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Effects of snowmelt timing on individual growth and reproduction of Pedicularis

davidii var. pentodon on the eastern Tibetan Plateau
CHEN Wennian"?, WU Yan®" , WU Ning” ", LUO Peng’, WANG Qian’

1 Department of Life Science, Neijiang Normal University, Neijiang 641112, Sichuan, China
2 Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu 610041 ,China

Abstract: In an alpine snowbed on the eastern Tibetan Plateau, three portions were established along the snowmelt
gradient. Environmental factors, individual growth and reproduction of Pedicularis davidii var. pentodon were measured and
compared among the portions. It was found that snow-free period, soil water content and daily range of diurnal soil surface
temperature were significantly different among the three portions, whereas soil nutrients and pH did not change
significantly. Height, leaves per stem, area per leaf and specific leaf area increased significantly from early- to late-melting
portion. From early- to late-melting portion, aboveground and total biomass increased, while belowground biomass and the
ratio of below- to aboveground biomass decreased. Number of flowers, seeds per flower and 1000-seed weight increased in
the lower and middle section of an inflorescence, whereas they almost kept constant in the upper section of an inflorescence.
As for the whole inflorescence, these reproductive parameters increased from early- to late-melting portion. Individual

growth and reproduction of Pedicularis davidii var. pentodon were mainly affected by freeze-thaw alternation.
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K558 (Pedicularis davidii var. pentodon ) j&—Fh Z24F A RUAAR Y, A= 1 F i 1 KIS HOZ m 1L F IR
TR R DR AR TR A AR AR X DX e 1L ) (RIS R B B Y fEAE KT B HIRZE Rl
Az 2—3 ME N ZE AEEETEZER AR R UERAEY . 729 A BA) MY RS IR A KT I A e . B E AR
1E X R A A AR A K R BRI S TR 2 2 RIS IR AR WL AGE . EARBF G, E 25 L% M ik
R R SR AR U A A BR AR AL IR AR LR TR (1) Rl R A ) A AR A RN
BRAFE S BRI 2 (2) WFLE 5 Rl TG OG0 A A TR T 1] B 4 0 He AR K RN BB R AIE 19 AR fb ke 32
YER?
1 HEiR i
1.1 AL

A5 Hb 5 BEAE A 7 7 SRR AR DU 18 Ak Bl £ R R 1L (32°597 N, 103°40" E) , 4k 3980m,
T IX IR L L K AR —38 43, BRI B3 B U263 XS DR 40 k(B 1), HRIE SCHR™ I X AE IR 2. 8°C |, 1
H¥-7.6°C 7 A 9. 7°C , LA TCFE I, 435 H HR AT 4% 1827. 5 h, AFFE M it 634. 8 mm, HH11Y 72%
KA 6—8 AMEZE, HHERAU R+, LoitfoRzX FEZEM AN T, FE-R-RLdeEEr g
b A — A RIRIIRHEE S R A5 % RO VR o RE . MR b 3 (SR 184 ) BB 1 R S K 3T 70
m, FEHLFEIT 40 m, AEHLAYIE BEAR I T 8— 15° 2 0H) NG PR Y b3 (420 LA Ak ) 3R o (G 5 LR A ) , 58
JE FSRIG I , B i ()RR TR T — A AR B B
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Fig. 1 Map of the upper reaches of the Min River, showing the location of the study site (Mount Kakao)
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H (Julian date)

£ 2006 4F- 5 2007 AEBAE 5 A (MRS O a5 MR - C SffR) JHR S 8 AR, A4 20K 4l
(A5 Mpkit-B ) W B T vh i) - 48 5 KRR 1 IR,

M 2006 F12007 PIAERY 3 AR08 S H i) (X —B ] B2 BV ml A W2 i T da A K0 S IR
() 3 AN B F AL | 43 R B — A F SR BEC AR, LA 5 1 — i 18] B P 1l 26 15 3 (A8 4k, i 4 2h H
gk 1K,

T 2007 4 8 H AT HIEAYEEE . BEIFAIEY), O T 10—15em W 48, I P I— A8, £
FEHT [ 5255 % [ AR KT DU i 3y B 5T . pH N P K SEE SR

2007 4 8 K (FEMAS AL A K B Se AR O A s AE KOIF I A KR, £ Imx Im ATy v i
BLIESE 3 AR (— b EZE7 )RR i br -~ R (LS. SM208- 1) il i B AR bk g, T84
g E AR (B CL-203 ) W SR A SRR S T AR SRS R AR Al [l SR
65°CHE R T 4L 48h, HIHL ¥ K F (#15 . PB303-E) PR Sidk T d &, JfiF — DA e I AR, b i AR
(SLA) & X R w5 g i . Fea BT AL B A X 3 AR B 46 1 20 JRH 45 )
b R BRI BCRE R S W AR RO B AR AR R B R S R T [l SE R E 65 °CH R AL 48h L TR
- (#95 . PB303-E) BRI AL P45 540 0 FhF B i T RAE Y 3 AN Rl TR0,

2007 4F 8 AKX, 76 LaRFe bR i 5Emt T, FHSCHIA I 1K T3 56 2 i A W Ae 45 AL il 1 A8 Ak, AEREA
R T2 BEALIERE 8 A Imx Im FIRETT , 6L P lfe R R T 50 S s i b 3y (2 25218 ) | I/ il 4
HoHb 1 AU IE Y s SR 5 /042 T AR R AR I AE R K TPk £ o SRS Kb L4055 MR S A3 Il S
ZEAE 65CTHIR FHLE 48h 4R 5 FHL FRKF (15 . PB303-E) Frdt ., BT M [/ fME & U8« MAfFaE
ANLFETTE S5 ST ARER 4, BOR < Ho_ AR = 5 SRR A 5T o i S B ) b 354 0 A AU i

FHECEE— Rl TR AY 30 ANRETT H R R 0 S0 T8 AR R B, IR R
1.3 EWNEIESH

il =5 AN B A58 PR~ B A ARSREAE 1D 22 5 %) S P fh B TR BERHIY 5 25 40 I (ANOVA ) SR 558 FE A [
RS A 22 8] 3547 22 8 4% ( Duncan'’s test) o
2 H#R
2.1 FREEAE LAEAEYI TR AR

M ATLAE W R RIFAL 2 R A RS Tl H 0 3 AN TR] DR B gl 3 7 38 B 5 e 0 16, Bt
TR AR, BV Ak oE i YR AR RN R A A B e R A A AL T Rk ¢ 1Y B SER TR I

F1 BEHELEEWET (o) LR

Table 1 Comparison of abiotic factors (x+s) among three sites of the snowbed on the Qinghai-Tibetan Plateau

et e o . N - o AN KT P Kt K
EﬁﬂﬁéMM S ﬁﬂ’ﬂfﬁlﬁ] /d Soil j:‘i%/ﬁ‘ﬂ(qu /-\VJ;I:ll)le N Sﬁlﬁ)ﬁe p SJZI{);)E K
ortions now melting time, o1l water content/ 7% Y, (mg/kg) Y, (mg/kg) Y, (mg/kg)
LR Early-melting portion 99.5+9. 1¢ 41.5+6.2¢ 19.2+2.6 a 0 6.7+0.9 a
FRIHA Intermediateportion 116.8+11.2b 48.5+5.7h 17.422.2 a 0 3.620.7 b
&R Late-melting portion 130.7+10.9a 61.4+8. 1a 16.9+1.9 a 0 4.3+0.4 b
o ARRERE | R i H e
Efol[i{i pH Maximal temperature Minimal temperature — Daily range of soil
) in daytime at night surface temperature

FLRlERA Early-melting portion 5.3a 17.2£3.2C a -6.1£1.1C a 23.1£2.5C a
FRA]FRA Intermediate portion 5.0a 9.442.3C b -3.4%1.2°C b 12.8+2.5C b
HEFf . Late-melting portion 5.4a 4.8+1.6Cc -0.8+0.6%Cc 5.6x2.1Cc

TRJE 746 3—5 A R HERTHEE M S HEm H 2a BOILINEL V=60, 5K 537 & 2a XLINEL N=840, 18 2a BYMLIEL N =180, HAbF5 5
HIBURERL N=30; ANFEM/NSG T8 a, b, ¢ FoRFNLEIA B # A 22 5L (P<0.05)
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30d, AR AT W AN [] DRl 67 3 W RS, K 4y 5 BESEIN T 54. 3% o (R, RHEAYE IR AL
YAV, 3 A IO IR LI S L3 pH B W 225 . S5 5h, MRt MRt IR BE LA M s 3%
LAY B2 AR W iR Al LR B2 ) FEBTINAE () 3—5 3 0, HL3R-Y-24) 1 5022 DAl oz 39
PIFEAR T 17.5°C  XRWIFERBIE FLRIHS AL, A5 R0 22 22 A0 21, VR AL SRR W ol KD 00 52 V3 9 ] g A AR
ST AT R S A A ik 2 7 A AR il S8 AT B 3, 0D 0 52 3 1 ] B A AT B
2.2 Rl I] X R T S B AS A AR RS A B i

RIS EIE AR AL S BRI E A2 A N2 2 B . MRS 07 B R RIGHOL , 25T AR AR AR 52 B i 5
WA RS b BRIEEIN T 35, 1% , MR ORI T 22% o EBUE N T 12. 3% , b m AU n T
39.4% o P A9 AE A RFIE AR A ARL , DT Rl o7 S B RS L 0 1 125%

R2 KISEEE3 NI EHRHENMERFIE(xxs)

Table 2 Morphological and population characteristcs(x+s) of P. davidii var. pentodon at each portions of the snowbed

FAL BB A ep ] A e il oz
Portions of the snowbed Early-melting portion Intermediate portion Late-melting portion
Pk Height/cm 15.12.5° 17.2+2.2" 20.4+3.6°
FhEESE Population density / (#k/m?) 5.2+1.05°¢ 8.2+1.5" 11.7+1.8
AN AL Mean area per leaf/ (x10™°m?) 633.5+60.8° 665.5+38.4" 701.5+53.7¢
AL Leaf number per individual 10.9+2.2¢ 11.4+2.8" 13.3+2.6°

He i AR Specific leaf area/ ( x107°m?/g) 174.7+58.3¢ 211.8+48.5" 243.5+54.8"

AFEFEE a,b, e RFTPAIE 22570 B EHE, P<0.05

2.3 T A AL R T ST A W A S

KPS E M AEY ™ i S AR S DL AR 5 i A 7= i 2 B e 4 TR [ A
WEMZES(E 2) o NFEREERA 2B RLERAL, 1 AP =M 0. 77g/m*, HE%5] 6.08g/m” , BN T 6.9 f5, &
SR Hb A e SR R FRIRR R | SRR I RIORL S S 2 TR A AR A R S — B, L R A R R IR I
K, N 5.62 ¢/m* [ %) 3.08 ¢/m” , FEAR T 45.2% , APt MR R Al 07 19 6. 39 ¢/m* HE %] 9. 76 ¢/m’,
BINT 52.7% , MR AR S A PR R 2 R T R AR A, LB A 7. 2 B T AR A Y

2 sl
s 2 g a 1 2
=) [ <
w - b
Lé 6 b ] .g 6 c
ES g o 4| T
HE 4f =3
8% 2 ¢ -
%0 %0
2 FRESAL P RERAL WeRbERAL 2 FRESAL P RERAL WeRbERAL
< X
N &=
o LEn
g i a Zgl2r
14 1 g a
R Szt
27 0f b H2d sl
ﬁg 8 : T 223
2] B Bz g 6 |
WS 6 e 4L
s 4t wEP b
= i L
K S22, L
FREAL O RAEAL  WRRREMAL ;é&’ 8 FEEAL  RAEAL WeREERAL
Portions of the snowbed Portions of the snowbed

2 RISHBEYE(ym’) EREHELHTK
Fig. 2 Variance of biomass ( g/m”>) among portions of the snowbed

a, b, ¢ FRERALEM B FH 2R p<0.05
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0.46, XULH], FEAR T R RERAL, M N AR R A0 e B A 25030 Sk, T2 1 AR R R, A2 Y
ZEMER AR IR (1 2) o LR, R T AR 4 A AR SR T s 00 T Ml b 0 A8 AR T A I
PR A EAR R B AE RO T T AR O BUR L AR LR AR L A AN ARy 1 N R R Z R H SR R
T RARAR DRI 1), A AT LSRRI R A G
2.4 Bl IR IA) A ORI 5 S v A B R B R

RIGIEAET L P T 3 BRI (LR SAAER T RONBh 110 TR A% 3 s, WEEANFE
WK BARAEK AL TR JSORIA 3~ B0 TR E A S A 1 i 40 A, DBl 8 2 T 2 1 G i 0 52, =5 73331
BT 46.8% ,40.7% 1 27.5% , MAEFH T Be(F 1/3) P Be(h 1/3) kA, fE8 AL T RO A1 19
TR DA A7 0 GG il 57 0 S W A A AR B BE( L 1/3) BB K BAAE R RO Rl TR
TR

F3 KRIDEEMEBEFE(vxs) ERMEHELNTH

Table 3 Changes of reproductive characteristics(x+s) along the gradient of snowmelt

. N R A7 ST 182 FlER A7
RETE W L i Vet
L. . Early-melting Intermedium Late-melting
Sections of an inflorescence Measured characters . . .
portion portion portion
JL M2
ﬁﬁk&(.kl./3). R 9.6+1.8a 9.8+1.3a 10.1£2.4 a
Upper section of an inflorescence Number of flowers
(Upper 173) AT 2.7+0.8a 2.8:1.2a 29+1.1a
Seeds per flower
i A 8
1.11£0.12 = 1.16 £0. 152 1.18 £0.13 2
1000-seed weight/g R =0 R
AEFF B (H11/3) TERL
Medium section of an inflorescence Number of flowers 7.2+ 1 1e 9.5%2.1b H.7£2.5a
(Medium 1/3) RARTH 42513 ¢ 4.551.2b 5.1:1.5a
Seeds per flower
T ¥ TR
1.09 0. ] 1.26 £0.14 1.43+0.1
1000-seed weight/g 09£0.09 ¢ 6=0 b 32018 a
2 5 1/3
JJC)?TEX(,T / ) LR 5.4+£0.6 ¢ 8.1+0.8b 10.5+1.4 a
Lower section of an inflorescence Number of flowers
Lower 1/3 ¥
(Lower 1/3) LR TR 1.840.4 ¢ 2.6+0.8 b 3.3+0.7 a
Seeds per flower
ﬁl%ﬂtﬁi 0.93+0.15 ¢ 1.19+£0.11 b 1.42£0.16 a
1000-seed weight/g
M 1
Whole inflorescence Number of flowers 2.2£2.9c 27.4£2.8b 32.6£3.7a
LM TR 2.7+0.9 ¢ 3.3+£1.1b 3.8+x1.2a
Seeds per flower
TR 1.04£0.17 ¢ 1.21£0.12 b 1.33£0.14 a

1000-seed weight/g

AR a,b, e RFEH R 22 5 19 8 3, P<0. 05

3 itig

Fe A R R 2B s LU ) 27 v L M X A R 5 B S 202 AR S R R T S
PR K BB RS B 1 ) R IE 8 Tk A

AR IR B TR il 5 4R TN, 3K AR X TS AR 04 A A N B B A o R
Aot LA A 8 s T S 5 J0 A R JRTN , PT R R 2 5 RAFL ) O B 5 B A — i By fR T T AR A 3 A
Py el il 3 T8 Z2 0 E R BT, SR REV S Wl ) S R s R R A 7 B B I R R R A NS T
FAEA R AT AR S A TP R IR B B K S AR U A G, TR S X R R IRl HER
Az KIS TR R R A 0, (BB S DX SR AR e /R (3R 1) 50 EL i TR RS A 0 AR AR b Ak T3 B 1Y
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S BOH N AT LASE BOR AE A AT R FE AR TR A DX, R T R 4R A A v LA R AR R
SRR, IR R T A S MR 25 T S8R, 23 I FE AR E UK A Dha ik =) . Molau t
WiE" R SR TS B R S HREER Diapensia laponica fH ¥ T RRA TR T 22% |
MRS B P 21252 /N . Walker'™ K Kudo''*' 28 NS AR T4, TRATHES IS 51X
S22 B RIS A —

R T S e R ) P Rl 7 A R TR BB A X 5 557, 3 R b B Rl 7 A K 5 ) B ) R R S R A G
TEAWESE DI b | LRl i ~F- A0 T b R BE (L 3 4.5 H A ) R B3 —6°C 5 1 H: 1 K- 1 1 R U 7T
DIk 17°C 2 (3R 1) o FERMRRFRAL 1 3w (A0 B2 P S S5O ) e o 0 2B T 482 ) P R it ST il
ZURE XN H SRR AR = oA F R, REXTT S MR R PR H B 22BN RS AR 4
M, FHere—E R F g E 009 i, Billings TA 2|l T AU A s LA 4 0 24 0 o B 6F 28 R AIRTR
o U AR N T B v ) R R R S G M AR R AR R FEAR S LA A AL AR K R R T R R AR
R TR 25 T R P A A B AR E L 7R T ARG, BT X R AR AR Mt S 1 i A 7R
VR LAY AT LK A SRR R A s 5 AR 7 7 1 2 D AL A B A R T e T A K R A 1
BFHZ —,

RERE R FEINE SED A KM EIEA SR R WA HGEN R, ERE RS, THEK
FEA R E R Y A KA EENE Y A TR X B LR, O 2 R A2 D K R R TS
ZUREAR B AR P FE R G Y DX s, TGS I R A 4 e B T R R R 2 B SRR, TN X S R
W) SR AAT AR RN B S BTG AT LR Y 3K B I 45 SRR IA R J2 J0 35 0D K R A 4 e PR ) T R 4 A A
1K, HR GRS IR A5 L R A B Rl A E A I 1 A A ) B S TR I il =5 A R I A KA A 2 AR
XX GIRATAF TR LS RA B, X Fh 25 5 F 2 IR 5 X S B A A R A DG, ARG 7 110 75 e Do R
B AR £ B e M DX, LR 5 A H A Rl , R Rl AR 6 e L J0 35 00 A B AR X A T R A
M5 22 16 e 20 B Ml DX, HOOR AR TAE SR Rl AR Rl AR H0R | iR H S22 R RAH XA B &, Jo 55 Y
B Y RE TS 50 AR KR A 5

HAE 2006 F112007 PAEAIMLLS , R T 55 s 467 [A]— 10 Be i AR AE 3 AN ERAL1H] T I i 22 5, i 5 AR 7
TEBITPB B K BB — A 4 H R A S P B Rl A7 1A T b R AT SRARATG , R S A W (3R
1) 5 117 6 RS 7 F T 25 0 ) (R 78 1) b 2 3 3R XA 2 AT, VR S A S 35 b Rl S A5 R e ) 0 7 A i
PIRR A 23 4 A6 T BERI T B4R & B 15 LR I T s ), S350 3036 3 Mg 2R . B2 )y LB
B — e 5 A N aLUE X A A RS AR O Ak, A A28 O e R IR 2R 22 5% X AT gt 248
¥ b B AR AEAS Rl A AL ) e A 2 I W b 22 S ) A

TE m FE R R Th I BF R R AR Y S KA I S 0 5GBTS i) 8 5 /K o 1 A
AEREAEAL A T A ey D i ol L A e B i R R A N A B Y ARG b
RO R TR IR S B K s 2 NG ik AR - it 2 5 R i) —Sepf s 25 AR E AL, 5
Ab R B S iy et T AR R il T A IR o 52 B R A e #A (3R 2) |, iX SR BERE Rl =5 I ] i 4R R P
Jei R A R e o i A AR X F R AT RR AL, i T R 0 R
TR A P R T 2l M A T IR SE OR AP o T ELAE R A B A MR A £ R AR
Al FRFRALAR LE , it R AR SR — 2[RI 7R L RlEB 7, A AR T REAROK AL S NPT IERE ), W S
WISy AR B A R AL & i BOR R A SV A AT AR NTAE 7K 43 78 2 1Y) R A 7.,
2 L R 6% MR MU 227K 43, 33X P AU 2 IR Rl A5 -2 %8 FE BRI 0 S PR 22—

Bt S BRASRE , = LS5 R A TR 8 i T o, Bl S AR AT IR AR I 4R TR R BRI
e v A A I s A B A RE T PRI EE R T RE S R BOZA R S . TEIR BERE IR TR BT AL A IR L T, R T
Lo AR o 2 B, KA XATRE < 4/, 78w W5 IR, R 2800 ) &5 7] 4B U2 &5 2 48 s Al

http ; //www. ecologica. cn



13 4] WRICAFE 45 Bl =5 I TR 00 DA T 5 5 8 2 A R S R ) 52 ) 3627

Pyt AR, BN ER S AT AE R FRE R 0 —E Kb, R R IE T, B K2 R0
PR AL A A FIRELE B (4T T BV P A Wi ) A 1 Jey ] BE LR AR AL, e 28 nT RE 2 S B0 R R
FRAELR A 70 A S 3 2 TR A v LU R I A e AR

References :

(1]
(2]
[3]

[8]

[9]

[10]

(1]
[12]

[13]

[14]

[22]

[23]

[24]

[25]

[26]
[27]

Zhao H L, Zhou R L, Zhao Y. Advance in snow ecology study in the world. Advance in Earth Sciences, 2004, 19(2) : 296-304.

Wu Y. Effects of seasonal snow cover on plant community. Journal of Mountain Science, 2005, 23(5) ; 550-556.

Wu Y, Onipchenko V G. The impact of snow-cover on alpine vegetation type of different aspects in the west of Sichuan Province. Acta Ecologica
Sinica, 2007, 27(12) : 5120-5129.

Ma D L. Songpan County Annals. Beijing: National Press, 1999 101-148.

Billings W D, Bliss L C. An alpine snowbank environment and its effects on vegetation, plant development, and productivity. Ecology, 1959, 40
(3):388-397.

Wijk S. Performance of Salix herbacea in an alpine snow-bed gradient. Journal of Ecology, 1986, 74(3) : 675-684.

Molau U. Climatic impacts on flowering, growth, and vigour in an arctic-alpine cushion plant, Diapensia lapponica, under different snow cover
regimes. Ecological Bulletins, 1996, (45): 210-219.

Totland @, Alatalo J] M. Effects of temperature and date of snowmelt on growth, reproduction, and flowering phenology in the arctic/alpine herb,
Ranunculus glacialis. Oecologia, 2002, 133(2) ;. 168-175.

Rixen C, Stoeckli V, Ammann W. Doesartificial snow production affect soil and vegetation of ski pistes? A review. Perspectives in Plant Ecology,
Evolution and Systematics, 2003, 5(4) : 219-230.

Rixen C, Haeberli W, Stoeckli V. Ground temperatures under ski pistes with artificial and natural snow. Arctic, Antarctic, and Alpine Research,
2004, 36(4) : 419-427.

Taylor R V, Seastedt T R. Short- and long-term patterns of soil moisture in alpine tundra. Arctic and Alpine Research, 1994, 26(1) . 14-20.
Brooks P D, Williams M W, Schmidt S K. Microbial activity under alpine snowpacks, Niwot Ridge, Colorado. Biogeochemistry, 1996, 32(2) .
93-113.

Lipson D A, Schadt G W, Schmidt S K. Changes in soil microbial community structure and function in an alpine dry meadow following spring snow
melt. Microbial Ecology, 2002, 43(3) . 307-314.

Uchida M, Mo W H, Nakatsubo T, Tsuchiya Y, Horikoshi T, Koizumi H. Microbial activity and litter decomposition under snow cover in a cool-
temperate broad-leaved deciduous forest. Agricultural and Forest Meteorology, 2005, 134(1/4) . 102-109.

Walker D A, Halfpenny J C, Walker M D, Wessman C A. Long-term studies of snow-vegetation interactions. BioScience, 1993, 43 (5).
287-301.

Kudo G. Performance and phenology of alpine herbs along a snow-melting gradient. Ecological Research, 1992, 7(3) : 297-304.

Kudo G. Effect of snow-free duration on leaf-span of four alpine plant species. Canadian Journal of Botany, 1992, 70(8) . 1684-1688.
CooperativeGroup of Sichuan Vegetation. Sichuan Vegetation. Chengdu: Sichuan People’s Publishing House, 1980 225-241.

Shipley B, Almeida-Cortez J. Interspecific consistency and intraspecific variability of specific leaf area with respect to irradiance and nutrient
availability. Ecoscience, 2003, 10(1) . 74-79.

Kudo G. Effects of snow-free period on the phenology of alpine plants inhabiting snow patches. Arctic Alpine Research, 1991, 23(4) . 436-443.
Heegaard E. A model of alpine species distribution in relation to snowmelt time and altitude. Journal of Vegetation Science, 2002, 13 (4) .
493-504.

Yamagishi H, Allison T D, Ohara M. Effects of snowmelt timing on the genetic structure of an Erythronium grandiflorum population in an alpine
environment. Ecological Research, 2005, 20(2) : 199-204.

Inouye D W, Morales M A, Dodge G J. Variation in timing and abundance of flowering by Delphinium barbeyi Huth ( Ranunculaceae) : the roles of
snowpack, frost, and La Nifia, in the context of climate change. Oecologia, 2002, 130(4) : 543-550.

Saavedra F, Inouye D W, Price M V, Harte J. Changes in flowering and abundance of Delphinium nuttallianum ( Ranunculaceae) in response to a
subalpine climate warming experiment. Global Change Biology, 2003, 9(6) . 885-894.

Walker M D, Ingersoll R C, Webber P J. Effects of interannual climate variation on phenology and growth of two alpine forbs. Ecology, 1995, 76
(4):1067-1083.

Billings W D. Adaptations and origins of alpine plants. Arctic and Alpine Research, 1974, 6(2) . 129-142.

Miller P C. Environmental and vegetation variation across a snow accumulation area in montane tundra in central Alaska. Holarctic Ecology, 1982,

http ; //www. ecologica. cn



3628 A E = 314

5(2): 85-98.

[28] Suzuki S, Kudo G. Short-term effects of simulated environmental change on phenology, leaf traits, and shoot growth of alpine plants on a temperate
mountain, northern Japan. Global Change Biology, 1997, 3(S1): 108-115.

[29] Li Y N. Turnover analysis of belowground biomass and its relation to meteorologic conditions in alpine meadow. Chinese Journal of
Agrometeorology, 1998, 19(1) ; 36-42.

[30] Liu W, Zhou H K, Zhou L. Biomass distribution pattern of degraded grassland in alpine meadow. Grassland of China, 2005, 27(2) ; 9-15.

[31] Falk J H. The primary productivity of lawns in a temperate environment. Journal of Applied Ecology, 1980, 17(3) : 689-696.

[32] Whetton P H, Haylock M R, Galloway R. Climate change and snow-cover duration in the Australian Alps. Climatic Change, 1996, 32(4):
447-479.

[33] Dzwonko Z. Assessment of light and soil conditions in ancient and recent woodlands by Ellenberg indicator values. Journal of Applied Ecology,
2001, 38(5) ; 942-951.

[34] Diekmann M. Relationship between flowering phenology of perennial herbs and meteorological data in deciduous forests of Sweden. Canadian Journal
of Botany, 1996, 74(4) ; 528-537.

SE Ak

(1] bk, JHEE, &0 TSR, EREAVERE, 2004, 19(2) : 296-304.

[2] RE. FWHSHEBHEYETENEN. (LR, 2005, 23(5) ; 550-556.

[3] RE, Onipchenko V G. BRI Th w5 LLAT B ) # 43 S (R4 0. ZE 252354, 2007, 27(12) ; 5120-5129.

[4] Dhplpe. makE&. Jent. REHME, 1999 101-148.

(18]  Pu)iAEpkpMEL. DUk . BB . DU R AR, 1980 225-241.

[29] ZFSedp, IERMAEYIL T AW E SRR MR KJRFAES T, PEAERS, 1998, 19(1) : 36-42.

[30] XU, JE4en, A, AERRER AR A Y 1) 73 A, Rl B, 2005, 27(2) « 9-15.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.31,No.13 July,2011( Semimonthly)
CONTENTS

Spatiotemporal variation of plant community aspections in the north-subtropical zone of eastern China ««+-+=vsecorrerrerreerereereenne.
............................................................................................. CHEN Xianiu, QI Xiaoran, A Shan, et al (3559)
Seasonal variations and environmental control impacts of evapotranspiration in a hilly plantation in the mountain areas of North
China ........................................................................... HUANG Hui, MENG Ping’ ZHANG Jinsong, et al (3569)
Intra- and inter-specific variations in stem respiration for 14 temperate tree species in northeastern China «recoereererereserrraeieeeene.
....................................................................................... XU Fei,WANG Chuankuan, WANG Xingchang (3581)
Assessment of the ecological health of wetlands in Honghe supported by RS and GIS techniques «+cotorerererreeeecaeieicaeieieieieen..
............................................................................................. WANG Yihan,ZHOU Demin,SUN Yonghua (3590)
Phytoplankton community structure in Qinzhou Bay during flood season by analysis of HPLC photosynthetic pigment signatures «-«+-+---
............................................................................................. LAN Wenlu, WANG Xiaohui, LI Mingmin (3601)
Irreplaceability-based function zoning of nature reserves in the Three Rivers Headwater Region of Qinghai Province —«+w+csereeerreeeeses
....................................................................................... QU Yl, WANG Xiulei’ LUAN Xiaofeng’ et al (3609)
Effects of snowmelt timing on individual growth and reproduction of Pedicularis davidii var. pentodon on the eastern Tibetan
N CHEN Wennian, WU Yan, WU Ning, et al (3621)
Response of foliar 8" C of Quercus spinosa to altitudinal gradients ----+- FENG Qiuhong, CHENG Ruimei, SHI Zuomin, et al (3629)
Soil water and nutrient characteristics of alfalfa grasslands at semi-arid and semi-arid prone to drought areas in southern Ningxia --+---
....................................................................................... REN Jlngjlng, LI Jun’ WANG Xuechun’ et al (3638)
Aboveground biomass of natural Castanopsis fissa community at the Xiaokeng of NanLing Mountain, Southern China «+-:csereeeeeceeees
............................................................................................. LI Gen, ZHOU Guangyi, WANG Xu, et al (3650)
Impacts of grazing on herbage quality of the alpine and subalpine meadows within Wutai Mountain «-«+xsesorreeeeresmreseeeaercneeenne.
.................................................................................... ZHANG Yiping, JIANG Yuan, LIU Quanru, et al (3659)
Short-term effects of warming on growth and stoichiometrical characteristics of Abies fabiri (Mast. ) Craib seedling in Gongga
N YANG Liudong, YANG Yan, WANG Genxu, et al (3668)
Manganese stress on morphological structures of leaf and ultrastructures of chloroplast of a manganese hyperaccumulator,
Phytolacca americana ==+« +=++sorrersesrsentstaestati e LIANG Wenbin, XUE Shengguo, SHEN Jihong, et al (3677)
Allelopathicpotential of volatile oil from Chenopodium ambrosioides L. on root tip cells of Vicia faba —++=+ovovoeererececracacraeieeceeee.
....................................................................................... HU Wanjun, MA Danwei, WANG Yanan, et al (3684)
Contents and cycling of microelements in Karst urban poplar plantations ------ WANG Xinkai, TTAN Dalun, YAN Wende, et al (3691)
Fungal flora and population structure of polypores in the Great Xingan Mountains =+ «=xsesseeeeerereee CUI Baokai, YU Changjun (3700)
Growth competition characteristics of Microcystis aeruginosa Kutz and Scenedesmus obliquus (Turp. ) Kutz under non-steady-state
nutrient llmltatlon .................................................................. ZHAO Xiaodong’ PAN Jiang, LI Jinye’ et al (3710)
The characters of salt-tolerance at different growth stages in cotton ~ +++-+- WANG Junjuan, WANG Delong, FAN Weili, et al (3720)
Assessment of tributyltin ecotoxicity using a model animal nematode Caenorhabditis elegans «+=+=+=+=xotsrrarareracaccacactacieiieieeceeee.

.................................................................................... WANG Yun s YANG Yanan s JIAN Fenglei , et al (3728)

................................................................................. XIAO Nengwen, XIE Deyan, WANG Xuexia, et al (3736)
Effect ofhabitat degradation on soil meso- and microfaunal communities in the Zoigé Alpine Meadow, Qinghai-Tibetan Plateau «--+-----
............................................................................................................... WU Pengfei s YANG DaXing (3745)
Characteristics of the soil environment of Dongting Lake wetlands and its response to the converting farmland to lake project «=«+-+=+--+-
.......................................................................................... LIU Na, WANG Kelin, XIE Yonghong, et al (3758)
Modeling the changes of yield and deep soil water in apple orchards in Weibei rainfed highland «-«-e-coeeeeeerermeereeereeeaieen..
.................................................................................... ZHANG Shehong, LI Jun, WANG Xuechun, et al (3767)
Potential soil N,O emissions and its controlling factors under different land use patterns on hilly-gully loess plateau «---coereeeereeeeees
.................................................................................... QI Jinhua, HUANG Yimei, ZHANG Hong, et al (3778)
Comparison between physiological properties and cold tolerance under low temperature treatment during different growing stages
of rice in northeast
central region of China ««=-++s=sssseeesssreemues et SONG Guangshu, SUN Zhongfu, SUN Lei, et al (3788)
Effect of sulfur on chlorophyll fluorescence of flue-cured tobacco at maturation stage — =+wr=rterororrrrarsrrarrreee et
.................................................................................... ZHU Yinghua, TU Naimei, XIAO Hangian, et al (3796)
Effects of high temperature and strong light on chlorophyll fluorescence, the D1 protein, and Degl protease in Satsuma mandarin,
and the protective role of salicylic acid =+oroeererererrmeareneneieieieiiie, QIU Cuihua, JT Weiwei, GUO Yanping (3802)
Effect of plastic film mulching on the distribution and translocation of nitrogen in soil-lettuce system —+:tocorrecsereeseerereieiiieneieene.
...................................................................................................... Ll Llll, Ll Iﬂeili’ LIU Qiuya’ et al (3811)
An analysis on spatio-temporal dynamics of suitable habitats for waterbirds based on spatial zonation at Chongming Dongtan,
Shanghai +++++++sssreesssrreemre et FAN Xuezhong, ZHANG Liquan, YUAN Lin, et al (3820)
The bryophyte consumed by reindeers and species diversity of bryophyte in reindeer habitats ------ FENG Chao, BAI Xueliang (3830)
Evaluation of rainwater runoff storage by urban green spaces in Beijing «------- ZHANG Biao, XIE Gaodi, XUE Kang, et al (3839)
Review and Monograph
Advances in methane-cycling microbial communities of permafrost and their response to global change =~ =covreeeereererereneriieneieenene.
....................................................................................... Nl YOngqlng,SHl xuewei’ ZHENG Xiaoji’ et al (3846)
Heat transfer property of mammal pelage and its influencing factors —+ecerereeeeeeeeeeees ZHENG Lei, ZHANG Wei, HUA Yan (3856)



2009 EEAEYFER SHE] SRR EFET 10 ZHAF*
(5T 2010 4EHR CSTPCD B %)

Hery B9 S AR Hey W S

Order Journal Total citation Order Journal Impact factor
1 ETFER 11764 1 ERER 1.812
2 N FHAE S 2E 4 9430 2 FY A2 1.771

3 Y= 4384 3 N AR 1.733

4 [l E i 4177 4 AW R 1.553

5 AR 4048 5 4B 1.396
6 L7/ lacs= E S 3362 6 PU-bAE 2 0.986
A
8 MOLECULAR PLANT 1788 8 CELL RESEARCH 0.873

9 IKEEE Y= 1773 9 Y= 0.841
10 R 2R 1667 10 TS 0.809
* (A=A 2009 AEFEAZC MY 1964 FRRHEIHTIHER th S 87 IR 11764 I, £ EHERE 1; 20K

F1.812, & EHEE 14,55 1—9 JRi%ELE 9 4FAF P E G FA AR, J ER SR

WEMEMRE fLats

5 & % W
(SHENGTAI XUEBAO)
CEAT 1981 4F 3 A 41T
{31 H13W (201147 H)

HATHRE XIKRE B

ACTA ECOLOGICA SINICA

(Semimonthly, Started in 1981)

Vol. 31

No. 13 2011

B (RS R

Huhk - b BT E XOBUGE 18 &

MR 4 % - 100085

HLi : (010) 62941099

www. ecologica. cn

shengtaixuebao@ rcees. ac. cn

oo

thEREER R P

rpE AR SRR

rp [E b B A A PRI 5T

Huhk . 6 R0 E KBS I 18 &

MR 2 . 100085

H L 44 4 & B a
Hihk . A6 AR BRI 16 =
MR B AL : 100717

Ht H HE
SEIR &

Edited by

Editor-in-chief
Supervised by
Sponsored by

Published by

Editorial board of
ACTA ECOLOGICA SINICA

Add:18,Shuangqing Street, Haidian , Beijing 100085, China

Tel: (010)62941099

www. ecologica. cn

Shengtaixuebao@ rcees. ac. cn
FENG Zong-Wei

China Association for Science and Technology

Ecological Society of China

Research Center for Eco-environmental Sciences, CAS

Add 18, Shuangqing Street, Haidian, Beijing 100085 , China

Science Press

Add:16 Donghuangchenggen North Street,

Beijing 100717, China

En R A ARED k) Printed by Beijing Bei Lin Printing House,
£ 1T 4 4 '] B a Beijing 100083 , China M A
imﬂ]:;ﬁ&ﬁﬁ*ﬁjt?ﬁ 16 = Distributed by Science Press 2  —
mﬁ\ﬁﬂ[gﬁﬁ%:1007l7 Add:16 Donghuangchenggen North o =
Eﬁlﬁ 31(910)6;‘(334563 Street , Beijing 100717 , China L ===
“matl:journa it cspg. net Tel; (010) 64034563 o =M
iT T Al A )R FP '<.1 . )_ 1@ csog. net o =2
EIShE AT o 5 2 A il journal @ cspe e - =2
Hihl jtf?— 399 {Jﬁ‘fﬁﬁ Domestic All Local Post Offices in China 2 ——
Hﬂgﬂzéﬁﬁg .100044 Foreign China International Book Trading g =E
&85 . e o Corporation .
iF A E ST 5744 8013 5 Add:P. O. Box 399 Beijing 100044 , China o
15N 10000933 Bl ATFRIT EREE RS 827 EISMETR S M670 R 70.00 7

CN 11-2031/Q



	13fm+ml-zw.pdf
	stxb201007191062.pdf
	13ml-yw+fd.pdf

