He 524K Chinese Journal of Ecology 2013,32(11) :2857-2864

/|

BB ESETEEREXEAEE/
TR ST M

B . N , 3 .3 B 2% %
ZR4&" ZuaFT REAT ABRFET BHET FxE"
(P EAFEBLHREHFLA, BT 810001; P EHERHRENES ST LERE, BT 810001; ¢ BAHER
X%, db% 100049)

B E IR THERETERAEXIGHM/ LERAFE, UHHRERERER
EHHEENPEER AN ERESAEARBANCEREA ZRE, EREV . HE
BT, A I R E O x B (SCK) >B 4 (SL) >H 4 (SM) >E 4 (SH) , & I M
BRI KT RN e AR R E R I SM>SL>SH>SCK, 3, 9 3 & 3% 4K #k (R 4K
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Abstract; In order to obtain the equilibrium mode of grassland carbon sequestration and grazing
management to provide a scientific basis for carbon sequestration management of grassland ecosys-
tem, this paper studied the vegetation- and soil carbon and nitrogen density under a short-term
grazing gradient in an alpine forb meadow ecosystem on the northeastern Qinghai-Tibetan Plat-
eau, China. Under the grazing gradient, the existing total vegetation carbon storage decreased
with increasing grazing intensity, i. e. , no grazing (SCK) > light grazing (SL) > moderate graz-
ing (SM) > heavy grazing (SH). The annual net primary carbon production was in the order of
SM >SL >SH > SCK, indicating that moderate grazing could promote vegetation carbon storage,
while overgrazing or no grazing was in reverse. In the soil layers of 0-40 c¢m, the total organic
carbon density and total nitrogen density had the same variation pattern, i.e. , SCK > SH> SM >
SL. However, in topsoil (0-10 em) , the organic carbon density was in the order of SH > SM >
SL > SCK, while the total nitrogen density was of SH > SCK > SM > SL. In 10-20 em, 20-30
cm, and 30-40 cm soil layers, both the organic carbon density and the total nitrogen density de-
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clined in the order of SCK > SH > SL. > SM. A slight difference was observed in the soil carbon
and nitrogen density between 0-10 c¢cm and 10-40 cm layers, indicating that short-term grazing
had different effects on the soil carbon and nitrogen between surface layer and deeper layers.
Under the grazing gradient, soil C/N in different layers of 0—40 cm had somewhat difference.
Overall, the soil C/N under the grazing gradient except CK was suitable for microbial mineraliza-

tion. Regression analysis showed that under the grazing gradient, soil carbon density in all layers
was positively correlated with soil nitrogen density (P<0.01).

Key words: grazing gradient; vegetation- and soil carbon and nitrogen density; C/N; alpine forb

meadow.
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T Y, BERERTEAERNE T ARE
9, B TE RV AT B, X R B
HIREN , AR SB35 F Rl b X A E At AR
PSRRI (N R ENRLR B EAE) , #E
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B2 MR E . BUBEE S e B4
K671 HB—9 H 15 HEE#T, BIEF e |
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1.2.3 THIEANRMEEAFEZHNE WEA
BRAMEAR T EAESR T 2012 459 A 15 HRE, &+
AEBGTEY R S5 MREFHHEEH 840 ~10
em,10 ~20 em,20 ~30 cm,30 ~ 40 cm ERFHFTE
o BT R SR ENET, RE HEBR
P E LA VLR, ALK ERENE L e A,
HAE N L HAVRMSE SR, REHRT
EARNE L EAE, RERELEFERTIES
MRS BEITE L EREE. B—12 i WEVRE
B SOC (g - em™) HHEARXWT
80C,=C.D.E.(1-G) (2)
K:C ATHEFIRERE (%);D L ERE
(g-em™);EN+REEE (em) ;6 H>2 mm HERA
B (%), BAEEEARN:

k
S0C = ¥ 50C, (i=1,2,k) (3)
i=1

HL + 2R, HYURREP TRE, 40
em DIF AR EBZRBD, MAHKHEE
T0~40 cm +EMTIEEFIEEE,

1.3 HfEibm

BOE AR SR B 41 (SAS V9. 2) J5 Ml Excel
YER AR I B AT S ot . B FOT 22
53H7 (ANOVA) Fugh Bk 2= 1 (SSR) T HUE M B
T&IEIRE A B E R B EHR K (=0.05),
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2.1.1 HEHAGEREE MR T, BWERE
T, b b A Y IR B B B R BN/ A SCK.SL.SM,
SH, ¥ £5¥%¥, RE SCK 5 SH RABEXR,
B REULEA M A=Y B 5 BURGR BER K, BUBUE B
R Hh AR/, AR B B B MK
YK SCK .SL.SM .SH, H:# SL SM.SH =# 8l &
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WL EHENREMEBEAE X, TREBREMN
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Table 1 Current carbon density under grazing gradients

bit s SCK SL SM SH

i A 129.19+31.53 a 108.86+16.58 ab 106.53+32.94 ab 83.65+7:25 b
&Y 12.68+9.38 a 4.58+3.19 b 4.07£3.05 b 1.63+1.31 b

A R 9.16+6.88 ¢ - 50.76+25.27 a 24.52£16.18 b 15.97+6.22 be

WT Y 1266.96+225.24 a 971.57+191.61 b 717.05£134.71 ¢ 696.4+69.92 ¢

it 1417.98+273.03 a 1135.76+238.65 b 852.17+198.87 ¢ 797.66+84.69 ¢

P AP EATEE NS THERR TR T ERERENGR, FHARRFEZFABE(P=0.05), SCK.4; SL.4.5 A .

hm™2; SM:7.5 H2 « hm™2; SH:15 H% « hm™?,

SCK Wi % Wik & &5 ¥ R B R B B /| i) SH
B YRR R, T AYIMIERE B b KB/MK
Yk N SCK SL.SM SH, ‘5 Hii I A= #y 5% 5% B F Ar 4k
H—F, B SM 5 SH LB EE R4, HAdE Z 5]
FHEREER, BT AP ER R0 E#
1R A SR ST B, B A HCHOR B N, H
FAERS, T A Y B ARR . S b
Y K YT A Y BUAERR BN (R 1 2 2 J 3
)2 AR R B K B /IMRIK i SL.SM,SH . SCK,,
SH 5 SM \SCK ¥ g ##£5 , K E Z A1 X774
BELER R BBMT B 85 Rk % E R
TR ERERAPGR B R B R R wRE
/N

H S B AR % B (M B A AT R
ST R Z R A Y B IR A 2 ) B R BIMK
KK SCK \SL.SM .SH, £HL #1511 T BLFR %
—3, Bk SM 5 SH LR E 2540, HAaAHE 2 (846
FREBFNER, I SO HE E S5 HUHGE
JEE AL, B K, R B BT 38 BE RN o
2.1.2 BIRAETERER ME2 AT, AR
SREET b b R0 A PR R B R /MKIR 9 SCK
SL.SM . SH, [ Bt 4035 B 38 Kb, & TR
B, 1A SCK 5 SH A BFEER, I FEPI%E™
BB K /MK Yk S SM.SL.SH . SCK, SL 5 SM,SH
ErtpEER HWHEZHEREE, BT 5
P PeiE BRI SM &K, SCK /b, B FIE
o FE LA M X, AR I Bk B b R R A IE R T
oy, X kT B b T R A A PR
Rk FE R SM.SL.SH.SCK, H SM 5 SH.SCK 2

#*2 HEHETHEENSNRETHREE (g - m™)

HEEREER, HMHERTEEER, XL
B, ESEAER TR EENBERTREAS
R AEY E B EE S, (B F 200 B RO F
FEMRENRE,
2.2 B RE T A MLBR T B AR AE

3 A R IR L R0 ~40 em &
) 387G HILBR B B E BSR4 T, B SO0 Y 3
KTt (& 1a),SL.SM.SH K7k 17. 68 .18. 49
#120.69 kg - m™  MASM AT HIBAVUBREE K
TFHc4kcH, SCK 3K 23. 65 kg - m™>, 43#r#EH, SCK
5 SL SM Z [ajfFfE B E =R, B Z 8 T &
EFE5, WRIAKEKM T BB E I INE
Bt HEEVBREFE S . MENKREHT, BR
A HURR R B B AOOIR BE KT S K, (B BT R
B3GR FAE B W 22 70 A B 3, Ul B A B U
ST EERRTESB T EBRSHEINR, RR
it A LB R EBK

A3 B AR R B R T B WR 13 P 7 B R B
(B 1b),0 ~10 cm Z K + A PLER % B B K2/
Kk} SH . SM,SL.SCK, Hrp 25 & H T, + 2R
BB B B AR T &4, SM 5 SH. SL 5 SCK
VL EEEZR HMMEZEHERAE, RAL
0 ~ 10 em/Z IR + 574 PURK 2 B BERUROR B (93 K i
A, 10 ~20 em . 20 ~30 cm F1 30 ~40 em E IR HY
T H DLk % E B K E /N2 SCK, SH, SL, SM,
7£10 ~20 cm BREBHCRERIY LB EESR . ¢
20 ~30 cm F130 ~40 cm ERHEMH SH . SM 5
SL=FZELEBELR, M =&Y5 SCK Z[EI#F
EREER.

Table 2 Net primary production of carbon density under grazing gradients

TR SCK SL M SH

i E 129.19+31.72 a 108.85+16.58 ab 106.53+33. 14 ab 83.65+7.29 b
HWF 394.06+96.76 ¢ 646.55+99. 08 ab 844.81£262.83 a 621.9+54.22 b
it 523.26+128.48 b 755.41+115.77 ab 951.34+295.97 a 705.5+61.52 b
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Fig.1 Distribution characteristics of soil organic carbon
density under grazing gradients

ANBF RN E TR 12 A U B I AT 25 R e
B FHHRAZRRERRBE(P=0.05), SCK:54; SL:4.5 H¥ -
hm™?; SM;7.5 H2£ - hm™?; SH;15 B3 - hm™2,

& 1b A 7] E F],10 ~ 40 cm %2R L HAYH HL
B AR SCK K, B ZE W R M E IR 2 118
HYERE ] —E M Bit, MBI EHSFTF,0~10 cm
ERAEARPGIRE FBHEYR R B 'S T L
WA E ., RRNED, BRAGETREELE
FRERBRADE B RIAMTHGEE —E
BE L2 HCERE M E N, BEXEERRES
RS S R Y - B IR B R Ok, IR A A FF
FHRABS
2.3 EHIMUEBE T LB R EE A RHE

WHEBET ,H0~40 cm BRI T IBLEFE
SAHEI(E 2a) , 2R 55 M5BT AAEL, SL
B/N,H1.82kg-m?*,SM #1.83 kg - m™,SH K
2.11 kg - m™ SCK &K, 5 2.35 kg - m™>, & SCK
5 SL.SM Z [BIfFfE B E 2RI, HAAHE Z B T8
EER BHEAMTO0~40 cm BRI LIELAS
FER T RO, AE BT, RERUHGE B A 3 K +
EeAERRAHA, TEd TEAREEYA KLY
THHEEEFRAT HYWA R EEN L EPRIKL
gk, MHGEE MK, SR A BN, N EH

R R B, A HEPFHAETBESHKR

Xo A6 B T AN T2 WK A 8 4 U B AT AT A
(E2b),0 ~10 em 2 E % E B KE/MRIK N
SH.SCK .SM.SL,SM 5 SCK TR £ 7, i g
ZEN AR EEESR ., 10 ~20 cm 20 ~30 cm
30~40 cm BR T+ ELAFEHKE/NYERRE
SCK.SH.SL.SM, £ 10 ~20 cm 2K, R SM 5
SCK FfEREXER #£ 20 ~30 cm 130 ~40 cm 2
K ,SL.SM 5 SH Z Al LB EZER M =& 5 SCK )
REREER,

M) LA WL A — R O R B £
SRFEFELWE, M EEZ N8N, 2
WEMT,7£0~10 cm +E2EFERKTER, A
FEBRZ 10 ~40 om Wi FRUBUAG, KR EAE A+
HTAFT o
2.4 SEHPUEBE T HEBRAXR

B 3 BTLAE B, SL.SM 1 SH 19 + B A 1
FE 0 ~40 em £ F IR Z [H] 2 5 ¥/, o SCK By
HIEBRALAE 10 ~ 20 em SHURAMEE, TE0 ~
10 em (YR 2 B FHURRMA, BB E R E 20 ~
40 cm M FHUH . 0 ~40 em F 2R IR A LRI

30
a
a

1 -

[
w

& 20 b b -
) T T
B
Z.
4
£ 10
Q
<
<
& st
0
SCK SL sM SH
HBGRE

a

9-
b [ISCK EBSL mSM ESH

0~10 20~30

10~20
BB (om)
H2 HEBETHIRESEZESHISE

Fig.2 Distribution characteristics of soil nitrogen density
under grazing gradients
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HEBXEREIL,

Hi,SCK 7E 5.8 ~ 12. 7, A [l Z WK W B & L B b 38
KR, ABE L EHRE Mg R, SLZE9.3 ~
10.3, 6 +EHEEN Mg KX, SM 7£ 9. 6 ~
10.3,10 ~20 cm BYBRA &/, HAtb 3 E B A
i, SHTES. 1 ~10.4, A WRHEE L2 W
fngetE KA /N,0 ~ 10 ecm /b, 10 ~20 em Bk,
SEEE BB T FBRE LB/, 308 L
ARSEFE A ES AR SRR
A Z BRI, B F] T 53 72 957 0B

TEAENESASLEASTENIS% U E, 24
BAMFEF A (HEK, 1994) , Wi R4
ABWH KB T AL & B W2k, AP5RT,
ANTR] R R A A SR | SR R A A R BT AR B A AL
BAHE (B 1 AE 2) o RTHRH R R A
RSN ENA ST, FTRAFEE 2y =6. 2762+
2.066(y NANIRE R ,» HEATE) .. RIURK
EMETARRRZE, R ERASEZE2N
BEWIEMXKR(r=0.804,P=0.0015) . A HLEK
MR REEARKRE— DR T 15k
A oA AR AR
3 W

AP, PSR BFRRF R H R B/MKRIR
“k SCK \SL.SM .SH, 3y & i A B B A7 Bk 2% P2 B
TR B B3 K/, T A3 5 (2004 ) X 4 58
Mg FE N\ E ) B RK BE 373 4 18 4F By BB B8 1 5T F0
ZEMRHEAE (2004 ) X 2 FE 4% & B 08 ) RO B SRt A A
[E45 18 o B AR R B AE 7= B BE | R B /IMEIR
SM .SL .SH .SCK,SM i fe 40 2 A= 7= ik 2% 1 B (8. 15
FHABBHORE , FTRER P RN R L EE R

AT LARIEAE YA K I RE TR o0 R C AR AT, Xt
b HTFERRETRESAE M. B, P EREUR
T LERK I GRS RLT . B O A
WRER, BEEANRBRERNZE DT L HIRER
T, R ERE AR 2 TR T H T gt
AP R o T B R U AR A 4 T X R RS R OR
BER, R A Y B, A FI 800 6 48 5 TR % A Bk
DM E =R, BT H LS RAE T B
i, TR W BRI R A B . EEEHUR
BT MREHREN HEEREME YRS,
A YRR AE YR B B, B A Y B R AR B E K
VL BRI E SR RS T IR AR S, RS T
TR T R A =B R &, AR AL SCK &
AR RAE TR B /Do ULHATE R FE A B 2 i )
HiIX 33 AT B2 S AR A R AU A AR ) [l ik B
71, BH BB EBHIIAR T AR RIRER, £
J BEAE (1995) i3 3 A A [F] UpOR B IR MR &
RS E A LENS L, 5X OB
AHEL, B RE AR PR AR T 4 | b N A E W 8% A
25% oA, T BE B BE et b b R A R ARk
AR, B 28 B R T4 T 3 T~ A& 5% .
TEAYRK AR IR E R, ZRE
FEK B E R SR BN, HBERE
FRE A EER M, (B B B BB
WRGHMAESTRBFRG RS R, LSRN
o, OO A LA R ( Keller & Goldstein,
1998 ; Wang et al. ,1998) , B JFH ARG X A
YR N AP IOA Y, BOBRAR T LA L
J&i ( Koutika et al. ,1999; F [ ¥ %,2010) . g —
SRS IRIE , BB N T 38 HL R ( Wienhold e
al. ,2001 ;Reeder & Schuman,2002) . EE 2 T
BUE BB R B R 3G N T O A 7 &, i E RS
T BV E (Conant et al. ,2001) , &
T, AR S B E = R R, A LR PR
B EIR AR R ARG N ( Derner et al. ,1997) o TR
WEAEY R ERBD, X7 8 T 3 i BB
EYWREIT S s B, XA B T R Y e o
i, WA B TIRAFR P TR BB R L, [W e 8 %
Yl L IEREER, A AT REEY RS,
WA Y e B R G 5R, Ot & BRI E (LeCain et
al. ,2000) , X LEERA B F HIFEA VRN E, mH
XERGEZELERIREEE S, MEIRA R
HAE BB, B RRF ARG A —ERE R
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B (HERE) , AEREASRAET, ARHEARE
WIRA = I E B RBI R, IR (2004) 1074,
BEE HUHGR B 3 0, B+ 3R AR & B B
B AR T AR A X4, Baurer 45 (1987) B
FEIANN, R 0 ~45.7 em LB LB ERBMET
L, A3 FE MR E T ,0 ~40 em
A YUREE NS BRI BMFMA K THAL,
MRS T , LA VR T E RS BBGRE R
HRTH R, R AT LEAHYLE, 0 ~40
em + S EE E N6 5 H VLRI 40 R AR,
FERCAR AT, T8 & R PR A AR B 38 R T3 oK, 2
RSN T A T M2 A
HRFEH , TE—E R BRGRET , BRI
mEERE AL (BEAURTRE L, R B %
(RS FKA ,2003) , RBRE L EE
PUEREEASWEKNEERE S E AN, ZEE
YIRGFCZ G , Fo i A Sk A AR SR R B H], i A F T
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