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Abstract; Grassland ecosystem, an important component of terrestrial ecosystem, plays an essential role in global carbon
cycle and balance. The Stipa breviflora desert steppe of Inner Mongolia is a transitional ecosystem from grassland to desert,
which has infertile soil, weak stability, but high sensitivity to climate and environmental changes. Study on organic carbon
storage of the steppe under different grazing intensities is very important for revealing the mechanism of grazing impact on
carbon process of the desert steppe and can provide theoretical basis for reasonable conservation and utilization of grassland
resources. According to the grassland plant species composition, community height, coverage, aboveground biomass, and
density index, the steppe was divided into plots that were subjected to three grazing intensities, heavy grazing (HG) ,

moderate grazing (MG) , and light grazing (LG), and the experimental grassland which was fenced to exclude livestock
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grazing in 2008 was selected as the control sample ( CK). The analyses of the aboveground biomass, litter, belowground
biomass, soil organic carbon, and soil light fraction organic carbon were utilized to study the organic carbon storage
properties in Stipa breviflora desert steppe vegetation soil systems under different grazing intensities. The results showed the
following. The carbon storage was 11.98—44.51 g/m’ in aboveground biomass, 10.43—36.12 g/m” in litter, and 502.30—
804.31 g/m’ in belowground biomass (0—40 cm) ; it was significantly higher in CK than in MG and HG. The carbon
storage in the soil at a depth of 0—40 cm was 7817.43—9694.16 g/m”, and it was significantly higher in LG than in CK
and HG. The total carbon storage in the vegetation —soil system was 8342.14—10494.80 g/m* under different grazing
intensities ; it was the largest in LG, followed by MG, CK, and HG. About 90.54%—93.71% of the total carbon was
reserved in soil. Light and moderate grazing intensities increased organic carbon level of the ecosystem due to the increase in
the root ;shoot ratio. The grazing intensities of plant root: shoot ratios decreased from HD (41.94) to MD (30.24), LD
(24.33), and CK (18.07), thereby increasing the allocation of carbon amount into the ground. Increased organic carbon
content in the ecosystem may also be due to animals trampling and breaking the litter and thus promoting litter
decomposition and carbon and nutrients release into the soil. However, heavy grazing severely reduced the grassland
vegetation leaf area and storage material , decreased plant net primary production, lowered material input to levels below the
output, and decreased the ecosystem carbon storage. Each component of the system accounted for the percentage of
ecosystem organic carbon storage in the following order: soil > root > aboveground vegetation > litter in different grazing
intensities. Organic carbon storage accumulation in the vegetation had a short—term effect, while its accumulation in the soil
was relatively slow. With increasing grazing intensity, aboveground vegetation, litter, and root organic carbon storage
showed a decreasing trend, while soil organic carbon storage first increased and then decreased; MG was beneficial to the
accumulation of soil organic carbon storage. The soil light fraction organic carbon storage was 484.20—654.62 g¢/m’, and it
was the highest in LG. With increasing grazing intensity, the soil light fraction organic carbon content, storage, and
percentage of soil organic carbon storage first increased and then decreased, reaching the highest value in LG. MG intensity

was beneficial to soil nutrient accumulation in the desert steppe.

Key Words: desert steppe; grazing intensity; carbon storage; soil light fraction organic carbon
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Table 1 Basic situation description of sample plots

HEYRTE s/ (¢/m?)

G P Fh R/ em R/ % HRE/ (Bf/m?)
L . . . . . Aboveground
Grazing intensity Dominant species Height Coverage Density .
Biomas
CK JEACET P+ R T 5 13.15+2.09a 31.20+4.36a 99+29.97h 98.92+10.14a
LG FEACET S+ S+ KR 10.96+0.94b 23.15+2.92b 108+9.28b 68.37+3.04b
MG JEALET P+ R R T B+ DKL 8.06+0.28¢ 18.03+1.29¢ 133+19.70b 44.06+4.69¢
HG SHACE S+ R AL+ AT i 4.31+0.64d 10.64+0.80d 206+11.60a 26.61+2.31c

T /NG TR AN RO BE ) 22 57 1% (P<0.05)

2014 4F 7 F 78 L3k 4 SRR EEREL PN R 2SR DL ST B AT E 10 A 1 mx ] m B9REDT  BREA BT
40 A4~ A RETT AR VS AU S S5 I SRR IR 40 R R R, AR 9 M AR R A
FEDE R E G R VA B DAL A AR P 455 Al 01 5080 %, 76 80°C IR A ML+ = A5 =, 115 - 2 4 1)
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T AR A MR AR (3 2) , HiH (R 9.97—22.41 ; B + TR BE AU 380, AR 22 HLBRAif o 2 30
WIS HLL 0—10 em 2] 10—20 ecm FREMERZ, WHIT 0—40 em R R A HLIKAE R R E , K/ANFI
154 CK (804.31 g/m*) >LG (748.44 g¢/m*)>MG (599.63 ¢/m”) >HG (502.30 g¢/m’) ,CK Fl LG 255 A &,
HEE ST MG il HG (P<0.05) , 0—10 em R AHLAAR (5 F] 0—40 em MR R LA HLEKAE Y 50.18% —
58.11% ,0—20 cm MR A VLIRS & 7 3] 0—40 cm MR R SAVLEKAE Y 73.83%—87.19% , K AR 5 S A Bk
it AN [T B (B 9 28 A 322232 0—20 em AR R A AL B I 19 52 0, {5 B i AT 3k 70% D 1 ,0—20 em )
ZANURAE R CK £, HG f A%,
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Table 2 Root organic carbon storage

T B NI 2R A HLEK i Root organic carbon storage under different soil layers /(g/m”)
Grazing intensity 0—10cm 10—20cm 20—30cm 30—40cm 0—40cm
CK 424.18+8.07aA 169.67+1.29aB 113.93%2.57aC 96.53%1.69aD 804.31x13.62a
LG 375.5427.12bA 194.91+12.57aB 130.45+1.89aC 47.55+16.11bD 748.44+23.91a
MG 348.43+7.48bA 174.38+15.73aB 44.95+4.42¢C 31.87+10.22bC 599.63+6.39h
HG 277.47£29.22cA 134.66+12.05aB 75.43+11.45bBC 14.74+6.26cC 502.30+28.97b

T N FIRE BRI F7m AN [a) Ao JBE R ] — e A BEAS ) L R IR BE 19 2 54 ( P<0.05) |, FHBEARTF] AN (. 25

2.2 AN[FBCHGER B A L

A WL o B AR B 3G I 2 S N S s R B ISR B B B TROORE R B B K, AN [Tk
SR E HAT 0—10 em F1 10—20 em H)Z AR S T2 25 5 W2, T IEAT AR & i 4 Bl 1 2 R B2 A 8 hn S e
flotass, i 10—20 em ,20—30 cm H130—40 cm H 2 AWK FHERARE, LAY RIS +)2
TRIZ RS iy 2 R, BT 12 0] 225 .35 (P<0.05) (£ 3) , £JZ 0—10 em HIEAHLERA &5 , o)
DLk F] 2247—2811 g/m?, B IL 8 K FAE B A LI e (524.71—884.94 ¢/m*) , M 0—40 em 3 LA HLEKA#
BRE, K/ANFHIHN LG (9694.16 g/m?*) >MG (9389.86 ¢/m”) >CK (8473.74 g/m”) >HG (7817.43 ¢/m*) ,LG
FMG AXFF CK 3 ML & 0 10, 9180 14.40% .10.81% , I FE5R Y [k BE 71, HG AHXTF CK
T DR DR FRIE R 7.75% , PR e] LA 3l B RCRCR B T R AL R R
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Table 3 Soil organic carbon content and storage

EL7Y O

Index Grazing intensity 0—10cm 10—20cm 20—30cm 30—40cm 0—40cm

T it Content/ % CK 1.87+0.15bA 1.65+0.04aB 1.59+0.05aB 1.45+0.02aB 1.64+0.12b
LG 2.11+0.10aA 1.91+0.19aAB 1.79+0.24aAB 1.55+0.05aB 1.84+0.06a
MG 2.14+0.06aA 1.79+0.06aB 1.62+0.20aB 1.43+0.15aB 1.75+0.09ab
HG 1.70+0.09bA 1.39+0.10bB 1.38+0.02aB 1.29+0.04aB 1.44+0.01¢

iR/ (g/m?) CK 2264.83+177.86bA 2208.22+57.82bA  2087.53+60.83bAB 1913.15+27.17aB 8473.74+182.15b

Storage LG 2688.23+121.71aA  2599.37+154.49aA 2390.30+118.35aB 2016.26+63.73aB 9694.16+116.33a
MG 2810.76+81.08aA  2445.04+80.42aB  2196.6+172.27bC  1937.47+208.34aC 9389.86+196.87a
HG 2246.72+113.64bA  1984.55+11.61cB  1903.48+31.26bBC 1682.68+58.81bC 7817.43+55.23¢

NGRS B3 30 32 75 A () T 30 0[] — e 3 S () - J2 TR B 28 5 (P<0.05) |, TR A A 35

2.3 ANJRIHICHCER R AR 2 AR G PR i

FPET 2 TR AR [R) R AR S 1 e J A — - 3 3R e A Pk it 5 /N T 518 LG (1049480 g/m?) >MG
(10027.98 g/m*) >CK (9358.68 g/m’) >HG (8342.14 g/m”) . LA BEHUHCA Bl T A48 R GUA AL i 1k
BLER T E T s 2 25 R A BB i e i 2 A, B OO B 30, st A b AR S R SR
BLARA#: LU 535004 0.48% ,0.29% ,0.20% 0. 14% ; I8 v My ik it 12 T i L A8 20531 249 0.39% ,0.20% ,0.19% 0.
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Fig.2 Ecosystem organic carbon storage of desert steppe

/NG TR IR AN RO BE 19 25 524 (P<0.05)

SR R b 2H A DL At e SR S NS I i HINT S LG (654.62 ¢/m”) >MG (560.62 g/m?) >CK
(536.61 g/m*)>HG (484.20 g/m*) , LG AHXTT CK R0 A MR it i &l 25 48 i, 3890 R 21.99% , MG HG 5 CK
Z AR A MU A 22 O R B3 LIRS R +4.47% -9.77% , FIXTT - 3EA MU i% i, + IR A PLa
Xof TR i 7 B BURE . 0—10 em J2 CK R4 A HLRR A 1E o 1 S8 AL AR it ot 19 Lo 481 e 8, MG IR 2, B
& TR EE RGN, R A1 BB i S m TR T R, LR A A AILBR G B o - A LR G A AILA 1Y) EL BB e
8.80%—9.72% F &% 2.00%—3.10%, M 0—40 cm 544 HUBR A & & 38 AA MU % R LBk B LG el
e im , MG FLHG HLBIEAR , 7T DA% B o B 3R A DA R 3R | B TR A3 B () 1 R AN 48 A
GIRT = N T N e SRR iy d e e L R D B L A Y el A

x4 BAFNBESE MERE G TEGBMESILG]

Table 4 Soil light fraction organic carbon content ,storage and its percentage of soil organic carbon storage

f‘:i Grayz),iln??iisity 0—10cm 10—20cm 20—30cm 30—40cm 0—40cm
T/ (g/kg) CK 1.81+0.21aA 1.27+0.06bB 0.69+0.11bC 0.42+0.02aC 1.05+0.10b
Content LG 1.89+0.14aA 1.50+0.01aB 1.11+0.14aC 0.48+0.01aD 1.24+0.07a

MG 1.92+0.09aA 1.31+0.03abB 0.67+0.03bC 0.29+0.07bD 1.05+0.03b

HG 1.49+0.01bA 1.08+0.10cB 0.71+0.06bC 0.26+0.11bD 0.89+0.01c¢
it /(g/m?) CK 220.20+25.91bA  169.93+7.64bB 90.46+14.32bC 56.02+2.94aC 536.61+36.65b
Storage LG 239.79+17.69abA  203.89+1.63aB 148.46+19.18aC 62.48+0.11aD 654.62+37.91a

MG 251.43+1.69aA 178.86+4.53bB 91.64+3.61bC 38.69+7.08bD 560.62+16.92b

HG 197.61+0.05cA 154.00+3.90cB 98.24+1.66bC 34.35+1.41bD 484.20+4.51b
Lt/ % CK 9.72 7.70 4.33 2.93 6.33
Percentage LG 8.92 7.84 6.21 3.10 6.75

MG 8.95 7.32 4.17 2.00 5.97

HG 8.80 7.76 5.16 2.04 6.19

NG TR TR 430278 A ) T 5t A A [ — T i JEE A () R J2 R P B 22 S (P<0.05) |, TR A A 35

3 e

3.1 TR R X A B A A5 IR

FBCE A AR R R 8 CO, A A LR , 2 A2 45 R 48 P 2R IR, AN [ 40 3 3 2l
W R FE RN FA Sy B b A R S S 1 iy iR BE O, AR - T AR R AL, R b A 2%

http ; //www.ecologica.cn



15 EAT A FAGREE N AL 5 B R A B — R G A LR AL 3t B AR 7

A PEE E R R IRE T R A VE R R b R A RE S A D85S , S EOR AR R A A R R R AR
b A ) AT R 5 S (0 B R RN i A RIS, e T B Rt R RIS ) e IR BRIR R LR
fiff + St it BERRAI 3o BE OO - RS JBE A TP 25 m kA S A 5 RS A MLt i, AR+
SRR FE VR RN SR Bk [V RR BE 7, e P B0 JRUAS B — eI Y TS RO R T R R A LR A B R,
el LI PR D BB A A I s A 1) A R Y AR ST S g R 2, AR TRCRGR
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Hafnkasy 29k 26.73% 27.73% 29.93% 28.74%
3.2 URI[RDCHE B AR S R G A AL A B A

Mo AEY RVE Y AR ER R A SR 2 DU 4 S [R) A B A S R G R, AN TR IO B e A T 2 T B i
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HiuH AR R R T A LB i 2 R L A S R G Y 0.27%—0.86% , 5/ T 2%—5% , X Al fig 5
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