2) :423-436
DEDI MA, LEI CHEN, HONGCHAO QU, et al. Impacts of

Vegetation cover reduces erosion and enhances soil organic
carbon in a vineyard in the central Spain[J]. Catena,2013,104:
153-160



%28

B GRETE A < N [ Tl P R ok 2R B AT BIL B 1Y) 5

631

[31] ZFJitty b8, 25 /ME 55 . 7 B K 9K 0 3 3 BL Ak 23 A7 1%

[32

[34

[35] FEYISA K, BEYENE S, ANGASSA A, et al.

]

[l

Jey BHRBIN R [T ], 5 REbE, 2024,44(4) :1-8

LIX M,YANG J,LI X W, et al. Distribution pattern and driving
factors of soil organic carbon in natural grassland of Ningxia[J].
Grassland and Lawn,2024,44(4):1-8

KA K, TR TR, A RV UR 2 AR VR s X L Pk
GrATRRIE R KB m R R [T]. A, 2022,41(9) 11665~
1673

MA C F,MA S P,HE X B, et al. Distribution characteristics of
soil organic carbon and its influencing factors in the permafrost
region of the source region of the Yangtze River[J]. Chinese
Journal of Ecology,2022,41(9):1665-1673

AN S, MENTLER A, MAYER H, et al. Soil aggregation,
aggregate stability, organic carbon and nitrogen in different soil
aggregate f[ractions under forest and shrub vegetation on the
Loess Plateau, Chinal[J]. Catena,2010,81(3):226-233
WIESMEIER M, BARTHOLD F, BLANK B, et al. Digital
mapping of soil organic matter stocks using Random Forest
modeling in a semi-arid steppe ecosystem [J]. Plant & Soil,
2011,340(1-2):7-24

Effects of

[36

[}

[37]

enclosure management on carbon sequestration, soil properties
and vegetation attributes in East African rangelands [J].
Catena, 2017(159):9-19

ST, TR, AR A TSR X P 5 e R R
AT WL B s ) S s v g e [J). AR A A AR L 2021, 41
(15):6257-6266

ZHANG Z X, YU Y L,LIY Q,et al. Effects of grazing inten-
sity on soil organic carbon and its spatial heterogeneity in desert
steppe of Inner Mongolia[J]. Acta Ecologic Sinica, 2021, 41
(15):6257-6266

WRAS  SRONZE G ABIE 45 . IS ZR R Pz L b 5 Al obk 23 26 Y 1 g
A BB S B E BT R A5 R [T ] R BARFFAT ST, 2024, 31(5)
26-34

CHEN M, YUAN C J,SHU D Y, et al. Relationship between
soil organic carbon and physical and chemical properties of five
forest types in hilly and mountainous areas of southeastern Gui-
zhou [J]. Soil and Water Conservation, 2021, 2024, 31 (5) :
26-34

(RiEHE &)



