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A research on summer vegetation characteristics & short-time responses to

experimental warming of alpine meadow in the Qinghai-Tibetan Plateau
XU Manhou, XUE Xian"

Key Laboratory of Desert and Desertification, Cold and Arid Regions Environmental and Engineering Research Institute, Chinese Academy of Sciences,

Lanzhou 730000, China

Abstract; Climate warming has become a credible fact due to the increase of greenhouse gases. It is generally believed that
the responses of ecosystem to elevated temperature are greatly sensitive and swift in high-latitude and high-elevation regions,
especially in the Qinghai-Tibetan Plateau ( QTP ), which has been considered as an ideal region to study the responses of
terrestrial ecosystem to global climate changes. Some relevant researches have revealed that the QTP has a warming trend at
the rate of 0.032 °C per year. As one of the typical vegetation types in the QTP , alpine meadows are extremely fragile and
significantly sensitive to climate warming. Once destroyed, it would be very difficult for them to recover in a short time,
which would result in their degrading or desertification. Therefore, it is extremely important and urgent to become aware
about the dynamic changes of alpine meadow vegetation due to climate warming in the QTP. In this study, infrared radiator
heaters were used for experimental warming research job. And the results from this study are as follows

(1) Vegetation characteristics of alpine meadow in summer. In summer, there was no significant correlation between

vegetation height and belowground biomass (P>0.05). However, vegetation height was more correlated with aboveground
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biomass (R=0.892, P<0.01), while vegetation coverage was more related to belowground biomass (R=0.883, P<0.01)
and total biomass (R=0.888, P<0.01). The vegetative above-and belowground parts of alpine meadow showed different
growth patterns, owing to the larger differences among their environments, especially the larger difference between ground
and air temperature. The aboveground parts approximated the pattern of isometry with the power exponent of 1. 011 and the
belowground parts had a pattern of allometry with the power exponent of 0.459 , but the whole presented an allometry pattern
with the power exponent of 0. 473. The vegetative above-and belowground biomass of alpine meadow tended to decrease after
one year (2010-6—2011-10) and aboveground biomass ( P<0.05) was more sensitive to surrounding environments than
belowground biomass ( P>0.05) in June, which were related to the significant decrease of soil temperature, soil water
content and air temperature ( P<0.05). Therefore, the responses of aboveground biomass to temperature and water content
were stronger than belowground biomass after one year and the inter-annual variation of biomass was large.

(2) Responses of environment and vegetation of alpine meadow to warming after one year. The warming effects of
infrared radiators were better in alpine meadow with the increase of air, surface, soil temperature of 0.07 °C (at 20 cm
height) , 1.66 °C, 1.23 °C (at 20 cm depth) respectively in T1 warming treatment ( the warming degree is 1 C ), and
0.29 °C (at 20 cm height), 2.18 C, 2.34 C (at 20 cm depth) respectively in T2 warming treatment ( the degree is 3
°C ). Warming affected soil temperature at the 0—40 c¢m layer ( P<0.05) much more than the 60—100 cm layer ( P>
0.05). The warming effects on soil temperature were weakened with soil depth, while the effects on soil water content were
enhanced with soil depth. Warming pushed most soil water at the 0—40 cm layer down to deeper soil layers and was
significantly different at the 100 ¢cm depth. The warming effects on vegetation varied in different months. In a short time,
warming enhanced vegetation height, coverage, above-and belowground biomass at early stage (TO—T1), and weakened
them at later stage (T1—T2). Overall, warming had a positive effect on the vegetation of QTP , but it may turn negative
with increasing temperature. However, the both warming effects were not significant, so the effects of warming on the

vegetation of QTP alpine meadow were not significant over a short time.
Key Words: Qinghai-Tibetan Plateau; alpine meadow; experimental warming; vegetation characteristic; growth pattern
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Fig. 1 Distribution schematic diagram of experimental plots

TO A B8 T1 T2 43500 g i 1 YL B8 im 1°C 1 3°C AL 3, TO 5 T1,T1 5 T2 [E]f% 5 m

http ; //www. ecologica. cn



2074 A E = 334

B2 EFMS/NEESRSKUN

Fig.2 Experimental warming plot and small ecological meteorology station
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Table 1 Correlation analysis among vegetation indexes in all plots

i M AR AR MY R
Coverage Aboveground biomass Belowground biomass Total biomass Root :shoot ratio
T Height 0.461** 0.892 ** 0.214 0.239 -0.598 **
#i ¥ Coverage 0.579 ** 0.883 ** 0.888 ** 0.326"
Hi A=) & Aboveground biomass 0.461""

* . P<0.05, * % . P<0.01

SR — AR R B AR R R A A O R X A AR AR AT DA AT, AR 3, mE ST
A BAEYEAR R ELRERR (1), MENEEFRECCR (K13) ., BRI 31 4b, HAb 15 R E 4L
IR R R BOC R R B A FEIE 0.36—1.7 Z 6], R W] R M A AT A e A K e, Y
FEEEIE T 1 B RIS UK Qi 3e FoR , 48450 1. 0111, F WM b A= Wy ik Bl g B35 3 AL 45 AR 4L
BVs BE AR AN 1 em , H b 2R R e A4 0 36. 7 o/m? 18 3d RYSEFEEL (1.1523) WASHEGE T 1, i dE
fa ke el b ER A SR ARG 18] 3e FHIET 3f BYFREE B0 0y 0. 4585 i1 1. 7002 , 3 Bt T #5320 8 S 3 2
Koo DL, JE H ) A 43 T 343 T T A R AN [ 17 2 B HE AN [R] ) A B (R AR
(F 3¢ A 3h) , i FE R R R B S AR K o 10 i 105 P o A 8 30 38R b O, HoAth o IE A1 5, 1%
GERGZR] F E R S AR E R (0. 8461) KT HL R AR (0. 1407) A4 W= (0.
1537) , 55/ S5H N A8 (0.9041) FLEAYIE (0.9111) BYHE REORTHL A9 (0. 5133) , 3% tLiE B
T T M b AR R A A, B B R AR A AR AR R AR
2.1.2  CARSCHGHRE A Y b RS ] AR fh A B

INISFE] F 7 A ST 1 B e R AL I RIS B 1a (2010-6—2011-10) , LA 6 H 4531 8 H 4y 1Al 9k BH
B, T FEAR L B [ Y AR AR RE S (L 4) L 6 A B RE , 1a 2 J5 Mo A Wy Bl A /N 3, Hovb
AR BN T A YRS B AR R N DL 8 A A I BE Sk AR - A R
SN HE A TR ) KO AR et b S 3 ks 4, 156 A AR 0k b b A 4 A s/ MR B R T R AR A
DR o FE A A AR R T 8, (i A A la Z RN B3, B4, EAEYR (P<0.05) 78

http ; //www. ecologica. cn



2076 £ ¥ i 33 &
¥ =0.4423x03661 a —~ — 0033406825 b
12 - 16000 Y il
& R=0287 P<00l g E R=03768 P<001 , .
8 09 et 0%, ’ & 12000 .
> HH 9 o% o 00
3 £ 2 8000 v
O 0.6 [ . = ° g Ged 00 o0 .
® LI FRE 4000 5 SR
#E 0.3 « ° 5 0 o
0 2 4 6 8 10 12 0 100 200 300 400 500 600
Hh bR
Aboveground biomass/(g/m?)
~ 600 y=36.718! 01 c o 600 11523 d
= ¢ 2 =D =232.77x" .
= R*=0.8461 P<0.01 . = y
g 2m * @ 2 P01 r-osiz p<oor *e
= =~ =~ °
H By 30 S e Hpy 30
7] o 7]
gé g 150 3 < gé g 150
<3 0 <9 0
0 2 4 6 8 10 12 02 03 04 05 06 07 08 09 10 1.1
= % 16000 = 3396.4x04585 e . 5 & 16000 f .
g £ Looo | BE=0.1407 P<0014 . g = o0 = 105607002 .
553 5eth 000 firll S R*=0.9041 P<0.0l
5 %g 8000 ¥ 2% 8000
(] [ ]
RE S 40 LS 2Z 5 40
s 0 o ® ) ) ) ) ) B 0 ) X ) ) ) ) ) ) ) )
_ 0 2 4 6 8 10 12 _ 02 03 04 05 06 07 08 09 10 11
E E
~, 16000 y=3411.7x04732 g . ~ 16000 h B
oh on — 6853
S 5000 | R2=0.1537 P<0.0ls . < 12000 »=10810x105% .
K2 00 ®% 000 o0 R R=09111 P<0.01 R
0 U <
W E 8000 s . : . S E 8000 T b
WE 4000 B YO A 2 4000 *
5 . o =
2 0 A s 0 A . A A A A A A A ,
= 0 2 4 6 8 10 12 = 02 03 04 05 06 07 08 09 10 11
% 90 . i V=72.614e70121x % 90 = 453680547 j .
s ° o 2 — S — . L)
25 o N R*=03705 P<0.01 2RI g | B=0.1332 P<001 e
2 ®e *
7] m »
2L 30 =z 30
] o
=4 0 X X X X X , ~ 0 . . . . . . . . . )
0 2 4 6 8 10 12 02 03 04 05 06 07 08 09 10 11
T 8 Height/cm & Coverage

B3 AEWIERE R E TS

Fig.3 Regression analysis between vegetation indexes in all plots
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Table 2 Difference percentage of vegetation indexes between different warming treatments ( Mean + SE)
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