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Effects of Spring Rest Grazing on Organic Carbon Storage in Leymus Chinensis Steppe in Inner Mongolia,
China

LI Yu—jie'?, SONG Xiao—long', XIU Wei-ming', ZHANG Gui-long', LIU Hong-mei', ZHAO Jian-ning', YANG Dian—lin"*"
(1.Environmental Protection and Monitoring Institute, Ministry of Agriculture, Tianjing 300191, China; 2.College of Horticulture, Shenyang
Agricultural University, Shenyang 110866, China )

Abstract: Rest grazing is an important means to maintain the sustainability of grassland ecosystems. To evaluate the potential effects of rest
grazing on organic carbon storage in the Leymus chinensis Steppe, organic carbon storage in plant and soil was compared in the steppes with
different rest grazing durations(3 years—RG3a, 6 years—RG6a, and 9 years—RG9a) using long—period free choice grazing(RGO) as the
control. Compared with long—period free choice grazing, biomass of aboveground, litter and underground parts of plants, and organic carbon
storages in plant communities and soils increased with increased rest grazing durations. Total cost of carbon sequestration increased as years
of rest grazing increased, with up to 8 710.20 Yuan(RMB ) - hm2, while the unit cost reduced. Considering the growth characteristics of
grassland plants, the spring season should be free of grazing. Timely rest grazing could restore and renew grassland vegetation.
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Table 1 General information of plots investigated

FHYIREIS Vegetation community RIAERR Rest grazing 2% Latitude ¥ Longitude WK Elevation/m
EEE+Z42S Leymus chinensis+Perennial forbs 2008—2011 4= 120°19'E 49°4'N 732.9
PE¥E+Z82S Leymus chinensis+Perennial forbs 2005—2011 4F 119°48'E 48°51'N 733.7
SEEE+2%25 Leymus chinensis+Perennial forbs 2002—2011 4= 119°39'E 48°48'N 728.9
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Table 2 Aboveground biomass and its carbon storage of grasses

b Hb b 2E 5 Aboveground biomass/g - m™ A MR Organic carbon storage of aboveground biomass/gC - m™
Treatment s |- J#75+ Aboveground present biomass JHIEY) Livters i FBUAF R Aboveground present biomass JAY5Y Litters
RGO 133.16+10.48b 9.82+0.08d 65.17+5.52¢ 3.07+0.04d
RG3a 174.71+4.31b 17.92+0.58¢ 81.77+4.40b 5.65 £0.07¢
RG6a 217.90+£8.92a 23.38+0.59h 85.27+3.38ab 7.90+0.32b
RG9a 235.22x1.17a 31.52+0.73a 98.69+4.47a 10.84+0.91a

T : RIS ) B 08 22 57 B35 (P<0.05)

Note: Different letters within a column indicate significant difference(P<0.05).
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Table 3 Underground biomass and its organic carbon storages of grasses

= o T L R L
Soil depth/ Underground biomass/g+m™ Organic carbon storage of underground biomass/gC-m™
cm RGO RG3a RG6a RG9a RGO RG3a RG6a RG9a
0~10 885.00+43.30c 1 166.00+29.44bc 1 328.42+184.82b 2 207.75+43.30a 303.04+41.93¢ 402.10+22.49bc 521.67+52.77b  900.66+53.80a
10~20 100.00£0.72¢ 273.67+0.65b 451.75+2.17a 468.00£17.18a  27.84x1.89¢  86.92+8.30b  173.30£10.10a 181.26+10.58a
20~30 67.25+4.91d 142.67+0.22¢ 269.75+8.52b 302.00+1.88a 17.77+3.78¢ ~ 42.65 £2.91b  85.04+3.68a  105.18+10.87a
30~40 59.25+3.61d 132.17+7.72¢ 182.00+4.33b 251.25+1.01a 11.75£1.20c ~ 27.83+9.57bc¢  56.11+2.32ab  79.40+22.61a
40~100  230.00+25.84d  349.25+2.22¢  600.67+45.33b  728.92+46.26a  36.73+8.33c  68.59x11.04c  152.25+12.26b 213.78+14.67a
0~100 1 341.50+78.38d 2 063.75+28.29¢ 2 832.58+162.61b 3 957.92+109.62a 397.13+43.65d 628.10£16.01c  988.36+55.42b 1 480.28+84.84a

i FAT AR RFROR 2257 8 (P<0.05)

Note: Different letters within a row indicate significant difference(P<0.

05).
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Figure 2 Organic carbon contents in grass roots in 0~100 c¢m soil
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Table 4 Soil bulk density and SOC density

b %5 Bulk density/g-cm™ HHE B SOCd/kgCom™
Soil depth/cm RGO RG3a RG6a RG% RGO RG3a RG6a RG%a

0~10 1.2120.02a 1.17£0.01a 1.07+0.02b 1.010.01c 4.7720.06a 4.89+0.06a 4.540.22a 4.5220.01a
10~20 1.300.02a 1.3020.01a 1.23+0.02b 1.2120.02b 4.0420.15a 4.1120.55a 3.99+0.36a 4.4420.02a
20~30 1.35:0.03a  1.33:0.0lab  1.3320.00ab  1.28+0.02h 3.8620.09% 3.86+0.46a 3.93+0.02a 4.3620.00a
30~40 1.37+0.02a 1.3720.02a 1.3420.02a 1.3120.04a 3.06:0.09c  3.49+0.33bc  3.824#023ab  4.2420.02a
40~50 1.48+0.03a  1.40£0.01ab  1.39+0.04ab  1.370.01b 3.1420.11a 3.04+0.24a 3.18+0.54a 4.0620.07a
50~60 1.49£0.02a  1.45:0.0lab  143x0.02ab  1.38+0.03b 2.61:0.27h 2.7120.17b 3.05+0.05h 3.6020.07a
60~70 1.56£0.02a  1.50+0.0lab  145x0.01ab  142+0.06b 226 +039h  245:024b  2.80£0.07ab  3.470.02a
70~80 1.57+0.02a 1.5620.03a 1.5020.04a 1.500.02a 2.25+0.03h 2.5120.26h 2.57+0.16h 3.5320.01a
80~90 1.64+0.02a 1.62+0.02a 1.59+0.00a 1.52+0.02h 1.45:021c  2.18+0.53bc  2.72+#0.42ab  3.45:0.02a
90~100 1.69+0.01a  1.67¢0.03ab  1.60£0.04bc  1.5320.01c 0.87+0.19¢ 2.00+0.34h  2.47#0.12ab  2.7120.02a
0~100 1.47£0.02a  1.44:0.01lab  1.39£0.01be  135:0.02c  28.31x048c  31.25:0.98b  33.08:¢1.02b  38.370.2la

i FAT AR RFROR 2257 8 (P<0.05)

Note: Different letters within a line indicate significant difference(P<0.05).
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Figure 3 Organic carbon contents in soil at different layers under different years of rest grazing
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AR T 72 AN B 2 (P>0.05) . £E 0~100 cm -+
19830 T8 REF |, RG3a—RG6a-RG9a 1 1A HLHK %5 Fif
& T RGO(P<0.05) , i WM 1 38R BE 1) 5%
i FLAEA
23 TE-HEERSEHRIEE

I RE T A6 e WL 1 0 - S AL e 5 o
H2 RGOa ALY 5 (32 5) . 7E RGO-RG3a—RG6a—
RG9a #EHH, B HURRAE I o7 1S4 R Gt
I L1643 51 498.38% 97.76% .96.83% .96.02% .,

DL RGO H b, 1 S5 —H 1 22 G itk fith ot Ry R, S0t
N RIAE FR B9 K 45 5 L RG3a—RG6a—RG9a #F: Hi i 184 i
(AT WL % 4 43 5 Sk 3 197.10.5 392.58 .11 190.51

gCm? o Hrp S | RIS 200 o RG0S
) 92.18% .88.57% .89.95%, ‘=¥ bicIa il & kb
B KA 11.43% , /Ny 7.82%., dtkal 0L, 445 2
B AR S R G =R D A ERRHE AT
DA A R 1 A 285 R G ] B 22 i
2.4 R R E R R A

Bl [ e A ) A B3 X AR Ak R b g Kk 5 T A
IO X 4 R Ak S W 1) ) o AR R A EE S S R
fiie S AN LR PR S 9 B T 084 A, 5 e S AR D) i A
WA BR A3 I AR (3% 6) o RG3a [lhs i B fiK , 1%k
RAH 0.09 TT -kg'C; RG9a J5 B Hb 14 [ ik 5 155
A< 0.08 JG-kg'C.

® 6 MUARERFERFERE S ERBAS BB A
Table 6 Amount and cost of carbon sequestration in

different years of rest grazing

H(AC) BBk MA (Cy
gppg PIERCAC) CREBRAC) 0 )
Treatment Amount of carbon/ Total cost/ Cost/TE - ke 'C.
reatmen KeC-hm® i hm ost/JG kg
RG3a 31 971.00 2 903.40 0.09
RG6a 53 925.79 5 806.80 0.11
RGY%a 111 905.07 8 710.20 0.08

xS MIARERFERERESRGRMEER LT EKIR

Table 5 Total organic carbon storage and its major sources in different years of rest grazing

LA /g Co

FHR P Main sources

A3 Treatment "
Total organic carbon storage  Jhy |- ffi%¥) AGB/gC-m?  JHYEY Litters/gC-m™  Hb FHRZ UGB/gC m™ -3 Soil/gC-m™
RGO 28 771.77+431.53¢ 65.17+5.52¢ 3.07+0.04d 397.13+43.65d 28 306.39+478.39¢
RG3a 31 968.87+£962.15h 81.77+4.40h 5.65 £0.07¢ 628.10£16.01¢ 31 253.34+£978.56b
RG6a 34 164.35+1 013.23b 85.27+3.38ab 7.90+0.32h 988.36+55.42h 33 082.82+1015.47b
RGYa 39 962.27+203.40a 98.69+4.47a 10.84£0.91a 1 480.28+84.84a 38 372.46+205.86a

SRR A RFROR 22 57 8 (P<0.05)

Note: Different letters within a column indicate significant difference(P<0.05).
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3. M ERMNFERFEENHXEMETNEME
EEMEFNHRIENZIE

B R— AR, h L A EERS Hh T
REMRETEY) 4 A0 AU AR N E S R S
FRREARHEYAIYEE, 2B NSRRI TR AE
R AR AE TR TR IR,

RLRERT A PR 1Y) 52 0 32 2 2 P P
Bk A S HCERSE 25 F B , DTS e A ALK fi
(i RIS EE . IRMUEHE 1 3 B R A PR AR
BT R AR AT e — 2R LSRG, I
SEPL LS R A S I RE R AR . AN L
SR HLER 1R S ARAT R, 1 HL S A [ RV T
WEAFRIAME LRI, 7 E R A S RS
(8 — AT R, Ik A Vi 0 8 S P ot T A 2
ARG AR B A —E VR, T RIE i 2y
fiFRER L AL AR P R P il 1 B I ) 3
IS REARFERE, B A 25 R Gt R T W 2= AT Dl
LI RAHRL CO, FPERT, R i 7 B 3
B PR CO, S, kL0 5 [ AATTRY
SRUER PRV YR A U A S BRI, XS
T IEAIRE L2 A R, R S,

SN AR S RGN BRAEAT . YRR T (R

FO)AW RN M b ) B AR A A R
O3, SRR AR LA T A Y AR G A,
R B B SR B0 JE ORI AR R AN 2 23 )R
B 3 Al REAN— 3. ARZE B HLIR A= i i I
AT RESR RO AEL B A BR A B, iR R A A R GBI
REM, [AIME, 7545 BIFE ih oA e B — 2P X MR 2R
AN RIZEL 23, 25 R AR B2 2200 TR M BT

AT KB, FEIEARIU R . EAERE AR RE T 2
Fiew TR TR B IR RIRRIE AT . Bl
B IBAFIRAYIE K, 5w 0t EARRYE 9 R
YIRS RG9a>RG6a>RG3a>RG0, FHYIHE
o A=A AL S VR YA PR S AR
FA AT BB A o R AACATE IR B4 S A T T M 3B st
DI, JE R, B st A0 21 1 R BB S A2, )
VA O8I B RO BR AR, AT VE AR A D A
SRGETFHBNEYAIY EE, EEMERS
BATHBE R LA A E SR ORI, AR T AL
BREFER . IRBOSD 1 HE 3 0k 13 R AR At R 4
FREIBEIAER, FE—E R ERR T A HLs

AN, 0 R O e 8 7 A ) N K R S < P )
B A A B e T, Dok 7 1= 43 AUy A R T L
B LR IR T,
32 R E RN EEE R T IEEHRSENTMN

SN iR e TR Ay T T] S
T HEA PR S B2 S R EEPAE 0~40 em 12,40
em VU2 A HLIRAZ Hb FABE 52 LRI B . X
5k 2B G T 5 R LA . LR IR IR
B FE B AR g D B AT R A i e AR
Wi 5 - e e A7 i h A LR R R D R TS
B R A 25 2R G R e SRR 24 7
HH G 96% , A=W A ALK 5 N 4% X
RV I 45 R

Fili b 2 285 3R 8 B LS 52 AR 22 AN E T R 1)
SO, X T A HLER & R R 2R, R
FEE AP FIALE IR E D 2R TR L
KRR, A ML R IE T A R P AR 3R
SYFEFT AL A AL, AR YE Y R R
S4B AR R R R A e X6 A WL A 1T |
H A R i G2, B AT AR b &%) L3 L
Tk A ARES R | FNR  A —E RZ
ARSI R AR RS RGP T A
THERE AR Rt AP TE LK 0~40 cm JRJE
L ETLL 40 em 2 L0 ) 3RS V)RR 2240 BT
PR PSR T U HR AR TR e R Z TR 2
32 0y 3 WO R B AT R AR AR A, HE S ) %
FN o AR 2432 ) , HoAg ALes & B R
FR)Z R, A AR 75 0k il - J2 R B 38 o i s
X SRR 5845 R — 351,

DIEA IR SR, A LA LA R bR S
M b BRI T ER A AE YA A, 5 LA K R AT g
WA o FEHIARIU , HE 0 o B 1, R R SR ST A A
WY, 154 R JE RS, A b3 i 1
TP AR R0 LKA S FOK R 1, A )k
K IE BB DL 2 | 1T 55 K i, 20 AL
O3l R TR ) SRR,
33 MRE R EEEE T IEEHRE ERNEMm

AT LR T O L [ Brid A LR LA
SR VAN A e - 45 oA P i o A — A L EE Y

EFR®, RG3a—RG6a-RGa “F- B HL A ML AL EE 1 m

TR 13968 MR 2% Bl = 2 R B (A 3G ok 2L, 5K
ZFFTEETR— 29, ARF5EH , RGO-RG3a-RG6a—
RG9a FEHE 1 m ¥R 42 A ML 531 h 28.31
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31.25.33.08.38.37 kg-m~, 4 F 1.19~176.46 kg -m™
Z [, A e T B b Y- 18 - A LR % B (8.5 kg
m ) Ry e L AT 4 A LR (2
7.2 kg-m™ )P0 Ry B e L R e M A R J (4,98
kg m?) FRARELJF (4.69 kg m™) FEiH #J5 (1.50 kg -
m?) DK H A 5 I S R e ) FE ) )5 (18.30 kg
m ) [P35 A B %
3.4 FEEEFERKHEBKE

MABREI I A1 R E— R B AR T Rk
MHHTRIRE . b IR PR IS £,
AT AH T B S SRR PRI A 2O
AT R, JUR R R R 7 4RSS, B B ez H
A7V IR, SRS B AL I H B
P, R REAS B T A R R AT DL T A R
FIFT, BIBAE K TUA , AR BRAN L, R AR I TR
Wl DABRAH L AR L RO )T HLST i AT
BLBR I BB, A 2 o Rk R Fehehit i s DA
A A, RG3a RG6a Fil RG9a Y i 1k A A% 4371
k1 290340.5806.80.8710.20 7+ hm2, Fifi 5 PR HCAE FR 114
SERTTSEN, BIRRAEAM 52 009,011,008 Jt-kg'C.

4 g

B2 RBOAT LA R A 5 A5 B A AP A 15
BT, AT TR AT o BB e PR [
TR, B SR HLBR 3 SR B 123 RS 3B
TERBOI AR R R G e — kAL

PRAONS Be  [] ftaed RE FIAILERIF S i A R TR A A
[ X3 AN [RTR AR BE ) ot , 22 DR IRHAR
BREZ I R G PLBR A9 RER, AT 20T R KM R 58
A IR AT T, S [ 53 S DX At X 2 P PR
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