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of Alpine meadows on the Tibetan plateau

Burenbayin!**, XU Guang-Ping?, DUAN Ji-Chuang!+*,
CHANG Xiao-Feng!:*, ZHANG Zhen-Hual-*, WANG Shi-Ping? *

( 1. Key Laboratory of Adaptation and Evolution of Plateau Biota, Haibei Alpine Meadow Ecosystem Research Station, Northwest
Institute of Plateau Biology, Chinese Academy of Sciences, Xining 810008, China; 2. Guangxi Institute of Botany, Guangzi Zhuang
Autonomous Region and the Chinese Academy of Sciences, Guilin 541006, China; 3. Institute of Tibetan Plateau Research ,Chinese
Academy of Sciences , Beijing 100085, China; 4. Graduate University , Chinese Academy of Sciences » Beijing 100049, China )
Abstract; Alpine meadows and shrublands are approximately 7>X108 hm? which is about 50% of the natural grasslands
on the Tibtean plateau and accounts for about 16. 2% of the total grassland area in China. Alpine meadow is dominated
by Kobresia meadow,including K. humilis meadow, Potentilla fruticosa shrub meadow,Kobresia tibetica meadow, K.
parva meadow and K. pygmaea meadow. The average aboveground biomass of the five meadows was 354. 2,422. 4,
445. 1,227, 3 and 368. 5 g/m? ,respectively, while the belowground biomass of 0—40 or 0—>50 cm soil depth was 3 389. 6,
3 548.3,11 922, 7,4 439. 3 and 5 604. 8 g/m? ,respectively. Their ratios of belowground and aboveground biomass were
10. 55,10. 15,27. 82,14. 82 and 15. 21 respectively, which were much higher than that of the default value(2. 8+95%)
recommended by IPCC(2006). The belowground biomass or belowground net primary productivity was more sensitive to

the climate change and heavy grazing than above-grassland biomass did. Drought and heavy grazing decreased the ratio of

KR EH . 2010-10-12 EE B 2010-11-10
EE£TH: E5“973”1 H (2010CB833502) ; [ 28 H SR Bl 24> (30871824) [ Supported by the National Basic Research Program(2010CB833502) ; the
National Natural Science Foundation of China(30871824)]]
EER T AOEF 9840, B EHKE, ML HRAE, FENFLIRABA ST A S ¥ 5T, (E-mail) burenbayin@163. com,
* 3@ M AEH (Author for correspondence) : T RFF (1964-) , 5 , -+, 4 4 U, B X B , (E-mail) wangship2008@yahoo. cn,



6 CBEHES: FRARREEANEAET AL EREEHER 761

belowground to aboveground biomass,even its value was less than 2 under extreme degradation conditions. Natural res-

toration is possible for light or moderate degraded alpine meadow for 3—8 years. However,it should be re-constructed

for heavy or extreme degraded alpine meadow due to soil quality decrease and poison plant species and weeds invasion.

Key words: alpine meadow; primary productivity; grazing; climate change; restoration of degraded alpine meadow
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Table 1 The area of the alpine meadows and its distribution

BT (hm?) A E AR (hm?)

B Total area Available area
Province

g % B& %
7 1 Qinghai 23208960 38.99 21070587 38.26
VG 3K Tibet 25341714 42.57 24171816 43,89
pg 1] Sichuan 9747057 16. 37 8658466 15.72
H7# Gansu 1226847 2.06 1175202 2.13
41t Total 59524578  100.00 55076071  100.00
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~4 509 g/m?(F2), EEHMTEYEF,0~10 cm
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Table 2 The distribution of the aboveground and underground biomass of main alpine meadows
Hth il e et FIF IR
e N ove- naer- 3
ﬁ)ﬁ%ﬁﬁ Altitude ?yfg?@ﬂ ground Y& ground glfgjsg/ Use Sizﬁe
(m) b1omazss (g/m?) biomass Above. way
(g/m?) /level ground

101°12'~101°23' E, 3 200 P B 518.5 0~50 11183. 2 21.57  AFHH  FE 5 (19952)
37 °29'~37 °45' N B A 0~10 5089. 5

10~20 2952. 4

20~30 2594.5

30~50 546. 8
101°12'~101°23' E, 3 200 IR B ) 321.2 0~50 2428.3 7.56 LK FE)EHE2004)
37 °29'~37 °45' N 0~10 2048. 3

10~20 189. 4

20~30 100. 0

30~50 88.1
101°12'~101°23' E, 3 200 IS B ) 418.5 0~50 2578.0 6.16 K FHOB 5P B 22 % (2005a,b)
37 °29' ~37 °45'N 0~10 2073. 2

10~20 226.9

20~30 180. 5

30~50 97.4
101°12'~101°23" E 3200 A 376.1 0~30 3185. 6 8.63  AFH EKEF2003)
37°29' ~37°45' N 0~10 2953.8
101°12'~101°23' E, 3250 AR 348.3 0~40 2122.8 6.09 AT FREZ2004)
37°29' ~37°45' N
101°12'~101°23'E, 3400 @ EHEHEMN 375.1 0~50 3377.6 9.01 LB RS (20022)
37°29' ~37°45' N 0~10 2881.0

10~20 329. 2

20~30 124.0

30~50 43.5
101°12'~101°23' E, 3 400 T IERE N 269. 3 0~40 2758. 2 10.24  AFTJRB  FHEEF Q0D
37°29' ~37°45' N
101°12'~101°23" E, 3 400 T IERE N 402. 8 0~40 4509. 2 11,19 &FjRH  ZFHAEHF(2006)
37°29' ~37°45'N
101°12'~101°23' E, 3 600 Bl 368.5 0~50 5604. 8 15.21  &FgH  EREFCO0H
37°29' ~37°45' N B J Ak 2 ) 0~10 5068. 4

10~20 418.7

20~30 91.4

30~50 24.1
98°48' ~100°55' E, 3 840 AR 371. 6 0~30 12662. 2 34,07 FRKEEF(2004)
33°43'~35°16' N B A 0~10 8394. 2

10~20 2508. 4

20~30 1759. 6
98°48' ~100°55" E, 3856  REFFEBEE 335.1 0~30 3429.0 10.23 &FjHK  EKEFCOD
33°43'~35°16' N 0~10 2845. 3

10~20 358.7

20~30 225.0
98°48' ~100°55' E, 3927 /N A 288. 1 0~30 4013.3 13.93 &AFjHH EKEF Q0D
33°43'~35°16' N 0~10 3446, 2

10~20 337.3

20~30 229.8
98°48' ~100°55' E, 3988 /N A 220. 6 0~30 3466. 3 15.71  &FjHRH  EKEF Q0D
33°43'~35°16' N 0~10 2896. 9

10~20 469.8

20~30 99. 6
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Table 3 The proportion of the aboveground and underground biomass of different
degraded or different grazing intensity alpine meadows
iﬂi:bi#%% - )%'Ulkécm) ﬂgéﬁ&t i
™ N ove- nder- nder- 1
ﬁ)ﬁ?&;ﬁ Aﬁzide ’Iﬁ‘yffe;sﬂ ground Y ground ground/ i}sﬁeﬁ * éf)?fce
(m) biomass (g/m?)  biomass Above- way
(g/m?) /level ground
100°26' ~43" E 4120 I B B ) 371.7 0~40 4811. 4 12,94 FiB1ik JE A b 2
34°17"~25' N 460.0 0~40 4621.0 10. 05 BB (2005)
393.2 0~40 3761. 4 9.57 o BE iR Ak
311.0 0~40 1815. 6 5.84 wERR
282.7 0~40 533.7 1.89 R Ak
101°12'~33" E 3900 B A 215.6 0~40 2778. 6 12. 89 FiB1k X5 %
37°29' ~45' N 196. 6 0~40 2168.3 11.03 BERk (2005)
155.5 0~40 970. 4 6.24 o BE iR Ak
141. 4 0~40 307.2 2.17 ERE
99°47' E 4 000 71N BB ) 0~30 5009. 6 AR EERSE
33°37' N (1998 #i 0~30 4754, 7 B (2005)
1999 48) 0~30 3830. 8 rh i
0~30 3506. 8 'K
0~30 4948. 8 i
0~30 4481. 6 iz
0~30 3296.0 i
0~30 2803. 2 Ek
99°54' E 1160 PR 163.5 0~50 4296. 8 26. 28 7k oyt
33°10" N 122.4 0~50 4823.8 39,41 LS (2006)
87.8 0~50 2498. 7 28. 46 it
123.6 0~50 1756. 6 14. 21 1 4k
101°21" E 3600 LR E B 83.5 0~40 2294. 7 27.48 LESIT EYES
38 °20' N 0~10 1413. 8 (EEBM  (2006)
10~20 442, 1
20~30 242.8
30~40 196. 0
98°48’' ~100°55" E 4232 /NEEEAf 173.2 0~30 4555.1 26. 30 KT FRES
33°43'~35°16' N 0~10 3896. 0 (2004)
10~20 472.0
20~30 187.1
98°48' ~100°55" E 4 435 25 - BB ) 132.2 0~10 4625. 3 34.99 KT EFkES%
33°43'~35°16' N (2004)

55,1999, FHFEERTFTHET 20%~50%,iB4k
EER T BRI B, REBE—-NEENRHE
R EAESFHEERERE®WHAY 2 000 7 hm?,
MR EHFER B4 B4 150 12 kg, HH24F 1 000
T ERALRAXMREE,1995),
2.1 BB EmEiEE

TSR EESF1995d) Mt 3 4F 7 [R] 4k 3 B i
MR RA, AREBSEEMLERS A1 A 1
H~W 5 H 31 H), 5XF B CNEBO A e Gl - Fn
0~50 cm # A=Y & 47l & 430 F1 950 g/m’) , E
FERNAR R R T B b R A B 8%
25 %0 2 A » 3% B EE B PN AR B RO S A ) B
i) K % M b A= 0 8 B R T AR BT B AR b

E T AEYREEAAR,EEEE R RS T
WAV R 5% ; Mk b, 5B AR BE O R AR T e
THM EAYERNIE. 10L& 2004) 3 X
& RMGHE T B A R E S 18 4 /9 B B
KR, HEBRPRENE R A REE D E
FEMR, ARG T B S BEEN F YRR
642.2 g/m’, M52 BB LAY & 741. 8 g/
m?, P AR 467. 8~503. 8 g/m® , B 4L 370. 2
~383.1 g/m*, ZEWHHEZEQCOOHHFELEN, 5K
BLA B R AR b G E A B 460 ¢/m?) , 88
BRI E BRI B E A Y& 57 T 3
250,180 g/m’, 5 20 fh4d 60 FfRAHE, /N B
AP ERTHRT 30%, RKEREG™HIBLG
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Table 4 The relative proportion of aboveground biomass of different degraded alpine meadows

B P RE R B BRI AR Y P 3
Degradation degree Sedges Grasses Forbs Potentilla fruticosa shrub Litter Source
g 18.0 30.2 20.3 18.5 13.14 o k%
7Rk 18.8 28.3 22.3 19.5 11.15 (1993)
o 3 i e 17.6 16.2 38.8 18.9 8.43

Eg:yi 14.7 9.9 53.0 16.9 5.57

AT e 7.5 52.1 17.3 24.6 28.6 JE| 4 b 45
7Rk 7.7 40.0 9.4 42.8 22.6 (2004)
R 1 8.3 25.7 19.2 46.7 31.0

o R T 2 9.4 17.0 40.4 33.3 23.0

EN:y ol 4.6 19.3 35.1 41.1 19.0

HEW 2 1.9 15.3 63.8 19.1 11.9

2B 72.4 17.5 10.1 / / pURRHES
R 43.0 27.4 29. 6 / / (2005)
BBk 25.3 6.4 68. 3 / /

% BB A 0.3 1.9 97.8 / /

RS TARABEESEREAEMANBTENEN
HXFLE B (%) R Hith T/t ERYLEBI (S heE) TR

Table 5 The relative proportion of underground

biomass of different degraded alpine meadows

GRRLEE v Rt BEE KW
degree Sedges Grasses Forbs Source
Bk 85.5 12.6 1.9 JE| A 45

BB 82.3 14. 2 3.0 (2005)
e Ry 78.1 13.4 8.5

&Rk 49.9 18.8 31.4

BB 4k 2.7 9.4 87.9

2Bk 82.9(14.76) 14.2(10.46) 3.0(3.73)  Xfh&
e R4k 78.1(31.16) 13.4(8.38)  8.5(4.90)  (2005)

HEEIBML 57.4(14.84) 6.5(6.67)  36.1(3.46)

WBEiRAL  2.7(9.43) 9.5(5.87) 87.8(1.07)

FFHE,1999),

IR, B v 8 ) R AL R BE A R, b b
TEYEHNEABEN TREES . MAMLTEYE
TRERHERER, 5 KBS ERMLHFEIGHE
o, i BEIR AL R AL AR B R LR B T A
BTMET 1.33.2.86 #1 9. 05 1%, N S H T /H
AR A B A5 B A 1 R T R R R (R
3D Hi b A Y B BE B0 BE B 3G 0 LT R R A
PN, FERAEAYA LA R E L, S
MAREMHAIAERERETEMAREZEREN L
38 A Fir 38 I, {ELRE B SR AR BE R 3 R, A R Y
BB K T o, B 4 B A L K R 3 I (3R 4,3 )
(JR 4 3 5§, 2004, 2005; XI| fF &, 2005; A 72 E 4,
2006), HFREFEMI T/ EAYEH LA RAE
REMIPER 1/3~1/5, 10 H X 2810 B & 1B L2

JE F9 386 0 T 36 A (R 28,2005) (32 6), L. XES
FURL B A LT /3 b A= Wy & BB AR A R
2.2 REXME AR

o D B S 0 R B R R R L X R
WFEERM. REFREEAFTREGREMAESREDN
FEEYREZ —, BEMASHE BN B,
ERESENMX,  EAEYENR 37.5~152. 5
kg/hm? (B2 414, 2006) , 1998 4EJi5, 1L 75 i . 1Y
JEFEBEMHK 4 A XAEESEIT, REERZE
1.53X 107 hm?®, 5 ¥ 5% = JR B o ] A A AR
13% , BARMMEEL 1. 32X10" kg, 24 F 748 J7 H 4
FMEREBE (B¥L5%,2006),

BRI A AP 3 3 R R B 37 3R AL R B Y
H MR NEREE, 1991 XI4646,2003) . HEE Y
IRAL AR BE A 0 o 1R D B AR B R A 4 BE RN R RO E 4k
BEHM, A E R R AR T KER S5 5B
REFF YIS, X GBI E R E RN
TEFE R TE MR T LS5, T s/ T B35 /4 )
FIAER, AR EEEGRLNE, &IERR
298 3B LA B TR R b TR BE (R AE R HD S E B
LA EEBAWEG P B B AR R
MEEE AR 22. 9% XIE5,2003) . ik, B EK
WERTHEGHNEEELZRERA, SRR AW
JER R ANE TEENAETERE FNREEMET X
BB 1L BT B B AP (IR, 199D)

B S E AME B ST A TR S 38 i 7T DL 3
£ 77 oA v DB BR AR » 0 N R H B BT B 3 35 9500, A
TE A B B 3R ik 65% (i 8t 45, 2002; T £ &
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%,2002;FH = % ,2004; X SCHESE, 2007 ; 1 IE K5,
2007), FHFEZA995) Wit 6 FHBFR LI, 7ETT
RETRERA ™ R E B Y 5 58 5 ) XOR BRI
R 45 S 25 A VA B CHLAR R B A0 % BRI 32 il
R , 5% BRAH H G353 E B4 & 180. 8 g/m®),
M AR ESE 6 PR R 369.2 g/m”  4RE T
2f5, FEEMEPARE LA RIEERE &FA1HH
J5 B VE R OR B H B3k ] 4026 ~ 6026, T Xt HR X Ry
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DL R A B E 8 iR L™ E . BT LAE
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kg/hm®) 7] LAAG 85 #Y B 9K &2 % R 4k B ), 5 X R
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773.2.815. 4 1 713.6 g/m’, H. 86 % ~90 % ¥ 4> Fi 7E
0~10 cm) , NTITFEAR T F /3 E AP &R HLE (L
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