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Abstract; The community characteristics and productivity of alpine ecosystems are extremely sensitive to climate change in
the Qinghai Tibet Plateau owing to harsh climatic environments. To explore the effects of warming on ecosystem productivity
and their inter—annual differences in an alpine meadow, field experiments with temperature—gradient treatments (W1, W2,
W3, and W4) using open top chambers ( OTCs) were conducted in the Tibetan Plateau. The results showed that the
warming effect decreased the total coverage of the plant community (W1, W2, W3, and W4 significantly reduced plant
community coverage by 28% , 23%, 59% , and 60% in 2015 ( P<0.05), respectively; W4 significantly reduced plant
community coverage by 83% in 2016 (P<0.05)) and the coverage of Kobresia pygmaea (W1, W2, W3, and W4
significantly reduced the coverage of K. pygmaea by 26%, 33%, 61%, and 64% in 2015( P<0.05), respectively; W4
significantly reduced the coverage of K. pygmaea by 85% in 2016( P<0.05) ) compared with control treatment. The lower
warming treatments (W1 and W2) had no significant effects on the coverage of Potentilla, whereas the higher warming
treatments ( W3 and W4) significantly reduced the coverage of Potentilla (W3, W4 significantly reduced the coverage of
Potentilla by 58% and 60% in 2015( P<0.05) , respectively; W4 significantly reduced the coverage of Potentilla by 71% in
2016( P<0.05). The warming treatments with a lower temperature range promoted growth and biomass accumulation of the
community, whereas weakened the promotion effects or even inhibited growth and biomass accumulation when the
temperature increased above a certain degree ( W4 significantly reduced the aboveground biomass by 69% in 2015 ( P<
0.05) ; W4 significantly reduced the aboveground biomass by 82% in 2016( P<0.05) ). There were significant differences
in the coverage of K. pygmaea and other species in the growth season between 2015 and 2016, but no significant changes
were observed for Potentilla coverage. This study indicated that moderate warming is conducive for plant growth, but
excessive warming can lead to declined grassland productivity and the deterioration of alpine meadows. Furthermore,
Potentilla species from local communities are more resistant to global change, indicating their strong competitiveness in

facing future climate warming.
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T 96 e A Bl R SR A S R GUNE S , AR A AR L T R AN KXo A A o o7 A HAURR R
T TR Lk, A7 SRR RE T o 57 8 ey i s SR A o AR 00 O 9 R A S B 2R 7 T OIS, R 2 B A S 0
TR AN IR AR ITASTALIAR [ 1t VAo FE 0 v S ) A 400 2 KRR V8 AL B WL (R B S /0, DAL
ABIFERI AT U (OTCs ) U B ARG R S50 (W1 W2 W3 W4 ) AT AN [ 38 1 A8 J32 X i I 1y 9 A
TPV RO S A = A2, H BRAEER ST AR A7 5, 3 LT g S R A A M Vs Al S
ARSI PRI e R e e AR R B b A 7 B SR R AR O R e i e ) AR
FR G AR UM A BB R A B AR

1 #MREFE

L1 e XA

ABIFGE XA T 75 6 e S N ) A e i R b A 2 R e gty AT AR IR i 2 (31°38.513'N, 92°0.921'E) ,
TR 4600 m AR ittt 2 55 I T v R 2% B st BB 27 5 B IR 5 T A L 5% i st A 25 S il 3 T AL 92
0 v DA o b S ot DS e S0 st Bty SR B P, BRI A L0k 2 22 kom 20 DX MR f P S8 A S A
DX e P ) B 5 ARP- 24T -0.9°C 2 -3.3°C , 24F H BRI AL 2788 h 4R-F- B[k i 431.7 mm, ok 2204
HrE6 AR 9, HAEMUKER 85% , mFEHE, AR T8, TAX TR, BARGR 2K, B4 10 A&
WAE S R IR - R a5 0 A A KR — e 6 219 H b IX KR IR F 2R E =X, —AE 6
HIEE 7 A3k, H R AR R ERZESR

FELR IS TN Sy e ) o i R 7 5 B O 60%—90% , LA 55 L1 %5 B ( Kobresia pygmaea) Jh E | A A A= Fif
A FERR (Poa annua) |\ FALBE . ( Oxytropis ochrocephala) EJHEZE 3% ( Potentilla saundersiana) KR 222
3% (P. cuneata) RN (P. bifurca) EKALEN S (Stipa purpurea) JCZETE S (Youngia simulatrix) | J& P4
KEH (Saussurea alpine) 4%, AR Sy e FE i) 0
1.2 st

AL FER R A AR T I m FE R AR R G, RAIJFIAE (OTCs ) IR S . FIH OTCs 1Y im BE
PEH I AROR B T 4 DI (W1 W2 W3 W4) WL 1, 3 1,54 OTCs BT 80 cm,
PRUEFTA AL BE ) OTCs JF 11 R/N—2, KK 435108 100,110,120 ,130 em, /& 43524 40,60 ,80,100 cm,
OTCs ¥R FH =B S35, DO JRI b BT i B B LT 4t 50 RIA 5 90% LA b PRIt AR SEI s 5 Fhab B, 40455
XTHR(C) R 1 (W) 2 (W2) R 3 (W3) HiE 4 (W4) KA B 4 DA 36120 M
Jio OTCs F 2013 4F 9 JIAETS s 58 iy 2246

F1 OTCs HME/cm
Table 1 Sizes of four OTCs used in the study

TR R T ISURIS

Size High Length of the top edges Length of the bottom edges
W1 40 80 100

w2 60 80 110

w3 80 80 120

w4 100 80 130

W1 1, Warming 1; W2 3975 2, Warming 2; W3 . 343 3, Warming 3; W4 . 34 4, Warming 4
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TEA [7) 38 1 ST 6 Ak FRAE b O AR 35— 50 emx 50
em WY[EERETT  FERRAE AR K Z M ] R HE 2R 2 (B B4
FEDT Y Bk W R AR B 5 A9 R Ak B 100 S (5 em x5
em) BJ553A0 () RS Al 1) 247 BT FRAE (0 Al DU A2 45
BRI R 2R LT Y S R A
Yy Beds . JFAE 8 Hha) (AR EEEIN) ZE BTN
B 10 emx 10 em (911 FR b 160 55 5, Wk 1 AR 9 6
£ 65°C MUET ZEHEIFFFRE, [FmF, b Tt OTCs 1Y
HGRN, HAE OTCs 14 rfCs DX 3k Py EORE
1.4 FREGA TR0 B oTC ABH

%‘IJFH Zﬁ ﬁ j:ﬁ //_\\ ﬁj E/\J HMP155A j"ﬂ_é % ( Vaisa]a’ Fig.1 Open top chambers (OTCs) used in the study
Helsinki, Finland) % Kic5% OTCs M [ 10 em FYZE S
MR, HAR S AN F B 4 i B A4 R IR DR 28 w1 CS655 #83k (Campbell Scientific, Logan, UT) %&:Kid
SRRIE S om (1 HERIREE ARG FA 224 2 B A SO IR IR B AR Sk NV B O 2 Bk R
ES[IER
1.5 Hdlasbpe

TE v L B R AR S R GE D e s SO PE ST 22 b s S AR ) O PR A AR R W o 52 WA, s

e B A2 5 S R AR I AE R 25 TH T o5 A LU B R T 85% , DRIt , A A 90 e L s R e o) B 00 oy v 1L e

Ze S m A Y A HAB Y R ) 55 =R D RERE . W ) E (R A T A 5 B AR = (A 55 32+ AR X 4
JEE X 25 E + AR X 5 ) X 100/4

Gt oM R FHAUR 2 7 229381 ( Two—way ANOVA with Turkey’s test) , 73 R 3019 i AL B AR BRAE FH M H:
AZHAF XS M A= e G R e LU R R 2R e S AR ) i B AN AL B T R RS 2 S
PEACFRE R 0.05, R HEREIZR J5 25 704, ko Sy i AL 30 b A= o eV B35 B s L B e B R R
e L) i R A ) o S B S, 22 S R B K BOE N 0.05, 2[R H ( Linear regressions ) 7341 1+
T RHOK S EA i BTSSR R LS R R T R SR R AR o A A R S S5 Z A OC R
L ErMrfE SPSS version 18.0 14T,

2 #HR

2.1 IR L

2015 AR K ZERYEK N 263 mm(DOY : 150—DOY :250) ik T 245 F- I FE /K & 389 mm, 2 K 2211
SRR 9.77°C . 2016 A K ZAY K & 412 mm (DOY : 150—DOY : 250) , i3 T Z4E - [ K &
389 mm, 4 K Z SRS 9.86°C , FEMILE IR OTCs 3835 5 4R 3 7 23 SR R38R 3 MR T 30K
g3 (E2) . 782015 4, S5XF AR L, SCER iR (W1 W2 W3 \W4) 235l s 128U EE 2.5.3.0 3.6 4.1°C, 415l
T R 0.3 1.4 1.9 2.3°%C iR (W1, W2 W3 W4) 23 BIFEAR T+ 358K 2.5% 4.7% 5.8% 1.3% ., 1E 2016
AR SXT AR EL  SEOR IR (W1 W2 W3 \W4) Zpli e 72 SRE 1.7 .2.3.2.9 3.5°C 20l 7 HHERE 0.3,
1.4.1.9 2.1°C ;3 (W1 ,W2 W3 W4) S35IREAK T 23K 4.2% 7.6% 10.7% 12.4%,
2.2 M EAEYERAEL

N 2 s, IR B 2500 T REVS A b A= ) (P<0.001) , HoHb | A= ¥y A 78 35 A 4R BR ] 2% 5 ( P<
0.05) ., SXTREAHLL, 7E 2015 4F MR (W1 W3 \W4) Jil /b 17 b F A3 5128 7% (P>0.05) ,40% (P>0.05) |
69% (P<0.05) , 4R (W2) B4 hn 1T EAEYI& 7% (P>0.05) ;£ 2016 4, B4 iE (W1 W3 W4) Wi /> 1 s A4
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Fig.2 Soil temperature, air temperature, soil moisture under an experimental warming gradient, and daily precipitation

C:X%F &, Control ; W1 . 348 1, Warming 1; W2 . 3475 2, Warming 2; W3 347 3, Warming 3; W4 . 3475 4, Warming 4

w5 9N 3% (P>0.05) .49% (P>0.05) .82% ( P<0.05) (& 3) , M (W2) #8017 EAE¥ & 13% (P>
0.05) (&1 3), ULRAAREE B RXTAE P b A= ) RARTCRE N, 5 22 A B, v B B TRAM] T AE 9 e L AR W
R, TEARRSEE AL X BRI (W1, W2 W3) 4B HE |- A= ) i 78 2016 45350 = T 2015 4F 26%
37% 40% 8% ( P>0.05, & 3) , M4 (W4) 7£ 2016 4FAIK T 2015 4F 27% ( P>0.05, & 3) .

F2 WEXH EEYE BHEREEREYIEEZENRI(FHE)

Table 2 F values for the effects of warming on aboveground biomass, Community coverage and plant functional group coverage

o b AR IS Es 5 L1 T Zle 3 I v HoAly b B2
Aboveground Community Kobresia pygmaea Potentilla Other species
biomass coverage coverage coverage coverage
W 18.734 """ 3.318" 14.738 *** 14.870 """ 0.652
Y 6.866" 25.5127"" 7.274 1.987 16.580 "
W xY 1.553 3.408 " 1.339 1.544 4.253"

W HER , Warming; Y 4| Year; *** | ** | * 43Ml38/R P<0.001,P<0.01,P<0.050 22 51
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e 3 PR AR ROR D SR IR RE ?zz R S
WIRMALRAFTE W] 25 5 7 2015 4F X IRREHIE A 12 w3 N " £ 20164¢
AR RO AL T (W1, W2 W3, Wa) BER s 12, S 2 "

11.9.8 1-90F 76 2016 4 XTIRBEIEAT 1L A0Fh,  BF ¥ LA
BERACEE (W1 W2 W3, W4) #4533 2 10,97 .6 4> “’ 40 F&
PR, 7 2015 AR K2R 5 X IEAT HE, B IR AL B (WL = NN LN LN
W3 . W4) /b T Yy ffi /8% ( Taraxacum mongolicum ) | 38 S B A FE

TRAEFE (W2 W3 W4) b T3 R 2 (Arenaria kansuensis Experimental warming treatments
Maxim) F1f} #1352 ( Trigonotis peduncularis) , H. 38 I Ak ¥ E3 FEIEELE B

( W 4) /> T J(éﬂ@ g ( Leon topo dium ca locep ha lum) 5 Z *ﬁ Fig.3 Responses of aboveground biomass to a warming gradient
-7 b

N ARRIKE FRE:F R AE M [F 3 R AL B R, 2015 4F 5 2016 4F 25 57 0
AU A B (W1, W2 1 (Astragal ’
= - BRI (WL W2) %g %ﬁqﬂg - o (P<0.05) RN R A B2 5 6
pulvinatus) ; M7E 2016 A KR 5% AR, HG R AL B % (P<0.05) HIRF 2 MR %

(W1,W2 W3 W4) /b 7Pl A% (T. mongolicum )

HRZ (A Maxim) G (W3 W4) D T YR HIEE (T, peduncularis) T PR ES (S. alpine) , HIE AL
HL(W4) 2 T YR AEE 5 (S. purpurea ) FITCZE B YK ( Youngia simulatrix) , 52 A1, VERANEL (W1 W4) 2
T YR B (Astragalus pulvinatus )

£3 TREEZENSEEAEYFENEEZENZMN

Table 3 The effects of species importance values of plant communities to a warming gradient in Tibetan alpine meadow

ki 2015 2016
Species XA W1 M2 B3 B4 XTHH W M2 B3 e 4
Control Wi w2 W3 W4 Control w1 w2 W3 W4

Bl Kobresia pygmaea 53.46 54.11 48.06 50.64 46.32 56.94 60.07 61.08 63.07 39.99
FTREZRBE 3 Potentilla saundersiana 8.16 10.84 10.14 9.64 9.97 13.10 19.50 13.16 21.54 26.91
TRTBEF Potentilla bifurca 6.24 1.72 1.86 3.44 5.81 8.15 2.39 4.52 2.79 1.02
BB 3K Potentilla cuneata 4.61 5.08 8.07 6.97 6.92 0.96 1.90 1.29 2.22 4.86
LS Stipa purpurea 15.70 10.89 11.84 2275 26.55 7.19 1.75 2.64 6.39 0
TEZEHH S Youngia simulatrix 3.75 5.67 4.42 4.78 3.96 3.73 3.53 8.32 3.99 0
TG NE 3G Saussurea alpine 3.47 5.83 4.43 2.54 313 4.05 7.27 3.37 0 0
PLEH Cama atrofuse 4.09 4.01 4.98 2.58 1.45 4.40 2.99 4.68 1.58 17.43
KIHE Leontopodium calocephalum 1.87 2.61 3.04 0.76 0 0 0 0 0 0
B Astragalus pulvinatus 0 2.64 3.39 0 0 0 0.60 0 0 0.43
HRY Arenaria kansuensis Maxim. 1.45 0.31 0 0 0 1.47 0 0 0 0

W} 413 Trigonotis peduncularis 0.28 0.10 0 0 0 0.03 0.10 0.94 0 0
/A HE Taraxacum mongolicum 0.28 0 0.26 0 0 0.04 0 0 0 0

N[5 P 8 EE 5 of RARE  E ev  b  T AT AR W S 2 57 OB P A e P S [ B o ) T
LR, Je B L B THEZR B R (P, saundersiana ) TE AT REVE AT XS4, ELGIRIEIN T FTHEZ B R Y
HEHE, HRIA T TR (P. bifurca) WEEEHE, 52 AR S IRIG N T 22 (P, cuneate) R HLEL
{H, 7E 2015 4FAE KT R (W) RN A Rh S R 2 B BE T B o 3% (P<0.05) 33l (W4) FEHL N Y
Wyt L e e AR R [ o S (P<0.05) , 5 2 A S, 3 (W3 W4 ) BRI B ) o S8 AE 51 B S (EL 0
RN (P<0.05) o fEXT MR P, dy e 1L R RS ARS8 G 3 A RV MU b AL, 28 R i 2 L, 328
A Sy e e L ORI S AE RS S X RS TS AR L. 78 2016 AFAE TR IR (W) REHLIN B b —
HI PR A IR 035 (P<0.05) R (W3 \W4) HEHIL N R4 Rl — 3 2 e e BRI b 3 (P<
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0.05) , 3 (W4 ) A b P (4 P sy L R E B T R R 1 35 (P<0.05) , 52 A B, 35T (W2) #F b i 0
JCZE ST EAR G i (25 (P<0.05) , 3l (W4 ) A3 P B W Pl BT A 2 e e o 084 e oy .38 (P <
0.05) . 7EXFREAEM P, r s LU B A T A ZR 0 S o 40 4 RPN AR BE VR W R 2E B, 28 AN [ M 38 B8R 38 T
AR R Eh s L R BT AR R R SR LB B ( Camx: atrofuse) di LTI REIE IR ALY,

W 2 Frow , BRI AR TR S TR B | L B B N B SR A 55 (P<0.05) , HLREYE S EE
o L 5 PR R At A P 35 A A 0 AR () 22 57 (P<0.05 ), 38 I AR B [ 3¢ T A F B 38 M ) 1 V%
36 A A R T5 B (P<0.05) . 7F 2015 4F, 5% HEAT HE, 3475 (W1, W2 W3 W4) 350800 T BEIE B 36
i 1L B S5 4 5k 28% 23% 59% 60% F1 26% 33% .61% 64% ( P<0.01, & 4) B4 (W3 \W4) i
T T R ALY 3 B4y N 58% .60% (P<0.05, 8 4) , 522 A, HEIR (W1, W2 W3 W4) X} HA Ao 55
FERITC R EF M (P>0.05, & 4) , HBGIR (W1, W2) %23 5 30 e Al 4 5 JE 4 T w3 2 (P>0.05, K1 4) . #F
2016 47, 5 FEAH B, 38R (W1 W2 W3) XA 6L 55 3 v L o o 3 RN 2% B S J A ) 6 P8 341G B 3 R i)
(P>0.05/8 4) | MHEIR (W4 ) 43550 5 Z 080 T 83% 85% F11 71% (P<0.01 & 4) , A HATR (W1 W2) Xf HAb4
b 56 BE 40 B R (P>0.05, [ 4) | Wi iR (W3 W4) i /0 T oAb My Rh B35 543 91 80% 96% (P<
0.05,& 4)

A T 0 348 o A R L o R LA o 55 B s A AR R R PR 2 S (B 4) . ZER TR SE
I AbFETR X BRFNBG VR (W 1) A BT S 56 FEAE 2016 4F 43 9 8 w5 T 2015 4F 46% .64% ( P<0.01, P<0.05,
& 4) T (W2 W3 W4) TG i35 25 5 6 BRI TR (W1 W2 W3 ) b B 25 1 26 B 7E 2016 4R 43 3 B 35
BT 2015 4F 112% . 118% 124% 261% ( P<0.05, & 4) | iR (W4) To i 3525 5 HE (W1 W2 W3 W4) &b
PR H ALY Fh 255 BE 7E 2016 454300 5 E KT 2015 4F 73% .67% .77% .96% ( P<0.05, &l 4) , 1 %} HE G &8 3%
5,
2.4 SEMHL AR IR

LRPE RIS AT I, 7 2015 4E A1 2016 4FHE AR RS + 1K 5 8 3 IEH X R (P<0.001,7° =0.54,
0.51,[8 5) , 1M 5+ ek 52 B A E K FR (P<0.001,7=0.49, 0.43, 18] 5) , LB B 9803 1914, b |
Ayt Bl T K R H AR BRI L FE 2015 AEAT 2016 A BETE OSSR 1L L I
FEMNZ b R w5 S K 5 3 IEAH SR R (&%B P<0.05,7” = 0.80, 0.49, 0.85, 0.32, 0.42, 0.34, 4]
5), 5 IR R B E AL R (L P<0.05,°=0.71, 0.34, 0.81, 0.22, 0.39, 0.32,[& 5) , i8] 3K 7>
7ol v AR R L RN 2 B SR R I A K, 5 22 A B, - R R IR R T L M B R SRR AR K, 1
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