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Abstract

Aims In the cold life zones, snow cover is a comprehensive environmental factor that directly influences soil
temperature, soil water content, light and nutrient availability. Plants in these zones develop a series of unique
mechanisms involving phenological characteristics, reproductive strategies, physiology and morphology to adapt
to environmental changes. This paper is focused on the responses of plant leaf traits, height and biomass parti-
tioning to variations in snow cover thickness, in order to better understand the responses of plant functional traits
and specific adaptation strategies under global climate change scenarios.

Methods Three transects were established along a gradient of snow cover in an alpine meadow of Mt. Kaka, in
the eastern Qinghai-Xizang Plateau. Primula purdomii, Pedicularis kansuensis and Ranunculus tanguticus, which
are three widely distributed and dominant ephemerals, were sampled and studied, particularly at their blooming
stages. Plant height, specific leaf area (SLA4) and biomass partitioning were measured accordingly.

Important findings The values of SLA in Pedicularis kansuensis and R. tanguticus were relatively greater under
better soil conditions; it was smaller in Primula purdomii with thick snow cover. The relationship between above-
ground biomass and belowground biomass in Primula purdomii was allometric at sites with both thick and thin
snow cover. No significant relationships were found between aboveground biomass and belowground biomass in
Pedicularis kansuensis and R. tanguticus at some individual sites. However, when samples of the three species
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were pooled, the relationships between aboveground biomass and belowground biomass were allometric at all
sites, which did not support isometric scaling hypothesis. In addition, on sites with either thick or thin snow cover,
aboveground biomass had greater rate of accumulation than belowground biomass; whereas on sites with medium
snow cover, the rate of biomass accumulation was greater for belowground component than aboveground compo-
nent. Functional traits and biomass variables were better correlated in Primula purdomii and Pedicularis kansuen-
sis than in R. tanguticus.
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SERIRT IR, BENS B S R )0 PR B AR AN I 3 B
Femg, 55 AR IURIR FH AT 45 55 D) 22 (Westoby &
Wright, 2003; Rozendaal et al., 2006; Bernard-
Verdier et al., 2012; %2 J0&5E, 2015). Y& S
w4 I FVE S )14 9%(Cornelissen et al., 2003),
I IPONS E= Y SENUE S Sngila £ TP AU INE S &
() I 9, 388 017 ) SR A 0 S 45 1) 1) 4 %% (Falster
& Westoby, 2003). =45 53 Flfa a4 Al #e vk
AL IR BC R . 250 mhy es5ssmh, e
W E ) BRI By SRR U K S A1,
SR AT 5 AU R 45 R O7 W1, 1996; 1%
AR, 2009). {E P Z SO LR R RS,
FEA) DAy 1 e IR R i o A 5 PR I P, ) R G
DI Re PR A T S P2 T K AR ) 6 1) O3 O A SR R4 v
HAPIGE A FE R UGS, 2015)0 SRR EE - sl A
WHEH T, A O TR Dy Re PR A= ) 2 43 Il
ORI 32 BN B - — i, P 2 ) S A7 A S
PeAetl, W B R QI R LT, JF
HEA MRS, HEr )RR AE &4
WU > o BRI, € EEACHFUAS R R AEAN ]
AR B R R S AR R AR R AR L
NACAHE Z IR SRHE, A Bl T B R ERAR A 5
TERIE PR R AR DS T RE R S o

T2 AR I Ay, HRUR S Rl 1)
AR E s LK. IR el
PELLL RO ROL, AR e BB 3R
AR PEAE 2S5 B B ZR A SRR )38 S AL (Jones
etal., 2001; 5=, 2005; 5= M Onipchenko, 2007).
FAT, FHAHAEA A T 1 A A T A 1)
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HOHE AT W) A P AN - S A e P B A ) s i 5 7
T (MR SCEEAE, 2009; WSS, 2012; #7134, 2012;
il f545, 2013). KEBFFTUE 278 19804F LAk}
BR A 4 B S B> T 10% (Groisman et al.,
1994; Serreze & Hurst, 2000; Dye, 2002; IPCC,
2001) BEAh, ERRARLIEATR: BEER S
W SE I, el X RS AT )L AR T R
(Serreze & Hurst, 2000; Beniston, 2005), 52+ 1%
SERIBEIN, SRR R R S AR KK R
Kbz AR P, TRt T R B O
BB % (Korer, 2003; Pauli et al., 2015), X%
Wi e LA AR O, BRI A En AR S R
LI 45 H 5 T fig(Wipf, 2010). SR 1T, 54k 528 K AR
7V RN TR ST 18 ) S 38 R RE ) A 858 2 e B HE X
TP IR AW o) I S 2 e Vs S A
DA PR 5 AR D i A S M o] 52 A% 1) R
AN B, SR R = A OC B A AR HE SRR

e LB DX SRR — SR AE IR T A, o0 A T
TR E T O A, AR, B
HERBK PRGN, LRSS T AERKRMAEE
PR3 BR (52 2, 2005), 2B i LU A A AN ]
TR SRS S BAN GG (18 i S R AP PRV A A
gk, AW SR T 0 AR S ) e L R T3
T g B BB R ) —— 8 B 22 WA (Primula pur-
domii) H il 5558 (Pedicularis kansuensis)~ 15 )57 &
K (Ranunculus tanguticus), WFCLL AN R 1)
Bl S5 BEAR AR AR S i R R A B i IR AR A
YRR ? 2P R MR S A
I AR BREMAIICOCR 2 BRI e B 3
I PRI RE A A AN (R PR 66 P2 T S B B 2 )il
HEE, WP PR B 5T LAY AR
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FRIE K0 % s 3 PR e 7 33 S AL ) o
1 #RFAEE

11 #REEHR

TR AT P S A L R R (32.98° N,
103.67° E), ##k3 950 m, J& T ki J5 AL gk 1l
L DK — 8B 73 o 1) 52 DU R IR SR A 2R 7 2 X
i, TR R R, RS C
JFERIR-7.6 °C, THPERS.T C, 4L
W, AR KBH ARSI %1 827.5 h, =10 CAEALR
428.6 C, FRF/KETI8 mm, B HIKEI2HY)
HILFFEE RS 2 55, MEJEREAELS embh L. 35
FRE R+, T IEpH{E 4 5.42-5.83, fikgt %
HHPL44.23-62. 00 g. & H3.51-5.12 g, T+ )2
JEJE63 em (W55, 2012; Wang et al., 2014), J5i/E 7
AR LARYT YA 42 (Abies fargesii var. faxoniana)’h F; 15
LLIFEAR A 75 HH-60E VA AY (Sibiraea angustata)  FiSFL
RS (Rhododendron zheguense) K1 i 1% #l (Salix zhe-
gushanica), A} % B4 ()5 R =42 (Picea pur-
purea)?E; FATEY) LA EAELEZ L (Carex atro-
fusca) K AL 5 E (Pedicularis longiflora)s KK
YR (Leontopodium longifolium) =R EE HilN 5
6 )IPE/NSE % (Pyrethrum tatsienense) 18 % >4
WFEZ(Liu et al., 2010; HHEEEE, 2012; Wang et al.,
2014),
12 WRIWigit

FE P B e s Ab 50 m 22 A7 RS (3 FE AR 4k
8o—15°) I F M I I) R BEE34HEAT (11 m x 5 m), A
AORENT IR 10 mAiAy o — A 10 s FE 22 A
0.51 m, WFHIKH o2 T o, 55855 E AR5,
Rl =5 I R I RIS, BT A H AR RS B
(R 3CAE4E, 2011a). 55l 5 1A M ARG E AR5 T
B, BT MRSGR SR, B3R —IK, AR R AU
DUIE 2 T RE o AR AT 110 A J5 R M s (R 1)
HRIy T P HEANRD, BOR S w5 R A

RL WIS PHEALE B

Table 1 Basic information on snow cover at the study sites

S5 1) 25 45 PR e KRR, G rp 3 T Bl T 5 W
TR AR, ds K S RE D, R IR B A
R, HE KRR TS24, hEEEED. -
gL P8 R 0 S R S I T R A
5 emiRAL). EHUOREHT 2 o0 A0 (R 3 R LR LA
Pl R B R LW H N 5B i 4 .
R B RN 2GRN ZFELE AR, FEZ )
AT I AR5, H R T S Dk A R A A
AR EREE B R S R ZS 2, 1963, 1980,
1990).
13 HmRERMNESZE

TEREFRAEAT N BN Y)RTBE L B 200K Ao A, il
& LRk i (plant height, PH), K FHARRIZH8VEEATHL
FE, RATReRIFAR R5e 8, M —MMREE2-3 )7 584
e, HIJCHwE L TOHLBRAR 0 0 B Fr (22 R 5
&%, 2005)0 K H PRI (CanoScan5600F, Canon,
Tokyo, Japan) ¥ ffi #f Bk &f m £ 5, S8 5 5 )
Photoshop CS4fIMatlab 7.9 115 Fif [ #(leaf area,
LA) K FTBOCR A (RS2 50 5, KR DER R T 54y,
FERERE 3 AR 25 RS, Al ERAS T, 3%
4 e 1 1105 °C 28730 minfm, 7680 ‘C4%
PEF T R E T R T R OR N
0.000 1 g), HRHEVileZ:(2005) 1) J7 kv 57 Lb - Th AR
(LE T RR= TR/ i), ISR AR A,
B AR I RAT

TR e RS, SRR RIS, BT R
BB SN MK, BEANNCREESARES, R ETRE]
B2 mmALAR) G I E A AU R AR S R
WS R LS KR, LA AL R FH T
PR B 48 A 75 (Allen,  1989), 4= &I % K FH 9L 1K 7%
(Allen, 1989; fifi-+-H 2000), 4>l e % HALAH B
b fyki(fifi 1 L, 2000).
14 HESH

AN AR R TR S R s
PRS- 28 B B AT IEAHARLR, ATFEIE

TR TR R
Levels of snow
cover thickness

EfAEENEE

Date of snow cover formation =~ Date of snow cover disappearance Lasting days of snow cover (d) Maximum depth of snow cover (cm)

¥ Thin 2012-01-14 2013-04-28
' Medium 2012-01-09 2013-05-01
J& Thick 2012-02-28 2013-05-13

TR TR
106 46
114 61
138 115
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A0 A R KA a0 e ) H e e, A2 IE A A,
FIFH Levene’s testf 50 /7 Z= 551 AR, 10— 2k
PR (GLM)BEAT AR 28 75 2 00 A, RIS
Wl IR R AT AR GRS S RETE IR (54 . 38 H
BRI ZE T ZE AT, BRI B R BT = R R AR ) bk
s R PRR A AP A B )5, I Tukey it
T2 B, Ha, YIRS AR bs 2 5
B T Pearsontl ST« Goil 43 Mt KA B 433 4ESPSS
19.0F10rigin 8.5 58 i o
1.5 REEKSH

HRFE AR AR KAy = SRR ] 5 4R R i
N [ 7B 0 R L A B 7 R N A AL TR A v =B
ATAISRAER AT 3 HT B A4 B H 3 31 T log, 0 1)
X HE AT 2 FF 5 LA AT TR 4k gy =
lgB + algx, xRy iRt b/ N A &, pAPRE
HHL, ah A KRR a= TASHEK KR, o
#1 4 i AE K9k R(Niklas & Enquist, 2001; Niklas,
2005; JAARAE, 2014; HIESE, 2014). HiYEWarton
HiWeber (2002) )75 1R 7] — i e A [7] 25 4 J5 R
(W4T S R S, W o AT S, W4 —
ANFEFREER, FoAF, WRE A KR A,
oA R 4k SEHEAT AP I AS A 0 AL R R A 00 . A
BEEA FMEILA, WS T AR RS, AR ) HL
RAIER, WJE T ILHE S, 47 AR (R [
W, W22 AR b bR AR R ) R

20 -

(=]
T

L Temperature ('C)

=

_10 1 1 L1 1 1 1 i1 1 1 1 L1 1 i

B R BAT 58 A R (P AH DG AR K ¢ R (Falster et al.,
2006; Py FIFk G, 2014). AHSCA KRR 250
fifie, KHbrEAL 5015 T (standardized major axis
estimation, SMA) /5 7%(Wright et al., 2001; Warton et
al., 2006), IR R FLHVEE AR S alt) T 22
ST IR F A SMATR Version 2.05¢ /8.

2 #£R

21 AEEWHEINER TR LA

Tl A, VR R B e P A
BIET B, HAFHESEEERK, Iy +
el R H B KB SR E ATIA3 °C; fE R BRI
AR TR, R B 3 P A R TR
&, AR R, EE B S WL S
H. RATERER TR I, Ss s
RSP S BB E =, TR S RIIK
THREBB @ < 0.05)AEFHE@P > 0.05); 75
R T M B ) 3R oy oKy ¥ LR = R
(322)-
22 AREHEET=ZMEMHK SN F KA
Xf kb

=M 2 T Sh e PR 25 IR B E (p <
0.01); T HE BT IR R B B
TR SEMAR 525 (p < 0.01), 171 % B THIAR () 52 i A
WE@p > 0.05); [FIFF, PR )2 R A8 HAEH

S MO BAR XA 2D ZD D BB MO S LN DAD XD G D FZD D DD N N0 5D P B aD P XD O b

S ot o0 S o R o T Ty
%2\0 Qc"o.z, O.z, \I‘}Q\?{}{e‘oan %‘\‘b %‘\'h- ?‘Q ?‘%‘%\S\\}Q\\}(\éi\s\ QQ\E"O@ \QQ\"}(\Q&Q%";‘{') Y“\Q ?‘Q

— V¥ EE Mean temperature

e I T T U T T S TR
*Y,,o;\\%{s\o\e&t\%o‘Q%o‘ba‘gé\@‘-‘ﬁ:‘PQ@@@;@?S‘?S}Q@\&‘%&

H 1 Date
- - - - IR AE Max temperature -

- I f%IRAE Min temperature

Bl e R s, A, KF. B, P, C, B,
Fig. 1 Temporal dynamics of soil temperatures at study sites. A, Thin snow. B, Medium snow. C, Thick snow.
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Table 2 Comparisons of soil nutrients and water contents among sites of
different levels of snow cover (mean = SE)

TR

e K HIESE e £ . -
Levelsof - ;ﬁm& > ; A o sk
snow cover _ o N 1. SWC (%)
thickness  SOC (gkg!) STN(gkg") STP(gkg") ’
#% Thin 4328+636" 3.63+047° 0.88+0.07° 65.76 +0.90™
1 Medium 44.12+£224% 3.78+0.16° 1.15+0.26* 68.68 +0.57°
J& Thick 71.54+727° 534+048 131+0.06" 62.88+1.22°

AR FBER RN S et B 22 5 2

Different letters indicate significant differences among sites with different
levels of snow cover. SOC, soil organic carbon; STN, soil total nitrogen;
STP, soil total phosphorus; SWC, soil water content.

SRR R L AR A W (o <
0.01), X ELI- IR T 52 M AN W2 (p > 0.05)(K3). H!
ARG TR BT 22 5 (1) 55 i JEE A T A 1) D e
AR, AR B TR R I AN K

KV LWESMTESFRS E S, il
T S A T AT M B R A A0 A, e SRR R A AR A
R RNR S E B . ANFETREE S, MY
B ARG 2 2 A, oA Dh e R B3
k. B EWEAET B R e R E KT
EE@ < 0.01), LM ZRIREE (P < 0.01),
HAR A R, m WIE B 2 7 > 0.05);
VR H B H R S 2 v 1 S T 40 ) A SR A
T 11.451%(p < 0.05)F11.374%(p = 0.054), FkE
FU I TR AR 25 A 5 B3y T 8 e 5, MR i
FILTERFHBL(p < 0.05), ELH-ERI R TS i
Bl(p < 0.05); il B RS BB i, BR
EHBEE T T EE < 0.05), HEH A b
WA R (4). D 2 RAE M L AR B3 KT H
N EAE R B (@ < 0.001), Mg 2 mH L
TR G 2 35 1 2 e (p = 0.188).

BT 2R RN T 6 S 1) b TR - A v A
AN T B R R A LR R DA R, 43
—0.971.0.667, Bk, I HMBIE D 2 iE
A5 0 LTS, R S A SRR R e T
Fo o S B 11 L T AR ke s 1) [ A2 AN R 2
Bl B 2 e 2 (p = 0.01)(#12).

23 AREHEET=ZMENESHBEEY=ERE
4> B Ll

ANFEEPEET, KPP LWEMT IR D EER
WAEYR I W 2@ > 0.05), 1eEYERS R
B ZERIRAK, HIH 53900 (4.48 £ 0.69)% (JEE).
(532 £ 0.35)% (X), & A(21.05 + 1.55)%

R3S R A D RETEIR A M
Table 3  Effects of snow cover on plant height and leaf functional traits

ECY/BYIL A ER N Bl By F P
Plant functional traits  df Mean
squares
A FLIH i 2 1.674 54.180 <0.000 1
Species  Individual leaf mass
B AR 2 3.689 101.290  <0.000 1
Individual leaf area
b AR 2 0.443 52.446 <0.000 1
Specific leaf area
/=1 2 1.811 177.241 <0.000 1
Plant height
e PRI T 2 0.299 9.682 <0.0001
Snow Individual leaf mass
cover PAIH- TR 2 0.058 1.582  0.2100
Individual leaf area
b AR 2 0.166 19.625 <0.000 1
Specific leaf area
/=1 2 0.296 29.004 <0.000 1
Plant height
Wy Fx I R 2 0.566 18.331 <0.000 1
ol Individual leaf mass
Species x E I 2 0.085 2338 0.1010
Snow Individual leaf area
cover EALRTIEA 2 0.236 27.977 <0.000 1
Specific leaf area
= 2 0.519 50.762  <0.000 1
Plant height

(JE3)~ (2337 £ 1.56)% (137 IJES BE T HIEL,
BRI DAY IS R ) 2
Np < 0.05), 2 ALY E B LLERDS, HAEY)
HOHC LI R HIN B o8 B A& &)
AR T A I B M) W35 7 e (p > 0.05), HLER
WAy A B2 TR S (p < 0.05); TR HLE,
FOMR . AR L1 ((43.51 £ 2.63)%- (20.55
2.100%) ¥ B ik, LK E ) & gy et ((12.57 +
1.07)%) 35 (1o o Jol B R AW it KA AR ) e (fk
PRAMEER T B B E S TS (@ < 0.05), SHi
Tk ) A=) B R AR A A S, AR AR ) £ 0 T B A9 4
ERT B R, 25, AV RS TG 5 R
R HBZEIBIAK (RS, KEI3). =R YR e L
AT AE0.11-1.42.2 1], JLrpre B 2 R 45 (AR ek
LU Bt 3 5 )5 FE 8 T8N, 3 A0 P R 47 ) 2 3
B, T 5 B AR e L v T At Y Bk
L//B
24 FEEHEET=fEYHE L-HBTEYE0E
BEXERKEXR
4RI 6T 1, AR T3 Bk JE R R P 2 iR
(FHh B/ R AR a2 IR, BATILFEAY
FKHBERTL (B ) = 4.945, p = 0.026),
b/ FAY R FEAEK KR, Hih A=
(R HE s el T b AR, RICKE B 2 (1 2R ) 54y
doi: 10.17521/cjpe.2015.0288
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Table 4 Comparisons of plant height and leaf traits among three plant species (mean + SE)

Yy T FEA R HLTETFR L T AR P

Species Snow cover No. of samples Individual leaf mass (g) Individual leaf area (cm?) Specific leaf area (cmz-gfl) Plant height (cm)

HY R J5 Thick 23" 0.038 4 £ 0.004 0° 7.2526+0.670 7° 198.22 +£9.21° 12.29 + 0.64°

Primula purdomii ¥ Thin 20 0.020 7 +0.002 1° 6.100 3 £ 0.568 1* 316.29 £ 23.54* 10.65 +0.57°

N J& Thick 20 0.008 6 + 0.000 6° 1.5124+0.1259° 176.64 + 4.58° 2.89+0.13°

Pedicularis kansuensis . o giim 20 0.009 1 + 0.000 9 1.617 7+0.150 5° 195.39 + 6.18° 3.39+0.17°

#% Thin 20 0.012 4 +0.001 4° 1.784 4 £ 0219 9* 141.45 +5.78" 6.87 £ 0.32°

FEEE Ra- 'h Medium 20 0.009 8 + 0.000 9° 2221940306 7" 226.50 + 18.86" 5.07 +0.26°

nunculus tanguticus % Thin 12 0.019 9 +0.001 9° 2.9367+0.257 6 150.45 + 5.46° 6.14 £ 0.46°

AN FRERRAF LY B2 B . *, FATekkab T IT 16 bk .

Different letters indicate significant differences among sites with different levels of snow cover. *, only 6 individuals were in the flowering stage.

=5 AFETHIZEE T =R & 3 5 B E . M L& S A CREME bR R %)

Table 5 Biomass of different organs, total biomass and root/shoot ratio of three plant species under different levels of snow cover (mean + SE)

HFp T FEA A ENAELE R PIREELY/E e E BEY &

species Snow cover No. of Root biomass Shoot biomass Leaf biomass Flower biomass Root/shoot Total biomass

samples (g) (g) (g) (g) ratio ()

HP 2R R Thick 23" 0.3886+0.0595" 0.3120+0.070 6" 0.476 0+0.050 0° 0.024 8 +0.005 8* 0.473 9+0.0222* 1.183 1+0.165 1*

P ”’;’”l",, #% Thin 20 0.1287+0.0177° 0.043 1+0.0065° 0.310 8 +0.047 1° 0.026 7 +0.003 5* 0.3862+0.074 8 0.509 3 +0.070 1°

puraomit

Hift 2 & Thick 20 0.1320+0.0162° 0.022 7 +0.002 3" 0.063 1+0.008 6 0.0535+0.0047" 1.0704+0.143 9* 0.267 4+ 0.026 5°

f;j ;;Zi“:f H Medium 20 0.1093=0.016 1° 0.0277+0.001 9* 0.0489£0.0056" 0.0554+0.0059° 0.8492%0.0920° 0.241 3 +0.022 4°
#% Thin 20 0.056 8 = 0.006 6° 0.009 6+ 0.001 2° 0.034 3 +0.003 4 - 1.4217+0.200 1* 0.100 7 + 0.009 1°

HREE P Medium 20 0.009 4 = 0.002 6° 0.015 7 +0.001 5° 0.0355+0.0036° 0.0215+0.0013 0.1139+0.0240° 0.082 1+0.007 6°

fl‘fg;';‘zﬁ” % Thin 12 0.0632£0.0087" 0.03070.0058" 0.0657 % 0.007 4° . 0.707 7 £0.085 4* 0.1596+0.016 7*

AR FEER R AR TP IBIZE R B . *, AR T IFEIRIRIR: —, I eI,
Different letters indicate significant differences among sites with different levels of snow cover. *, only six individuals were in the flowering stage; —, no plant
with flowers.

2 30p EYLBE HNDER  REER
g < 120 - Primula | FPedicularis i Ranunculus
E’ 57k %; purdomii | kansuensis i tanguticus
s 5 100 F = I aa S -
g 2 i i
e %= ' i
3 24r as % : :
o - i 2 ! !
E ow 5 60 ! !
2 21p 1 i i
HB : :
2 e 40 i !
E 1.8 1 1 1 J ﬁ E i :
= 00 0.4 0.8 1.2 1.6 & 20 : !
= 5 | i
2 : :

P Plant height (log scale)

A —— I Thick snow, %% 24 3F Primula purdomii B pp A hE e char R

& ——— T Thin snow, 3% “414F Primula purdomii Thick Thin  Thick Medium Thin Medium Thin

= — — J#% Thick snow, Hill 'y %Ci Pedicularis kansuensis SNOW SNOW  SNOW  SNOW  SNOW  SNOW  SnOwW
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Fig. 3 Biomass partitioning of three plant species under dif-
ferent levels of snow cover (mean + SE).
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Fig. 2 Standardized major axis regression analysis between
specific leaf area and plant height on sites with different levels
of snow cover.
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Fig. 4 Linear regressions (logo-log;o) between aboveground biomass (AGB) and belowground biomass (BGB) of the three plant
species. A, Primula purdomii. B, Pedicularis kansuensis. C, Ranunculus tanguticus. D, All species.
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Table 6 Allometric scaling exponents and the test of isometry between above- and below-ground biomass in three plant species under different levels of snow
cover

Wyl TR R P

R (95%EAF X [1]) HREE(95% A5 DX i) ESUERIS

Species Levels of snow Slope (95% confidence interval)  Intercept (95% confidence interval) _ Test of isometry
cover thickness F »
KR J& Thick 0.883  <0.001 1.184 (1.014, 1.382)* —0.303 9 (-0.361 5,-0.246 3) 5.152  0.034
Primula purdomii % Thin 0410 0.002 1.137 (0.784, 1.650)° ~0.413 3 (-0.644 7, 0.182 0) 0508 0485
H S5 JE£ Thick 0.338 0.007 1.017 (0.686, 1.506)* —0.006 8 (—0.393 2,-0.379 6) 0.007  0.933
Pedicularis kansuensis 1 im 0133 0114 1572 (1.006, 2.456)° 0.395 5 (-0.269 3, 1.060 3) 4547 0.047
¥ Thin 0.178 0.064 1.480 (0.958, 2.287)" 0.749 2 (-0.187 7, 1.686 1) 3541 0.076
R E 1 Medium 0.499  <0.001 2.962 (2.101, 4.176)" 1.205 8 (-0.009 0, 2.425 9) 61.917 <0.001
Ranunculus tanguticus # Thin 0.194 0.152 1.008 (0.555, 1.830)° ~0.178 6 (-0.858 5, 0.501 4) 0.001  0.979
SR J5 Thick 0.751  <0.001 0.779 (0.666, 0.912)° ~0.305 1 (~0.389 4, -0.220 8) 10427 0.002
All species 4 Medium ~ 0.631  <0.001 3.607 (2.958, 4.397)" 2.0949 (1.3379,2.851 8) 285420 <0.001
¥ Thin 0.467  <0.001 0.643 (0.524, 0.791)° —0.540 4 (-0.684 1,—0.396 7) 19.463  <0.001

AFE T BER AN T PO Bz R .

Different letters indicate significant differences among sites with different levels of snow cover at p = 0.05 level.

e AT FEACREA

aZE AR E, AL FERRR H W N1,

TERGRL, ARSI
CiliNwe

AT R EE A A LA . AR AR R
HE B N A KT RS,

1M ofE 25 Hh B

doi: 10.17521/cjpe.2015.0288

OIEY 4= A% Chinese Journal of Plant Ecology



782 WA AZEAA Chinese Journal of Plant Ecology 2016, 40 (8): 775-787

5 B A Rk, R KT, M R E
AR BT R o AR PHE, MY EAY)
AR AR R AR S, AR S
H75.1% (JBF) 63.1% (TE)F146.7% (K ).
25 HEYItRE. MRS MEEME ERYE RS
PR AR S e R PR TRD 0 A OGP AR —
|ERT), Hbkm 5 LY 2 R (RS
2ARFE r o= —0487, p < 0.01; HRLEE: =
—0.449, p < 0.01; FJREE: r=-0.185,p>0.05), 5
B AR IEAH OGRS 244 = 0.595, p < 0.01;
HilDL2eE: » = 0311, p < 0.05; FHEEBHE: r =
0.196, p > 0.05), EZ =AM E S o TR
B GORIE, 53 A0 P R AR A5 B MR 2 TR I A G
(HRS%EE: r = 0489, p < 0.01; HEBE: r =
0.416, p < 0.05). —FHEY) 1 Dy RETEIRFIA A4
FRPRA R WL E A D ARe e bE(RS), K2 24k
AVH R SoEE o by N AR RS & Ak sk
W2 ARG, s R B M b N RS
HHRRIEAEARE ., Y 2 MENSREER
Mo b R AR B EH AR SR e (R R 2
Wtz r=-0.497, p<0.01, r=-0.454, p < 0.01; =5t
FH: r=-0.166, p > 0.05, r = —0.425, p < 0.05), 5
PP JTER BRL TR AR AR S AR DG, i H R 5
E L MR AR B BRI 5% (e = 0.354,
p <0.01; r=0212, p > 0.05), 5 A
IRAHOCPER ST . B 22 A H N T 58 e 4=
W5 % BB IEA @ > 0.05), 5
FAH K (p > 0.05); = IR E K I AL ALY 5 AT P FlE
WA, SRR A = —0.09, p > 0.05), S5
FE T AR IEAHSE(r = 0.031, p > 0.05), =FFEIHI4E
Ay b A L R A TR R AT DGR 2 4 1E

RT BRI R . R TEIRSG AR i ] A A

R, fEEY AN REBRE PR EMX, 7
R A SR (= 0.27, p > 0.05; r = 0.339,
P < 0.05)0 7 Th o R 5 R AR e L Th g
PER 1] PR AH DG PR R I — 2, B SRk & IE AR K
(HR5%EE: r = 0330, p < 001; SEEBE: r =
0.236, p > 0.05), 5L SR S%( = —0.137, p >
0.05; r = —0.418, p < 0.05), 5 FLIH 5T £ LI THI AN
B IEAS(H I 588 r = 0.275, p < 0.05, r =
0.245, p > 0.05; FIREE: r = 0.639, p < 0.01, r =
0.293, p > 0.05); M2 4 A AR e b S5 bk = 67
2K (r = —0.178, p > 0.05), 5 LI HIBAR 2 25 TEAH
K, SR FEAAAG, SR EIEMHCE >
0.05).

3 Wig

31 EREEXEMLHERFKSZNm

- THE . WA RSB R R EH, 200
P 5 Wl 7 5 M DX (2 B R AT A A ) B B 2
Ft, MG R I () SR AR K K B 2 AR Ak,
SEET TR, RERUK Y EIREER T AL,
W6 35 3 s W) KB A A R R T (WK,
1986; Lipson et al., 2002; Totland & Alatalo, 2002;
Rixen et al., 2004; FRICFESE, 2011b; ) RiE5,
2012), k15 1A 1 ) B 2k DRRT A2 4 5 4 TS
W )R e FREESE WA S, SRS M B - H P
FEART e v, D s R B ds /s, IR A WAk ok L
ARG T, HARBEATHE B4 i i (Schimel et
al., 2004; Hiltbrunner et al., 2005), 4 F-FHEMI0E
Kfit 780, NUILETHE P SE. 2%
SEETHERRE B RNFE S B - AR
B K EIIE60% LL_F(222), w] WK 4> FFASKY 1 B 761

Table 7 Correlations among plant height, leaf traits and biomass of the three plant species

P E Y T Hl e Y
PH Primula purdomii Pedicularis kansuensis Ranunculus tanguticus
AL T AR RN e o ALY TSSO 73T = 4 1T -2 S ALY = o 0EY T V2 v NS R e ) 11 G L) s AU T 2
SLA ILM ILA PH SLA ILM ILA PH SLA ILM ILA
Meei PH 04877 —0.742"  0.595" —0.449"  0.489” 0311 ~0.185 0.416" 0.196
W AR AGB 06717 04977 0726 0.5497 -0.560" 03547 0.137 -0.002 0.341 -0.166 0.700"  0.591"
WY E BGB —0.565" —0454"  0.674" 04607 0358 0212 -0.006 0.109 0306 —0.425"  0818" 0437
1= FB 0.083  —0.099 0.616"  0.605" 0.183  —0.094 0.270 0339 —0.090 0.031 0.908"  0.710"
Rkt R/S —0.178 0.408"  -0.003  0.094 0330 -0.137 0275 0.245 0236 -0.418"  0.639" 0293

AGB, aboveground biomass; BGB, belowground biomass; FB, flower biomass; /LA, individual leaf area; /LM, individual leaf mass; PH, plant height; R/S,

root/shoot ratio; SLA, specific leaf area. *, p <0.05; ** p <0.01.
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