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Abstract: The responses of phenology, community structure and above-ground biomass of grass community in clear-cutting
land of sub-alpine regions in Western Sichuan to simulated global warming were studied by using the open-top chamber
(OTC) method. The results were shown as follows: mean air temperature was 2.2 °C higher in the OTC than in the control
plot (CK) throughout the growing season and there was 0.8 °C difference in daily mean soil temperature at 5 cm below the
soil surface between the OTC and the CK. Compared with those in the CK, constructive species (Artemisia subdigitata and
Deyeuxia scabrescens) in the OTC showed earlier sprouting, pre-flowering bud, and florescence. However, they had later
withering in the OTC than in the CK. Height, density and important value of each plant population responded differently
(increase, decrease or no effects) to warming. The biodiversity index was slightly lower in the OTC than in the CK. Some
changes in the community structure were observed. The above-ground biomass of Deyeuxia scabrescens and Artemisia
subdigitata in the OTC increased by 46.3% and 42. 3% , respectively. However, the above-ground biomass of Festuca
sinensis and the other herbs in the OTC decreased, but not significant. Compared with those under ambient temperature,

total above-ground biomass increased by 34.0% under elevated temperature.
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ERRIBENELRAANFBERNEL . BUFESEEE TS 5 4 (IPCC) 45 MU R AL 45 B,
BIA LR, SEROF BRI TIR 1.8 ~4.0C Bl 8 A b 18 46 B A B Mg 4R 2 25 R G vt B TR Y
Wi 7 ] RE B AU R Y IRE S HE A SR AP S AW RS R R, BELT A Y
R, MRFENAERKFZERILESREWNTFEZRRKIHEF. FIREA S LEK K EKEEER
KA ERE LAY AR KT, T SRR I i 4 U E5 1

20 22 K, B br % JF i1 R (international tundra experiment, ITEX) fi F 4t — B JF TR 2 4= K = (open top
chamber, OTC) EEIIE RN BN B SE 50 I ST T 15 46 BE 5 SR AR 28 R G XA SR AR Ak iy 7, BUAS 17
WEHEBERR ., FREW, BEFSSEDYR AR AE AR YA RRBFESWYEEBENE
W T S A B LU AR RS R G S AR U IR R BT ST R AR AN O . e S8 B TR R SY 2Bk AR
BB RE ERTE . BT R AR Hh B3 T 235 ) 0 A K O ASE 00 0 T g i [ ok ER A 0 7 i o, Yk B
R B PR AL, B T HAE AR R SRR AL B 5P s SH B EEEAME XL,

VPG5 LA B AR S R GE AL 1 LIRS X, 2 2 BRARL U A . VR W IR E HRAARIX Z —, 7 20 it 42
50 % 90 AEARIR Z [H] , KHUAE FY AL RARE B 2 b AE AR SR R AE TR KR4, 3L T RTE AR AR A g 52
YRR RARGE . A< LR B DO A PR E E M ER R B AR XBES . AR ARG b ) B SR 7%
IRFSEXS SR, 38 OTC AL R 0N X A B2 Wi BT 5 0 s, 483 7 o 9 465 40 AR A 7 8 X A 4008 IR F) 407) 400 i
Nio HARFRSAFASTE 5T 12 RIS K IR B iR AR HEBE R B8 o
1 #R5HEE
1.1 iz E

WFFEAE LI 7E F A E R R B AR X HE S 8, b3 B Ol E 104°08 N 32°93' ¥4k 2650 m, BT
X35 SRR LR A FOARIE ™ o 2005 4E 9 A, 2 FRE PRk IR (TTEX ) 4553018 I8 508 %ot A 4 B mi B F 5 O
B, 8574 4> OTCs,OTC WEE AN 1.5 mx 1.5 m, 5 2.6 m, REFRF O HEF 1.2 m x 1.2 m,$88 PC ¥ (5
FHK 85% ), [AIATHE OTC Ffiiris sz 4 A%t BR/IMeEJ5 (control plot, CK) , HEFREIFE N 1.5m x 1.5 m,

1.2 FERETE

M 2006 45 Hie,0TC F1 CK Az SR (1 m) \A3EIRE( -5 om) KBAFES (1.5 m) FE/K (1.5 m)
ST R4 B s/ R G WM, NSRRI R S8 Be A IR EE (& J8E8 (6507A £0. 1 °C \Finland) K
PH GRS 1% 8% (SKO1-D | £3% \Australia) . 7 A & Ra% & GG 4%, 517 24 h BL RN, REH
TR 10 s, FAAEEURE B A 15 min, BFRE A R T 28— R EHE
1.3 Pyfeiiim

2007 4£ 4 A ,7E OTC FI CK AR 4 B AR EF 5 55 15 ~ 20 Bk, FAtnic Rinic. s
252 ~3 d—R, LA 20% R YA vk A M 15 A8 Ak L 26 R0 43 B — W B I R AR B 1)

1.4 FEESH

TEYIFP A K HE BRI (2007 4E 8 H o)) 23 7I7E OTC Fl CK FEHLIEEUE 7 12 4~(30 cm x30 em) , Xf & F4
BB B BRI AT SE R A . YR EEENG SRR LRI TI AKX V= (RF + RH + RD) x100/3,
Horp IV yEBAE, RF JyAXS 5B , RH AR i B, RD AHXT % BE ; SDR3 = (TR BELL + R HL + B BELL) /3 x
100% ,SDR3 S =H R LR G IHE L
1.5 #h EAYE

2007 EY R A KR, BEPLEEBUREJ5 8 4~(30 em x 30 em) , 451> OTC K Xof FRA&BUFIMFJ7, ST T X1 1,
AR PR 3TF,70 C T T RIEE, HFFRE JHK, [N, T kS OTC M3 UM FFEK AT GBS , 3
fITRAE OTC A H L X3 (1.2 m x 1.2 m) PYEURE
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1.6 ZHMHENE

APPSR S B E VR 2. (1) MR FEEERE S = B AFER L E R P A% (2) Shannon-
Wiener 158 H> = - Y, PilnPi; (3)Hill #§$( N, =1/ ;(4) Alatalo ¥J5] EHEH E, = [ (1/0) —1](e" -1);
(5) Pielou ¥ 5] FEAREUE, = H’ /In(s) o HHr,Pi Y i MZ B, A F 2R84
2 SR
2.1 OTC Hy¥& IR

2007 4,5 ~8 AR B LEFEME, AERNAERKSTE,OTC IR m)HMm2.2 C(E1a),
H <R OTC Ltk CK F+i& 2.9 ~4.5 °C, 5.6.7 A8 Ay OTC P H &ARSIRAHIE CK & 1.3.2.3,
2.6 CFI2.7C, -5 cm HIFREFEFRFEWHEAR(E 1 b) (HNTRIRKIGIERE,{UH 0.8 CT(5 AHh
+0.7 °C;6 Ay +1.1 C;7 Ay +0.9 CK 8 Afy +0.4 C),

[
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Bl OTC K CKPSH1H~8H31H, HPHSRAM-5 om £HEREER
Fig. 1 Seasonal transition of daily mean air temperature at vegetation height and daily mean soil temperature at the depth of —5 ¢m in the OTC and

in the CK

2.2 Yyfna

FERRX PR A R AT EA B MEM (£ 1), 1 CK AL, OTC A4 B #E B 3h JEE A
FESRFIAR B EARAT (p <0.01) , WA B HEIAR B35 R (p <0.01) o HEHFFH Y R MIXS IR BT+ & i DA
KIS

F1 SEEMRTSFWRAMNBHE
Table 1 Data on phenology of Artemisia subdigitata and Deyeuxia scabrescens

YyFh Species B 3h3Y Sprouting AL W] Pre-flowering bud £ Florescence i # ) Withering
4 B # Artemisia subdigitata +7.6** +4.6** +10.3** -8.8**
KEWFH 3 Deyeuxia scabrescens +15.3** +3.2%* +5.6** -11.2**

“+ " RRRATRE “ +7 means to be advanced, ¢ - “ FIRHERREL “ — “means to be delayed,“ * * 7 FIRZEFARBE,“ * * “means to be

the most significant difference(p <0.01)

2.2 BEEAEH R

LR T WA RRE RS- E -2 REm (R 2), iR2EFH, MYREEER X
B IS R AL T IR MW A R AR B 7 5, — 3 BOWHR BE T R R B B D U= T
3 AR X 4 JE v RS T 7 5 4 B A — R R B B UK . WP BB L5 L 3 b R BRI /K T B
MLEE BRI, B3R 2 B, REZEWF HEZEMS S B A A REER LT
3.3 WybhZREpEN L

3 RS X AR RIS B . R I E 45 H0RE ,CK > OTC, Kb OTC MFI £ &
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BEFEECN CK 1) 70. 3% , BIRBETH = (6 AR B0 6 BE SR 2O B R AIR . OTC IMFh ZAEME(H A1 IV, ) B
T CK MR SAEE, H N, SRR IS SR (R AR, X R T 2RI G a R E RN+ E
BER A B3 234, A R 59 2 AR g BOu X BTN J7 T A BT A A, H AR EE TR0 i 32 5 BE T N, W
FTHE . OTC NI BEHEE(E, M E, ) ¥IHEAK T CK 35 BEHE L

®2 ERUERIEE T EWFES S FHEER R0

Table 2 Effects of simulated warming on main species composition and their characters

EE %E i HEM %%ﬁt?‘{tlﬁ
. Height Density Important Summed dominated
il Species (cm) (n/900cm?) Frequency value rate (% )
oTC CK oTC CK OTC CK OTC CK oTC CK

LR # Artemisia subdigitata 133.2  99.3 8.7 9.5 1 1 13.23 10.64 77.10 76.82
KEHF 5 Deyeuxia scabrescens 118.0 90. 4 27.8 31.2 1 1 19.93  17.98  96.20 97.01
HF4E2ESE Festuca sinensis 76.6  74.9  18.8 19.5 1 1 14.68 13.25 75.04 79.31
R Rumex acetosa 63.4  66.7 0.63 0.75 0.25 0.41 4.01 4.23  24.95 36. 86
KEJR Phlomis umbrosa 53.3 51.8 3.5 4.2 0.5 0.66 5.72 5.77  34.20 43. 88
[5 H-/N #43% Viola rockiana 20.9  22.0 3.2 3.4 0.41 0.5 3.83 3.80 22.73 27. 68
FEAEIRIT Nepeta laevigata 33.8 31.8 1.8 2.1 0.41 0.41 3.85 3.39  24.28 26.58
A B Vicia cracca 4.8 39.7 4.2 3.8 0.75 0.75 6.65 5.49 41.25  42.39
WP Galium aparine 54.9 46.2 3.8 3.4 0.75 0.75 6.94 5.59 43.30 44. 14
JIHE /A Taraxacum lugubre 24.7 26.4 1.3 1.5 0.41 0.5 3.26 3.29 21.41 27.13
2B ¥ Carex capilliformis 57.8 52.6 9.3 8.8 0.91 1 9.84 8.63 55.95 60. 39
LD, Malachium aquaticum 43.6 50.2 3.1 5.3 0.5 0.75 5.14 6.42 31.29 47.51
K 3E Cardamine hirsuta - 77.0 — 0.1 — 0.16 — 3.51 - 31.29
ML ZEWs T 75 Pleurospermum crassicaule — 35.5 — 0.1 — 0.16 — 1.94 — 17.36
HE ZEEE Geranium pylzowianum - 65.0 - 0.1 - 0.16 - 3.06 - 27.26
ZURKT B Juncus concinnus 48.6  51.7 0.4 0.5 0.16 0.25 2.91 3.01 17.98 26.22

3.4 b BAEYEN
RERZEY AR KT B EZEIRE N ®3 REEEXI S HIEREORME
¥‘o ﬁ* ) 1%5, {Eljd‘ﬁ %ﬂﬂ A % B fb 5 % 53 "rﬁ,l ( lg Table 3 Effects of simulated warming on species biodiversity index

2) . BTRARTF AR BT A R 1 A4 fg;; - ik *
REBEMI,OTC RS A BB LR e s ” 0o
B CK 4 BIHE i1 46. 3% 71 42. 0% ., BRI IR FE 2R N, 5.12 6.61
P a8 AR T HERRARBE  woEsK E, 0.82 0.84
HKF(P>0.05) . HEEAH M | A Yy A 35 £, 0.65 0.79
LRSS, Hb A TR 34.0%

4 g5t

(1) OTC HERHS

OTC A IR R FRBE IR B H B i/ MR A B T2 L, B — i v AR THEE & W 2 A TA
SRR R SR AT R, B EKZEE  0TC 4 B 45 E L CK312.2 °C,5em +38R
FE{UEHN0.8 C, Pi BEMKAERKFRE, Il A" Frh g g il =" X OTC 3
BB HIH 2.3 ~5.6 C.2.7~4.0 CHI 1.3 ~ 1.8 C, AP XL RAM Y/ X fERH T
OTC JAR K/INE SR 1 JR IR, A 26 B S 1) 5 8 A P8 S ot 2 S5 T R A — R S o

(2) Wyl o

KEBEREWHEDY RN — N EERZ, BT — Ry R, Sy BE SRR
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AT BB R . OTC WAIEM -5 em +3EIR 60
EBERE, S EBEEKAEKSBRE, AT OTC 5 | o oK
HIHE IR, BB A (R RS AR F 258 ) g 2 w0

SO R RTENS B B E R0 TR B 52

R . X5 Stenstrom FEJUAR L X X & EL Carex bigelowii g § . ’

FBFFE SR — 8" AR F Totland FBFZE>* , 1

ZER K IR B T X B Fh B B Ranunculus acris F1 < |—I—N[S§] l_;S[JiL
Ranunculus glacialis Y)FERI%A BERW, FEHRH 0 BEEY R R R

OTC MLV AVBIF 5 0 o T 9 74 98G5 J5 % 14 5 f
BRI, RBUERBERR E B Ay e g P2 RIS TAOBRAMI T e R TR
X IR BT 5 H WL 2 25 5%, LW LI 77 26 B Sk
=R, means to be significant difference(p <0.05), “NS” means to be no

(3) BEE S5t g significant difference

OTC B3 T AW BEVE (KNSR IR B8, — B R |
W T A BB R AR TR KRR R TS RS . SRBETF BT L K SR g B
i, TER SR A B A T MR s K S BT R B B A A TR 35 LA AR AR EE 19 BT, S I RE 45 %
. AR S RTIIE AR — R M2 5 A TFIE RN, E R F B S K S
i AR A R R BN o 3 R TR R R R 1 R S MR R B G IR SR AR
AN A R B P A — S KRN s TIA BT O BEE BRI B L 2%, A R RORS 75 2 0 S (5450 12,
SR R B A KR T R, B I A SRR . SRR T T R ARG, St
BT R, 50, — B A — AR TR SRR BT R 1, S T 35 s M AYEUE, L T A
5. Chapin BS54 I , 1 2 FE 5 TRV 25 ) PRSI SRR A ARk, 40 300 PR B 06 7 8 0 4 g 52
SRR 5 B A 2 R L A T X UL T B W A7 E 2 5L X T RE AR AR
YIRR KA R BIRIR A o B BV 45420 Ml IO IR B b SRR T e, TIT X 350 BE S BUR W R
0.

(4) b A=y RE0

YRR S R EE RHE R R S B . KRBT R W AR A 5
B ISR A BB KA KT AT LIS R . E A BIFIE 0 A1 VR AR R A
AR TR Toolik W25 5 74 it U 2L 8 7 R 2 AU B A R B . HLR
He gy BT R F e R R AR AR 2E— 2 577 o UM R R BF 7 S 4 R LA ik
BEIIN(46.3% 1 42.0% ) , TR A AR A YRR K, i b B A YR T 34.0% .
IR 2 R LA P 7 2R ] PR R BT B 50 R B AR ] o AR5 o v
H AR O SR ) SRR T A4 R , R LI T S B LR W B S R R , B
RSB AT T R RIS 1

L5 TR, )1 PG L G LL SR PRI B3 0 A K R M X ST BERINR (2a) i B U TR R o L
FEPIIR AR R VR X SRR AN RL . 3R 4536 T AR RV ST B R Sk 3%
Bo B hHB A K A B RE3L  E T REAPAE AP B I 2 507 L, i — B BR ST R+
.

“ % x "means to be the most significant difference(p <0.01), “ =”
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