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Abstract

Aims In this study, we aim to understand how grazing would influence the partitioning of assimilated carbon in
an alpine meadow on the Qinghai-Xizang Plateau.

Methods Measurements on carbon partitioning were made in a long-term grazing experiment consisting of light
winter grazing and enclosure treatments. The "°C tracer method was used to determine the partitioning and trans-
portation of assimilated carbon into different carbon pools.

Important findings On the 30th day following the labeling, shoots retained 32% of the initial 1€, and roots and
soil together retained 22%; about 30% of the initial >C were lost through shoot respiration. There were significant
differences in the retention in soil, and the respiratory emission from soil, of assimilated carbon between the light
grazing and enclosure treatments. Under light grazing, plants invested more assimilated carbon into the root and
soil carbon pools. The rate of "*C transportation from shoots to soil and the rate of respiratory "°C release from soil
were both greater, and the retention of C in and respiratory release from shoots were lower, under light grazing
than under enclosure. Our results suggest that grazing is an important mechanism for maintenance of grassland.
Grazing may cause changes in the structure and functioning of ecosystems, and induce large variations in soil
carbon storage. Alpine meadow in the Qinghai-Xizang Plateau is amongst the grasslands with highest elevation in
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the world, and has large soil carbon storage due to low temperatures. We found no difference in soil C stocks be-
tween light grazing and enclosure treatments, indicating that light grazing would have no significant impact on

soil carbon stocks.
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B A 56 T Hb 3K B M 2% T 19 25.4% (IPCC,
2001), TM7EE P890 FFkm (I b rh, i [ gt o5 1
#1400 /ikm? (White et al., 2000), [F]I 2514 % Bk
K85 (C) it 17-fE 11(200-300 Pg C)(Scurlock & Hall,
1998). J" iz B J3 A A e FRI CAitt A7 e 7 A 43 2 A
BRI MU BRAE A M B [ 457 55 T I b AR . B
JR C PE 1 A 7N A2 A 23 568 KA CO, 77 AR 80 R 5 i
(Menke & Bradford, 1992; Haferkamp & MacNeil,
2004). T E R A A gk m AR K&
Jii(Herzschuh et al., 2010), 4347 T 5 ik = S 1F 54
29 7 T SR T AR 135% 0 bR v RN RO DA AR
1711 2 EH AR R (Zheng et al., 2000), 7L X5
M A AR X S A 7 TR A R . =
FREAEFETR, XFEAMNPKERER S, &
AN WS, KEA LT B A2 3 (Zhou,
2001). FEANRI AR S FE R BT A R
HCE L A T Y RE 15 (Kuzyakov & Domanski,
2000). [AIL, 2 B ) 3 A Cfih i tH 2 B s OO,
2002). SR, o FE B ) A2 2S F 58 L R 1K) C AR A
IR IR A B, RERTEAE TR . L
M 77 2538 A S AN R )8 2R 7 s 200 A IR R
(1) FHL(UNEP, 1993).

TR A N S0k e i 5 3 ) — b R FH 7 2,
MR AR b ) 2 A B A 2 B (Mlilchunas
& Lauenroth, 1993; Oesterheld et al., 1999; Cingolani
et al., 2005). VFZHWFLR T ANFFEERITBARL. T
WL s DA B R TR S R ] B M v AR S R G A e

(NEE)H 52MH(Wilsey et al., 2002; Rogiers et al., 2005;

Ward et al., 2007; Thomas, 2012). BF7TE M, 7EARM
WX IR, HEYRE 2 06 E =) 5 BB 3 gy,
RERFEYI RN, W EAEY &80 (Song et
al., 2018), JAVEMI R STUARXAHLEL, AT X 5%
B i B EMEYE % E(Wu et al,
2010). 7EfEILURSHE. 9FEZ R, RELEHH
B 1) 5 5t ) A TR R IX (1 1.4 F2 65 (Gao et al,
2011)o M43 5 038 30 P MU B T 4E R A 2 #F

PEFIHE AW E (McNaughton, 1979), 7] BN 2 —
SR T HEYE AR, R 7 AEYF R AR R
& 1EH (Doescher et al., 1997). A 7N NTEEE
ARG OL T, YR B 2 GG P P R 23,
BN AR A8 (Gao et al., 2008). R B4 h B
ZAEACIEIIR R WY, AR T LR POE
AR LTS ZREE T, LI
Jf A1 i A o i 1 338 v B DA A ) 3B LT,
IntR B AU R, B B3R o AR
AR PR (M EE, 2014). 3ot BRSO 2 5]kl B
MBI E B R, B T REAES RREN.
F2 07 ¥ UL M Re & i 3h i B (McNaughton et al.,
1988), 520 | AZS RSt A2 € 1 AAE 7 J) (McNau-
ghton, 1985, 1993).

TR £ 5 M L J5 ) AR - 3R R G R ' B
I 75 R 4 B ZR R MU 4E R b T R
FAfRLEE B 5 5, DR b vy 2 ) A R R T
AR ZE OB Rl A [B] )R 77 e (R 7 1 FE R A,
KT AR P TRURONS = 3 A LB 1 5% Wi PR A 9 ¢
o AT IR BRI A SRR B TUBON M A6 Tk
RO 2 A 38t A s ) B AR FE AL, FRATiE
FH PRI N BEAE 4 25 50 JBE CHORT R A 3 75 98 ol
Ab TR 6 A TR AE & B P R 1) 18 B A 4y B AR X,
PUIRIZ PUR B R (1) A& Z=8 O 06
B IRAE S AT E IS B g m a2 Q)& R E
TSCBORT B5 B B 6 A i 23 BCABE R 2 G qe) 2 AR 5
S5 X s T A T R X 3RAT132 P Clik
PRICNER30K PN (R0 A 15 23 Bie 1) B 48 A AR A 7
A IR FE IO MDA B o B B s o 5 BhthJ
SIS RS T L M R R PO S I AR DO B B )
e R gk /e FH T s it &=

1 #RFITTE

1.1 FARHEEIR
A FERE SSAL T A T T e R AR AL Y
Fp R 2 B v A e 2 ) AR 2 R G L A T (1
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FRifEAbas, 37.62° N, 101.32° E), bl kg3 A
JE R A . 1% X R N3 240 m,
PRI N-1.7 C, K EZ)580 mm. [E/K
LAEPAES B9 i (KT, AR THEMAEK M
VIR A K AES A IE BT 4 (Zhou, 2001), B 7% X 45k 2&
 ELEL], RV IR A S H(Kobresia humilis)
A5 (Stipa aliena)~ T FEYL B 5 (Elymus  nut-
ans). W% 78 o5 R Hi$95% (Song et al., 2012). %
X F 3 Ay L e AN AR
F] L3387 K22 U 4H, 1995).
1.2 #MRFAE
121 XTIt

H20054F, FATEFIFHEFALSLRuEEE S 780 m
x 60 mffIFFREM . ORE I R L, ANEFE R
RPN (FELE-FN 45 E55) K £ (Song et al., 2012). [H]
B AEY . TP 8 b s T
by 55 5 1 (R 26 SE G (R RE e . FERIEF X, SR 5E
AKX H BT, WEINRKX, BARX I
75, BEJTR/NN2 mox 2 m, AHAR2ANEEDTIAIRE 1 me.
FEJT NS5 HET7 AN (1) 73 51K F 530 em P8k i
FINEE VU MT, s 3RS em. (EREE X
W55 1R AR AR Y, AR )
A RAZE e T P T R A T AR o Bl S5 TOHOR
B 3 B TR, 5 BRI BE 523 mo FRATT— L%
BTSME, BT R/ N2 m x 2 m, A2
FEJTIAIRG 1 me FESANFE T R BENLIE R/ METT, 1B
AR PCHRCSE I P BN B A . 5256 T 201448
H1HE, T8H31H4S K.
122 PCRKifRERRIE

3G F8 H 1 H 231 HIAR BT, 24X
W IE3N2 m x 2 miEJ7 F ThRicsils . 7R sL
IOAETT NIEEN21M40 cm x 40 emP)/METT . Hp—
ANNFEDT T PORER S, 5 /INETT (4410 4b
MFZTF22 emZE AR, B LRE RIS N, &
JBZEK /N RN40 ecm x 40 em x 30 em (Kx 8 xE); 5
—AN/NBETTVE T B RE R, #E/NRE DT A R
REEE B I brid . FH ThRid i/INEE Ty, FESEER T
GRIRRT — R R, SER) 5 G B 7R S AR AL A T
Tk SRRV R VYA I SN, R 4
AT, s FEERALIIS cmiR, HILIEA

45 pmfP)Je WM ZEAE, Jé M AEfH = HT N 10 emi%,

CARERG Wk B AR iC AR IR &, 157 70 17K 73
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A DARH RS e . FEAA I PN R HTEE B 255 77 R b b
O I TR R R AR R THI R K 28 S ks, T 3G I 5
BRAR P C O A A 1 A 2 T K30 v 1

FRAC S0 6 7E I B K A 10:003E4T, CO, (PCIR
T 53 099%) W ik A e R A, 38 I A R B
%4 mmAHESEMNSE N, WE 50.125 Lomin ',
HHME M ERE. A5 B0 7l
KU, TR RS N T T BRCOLK EEXHE
AT FRI R, 54 S8 P I COL IR B Il 7E K
CO R P B T KA I COL R B Y L A
BCOMMANL hig ik, FERMRFES RS FHRSES h
(Klumpp & Soussana, 2009) . S A4 A\ it & F AR 1E S
(AR AR DAAT UL PR G 28 R0 4 T A 72 Sk
AR R 3t b 50 R R S e i i PO
(Rangel-Castro et al., 2004).
1.3 HmEE
1.3.1  TIEREIR S RENAE

T EARMCE 1. 6. 12, 24 hFlEE4, 7. 15
FI30R Y+ IE PR LI CO,. £E P ChRILE I SE
BRIUREIEFE T, 551464 12,24 hisb4T T WRIRIBURE, T
BCRRAT R B4R KA BN, N T Bb B R T3,
BATR BRI [R] HEIR B 2B 6K, B J& 1R BRI ) K
PRIZRR 14, 21, 30KIEAT, HEJS TR A HI7E 1R
ZW. HTRABFERIESRL. 6. 14, 21, 30K, Al
DA - 98 A it 00 S A R 7 B ) A5 5 3k
1T7 08T FESIEE R F2F AN [F] 845 11 3& B PVC
¥, KFEE15 cm, EA£20 cm, FHTYEREY)-1- 158
RGUTIREIICO,, 1X LA P Hy - A7 15 5 PR B /)N
Fr=25 cm, EARS cm, HTIE BRS04
W, IXEE/NFE P I EAEREREOGR . BN I TS A
— ARG R ZE B A W FL A TR SKEURE . BEANR A
70 mL RSB S E4R- R A A RN
(TPV-005, 1 [EH RGEMEAR A EEARARHHT
I TIPSR TR (K1 C O, Co A VR BURE: ] s 42 B2 e T
2 e PRV S IR R A P C R R BRI 52
1.3.2 YA

FEACIE . 6. 14, 21, 30K, JATES A
EORE [F) B USCORABLPDRE i, 4 R A 350 0 Tt 3 T B
i, AV B T PO T . MBURE KR )
e EFB RS S HEHLEURE, FH ARREBA B IEKT
DML . R SR AE R A LR i) R4, AR
RIMAEFLAEN0.5 mm i+ AT 4RIE Ve, BRIt
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(1) 3R AR (/SR S )R A I RIARFE S 7E 70
‘CTN48 Wit T, HTIlEEY A E. EYFE S+
PC. CHEIER.
1.3.3 TIEHAEE
STRIERRICE L. 64 14, 21, 30K, HE
125 em. 20 emf HESEREANEE T N2 INRE
JiE ety -, o R B S 1) IR R AR TR A R
AN AR, Il — N2 mm TR AR R A
FiERRE, ik R4 C R, IR
25286 = T R SR IR, KT R0 B cfc
i MeAh, HIJIERAFETT IS IR, W
19 IR EARR
1.4 SKIGIEFRME
14.1 #Y). TEHS. FRERMNBRIEERME
tEZ (67 C)
ST I SEAR JEE AN e i R A S iR e
Ja CEAL/IE JE Wi B 8950 C), did #4 Sl 25
(TCD)M & F HURK 75 &, RSk AFa e [FfL &
Jfi 4% (Delta Plus, Thermo Fisher Scientific, Bremen,
Germany), #£JFHEAX _EME6 CIE. A6, FINaOH
WSS A& ICO,, A4 mL 0.5 mol- L™ ffISrCl, A
DUERRTR ES. F10.2 mol- L™ HCIH I oK [ 3 frNaOH
(Zibilske, 1994). HYTHEFISICO 37ET 200 g5 03K,
FH 287K M8k, SrCO5JIN 105 °C B ML AR T J8 FE PR
i, BANGRES, $NRGE RS R, 1
JR A 5 P, AERRCR R AN 135, A4k
RS RN A R PO BT A
B Cria = [(at%" Ciabeted — (at% " C)untabeted] X
TC % 100 (1)
A, PCra (kgm HERFEMFPCEE, at%"C (%)
FRRERTBCIIEE; labeled flunlabeled 43 5 R
FRCHEERRT; TC (kg m ) REE b oA BRI
.
142 1#EY). TECKE. TIERE
T CHREE M ) HIEF R TS, 132 mm
G, ARG EBRBEAL AW BE . R 22 K Y Walkley-
Blackyk, 7£175 C F& W HIE-GRERE SIS min
(Walkley & Black, 1934; Lettens et al., 2005). X
1,135 25 4 [K] -1 % Walkley-Black J7 1 38 15 ) - 34
HURG I B 45 SR 34T AL 1E (Lettens et al., 2005), 1&1E
FKER T XA S R . SHEYRE
A TRR R B S, ) SR Bl R A R B R A (EA

1110; CE Instruments, Milan, Italy)(EA-IRMS)F1i%
#2 #| IRMS (1] ConFlo 1I # %% (FinniganMAT 253,
Bremen, Germany)#AT 70 4. Wl & 387K 7 1) &,
I ORI T38RI e AN

143 CEERNEE

HEYICHEE AR T:

Cpool = Bitin x Cien% (2)
X, Coool (kg m_z)jﬂ*aq@ﬁiuﬁn HICHE, Bies (kg m_z)
HNHEYIFER TR &, Cra% NEEMCE &,

TIEA PR E (R FETTSE, 2004; Yang er al,
2007) A a0

SOC=Csx D xEx(1-G)10 (3)
K, SOC (kg m )N LA WL LR, Cv Dy E.
G MANEIEENCE R (%), HHERE(g em™), +
1% 2 R FE (cm) A1 K T2 mm A9 A3 BRI o5 (AR R 1 29
(%)

1.5 BESHSE ST

KR RSIAE AR r-test /3 BT 77325, BREL T B A
MO FE R RSy MR R b3 R
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POk bRt SR8 45 30K 5, FE P AL
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Fig. 1 Carbon (C) stock in soil (A) and plants (B) in light winter grazed (LWG) and fence-enclosed (Encl) alpine meadows and in
plant shoot (C) and root (D) (mean + SE). * indicates significant difference between grazed and ungrazed plots (p < 0.05).
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Fig. 2 Cumulative soil CO,-C efflux over 30 days following
13C labelling in light winter grazed (LWG) and fence-enclosed
(Encl) alpine meadows(mean + SE). * indicates significant
difference between grazed and ungrazed plots (p < 0.05).
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shoot respiration during a 30 day period following "*C labelling
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meadows (mean + SE). * indicates significant difference be-
tween grazed and ungrazed plots (p < 0.05).
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Fig. 4 '"°C dynamics in roots and soil during a 30 day period
following "*C labelling in light winter grazed (LWG) and fence-
enclosed (Encl) alpine meadows (mean + SE). * indicates signi-
ficant difference between grazed and ungrazed plots (p < 0.05).
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Fig. 5 "CO,-C efflux rate in soil of light winter grazed (LWG)
and fence-enclosed (Encl) alpine meadows during a 30 day
period following *C labelling (mean + SE). * indicates signi-
ficant difference between grazed and ungrazed plots (p < 0.05).
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B[] A2 NBRAE (1 11 A VT HT 4R B IR AE 4 H IR 45
. AL REY, WALRREZE BRI
RIERHRAEAEI5%—60% 2 1], J& T35 & AR 5
DRI, S r (1 A 2 3 TS A 8 i 1 1 R TR
FEARAZ B, 2012). F4k, BURGREXT FRA S R
GRS R E R, SR G, g
Yyl b, M0 W R T ) S R R AR
UV I3 R N o X T E 2 Ui/ 3 I C I 3
= (Morris & Jensen, 1998). i {E 4 fE BUE FE HUAUE
DUR, MYGEAMENLE), SHEYE R 1A IE
% (McNaughton, 1985). 3 & MU 23 38 440 ) R 5
Y FE E, ATk i =,
T R CAE R s R = & RIS 51 8, AR T
W KA 5 1 4E 7 (McNaughton, 1979).
3.1 RAEE THEYE S RER F T RSB
WAVRIL, R 5, FEE R EY
Hby b3 43 o C 3 TR (B 1C), TX Rl g
RN G, M EAEYE>, FE G, &
IR BRI, PO R SR R AR K
RESAE TR KT R R A B 5 it
MR = (Song et al., 2018). TR L2 BE BAR H 1 C
BEE T EE R (EID), S EYE E Z
G BCEIH N R4y . XA TIEZ TR0 R
BT S R, R B IR R S b
Z 7R, FUERFEDIA S IE K. ARFRIA,
TEFRZ RIS R, DR WA L)
RN LB E, IR A S R, i i
G OR 53 file LA WL, B TR 7 (Kuzyakov &
Domanski, 2000). 1-IEIFIALEE | AEPIAR 2 PFI AN
LA O IR S 4y, ELSZ E RTIIE FE B AR (¥ PR
I A BE A — & 0 JF ok (Kuzyakov & Domanski,
2000). 7ESZE ], BRI RE N 1358 AR COL R
T 2 v T TSR (F12), I 5 7 s 9 ) 1
Fi R I —F(Cao et al., 2004). 755 B CoR i S ih
wh, FRATT R IR R A R CHORE RO A PR 2 D
FIRACCHA BEZR(FAA), Ik, s s
AR R PCH B ZE A T K i PR
AR RGN FE, SRAEREYICHE
m¥A BEZEZREIAL 1B). AT R LI
TRUHBOR B2 3 7 0 DR A S R G IR C T I C i
BEAER. XRERFANKIBUELZ 5, BAHE
VI 58 2 (M6 A B ELEIR R P, EAR R
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PRk TR PG K, ot 3 ML 14 20 i
(Kuzyakov & Domanski, 2000).
3.2 MHUMBEHTHEYXSKREEY. LIESKE
)0y o4

PCHRACZ R — R, i B4 PCL)
NIARICI158%, B Y G IR W, HE
i oy PC RN R H(EBA), AT
Hu TR, CRORE B R R T B R K P C A 1 24%,
T FBL 3 R 1 15 16% 7 47 (EI3B) o X Ut BH 7E HUSORE Hh
T BC M B4 SN B3 R s R . e
FRACE IS — R, TRE e 3 b i P S B AN
8%, 1M B IEF S B R A 1% LA, PCh
Fic 1) 1 458 v (7% 8 i o T ] (1 28 0 2 320 48 ) (
4B). TEPIRPACEE R, FRATR BLAE T PO RS 56
IR A B R A O TR e A FE
SEEIRI PO 3 2 7 (E4A), TIELFKIR
JE AR B LR, TECHORE 3 it BAR I C it
e T B (R 1D). PCRKIT kS BEE AR RE X 4
H 30K LR A8k 2 i 1 Bh A28 ALK B e b 71
TS EC ) BAE A Hafners(2012)7E e FE H B
TR, #HTEChRIEZ )R, BYER T PCr
SRR, XGERATOF R LR 5. PCEERE
YR R Wt N I, TR R i P
SERN, WHIR AP PO R, 7RI
BORERSEIG T, BATE I T MR e &
BRI IR 35 2 (D), TR B K o i [ R
e, TBUBORE B AR R AE Y 3 T B R (B
4A). Hamblin%5(1990)i\ A TE T Z R IGTE LT,
TSR o PC i 2 e &, AT AT LA KK
2[R TR 4% [EIR, AEADHIRR R4y, + 3%
HHIE A BOR N 5, 3 LT IR, B
52 103790 AR AR . 72 ChR 2 5 5530
K, KT RORORE L (R A Ry 1 P g
A PCEBM32% (BI3A), MRA g ey
122% (K&I3B). fEFRICZJEHIZE30R, MY F &
AR IRIR A ) B C R 1530% (BI3C), Tl 4 )2 i it
TIPS AT R . N IEIPIGE R A, Rk
B 45 h P CO,-CIIHERGHE R T MR b (1815). +
ST A5 P CO, 1 HE G 2 B 1) S B0 PR
B, XA AL R _E B 43 o PO I A 4 S 1
LA R . 7EPCHREZ SR IIEE LR, SR A
Yot B3R 0 PO B R 3 K TR s (1E30),

©U 00000 Chinese Journal of Plant Ecology



WRefss: PC Bkaibric i BUson e S ) R B/ B s 583

X R LA A AR A T 2 T FU A IR A
— B, R L oy R rp O A i I U] A
I .

4 258

BT 45 KRR, U2 51 D66 Bk E )
. N AS SR ER . B R, A E
b, REDRE B 2 B0 R N B AR P,
R BRI 2 18 7% [ R 1 1138 SRR
(K1 CORE U 2 25 v T ICHORE M (12) . FRATIAIE
R, AR EETBCUEILS, 5 OO 2 3
B HEFEASRAM LIECHENCHERA ESR
38 v ' S Bk FR i B DA R O ik i 9 ORI
PR R E 2, SEEE AL, i
MOS0 (12 C A 3 b 350 23 N 83 (1 33 o
Bt BRI Ay 3 AR COLRE TR B 2 2 1
JECBORE b (112), R TBCHCAL B2 1 - S5 IR I ) R T
by e TSN e ) F S =i S E S e N we L L B 2 <
H, TBCBORE - 38 P COL-C R HETGHE 5 R e e bR
(EI5).
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