YL 2018, 42 (1): 20-27 DOI: 10.17521/cjpe.2017.0133
Chinese Journal of Plant Ecology http://www.plant-ecology.com

HEHEE T ) T S L B B R
S

kA ER%Z B W gEEY B BY | o o
e R KRS S LU M 5 SRR ST, R 610041; R EIRLSEBE RS, dER 100049

% E LR XS L S AR R 2 225 (Polygonum viviparum)FVER 2588 S (Potentilla leuconota) AW 53T 4,
W MG AR ZE . FEAEI PR 7 sRAIHAN B B, BB BOUA TR . WA RIS SRR o SR PTG IR
AT IR, EEIRATE S, THRSSER20164F 4 K FIRER RS 1 BDIG IR X Bk 2 22 S R AR M 22 W 1 SR A 7
FURIEEME, DAER s LA it SR A i ma R AR o 45 R, BUBEIRS: 1)BR 22 S I BRI (4R 5T B
TR BER AR . S5 RIREIR A, HAMRZS A A FIFEE 4R AT, S0 By 0 A AR 480, 08 A 4a 55 2) Rt &
W S % W B B R SRS TS A 45 SR AT SR AS (BR P AL R AE A0 ) R A A [FIFE FE RS B0 5 B B Ik I 0 %o 48 UL Fy o
B, IR . SR e (0 BT % 15 5] B S 1 1 5 WL 400 0 00k e =4 A W P ) 1825 AL A0 BR R AR A,
F1 o [ 0 JS2 0 55 S A 7 o 8] 22 S, 3K P 22 e TT R e it — 20 AR R AV 2L R 45 0

k4R mLEE; [T FTRMER, BRFES, WS, BEYE

TRFT, TARZE, 19K, HMRE, HEE, MPH, B (2018). AL IR R N T L A A ) B R Y BURAE. A A S AR, 42, 20-27. DOL:
10.17521/cjpe.2017.0133

Experimental warming changed plants’ phenological sequences of two dominant species in an
alpine meadow, western of Sichuan

ZHANG Li'?, WANG Gen-Xu', RAN Fei', PENG A-Hui'?, XIAO Yao'?, YANG Yang', and YANG Yan'"

!Institute of Mountain Hazards and Environment, Chinese Academy of Sciences, Chengdu 610041, China; and *University of Chinese Academy of Sciences,
Beijing 100049, China

Abstract

Aims We studied phenological sequences of two dominant plants (Polygonum viviparum and Potentilla leuc-
onota) in an alpine meadow of the Hengduan Mt., western of Sichuan to explore the alpine plants responses on
climate change.

Methods Open-top chambers (OTCs) chosen by ITEX were used to monitor the warming in the field. After a
four-year experimental warming, in the 5th growing season we recorded the phenological sequences of two domi-
nant species, focusing on plant responses on warming. The sequence was divided into four stages: budding, flow-
ering, withering and ripe seeds. Each stage had three events: first, peak, and last.

Important findings Our results showed that: 1) For P. viviparum, experimental warming elicited a shortening of
the duration of each stage, advanced all of the phenological events but the first of withering and ripe seeds, short-
ened the period of each stage and reduced the duration of entire reproduction. 2) For P. leuconota, experimental
warming extended the duration of every stage. All phenological events before the end of withering occurred ear-
lier on experimental warming but the peak of flowering. The period of each stage had inconsistent responses on
warming and warming prolonged the duration of entire reproduction. The present results indicated that not all
phenological events were equally responsive to experimental warming and an entire sequence could be a more
accurate way to evaluate the responses on environmental variation. Therefore, the plastic responses to warming of
different species would have effects on community composition and structure.

Key words alpine meadow; climate change; open-top chamber; Polygonum viviparum,; Potentilla leuconota;
reproductive phenology
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Fig. 1 Monthly mean air temperature, soil temperature, and
soil water content inside and outside the open-top chambers
during the growing season. A, Monthly mean air temperature. B,
Monthly mean soil temperature at 5 cm soil depth. C, Monthly
mean soil temperature at 20 cm soil depth. D, Monthly mean
soil water content at 5 cm soil depth. E, Monthly mean soil
water content at 20 cm soil depth.
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Fig. 2 Phenological shifts at the sequence of Polygonum
viviparum (A) and Potentilla leuconota (B). B, A and @
symbol represent a phenological shift of first, peak, and last of
the four stages, respectively. Negative value represents earlier
stations than control in days, and the positive value represents
delayed stations than control in days. OTCs, open-top
chambers.
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R AWGAR bR AL I v B ) 251
Table 1 Parameter estimates of GLME models investigating phenological
sequences responses to experimental warming

(5192 R& MR LS
Stage Station Potentilla leuconota  Polygonum viviparum
N  #§E OTCs N ¥ OTCs

Intercept Intercept

pi s JFEE Fist 6 51177 003 13 5197 0.01
Budding gl peak 6 51777 -0.05 13 5197 001
29 Last 6 523" —0.01 13 528" 0.02
FEAE I Fist 8 51777 006 10 52877 -0.02
Flowering g peak 8 5.8 002 10 530" -0.01
ZE Last 8 52777 —0.02 10 533" —0.02
T JFES Fist 8 518" 005 13 5257 0.2
Withering (s peak 8 527™7 -0.03 13 5307 0.01
G50 Last 8 5367 004 13 53377 001
Fhrsdy JTHE Fist 8 52377 002 12 5367 —0.02
Ripeseeds igff peak 8 53777 002 12 5387 —0.02
45 Last 8 54777 001 12 54177 —0.03

ek p<0.001; N, SIFETTH; OTCs, I IRAA .
**% p<0.001; N, observed plot number; OTCs, open-top chambers.
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Fig. 3 Effects of open-top chambers (OTCs) warming on the
duration of each stage of Polygonum viviparum (A) and
Potentilla leuconota (B)(mean + SE).
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Fig. 4 Effects of open-top chambers (OTCs) warming on the
period between the peak time of the neighboring stages of
Polygonum viviparum (A) and Potentilla leuconota (B) (mean

+ SE).

[B] 52 AT, AR T R AR I 18] 75 DLIR AT, %%
RIUNETA A6 R 1 3 BUR M R AE
ZERCAGIS RS2 AT, P57 BB 4RI (A IE5R, feZs
RN LT EIIE KK - IGRIE BER 2 25
SEARPR, BRI 2R (K B AR A 2% -

3 itig

BEUR AR 1 R 1 X 1L R A BR R 2R S MR I
TR, HIFE R A FEYRR Be(fe2F . IF
FE R AT SR ST RS ) Xof 8 i Ay i 2 7 3K (B I B
IR ) AN N RE AT AE — 5 B S, A R YRk

©U 00000 Chinese Journal of Plant Ecology



GRS AU IR S5 P e L S A A SR P SRR AR 25

B AN FEPIRAS (FFAR S WA 0 45 T Rl 38k P v 7 #48
TEAEZE o [F— PR AN [F) BT BOR PRI AR A 3R
I AS [ (g g ORI AU, CaraDonna®:(2014)
B L 0 i L v ] 60 P K A A0 R R R,
W98 X3 A A AR B ) & IRFS TE 3G IR A0 3 R
e 2t AN () B8 B 0 B I, LE R B R 104 3
(0.4+0.1) CHTEIL T, FFAEE LIS A1 5E 10432 7T
(3.3 £ 0.24) d, JFHEIE(EFZRT(2.5 £ 0.20) d, JFAESS
I 4R RT(1.5 £ 0.42) d. PostZ5(2008) % 4% % 22 1
P 0 PR R R VR B 2 4 S L, 7E OTCHY R 38 -
N2 CHRARTEN T, &HEEY Cerastium alpinum
TELEC AT RI$ERT2.5 d, FRAERIRIANAS . H k] I,
TE AN BOS PR A 1 i S A7 T BB PR 22 5

Dorji% (2013 )iff 7t & SASEALL I il X T #2245
(Potentilla saundersiana)FI{e ZF E2 4 1A« AL 46
SEVMGEIRbR A A B E R, AT FU I R R
AP ZEZS MMM R, 5K S Dorji%s
(2013)AH [ (1) P i By BEAE Dy el )97 3 5 A8 4K T 48 A7,
WA BAH [E A 4518, N RS IR AN o3 M Al i
VI EIAM% . AH R R A BT A, WBoR
PRI R 2 5 K TR B S R R R
IR AGT I I, HE B SR T IR 5
K. DRI, BASEASCADL G i ot B BT LA B B
e R, AR IR AR Z A
FAPMEAST= AR 2518 . [F I Gugger® (2015)F%
PLHGIR SRIG T, DUEY)HE— s b B 4R B —
WM BE R AF T 22 173 () R BUE S B B ) R 2 T
f), 25 RoRE WS40 T YK . A
AP 5 A ASUASEE P ) 6 R 28] S s R S VIR S AR Sy i 3
FEARACIFRFR, AT LAAS 5 Gugger (2015)2R4LL1K)
ghit: BT SR 2 B SR B A, H
A 5 B b 1O SRR 2 e SE A BRI KR,
D) S5 7 T S TR B S I B M (p <
0.1), A5 B B L5 2 A S B A X 1 R 1 o 17
IR IR, HY B G RE— B B B
A CHE Y5 A B EA S B, R SRR
1 S MR Y g R T, B [ — A
AR bR AT RER BIA R 4518, 2
R B AR LR, AR B A Re ki
S A A A %o Tk A% 4k 171 Y. (CaraDonna
etal., 2014; Meng et al., 2016).

AN [ A oot 3 38 ey e 7 7 3 (B T B AR ) R

IEREEAFAE —E 2o AN [F) BB BOR 1 i ey S 1)
P 1 5| B S VMBI BOR RF SR ] L 3 VI [
DA S B HE AR AE T 4k . Inouye (2008) K ILTELE
KFESHIMBE R, iR AR 1% X S F
TEREYN I AEE SZ AN FI R BE 4 2%, DRl ) 25 1k 4
i3 BRI AR S BTE R 2 . PostS(2008) %) 35
TP RS ADL IS S A FE R B, MR S R R ) 2
A AN BTN BRI N o AHE TR IR S,
TV IR R I AR BFE A . IX 7] BE A2 1S il
Je A R B AR W) 32 I L AN TR R i 82 5,
Totland flSchulte-Herbriiggen (2003)%ff 78 & P18 J4
IR 2 AF 4 B & (Cerastium) FE. Y0 16 1 7 22 B
[A] o Arft55(1999)HImeta ) B 45 J 2 7= BEAL G iR 2 4%
Je LD HE R B W S T AR YR58, AS AT ST AE 1 TR
J& B 2R 5 AR T 48 W i s EAE P fige, R Utk T v A
b7 47 o S5 T ) e A 164 i A7) SR A T R D xo 3 i
(RymE) L o [R] I, R A7) B B A i A U o 484 T e £
M) 22 5, P S A A A A Oy i A x 3 Hh K gy
MG HHAREZS . ERERIINLEES,
DA R A ol Ol B R SR 5 4, e KA R 5%
VB 1 — FhIE MO B 10 45 R (Tilman et al., 1997,
Dudgeon et al., 1999; Forrest & Miller-Rushing,
2010 TR ) S TE A fige 391 40 b 1) 22 St 2 P AR 30
B R T AN Wi NG R 45 R, R AR ) B A
) 5% 4 JF 4 K5 B % K 1 ¥ Fb 3L A7 1 =5 2L
(Cleland et al., 2006). AW FRAERER I Eis w4
FE IR AR I8 H #1, X HE 757 N R 4 o 1) 2 B 1
JEM G AT 7, BRI ZESTE R R,
ST 0T BR 25 252 3 L v S R o A S5 R, T
R R 10 7 P 2 PR (p < 0.05), TEEL /= B2
AN S 25 (BT, 2 L v A i 13 3 FH A
FELPDAE S PR B AR A SRS AN [ B ) 52 SR o 18
POPMEERE TR 55 B AN R A ] R i
Wb 2 A [ 35 4 /) (Pefiuelas et al., 2002), 5|&¥Hh
LR YR G S A TTRS S B 2 BN 3
(Price & Waser, 1998)FIHEY) 5 &K 4 2 8] 56 R AR
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Appendix I Changes in coverage and height of the two species under experimental warming (mean £ SE). *, p <0.05

70

Yy e
Species cover (%)
- N W A U
c & & & & 3
T T T T T
*

[=]

hH%S

Polygonum viviparum

RS

Potentilla leuconota

— NN
(%] (==}
T T 1

YRR E R E

Species height (cm)

S W

KEERS

Polygonum viviparum

IR

Potentilla leuconota

O X158 Control [ 375 Warming

DOI: 10.17521/cjpe.2017.0133

©U 00000 Chinese Journal of Plant Ecology


Hp
打字机文本
扫码加入读者圈
听语音, 看问答

Hp
打字机文本

Hp
打字机文本

Hp
打字机文本

Hp
打字机文本




