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Soil carbon sequestration and its potential by grassland ecosystems in China
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Abstract; Human activities, such as lowering grazing intensity, enclosure restoration, can improve the accumulation of
carbon in grassland soils and sequester carbon. China has large area of grassland, which accounts for more than 30% of
China’s total area. Carbon sequestration through grassland management has drawn a great attention. In this study, the
grassland of China was divided into three types: typical grassland, desert grassland and alpine meadow. Based on long-term
station experimental data, the carbon sequestration rates of enclosure, taming, degraded grassland restoring, aerial seeding
and returning farm to grassland were estimated by calculating the average carbon sequestration rates or potential ; when data
was available, estimation was made in typical grassland, desert grassland and alpine meadow respectively. The carbon
sequestration rate of enclosure in typical grassland was 0.47t-hm ™a ™', while in desert grassland and alpine meadow; the
carbon sequestration rate was 0.28 t-hm >a~'. The carbon sequestration rates of taming, degraded grassland restoring,
aerial seeding and returning farm to grassland were 1.09, 0.9, 0.9 t-hm > a™" and 0.5 t-hm > a ™' respectively. The
carbon sequestration potential of degraded grassland recovery was defined as the loss of grassland degradation. The carbon
loss (also the carbon sequestration potential) in unit area of typical grassland was 31. 58t-hm >, while in desert and alpine

grassland, the carbon sequestration potential was 34. 26 t- hm ™ according to the average value in relevant long-term
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experiments. The results of carbon sequestration were shown as follows: (1) On the assumption that 55% of the grassland
in Inner Mongolia, Xinjiang, Qingyhai, Nixia, Gansu, Shaanxi and Tibet was degraded due to over grazing, then by
degraded grassland recovery, the carbon storage in grassland soils could increase by 4561. 62Tg, and this increase was
mainly located in Inner Mongolia, Tibet and Xinjiang. (2) According to the statistics of the area of each grassland type and
the grassland management, carbon sequestration potential of non-grazing restoration, taming and returning farms to grassland
was 12.01, 1.46Tg-a™" and 25. 59Tg-a "' respectively. (3) The extra carbon sequestration ability by managements was
9.17Tg-a "' in 2004 when more investments were given to grassland management , the exira carbon sequestration potential of

non-grazing restoration , taming and returning farms to grassland was 3.09.0.38Tg-a™"' and 5.70 Tg-a 'respectively.
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Tablel Classification and distribution of grasslands in China

E 2R R Types T B4 X Provinces
BLII B M, Typical grassland AR X b E R PR B854 Inner Mongolia and provinces in eastern and southern part of China
FEEEE M Desert grassland 7 B Ningxia. H 7 Gansu 588 Xinjiang
EZE &K M Alpine grassland 1% Qinghai . FiR% Tibet
SOC = soc x BD x H/10 (1)

A, SOC KL t-hm NN TR E LB YBRS B, soc WU g-kg BN FRK HIEANRSE,
FEABIF R B A FR ST EE ; BD A E (g-om ™) SRS AP R LA BER , RS A N B 4
BEHIE, NSH b ERE B p R IR i B LR E R H AR L EEE ST HITEN X T ARES)
Yot B b+ SRR B S B R R BT P — I BURE 2 30cm, AR ST S %t H B BUEDR A 30cm,

CSP = (SOC, —-SOC,) xA (2)

o, S0C, KRB E MM E R HIEA VRS E,SOC, y B BN ERE T EAIRS S, HEAMY
Jt-hm > ;A BALE PR E BT AR (hm® ) ,CSP B BR¥E S o

B AT, R AL T BI6 XTSRS 6, E AR $, B IBA X EGR AR R A T, R
BRI ST ERA2E 50% ~60% W RAREMFEEAFBRENRAESE, B AR GE NET
& WAGKEERX SO, FBITRIBRREUBOL S EMANSE S HEB. 8. TE . P RS
B BIRX BT R 55% . HAFEMSAE)T KX, EFBABMEIFA LR, FHit, X H R ERERKRER
& B ¥ 1) AR

FAE B 2 K 1 B 3 o B 2 B AR b1
%?‘Hj Z< Iﬁjgé’:ﬂ E‘Jﬁﬂﬂ‘mﬁ E‘Ji"FiﬁZEfHB‘J @ﬁﬁﬁaﬁ ( % Table 2 Organic carbon loss due to grassland degradation
2), TEHAE M |, R IR B M I BB ¥ ) O 4. 2 - B k8 7 .
t-hm™* ~51.65 t-hm ™2, FH % 31.58 t-hm 2 ZERGEE  Number ~ Orniend Organio References

Types carbon loss
B R AR AL 2 1 [E R ) 15, 24 ~ 65. 75 -

1 WA 2.9 [9]

t-hm™, ¥4 34.26 t-hm *, | FRALECERFE 2 Typical grassland 51.65 [9]
TR A B, DS b, 5 S B B A S AR 3 38.05 [10]
SEBALE A BB R R R . 2 e
1.2 EHEEEHEN ERE G R 6 EEER 21.79 [13]
B ARG E BB ) BRI IR B E 7 Alpine meadow 65.75 [14]

L Tl Y St T R P B TR R T ik R 3Rk ik 35 8 15.24 [14]

T i R4 Oy SR BRUHE il 0 AS SR BBLHE 1l 9 o 1 o
T HEH VAR ZE, BRI T B5E 5 A REUE e 16 S 3 B4 HIBA PR N E, £T&E
HEHEGN HIERAEMEREEEPERS, B IR TE SCREIES H T 0 ~30cm 1 2 # B ik R4
AEGE R BNEATEE, ARESREP, ML EARESLE EERPES MR AN E T ER
Pk &R, B, T EEREREE NN AW T:
DSOC, = (SOC,, —SOC,,)/n (3)
A, DSOC, R BUE BE it 9 A PR AL & (1-hm > a™") , SOC,, AR IR R REGE Mi ks 9 + 3G
LR S8 (t-hm ) ,SOC,,, IR L 5 RBUETERE ) T IEA VRS B (t-hm ™) o FRBI EKE (a) .
DSOC,, = (SOC,, —SOC,,)/n (4)

O FEARIEMERLILE G- 2020 ~2050 454 E F A SR E R, 2000
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A, DSOC,, A R BUE R HE M (%R ) B9 HHEA PUBRAS L8 (t-hm™a™!) ,SOC 4 A AR BUE Mk ik
WA AP SR (t-hm ™) ,SOC , N IRB L R G A RBUE A AR TE(1-hm ™)

CSR = DSOC,, - DSOC,, (5)

CSP = CSRxA (6)

R, CSR Hy HIEEBER (t-hm>-a™"),CSP T IHME B S (t-a™") , A g% B M09 5206 T R

(hm™),

EMEHEGYEHEER, EGEEET AL
FhE R B REE R R R BRI R s AR
(PEBROLAE % 2004) ", B HE B B T RR AR
(HPEPRREAM) . A6 My 50 T BRI
BRI 4 22 2 SRR 1P 3R,

RIEAFRSCER IR T BT MR R
Vo R e SRR ) B B T AR BT B R R (R 3) 7R
Bk b FEE Y B AR 0. 2131 ~0.731 t-hm%a™',
S35 0.472 t-hm ~ea ™" s FETT BB Hb Rl Y [ ARk
% 0.095 ~ 0. 6804 t-hm >a™', E ¥y K 0. 276
t-hm*a™', HTREBERELM FEHEGN L
A YERE K BE MR B H R, R B R

£3 FEEMTHRARHYEBEE (1 hm>a™")

Table 3  Carbon sequestration rate of enclosure in difference

grassland types
Fs EHIZER Bk SCHR
Number Grassland types Organic carbon loss References
1 BRI 0.731 [16]
2 Typical grassland 0.2131 [17]
3 FEBE 0.6804 [18]
4 Desert grassland 0.2635 [19]
5 0.1771 [20]
6 0.164 [20]
7 0.095 [21]

BARHATREE MR, T ALMHE(GER R RS WBRMES) MBI E i) [EBE 2R AT

ANBREHBIFRRREBE(FR4),

F4 TEEMEEEEHEREE(1-hm a™)

Table 4 Carbon sequestration rate of different management measures

HHiETE HLRIE T B H REEM SCHR
Management Typical grassland Desert grassland Alpine meadow References
A TLFHE Taming 1.09 1.09 1.09 [3]
¥ B 3% Restoring degraded grassland 0.9 0.9 0.9 [22]
1Bt L E Returning farms to grassland 0.5 0.5 0.5 [23]

2 HBRESGW

2.1 BEFEMPRE B ERE 1R

BB BORBRESF S, R E AR AR
&, T LAKE N 3+ 337G HLBR B 3 i 4561. 62 Tg C
(KRS , XWREFBEIMENSE(525.89%) 78
(5 23.24% ) FiEB (5 28.95% ) ,
2.2 EME SR ERE R

ATHE BHEEMEGERHE TR e
AR B I M, X B ) BT E AR A E R &
AR 25.59.1. 46 Tg-a™ 1 12.01 Tg-a™', it
39.06 Tg-a™', 2004 F R RE M EHBEBRELH
FE4  HEBHREMEGEAN TREHRYER

®5 BUEMESHEREN

Table 5 Carbon sequestration potential of degraded grassland
recovery
5 BRI E{iﬁ?ﬁﬁ ( Tg 6)
Province Carbon sequestration potential
of degraded grassland recovery
AZ# 1y Inner Mongolia 1181.09
Vi a% Tibet 1060.38
peVE Shaanxi 47.82
Hil Gansu 279.14
H1§ Qinghai 595.44
= Ningda 77.16
##8 Xinjiang 1320.58

KRR, Fie A TR B R R 25 A 237 B AR O T AR B 346 x 10%, 76.6 x 10*,701 x 10*hm®™* |3 Fhi& it 37
W B R EE S 434 5.70.0.38 Tg-a ' M13.09 Tg-a™" , 431 9.17 Tg-a™',
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SR HFABRMAES RGN W, FHAE S RGN BB ) R XHR LD, BHNES RSN %
A BB 2% 0 BBl 3 ) [T ikt R ST A X 35 25, T L 15 e 1 [ ik R 03 LA B =, HURB A AR L
MEERE (K 4) . EXHBRICESGKE W B fEE S, BB AR G 2B E i, K
BERTERE . EREXIAFEHEEAEYEE A4 T RAALBHERE X - B m R RE
ARG R I , X AR Al SR M B [T B R AR RV ) B BB LA 3 FpE b R AT, T8 B ok K st S FIAE 4
BESHERZERAR, AEMEEIERNERE T, AW 2L EEE B Atk b, REEMEY)
HEES R 1 AEAE RERE SRR, (BEMME YT 3502 H24E4 , F S B I 7] BB <30 B 43
TER BRI B B A5 7 SRR EIR D], 7R AR B A R R G B R PR ESE SR

BT, REXRT AT S, e R SO B Pk & X 2 - 3R HLa i i B R R R D AR B
FEY N NEIIEN , R BA B T R R R B AR, (R A F B 7 A8 R S RS s R
A= AMEFEEHES, ERREBTEFERVIEARR L, B2 - B R2E5E XEHEBNERES RS
I B V5 ) ¥ SIS WL 55 o
3.2 PEEREMAS RGN EBRE S

Fook o E AR RAR B BE O, BRXEE L SHAPEEMASRENBRECREA X, B
B RTRBA HAs m S0 A R

MU EEESERP LIRS, REBAFEMAERRGENIKE LG RRMEBRE . ARG 30a R
WM DR , MIAG4E AT LA B E KR, €O, 152 Tg-a™' s X HEE (9 Tg-a™) JNEK(0.2 ~ 0.6 Tg-a™" )Ml
REH(0.4 ~ 0.8 Tg-a™ ) WMERBRWZE,

TR B A 5 2 92 5 14 2 H 25 B HE 1 19 [T B0 F1o8 39..06 Tg-a™' . 2004 4F i E AR Y B AR 510 9. 17
Tg-a™" X FhEE E AR B BRAE K BEE % A Bt BA —fh BN B i T B ATk= % ma-e E AR, 4
DLZA H S P2 B T i A 2 R G R ¥ A T HEL
4 i

RIEIA WFORME R, B BT R R, 3 B U BB AL A8 IR, W] DA A 3 1 3 A A1
BREE 4561.62 Tg . A THhH B B0 25 A0 3 37 B i B3 T AR AY [ AR 6 B 43 B 25.59.1.46 Tg-a™' Ml
12.01 Tg-a™", i1 39.06 Tg-a™', 2004 45 R 5 B I AL HOAE0Y , PP LB B 20 A0 2537 FRIR
B B BRBE 514> 3% 5.70.0.38 Tg-a ™' f13.09 Tg-a™', &3} 9.17 Tg-a™',
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