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Abstract; Several growth and physiological indexes, such as biomass allocation pattern, relative
growth rate (RGR), soluble sugar content, membrane leakage rate and semilethal temperature
(LT50), of seedlings of three Ligularia species (L. virgaurea, L. sagitta, and L. przewalskii)
from the eastern Qinghai-Tibet Plateau were determined under suitable and simulated low temper-
ature conditions, in order to understand the growth traits, endurance to low temperature, inter-
specific difference of three seedlings, and their adaptability to alpine environment. The results
showed that: (1) Cotyledons of three seedlings extended rapidly at the early stage of seed germi-
nation, after which root/shoot ratio increased rapidly, RGR reached the peak after 10—15 days of
seed germination, and a significant positive correlation between the root/shoot ratio and biomass
accumulation was evident. (2) Survival rates of the three seedlings were more than 70% under 4
°C, but that of L. przewalskii was relatively lower than those of the other two species. RGR peak
was significantly delayed and reduced, and 64% reduction of the RGR peak was caused by de-
creased root biomass ratio of seedlings. (3) LT50 values of the three seedlings were —8.24,
—8.14 and -7.28 °C, respectively, indicating that the three species could achieve the regenera-
tion of their population via enduring short cold stress at the seedling stage. (4) After low temper-
ature (=5 °C) treatment, the soluble sugar content increased by 3.61, 2.90 and 1.61 folds and
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the free proline content increased by 2.57, 4.40 and 37.68 folds in leaves from the three species,

respectively, suggesting that the three species can improve their abilities of cold resistance

through utilizing different metabolic regulation mechanisms. In conclusion, our results suggest

that all the three species of the genus Ligularia have good life history strategies to adapt to the al-

pine condition in the Qinghai-Tibet Plateau.

Key words: alpine grassland; Ligularia Cass.; low temperature stress; life history strategy;

population regeneration.
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I(Ma et al. ,2006; 485 2014 ) , 22 )& ( Ligular-
ia Cass.) THY))& 258} ( Compositae ) , 2 H A A5 129
B, Ho U By & 5 [ L. virgaurea ( Maxim.) Mat-
tf. ] #7 M52 & (L. sagitta Mattf.) Fll % 22 5 [ L.
przewalskii (Maxim.) Diels. 155 3 #7075 T H 5§ 5 R
(HRYAF,2008) . B TIX 3 FAEI IR N4 & A
FUIT, AR INZ AR i A I R 5 i R
B, BT ZS B AWK (Ma et al. ,2006) , TG
HIRR W S B 525 BRoA A G A b n]ad i
TS A o Ao Y HROIR ZE R AT B B A, PR
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H(FW) ;78 60 C FHET 48 h J5 , FRHE SR i+
H(DW) NERAWIIRIE ;
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R B F oK A5 vk 3 3, IR AR b BHR THI K 47,
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Fig.2 Effect of temperature on seedling dry weight
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Table 1 Results of one-way ANOVA and multiple comparisons of least-significant difference of relative growth rate (RGR)

of three species among treatments

Ligularia virgaurea

Ligularia sagitta Ligularia przewalskii

CK T1 T2 CK T1 T2 CK T1 T2

MRGR 115 100 84 108 101 95.9 114 91.5 79
RGR CK ns * ns * * % L
Tl # * *

CK.T1.T2 43 557m 23 °C A K 8 CALHAN 4 °C AL ; MRGR /R AL B A S8 F X A KR ;s P>0.05, 48] TC B #2557 = P<0.05,3F R4

[ 25+ * P<0.01, FoRdl AR BFEES

G T A R R EE I (K 2) , M AR R
(RGR) 7EHi & 10~15 d Wk FEAE (& 3) .
2.2 IR A B

228 CH4 CAP5 , FIE] RCR FIA: Yy 19722
PEASHAR (£ 1), SXTREA L, A= B i i Ao
Bt 5 T B (R REARR T RIS (181 2) , RGR (Y WA RV /5 1
BCE 3), IR 1 ol %0, &y 52 5 F0 & 022 51
RGR AbFE 1 B S5 X IR TC i 3 24 57, (M 7R AL BT J
5 d(EB 1.2 IR ZE]) 1 RGR 5% HEAH bE B I [
I WA B S W T o e, AR A R A LUK &R
(FE 3) ;4 CR-EBEWBAEL 1.2 IKIKEZ 1A A9 RGR B
B REAIS, AR B TR S R BB WK, B2 5% HEAN

ACFR 1 (RIS R S A RGR AR 1
b3 2 SR Ia > 8] b PR 1 5 AEFE 2 2 (R B TEAE
B2, S RGR,3 A%t IR 20 [ B AR T
ALK FE 5, 3 AN Fh iE] 22 5 2 8 0 2, Ak B 2
H B ST 34 RGR #15 (95.9) , 11 4 52 - W]
WK (79) (F 1),

HRAEMEE RGR 12210 (1# 3) , 4 B AR
ARKARG: B RGR WE(EHER 1 B8, 765 i 2 1 AN
W 35 25 AL A ] RGR BRI ; 2 RGR SR
5k L B4 T A 43 BT, AHOC R B R =0.80, Hl e REL R =
0.64 , VLR IEALFE /5 RGR PR 64% J2 AT
Ay L RS R Y, ENFEAGIR T, ZE Bk i £
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&2 MEEMENR/ BLEFTEST(ANOVA) F1 LSD F#HTHESEHLE

Table 2 Results of one-way ANOVA and multiple comparisons of least-significant difference of biomass and root/shoot ratio

among three species

DW R/S
Ligularia sagitta Ligularia przewalskii Ligularia sagitta Ligularia przewalskii
CK Tl T2 CK Tl T2 CK Tl T2 CK Tl T2

Ligularia CK ns ns * *
virgaurea T1 * ok * ok ns * ok

T * ® sk * EE Y
Ligularia sagitta CK ® ns

Tl ns # ok

T2 * % * %
DW Fo/R MR AT A B R/S T/ b R S A ERE 1,

®3 REN=MEEZHHAMBRGERNELZEDITA
iz

Table 3 Nonlinear regression equation of MIP after low
temperature handling of three plants

s Logistic /57 WEE FBOURE
(R*  LT50 (C)

HAEH Y=75/(1+332704X) 0.986 -8.24

Ligularia virgaurea

[iiliE -2 Y=75.2/(1+e*1703%) 0.977 -8.14

Ligularia sagitta
P

Ligularia_przewalski

Y=86/(1+e>3370:31X) 0.982 -17.28
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Fa] A= i AR/ ZE 7 250 M 2 5 LA &
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B s B Mt 22 5 AL BE 1 (R G B E R R
A LA ()35 H B A 3 25 S R i S B 508 A
VT , AV TR T B8 7 5 A R S RN TR 2 5
B (IR MRS R A IR AL B X AR T LG 4 5% ) R AR R 58
e HEN R W E S E L E Z H Y 2
SRR E R
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Fig.6 Free proline content in different temperature
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PR AER DT NS HAER B UG, fEm¥EL
KB PRI, 525 B Fh 20 XA V& 1, 188 2138 B A 2R
Besrag & s, AR/, BHICHREL, 917N
T A R oA BR (X A2 4542002 5 B S
4,2002) , R, B & 5 09 ZE R LR H 3R, HOR
FUHE JE , B Ik KGE AL RS, 3 AR 7 W & 00 A LA
T I SRAIE R 3 FR4H & B B FRR B
Jei  AELRR [ AR %) B8 WA A B i i, (AR 2R AR K
PP AR T AT (AR RS PR LA LR B2 1+
HETRAD (5K SC 4%, 2008 ; Achten et al.,2010) , KA X}

o TR, AP SRR A A ) S
B AT ATE Z I BT, SR AE ) A X R A 1
AT ITEE ( Bonser et al. ,2009) , V& — 6%} 40 1 H
IR R BN R TE S AR 0 R BIAR /25 L id
JERE A 2 B AR )5 1 N B A ( Reich et al.
1998 ; Pallardy , 2007 ) , 15 3 F 42 & Fh 115 K W1 01 1
JeF IR 10 d UG A= 9 ] AR S AR 4 i
(B 1), EN R/ ZE e S AR R
FEARDE SR A= Py it 1) 43 P A 2O A KA 7
F R AR R JE 2 RIS B AE YRR 3 FhEE
BRI AR g s AR AR, X TR
R BRI UL, B T AR 2 KU A 58 25 A
(1) 58 4/ M SRR LA 003 o Y o B AR S I (2R
R4 1985) ,Pukacki %5 (1998) i 57 %1 & UV-B
V1% 18 5% AR A o 3 1) 3800, A0 P A e L R T
i, R, 3 e B AR 40 B R AR A e A R T
R 2 LT 2 5 58 D S g — o AT 98 P
3.2 X A A
R A KBS — WY A
SRHD PR AT A BRI R Z AR aa i AR S R
R AE TR (Ogweno et al.,2009) , KR8 AT LI
ARV 24 BRI AR, AN AR e A VE A,
SR AE AT SR, B LN D | Al A K
K HIB L (Skyba et al.,2012)  MRIGH AP
RGR FIEEHR 5 1 S8 T3 ] UL ¥ 52 5 FN 7 32
7 8 CAIRMNA TR, SRk RGR F4: ¥ Y4 FIr Ak
(B2, 3)  HF R FR5 B R AR K &, s 2 n]
TR E 5 X ETC 35 25 S (R /K X 2 FhEE R
21t 8 CARIEMNE . 4 CARRANIXT 3 FhsE 5 1Y
AR BIA LA s i s B AR LR,
T S B A 2R E ) RGR AW W R
W MR8 i Ik AR K B AR 3R 1Y, 3 A F AT
A 70% Lk A A RE 5 2 it AR TR M 38 T A7 300 F ok,
VA 4370 16 T e SR AR 3 Y 3 A BRI e A T
TN, AT A AR K R (RGR) AL Rl G AR
A1 5 B IEAHOE , RGR 2 X AR R AR A AR Fil
F HE B A A T S PR ( Grotkopp et al. 2002 ; Kleunen
et al.,2010) , 3 PFPAYXT R [B]F-35 RGR {EAHIT,
{HZARUE AL 315, 3 Al ] X030 32 7 W dnb | Ak 3 2
i, P34 RGR Hitt s 5> m s E >E M85 X —
AE L HEREI T 3 AR HLRE ) Y 22 5
VAP ME S R 5 T R 1 1 i S A A R B g
PEZ 1) 5 0F A 56 2 — 83 i 1 B4 ( Ahmad
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et al.,2014) . AWF5EH AREAL IS 2 259 B4 b
R EE AR (5, & 6) , TR mat B, L
AT o | S S B 2 R B LT[R
Hghn s SR E DA 2 Il 2 R Ok, HAEAN Y
hia T~ e ZE S n] W ZEARIR YA R 3
FRAE34 & Rt T — 2 W AR I RE T, I Bl 5 136 1Y
R PRI BRI AR

T X R/ 25 LY 52 e e — > 52 4R Y AR B o
(Caloin, 1994 ;Bai et al.,2010) . ASIUAF 5T XF 4h 1 i
AT AV AL FHL S I 2 4Ty AR T 4 HE AR K AR ek L
HnE I, MAR/ S 5 RGR A 9 1) [51 05 43
Mol WL, ) SZARIR 2 5, 76 AR A3 B2 i 3 %2
(R GER S ) b B33 (I ) oA S S A 1 o )
A ERR RIRPAEGE  FEOT M/ ZE LRRAIL, 727
e LR 2R F I AR A v, A 48 A 3R R R X S 1
KA BE U B R E AR, 2002 5K SCHH A
2008) , K3 F 4R A e nT BB B 4 52 bk AR IR
JopiE B LS A A b AR R AR R, X — SR
5 AR T —8, AT I FFRIESE

EEGUIR B B SN, TR P IERE 1 AN i fig
A2 AR AR PR, A 5T R, 3 Fh 82 5 4 i Y
LT50 435k -8.24 . —8.14 F1-7.28 °C , & T[] X
(M2 4F 1k W5 JE A W) 5% W B ( Kobresia  humilis )
(-10.79 °C) HEFEHE 0 5 ( Elymus nutans) (-11.78
°C ) MG B FE ( Carex atrofusca) (-9.85 °C) L H #
(5 A43) W9 LT50, J5 3 P 4 e 7 v it = JE L)
ML ALY (WP A2 45 2001) , 16
JEZR 5 1l DX, R 28 T G 43 X A ) 3 R TE 4
ATaIZES AhaERE, X 3 Fist B R 21
WIFE 5 A T AA TG BL (AR RIFR s R 5%,
9 H NAIF TG A KIS AR A 2D
AR AR R B ( D3 45 ,2002) , AR P54 4
fIE, 3T B A FE8 1 SR ] et 23X 3 FPAE Y 4l
WIS N XTI Z — o T A € O] AR EERE 2R 0 °C
PR BRI [ A R K AR PE A1 & )i
FEREE AR 30 B 52 56 25 R DL K& LT50, 3% 3 Fii
YIS 232 1 191 B (0 (IR b8 S TR, X ke
FERTRAE m FERE ) TR B BA TR A T
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