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Effect of temperature enhancement on community structure and biomass of

subalpine meadow in Northwestern Sichuan
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Abstract ; From 2006 to 2007, a total number of 5 open top chamber (OTC) experiments were carried out in the subalpine
meadow of northwestern Sichuan province, and the effects of the OTCs on temperature, soil water content, and plant
biomass and community structure were examined. In the growing season, the mean soil temperatures at depth of 15¢m and
of ground surface and the air temperature at 30cm above ground were enhanced by 0.28°C , 0.46°C and 1.4°C by the OTC
facility, respectively. However, soil water content in OTC was 5. 49% lower than that in the control ones. With the
warming and drying effect, plant biomass and community structure of the subalpine meadow changed significantly. The grass
coverage (19.21% ) and biomass (44.07g/m’) in the OTC were significantly higher than those in the control (8.04%
and 18.1g/m”, respectively) , while the forbs coverage (72.8% ) and biomass(210. 54g/m’) in OTC were significantly
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lower than those in the control (83.5% and 244.9 g/m’, respectively). Above- and below-ground plant fresh biomass
were 265.17g/m” and 1603. 84 g/m’ in OTC, respectively, significantly lower than those in the control (272.63g/m’ and
1826.77g/m’, respectively). The distribution pattern of root biomass was also significantly changed by the OTCs. The
proportion of root biomass increased at the depth of 0 —10cm soil layer but decreased at the depth of 20 —30cm soil layer,

relative to those of the control.

Key Words; Northwestern Sichuan; sub-alpine meadow; open top chamber; temperature enhancement; community

structure ; biomass
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FA, B, S AL BR A Ay s S0 A B R G SRS B B U o H R4 K T 7 S8 X RO 3R
HIM R E A KRBT, Sandvik 21 Welker %' MBFFTR I , 1R AE MRS M A0 0 Kudo AN,
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TR Z (OTC) AR N R E - BEL 4, O T /Xt R B2, IR it T ORIUE 2 68 T AR B B ER

hitp : //www. ecologica. cn



5288 £ K5 % K 28 %

FIRAA K EANEERGH, KERMTERY A 2. 25m®, i T BEEGEY MMER, FRREKE
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PHRCEFD WA (LA T RIFR 2" ) "5 8, BT B P& Prfh i AN RSO & B CREE 3%
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HIFRE,
2 LR
2.1 OTC Py B BRI IR B SR B 2R 4k
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VLA AR IR A TRAAE K Z (OTC) &2 3] TIRMEM . i, 23N S/KE7E OTC WK T X A
H5.49% (FE1),

£1 OTC WsMEERTIRRE R B
Table 1 Mean soil temperature at 15 cm belowground, soil surface temperature, air temperature and soil relative water content between May

and October 2007 in the OTC and the control plot

At R el i HRETAR
Month T (C) T eince (C) T (C) content of soil (%)
5 H May B=ER OTC 7.01 7.72 2.83 49.57
%18 Control 6.82 7.13 1.78 55.76
i 2 Difference 0.19 0.59 1.05 -6.19
6 A June B=ER OTC 12.36 12.67 11.02 55.07
%18 Control 12.04 12.04 7.44 59.51
B2 Difference 0.32 0.63 3.58 -4.44
7 A July B=ER OTC 15.61 15.87 13.96 53.57
%18 Control 15.32 15.56 12.5 59.65
i 2 Difference 0.29 0.31 1.46 -6.08
8 H August B=ER OTC 14.83 15.42 12.84 36.42
%18 Control 14.65 14.99 12.2 42.93
B2 Difference 0.18 0.43 0.64 -6.51
9 A September B=ER OTC 11.72 12.52 8.48 51.32
%18 Control 11.43 11.98 7.58 55.65
i 2 Difference 0.29 0.54 0.9 -4.33
10 A October B=ER OTC 7.29 7.96 3.27 54.22
%18 Control 6.9 7.68 2.48 59.62
i 2 Difference 0.39 0.28 0.79 -5.4
SEEIRE Average B=ER OTC 11.47 12.03 8.73 50.03
%18 Control 11.19 11.56 7.33 55.52
{& 2 Difference 0.28 0.46 1.4 -5.49
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2.2 OTC Py KXt B AR VR b S 4 L S S B IR AR 4L

St 1 F 2B , BEE YR BAE OTC PR Bt BRI IF R K A 284k, 38R 25 M, Bl T
BEFHEET R RS KREAFERILFERNSR , SRS DA 24 T ML, R
FRBE EEE = (HXE + A0 555 + X + MR + X Y@) x100/5 fykl 5, IR,
£ OTC WA 2 AN YR EEENR T AFEBREN B, A 13 MRS T ARREN T M, Hi,
$E G BESE ( Potentilla anserina) 3815 SE ( Thlaspi arvense) FAHFLEE ( Microula sikkimensis) F) 8 BAE T M v
B, M/NKE ( Euphrasia tatarica) \FE T )8 B ( Elymus nutans) | &K B ( Deschampsia caespitosa) F1=EF ( Festuca
ovina) WEZEEN M TR EFt, ZEXHRFEM, RS HRESE  H B BB (Geranium pylzowianum ) |38 W3
FE L (Arenaria serpyllifolia) 54X L E M BEE YFPA R, B BAHG , HE N BHBARRE . ZR HEL
B /NKE BRI (Rumex acetosa) FEREHEE B . R E BB FFILF SUMEEDMAER(EKR2) .,

£2 OTC WIMNERERMEMREMRARRSEME
Table 2 The responses of plant species to temperature enhancement in the OTC plot and the control plot

FERSHRBE HERF TR HEREE B X EYR AR BEEE
Relative Relative Relative Relative Relative Importance
?Wﬁ% coverage frequency density biomass height value
ecies
i m|E w|E X w|E X w|E X w|E X HE pupiit
OTC Con. OTC Con. OTC Con. OTC Con. OTC Con. OTC Con.

WIR)E , EE{E 5% R AR L 7E OTC IE IR #h The importance value of plant species which increased after temperature enhancement in OTC plot
compared to the control plot

1. Arenaria serpyllifolia 16.21 13.21 11.85 8.94 13.42 11.54 15.42 10.85 4.13 4.05 12.21 9.72
2. Euphrasia tatarica 12. 09 3.40 14.34 7.06 13.25 6. 85 9.12 2.65 2.46 2.58 10. 25 4.51
3. Rumex acetosa 6.29 4.15 4.97 3.76 1.78 2.34 15.70 5. 68 8.68 10.20 7.48 5.23
4. Elymus nutans 8.71 3.59 6.12 4.71 7.13 6. 04 7.27 2.53  5.70 5.44 6. 98 4.46
5. Deschampsia caespitosa 3.99 1.89 2.87  2.12 5.48 4.78 5.06 3.97 8.59 4.36 5.20 3.42
6. Festuca ovina 3.27 1.13 2.49 1.18 2.17 0.72 4.67 0.39 6.88 5.50 3.89 1.78
7. Ranunculus nephelogenes 4.48 0. 66 4.59 2.12 5.77 2.80 3.86 .23  2.13 2.42 4.17 1.84
8. Oxytropis ochrocephala 2.18 0.79 6.50 3.06 5.25 1.89 2.51 0.59 2.06 2.20 3.70 1.71
9. Gentiana rhodantha 0.97 0.19 2.29  0.71 0.87 0.45 0.20 0.05 2.11 2.03 1.29 0. 69
10. Artemisia mattfeldi 0.48 0.57 0.19 0.24 0.10 0.27 5.18 3.43 12.50 6.53 3.69 2.21
11. Carum carvi 0.97 0.19 .72 0.24 0.26 0. 09 0.71 0.26 3.67 5.71 1. 47 1.30
12. Halenia elliptica 0.97 0.38 .72 0.71 0.52 0.27 0.40 0.13 2.95 3.84 1.31 1.06

WIRE , EEE 55 R MR EL7E OTC I8 B9 # The importance value of plant species which decreased after temperature enhancement in OTC plot
compared to the control plot

13. Potensilla anserina 18.14 37.00 13.19 19.29 15.00 20.56 13.14 23.40 2.13 2.12 12.32 20.47
14. Thlaspi arvense 3.14 10.57 3.63 7.53 1.04 5.32 8.04 23.01 4.61 5.00 4.09 10.29
15. Microula sikkimensis 2.30 2.83 0. 96 1.88 0.42 1.44 0.57 9.93 4.45 6.48 1.74 4.51
16. Vicia cracca 2.30 3.02 2. 68 5.18 1.98 4.06 1.42 3.07 1.36 2.84 1.95 3.63
;ﬂ;;:;zﬁ:ium 0.16 1.15 0.57 1.18 0.16 0.81 0.12 0.19 2.80 3.50 0.76 1.37
18. Elsholtzia densa 0. 67 0.94 0.57 0.94 0.13 0. 54 1.62 1.9 4.17 5.11 1.43 1.91
19. Pedicularis armata 0.36 0.76 0.76 0.71 0.13 0.81 0.21 0.90 2.47 3.28 0.79 1.29
20. Koenigia. islandica 0. 96 3.96 0.39 2.82 0.13 3.70 1.33 3.15 0.83 2.74 0.83 3.27
21. Polygonum aviculare 0.12 0.57 0.38 1.88 0.19 1.35 0.13 0.98 0.97 2.54 0.36 1.46
22. Taraxacum mongolicum 0.85 2.45 0.76 1.18 0.16 0. 54 0.63 0.41 3.27 4.14 1. 14 1.75
23. Geranium pylzowianum 9.43 5.85 1511 21.65 24.47 22.45 2.71 3.42 1.92 1.40 10. 73 10.95
24. Silene jenisseensis 0.24 0.38 0.38 0.47 0.10 0.45 0.15 0.25 4.98 6.50 1.17 1.61
25. Mazus japonicus 0.60 0.76 0.76 0.94 0.23 0.54 0.61 0.66 2.62 2.71 0.97 1.12

Lo &2 /KRES. B4 BREFES. REG6. £F7. ZEBRS. BAEWE 9. 4HERHE10. KER 11. BT 12. HEMHEH
13. $BHZBE 14. B 15. YILE 16, [ HHBE 17. KPE 18. FHEEE 19. MEDLEE 20. kBE21. WE22. BAK2. HEFL
BE 24 RHE 25 BRE
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W3 B, B BT E L OTC HIgRANES , SX IR A Lk A T B, BAITHR B A B E (P <
0.05), FREMAKEFHEAEA OTC BB T BEZF (P <0.05) , 53¢ RFHMAH LB, RERY
SrEJETE OTC WHA B3I, AR - B B TR, [, T OTC HRIEM , EREUR B REME
R RS X AR A b, 72 OTC 3y B& 3R (P <0.05) , W0l 1 fron, H3g{E 252 16. 91%
120. 32% #139.72% ,

£3 OTICHIMREMFEEEREYE
Table 3 The coverage and biomass of grasses and forbs in the OTC plot and the control plot

REshIe R ¥ Coverage (%) 44 Biomass (g/m’)

Type of Sampling #23b Bare ground R Grasses Z& Forbs R Grasses 2= Forbs
H=EH OTC 12.2 +4.6a 19.21 +£3.5a 72.8 £5.3a 44.07 £6.2 210.54 £10.7
%18 Control 8.313.4a 8.04 +3.6b 83.5+4.8b 18.1x2.5 244.9 +14.1
LSD NS ® ® ® ®

F.H{E +SD ,P <0.05,n=15

2.4 OTC Py Bkt AR BRI T A= Yy B A KA BB AR 4L

HTFREZEMERMEN,OTC W ARENE LAEYE 60 - o FHi OTC X} H Control
BRT XM bR, WAENL EyRE  E |
ANTXRRE I LA R BT RRERIHNE 2 5|
#(P<0.05), w20 +§

R, OTC I L B R BRI T 0 ~30em | l
FRVHR R A 5 0 B AU P, 0 EH B T RIRLRR B Y R v
W, REGHHRBIER B3, b &R Y B8
DT 2.57% , T T 0 ~30cm FYHEFR A Yy 8 WA X I8 B 1 ERNEREEE SEREERENYR

I/I\T 12.21% ( @ 2. @ 3) o Ez’gﬁg_ﬁﬂﬁm 8 H ,ﬁ}, Fig. 1 Effect of temperature enhancement on the height of Elymus
OTC Ij\]ﬂ]XﬂLﬁﬁ #mﬁ%%i%ﬁﬁﬁd\ , Xﬂ.ﬁﬁﬁi& B(J nutans , Deschampsia caespitosa, and Festuca ovina
T LY AT OTC W, HETHR K 2 7 F A

B,
3000
O #A|ROTC
400 O FHg OTC &5':‘ 2500 X B Control
NE 350 |- *J 8 Control En 2000
5 300 |- 7 <
v — w \|
g 250 \ £ 1500
E 200 - R =
B 150 g 1000 |-
1 100 -
50
ﬁ 50 &l
0 & AN
iy AR WEY 0~10 10~20 20~30 0~30
Live-vegetation Fallen litter 1 E{RE Depth (cm)
B2 RN R R R E R B3 RN T AR B
Fig. 2 Effect of temperature enhancement on the live-vegetation Fig. 3  Effect of temperature enhancement on the belowground
biomass and the fallen litter biomass biomass and its distribution

M 0 ~10cm,10 ~20cm .20 ~30cm +ZHIH T A=Y B HHKE, OTC PEYHL T A= YB3/ F 3 FAE L
WTEYE, BRITREYARE . SAELHITNE,O0TC )0 ~10cm LEHMTAEYE & BT AEYER
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82.05% , H: HAI K T3 FRBEHLEY 77.89% ,OTC Py 534 BB T A W B7E 10 ~20cm L2 4MFEHLHIFE Y,
4r 31 15.17% F1 15. 06% , {BFE 20 ~ 30cm F 43> BL Hu A5l o, OTC 14 2. 78% Ky 43 B b 1) B/ T+ B RE L B
7.04% ,
3 itig

FEABI S, FIRRAE K E (OTC) 3 TR AER . RIEAEED s HiR 5, R R E E
FRE TR ER BRI, A RS, S SRS, B A SR BT BIVER. i TRENSE
FAMEZ MK B, B = B TRE A SE, TR AR R ERNE, VRS T ES KR
A, ZEABISE R, TR IRRER E (OTC) H3EIRER, HE ST OTC P HgAIx & KB i,
Ao X5 EREP RS, DEELRER, TR RSS2 B T ad, KEEEN
AR BB AERESERNE A,

BRRBEE HELEE BERNESR XTI 54 XL B PR, ZERRAN TS , /KB BRAE
FERPEE  REMEF OTC MINEEMBEMM, XM THMRAKE(OTC) WIMRIER, —ERE
B ETHRE R ER, TS THREE /NSRS, B ER R T 28— &K %5,
Alward Z ™71 Pauli & HIA SR WEN, AR EBEE T, W TEEYREER B, BA — Ry s
3 YR M O 5B R AR, N TR R b ()3 4 6 2R, B REIE L SRR 2 AR R AR R

WRE , REMEE KA R D EMM, BN ZEMEY RN R B2 T, X5 Zhang £ 7%
JLEIBFSE A Harte 45 78 EEE N BIR BA ML, XEM TERIEE R EMEFSYRHEE
MR BB RAS AR IR , I BRI TARETE, G TARKEERE™ ™ EMEAET . A
T4 mR N S MR iR ™ B, TIRSRBBESE GBI SEMMTL B S 2K 2 Y T3E Y
RAIKA S8 SRS, 8% LIS A B A = R, Grime™™ BBIZT 45 S th R 00, ZEHEVR AI7K 43 W o 35
SEeh AEYPE AR B A T SR KR R R B R ER I

FEABIGLH, OTC PRGHL B B AT 0 ~30cm B9AR 2k 18 5%t AL HUM S, 2RI BT R
RREHI A, X 57E P R A A RIS, REER, FES TEMEEEN S KEHE TH
VIR R, Melillo ™, 38305 358 57k B 108 BB YR 16 R 03458 , 2R S BUR e g A
T, Dubrovsdy & iBI5r 9, TR LW T 2, BHEBRER AW AK . Edwards Z A%,
TR S SR AFET RN, ATIBME R AERE, Boeck 0V WAL RUER, B THE
SHEESKBHW, H EAB T A REAE TR, Kb MR THT 18% T RALWETH
T 23%,

BT OTC H3RAE R, I RZE EH A FR R E TR, X5 Asseng £ 1M —3, OTC
P 0 ~10cm 12 HAE Y B AMEC BN , SR HR B, TR R B A R E S AR R 0T Yk 8 SR e, T
20 ~30cm )24 Yy 4B L U6/ , VT B B O 2 25 455 AR 28 LT M- 40 R 3R 5 B A B0 B B
4 Zip

AL BB TR, RS H DU T B B0 MR P B S A R R G R B A
BERW, MG, ERSET OTC Py 1M &K BB, MYIEZES LRI, NS ERER
SRR KRB, OTC SR B3 b A M 8 5 X0 IR AR SR Lo B3 3, T 2% 25 1 A 4 B BB 808 0
OTC Pyt SRV B AT 0 ~30em KR R AL YR 53 RBEMUAE HEs, I T A RBRE KB, HE
7E TR R 2 o 4B H B B 0, OTC 79 0 ~ 10cm 2 (9 4 97 8 4} BC He I3 i , T 20 ~ 30em 2 B9 4E
18 43I LA B S
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