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herb Ligularia virgaurea in Qinghai Tibet Plateau

HE Yan-Long'?, WANG Man-Tang', DU Guo-Zhen'"*

1 Key Laboratory of Arid and Grassland Agroecology at Lanzhou Unwversity, Ministry of Education Gansu Lanzhou 730000, China
2 College of Pastoral Agricultural Science and Technology of Lanzhou University, Gansu Lanzhou, 730000, China

Acta Ecologica Sinica 2007 ,27(8) :3091 ~ 3098. ’

Abstract: We studied the influence of seed size on germination, seedling growth, and seedling responses to light in
Ligularia virgaurea, a clonal herb native to the Qinghai Tibet Plateau. (1) Under unshaded conditions, large seeds had
significantly (p <0.01) higher rates of germination than did small seeds. Both large and small seeds showed significantly
reduced levels of germination under shaded ( by shadecloth) conditions. The magnitude of this effect was greater for small
seeds than for large seeds. Germination of small seeds (1.75 mg) was reduced by one eighth, while germination of large
(2.80mg) seeds was only reduced by one eleventh. (2) Seedlings from large seeds had significantly higher rates of
biomass accumulation ( g-d ') than did seedlings from small seeds. This, combined with larger initial masses gave

seedlings from large seeds significantly greater total biomass after 60 days of growth. Seedlings from large and small seeds
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also differed in biomass allocation. After 60 days of growth (under both shaded and unshaded conditions) , seedlings from
larger seeds had proportionally larger root mass and proportionally smaller leaf mass than did seedlings from small seeds.
(3) Seedlings from small seeds have higher relative growth rates (RGR; g-g '+d™') than do seedlings from large seeds,
under both shaded and unshaded conditions. By contrast, there was no significant difference between leaf area ratio
(LAR) ; specific leaf area (SLA) or leaf weight ratio (LWR) between seedlings from small vs large seeds. RGR, LAR,
SLA and LWR were all significantly higher in seedlings grown under shaded conditions than in seedlings grown in full light.

Key Words: QingHai Tibet Plateau; Ligularia virgaurea ; seed size; clonal herb
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R MR FRE RN E RS . RNRE SRR WY EYR NS, RRX/NT
R ESER B U E R, T R SRR R RO AL B IR S S F A Y B B 20 o 55 05 T Y
Z57, UL TREXOEARERGEM L. E, SRR R T R/ NER UL B 2 A K
XSRS MR R A EENASER I

WBH 5T (Ligularia virgaurea) RAHEF BRRREEG LH LN S FEEREY, AFHRER. B
T WA SR S M A A T R B, A TR BRI T8, B TR A B RS RER
B, MERHCRENRN, KFRBERANBEEA—MEREHE" . BEERANBHFIREHTEE
KAFFIEAHE BB EH EIFR THIBHIR o ASCR B T8RS IRHEXT R B8 R F R/
W7 , 15K Pl Ay el B e A SR AL A LA B OO s By TR R A B B A BRI R A RS %

1 #RAx
1.1 SKEr ol

AEBRITHE MR EREEAESRREIE ABFRS (SETHHT) , 83K 2900 m, 314k (102°53'E,
34°55'N) H R R AR %, FFHRE2.0 C, £ERMEENAE 12 AG.1 A2 A, FHiBRE
-8.9 C, B =R ETE 6 Af7 AHF8 A4, FERER 11.5 C, SFHMEME 550 mm, NMBIH SRR
EHGRE, KRHE B IHE 2005-04 A ~2005-10 H — P 4ERKEN,

1.2 MRAJ
1.2.1 #H

B ey 75 ARG IR e R DL R R R B E . 2004 4F 10 H P A), 7E H R M 3G i BT 4
R R TR HE M T . RENM FHEILRERIEHEREEERE N EZE THEES
2005 F LB
1.2.2 KRBt

ALK FERHRE ARKMA(ER) T, ARDERARE F7 K/ EFREMFHREMAEERKNE
W, SEH A 6 ANAEHRST BN IR T AL EE I/ AL B 75 % BB R R T AL B 75 % BT/ T
AL HE 50% SEE B KT AL BN S0% RS/ AL EE, B AL B 9 BEE, KRR 4 AKRIFH,S APam
THEHE L, ARKLEES
1.2.3 LA

(DFMFHEFE BUHER 15em LUF L5, R0 3 d i jE], xR0 3A F T R T 3 A 808 i
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Y. RTEFRERE, # EERSMRS . RES 25 om \HRE 30 em R HIGRT, B FLLEFEYIHEE
R, TEEEAERES cn (AR TAEABKMALKFMF L) . FERBMET—REBIOKFE KRS
+3E, FRARREMTFHSBERELERZ Y, BRF 408, EERAWM—ZHY ., FRRKR, (1)
AR EREENEFEEMFER T (H 20 542 L 1 mm) P iR, 25 8RR R 7%
Tnk BBk , 18 40 Ri—AL7E 1710000 FIHL F RV FARE (BRHEY IR RBE R, KL, RELERR KT
') EESEERAT 0.1 g WA TFANAR T (> 0.1 g/40 k) ; 713 7 B AN T rh bR (I
A RUEEFIERL) AT 40 hi—E7E 1710000 7 RF EARE, B EESEER/NT 0. 06 g WAFER/D
FF( < 0.06 g/40 Ki), (3)FHBALFEL 3 MEEE.100% B 6 ( BRI) 75% S5 S0% #ERE . H 2
75% F1 50% FIbRHERETE PIHE G, AR BT SR B B S . MEEE 3 d Bt 1R, IEEN
KHE | FEMMEFHNE, S 10 X0 1R BAEYEBESE-FHB I 2 i ZEraf BEIIE .

Q)BT O, EEFREMFHEAHLREHN GBS, FEREARLET , 4%
H A B ] LA R R NI E A8, AR A RIS 5 BN STTE S B 3% R 0 & U, R IR/DNR &
BT AR, QB ,7 AJRITHRE | WHEGH, MK 7,9 ARRS 2 IRE . B R SE K
KHERRE, REMEL AN . BBUSHARILET WEhE o I RS (HTHNEFES ML
WOBEZERAENR) . FRKR TSR RERKD, ] 1710000 7 RF0 & ot RAEEEE, A Es
FEALFTHE T8 RS (Viscal Basic 6.0) I i iR, SRIG T 80 CHEAR LT 24 h J5H 1710000 fyeL F K
MHETHE,
1.2.4 #iFitE .

Hh YR (Leaf mass ratio, LMR) = M AW B/ BAEY R

5 b (Root mass to shoot mass, R/S) = iR &/ 1 F Y2

FH T #( Rate leaf area, RLA) =W EBY/ M AW E

TR FA LG ( Leaf area per seedling mass) = H-TEF/ B4 Y&

B4R L (Root mass ratio, RMR) =iR4¥E/ 24U

B4 (Total biomass, TB)

B AL (The biggest leaf area, BLA)

i A Y& (Seedling biomass, SB)

B4 Y8 ( Root biomass, RB)

FEXHAE R Z ( Relative growth rate, RGR) = Il %€ # [6] 50 /5 I URAE bR AE Y1 B B 2R X3 B3 & 55 ek (]
AL

MR LR ( Leaf area ratio ,LAR1-2) =g $AEIRT/E 2 KM TS 55 AR T BUE 2Z AT F
B

M T B L (specific leaf area, SLA) = il & HAIEIRT/G 2 YR TS5 5 S HER T FHE AR
T

M- B H 3R (leaf weight ratio, LWR) = il @ $1EIRT/E 2 WM TR & 49 5K TR EZ KT 7
B
2 KR4

BAETE spss13. 0 KA HATHRIHTEFER, 2R BEHR LRBER (CGLM) —H ¥ 25317,
3 SRS
3.1 AFRDEERACER T FpF K/ NXT 4 8 T8 S RHE R 5 0

MR L R2 T 7, EHBFGE 120 d N, B FRNDNSEFEENSEEE(SH) ZHEBERNEMR(p =
0.000) , KT FHERKSH . TMEFRME 120 d NHIKEE SEFRE R BENAMER, EARNREE
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BT, RFFA BN T R BRI . 75% B T M40 > S0% BB & 4F T R4 E > Tl F a4
o TEREGEAMNT GEYE 75% ) KR F4Id e, tbrH I (RLA) B EAR S MY B 89 HLE, R

#1 FAXRABTHTFANSHERSHXR
Table 1 Under different light conditions the relation of seed size and seedling characters

A R WRE SEEE
B hem s 4 2 .
RLA(cm®-g™") LAM(cm®+g™") GR SH(cm)
£ i K+
Full natural light  large seeds 2.119 £0.414 2.440 £0.480 0.792 £0.127 4.004 £1.473
T
2.304 £0.500 2.504 +£0.909 0.578 £0.084 3.270 £1.380
small seeds
75% WIS K#F
75% of ambient large seeds 2.867 £0.264 7.226 £1.742 0.761 £0.078 4.988 +£1.479
N F
2.983 £0.456 7.033 £2.100 0.494 +0. 185 3.774 £1.379
small seeds
50% KfpF
50% of ambient large seeds 2.722 £0.415 4.185 +1.195 0.694 +0.092 4,502 £1.278
AFF 2.615 £0.309 4.648 +1.117 0.569 £0. 158 3.572£1.242
small seeds
BUAE KT + 53R (n =27) (mean £ SE)
xR2 AEAXRLBTHFXNMNSHERSHXR(F.PH)
Table 2 The analysis of variance of seedling characters
H.iHE L RLA ntER K LAM &% GR S B SH
I B hem
F P F P F P F P
FHF AR/ Seed size 1.081 0. 300 0.279 0.598 25.450 0.000 """ 67.711 0.000***
Light treatment 44. 869 0.000 163.813 0.000 3.437 0.038 46. 360 0.000
BERAOERER ) ) 0.137 0.816 0.444 1402 0.242 2.854 0.023°

Seed size x light

* p<0.05;% % p <0.0l;% x x p <0.000l; A the same below

ARG I REM BB/, T8 75% EHAME TR/ T4 8 ER R, EEEEHRAFT A

FrF4hHEE A ARG R AR, WA RE N R R ST R/DRBEEAR, ER A 7 ERER

THARLA —ERRW, BX/ N TR R E R 2,

3.2 AFJGERALEET RN S A B R R A BRI
HHREHEEY RN B, HE 3 4 TR, (1) FM)E 60 d, BRBKT , BT RERMTHEN

3 TRAXREHTHFAXISHHEVRIBRHXR
Table 3 Under different light conditions the relation of seed size and seedling biomass allocation

560 d #5120 d
8 Item HRAERE WAEYEH AR5 R AEYE T WAEYRL AR5
LMR(g-g™')  RMR(g'g™') R/S(g-g™!) LMR(g5™") RMR(g-5™')  R/S(g'g™")
Eop i KFF
Full natural light Large seeds 0.534 £0.07 0.542 +0.058 1.218 +0.291 0.317 £0.098 0.695 £0.015 2.721 +0.271
NFEF
0.516 £0.113 0.485 +0.113 1.063 £0.410 0.353 £0.028 0.708 £0.015 2.828 +0.27
Small seeds
75% HEFH KT
75% of ambient Large seeds 0.594 £0.098 0.464 £0.079 0.896 +0.329 0.250 £0.028 0.780 £0.015  3.406 £0.270
AT 0.607 £0.125 0.393 +£0.125 0.723 £0.382 0.228 +£0.029 0.772 £0.016  2.828 +0.270
Small seeds
50% I 3 . RHTF 0.565 +0.101 0.496 +0.083 1.042 £0.362 0.233 £0028 0.795 +£0.015  3.922 £0.270
50% of ambient Large seeds
AT 0.568 £0.125 0.433 £0.123 0.839 +0.411 0.233 +0.028 0.746 £0.015  3.464 +0.270
Small seeds

BAERFHE £ InHER; BR)560 d, n=33;#%)5 120 d, n =27(mean + SE), 60 days after Sowing, n =33, 120 days, n =27; T[] the

same below
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R/S 88, 4 E A KB TR R A B BIARER . KAhF4h AT LMR 1 RMR S5/h i A, (B
ERAET /T H LMR & FRFF4hH . 1 RMR KR4 AT/ 4. (2) 45 120 d,
7E ARG T /N T4 B9 LMR \RMR 1 R/S #8455 , MEBLINRIF iR R RER, BB R0 T, KT
FL/NEI T4l A LMR ARYHEDN , /NR T4l B/ N BB B B (R /T4 B9 RMR AR X40A 8 B
B, /N T A S B E K

£4 TEAXREG4THFONSHEENRSEAXR(F.PHE)

Table 4 The analysis of variance of seedling biomass allocation

$%J5 60 d 60 days after sowing $#%J5 120 d 120 days after sowing
Y H hem R Y E L LMR HAEYE L RMR Wftk R/S M A4 YrE L LMR WA E L RMR Wttt R/S
F P F P F P F P F P F P
ﬁl%j;d\ 0.008 0.93 20.386 0.000"" 11.92 0.001*" 0.035 0.853 1.348 0.247 0.006 0.941
Seed size
pLE b - e ne 7 .
. 8.559 0.000 12.199  0.000 14.21  0.000 8.251 0.000 14.996 0. 000 7.035 0.001
Light treatment
R Hoh x
bl i3
. 0.376 0.687 0.074 0.929 0.070 0.932 0.536 0.586 2.097 0. 126 1.295 0.277
Seed size x
light

% [A]72 2 the same as table 2

SHEYE KB RN, E 5.6 H, (1) ERHEM)E 60 d, Bt B ELATFEHESFH T, KM FHHHBHN S
A {i#%:, TB .BLR \SB I RB RFfF4h i &\ K F/MF4h i, fTA/b AREHRRAZEE R EKNIE
AR (P =0.000) . BEHEEHBERIEM, AV ENRRBETE, /PT T RENRBEER; (2) E#HME 120
d, SR R/S SR, 1 B ROEIET , SRR AELL AN T8 52 B 40 8 AR A2 0 8 i 7 BB K, (B S 2% 1
T, KT Sl R T/ T 4 . Y BE BT | AR 75% AT /T4 Xt RB 950 B K
FRFF4E EX SR (#E 60 d) TR FRIER . EEYEHAE L, TB SB # RB, KM T4 KT
/N, SHERE 60 d BB, KM T4 R AEY B ER. BEHEAMT,50% E 48T TB.SB
1 RB KT 75% EBHAL B T 804 . A Y8 AR REEE S BRI mis o
3.3 AFJERABRARM T R R/NX S A KA

B 7 Al AL AR RDEAM T, w55/ LAR RIUY: FEEE IR A LAR {HI% K, H L
B MTAREIEIAT AR T8 . 7 75% I /T4 EE &R

M AT R (SLA) fE—E R R HRERER . BE8/N R, hR7. K8 alH, BT
F ) SLA 1 B OLIRT , KR TR/ FROE AL R TR/ It i R BE R A K. 7R B I & 1
T BEEE G RBE N SLA BB 3. 78 BRI, K7 5/Mb 71 LWR {EJLFARSE, RN TF4I
AR A KRR A—2, BRI LWR A9 B Z AR BB B & & . 7Rt Z 2k
AR H, EREENE LTI R EDEE S E— AR, BT RAXT LWR KA BE,
AR AR S IR B A

X EMAEE 60 d WAXAKZE(RGR) M7, i3k 7 RE , 72 BRBMAMN T, /M PR RAERKRE KR
BARZE. FEEHFAT, KETYHEF/ND T4 K RGR #3%8 T B, /b T4 5 RGR T REMER,
4 itig
4.1 EFHRFEREERFRNERRZHT A TERFY, SEEHYMHTHRBERAZERK. #
FR/INIBUR 22 18] F77E 5 AL (trade-off) ') o S6 T wh g Wl RE MBI P F R/NE RBGEE D . ALK
BISTAN, TR R ER TR/ R TR BRE SR T+ (L5 S A R T 4000 £ , PR TE
B 2.30 mg, KA T 5/NFTFZHBAE R REON 0. 11, FTFAR/NMYAR R AT BE7E 55 BRI s in T 1E 15 B
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TR TEATREMFREFESMN, —BESEIAN, BRI R AR R B KR T8 &k H, U
HEEESHIEAE T R AR, ERARBENHHRAN SR ESHTFRIEEREE
K, TOCHRALEE 54 i = B R A S B, (BFE A K G T 2 WH T4 B RAE K,
HmREEHE R EARABEBAHT (LEY) , HFREHE SR TRNZ R K AMEANPTRER—
B BIEERHANG T UHEEERENIFE S, M T R/AXT T4 R A PR

RT TEARBEFGTHFRNESHEERXR
Table 7 Under different light conditions the relation of seed size and seedling relative growth

MR L HERTRER MTRE % LIRS o

I H Item

LAR(dm?) SLA(dm?) LWR(g-g™') RGR(g-g~"d™!)
v it KeF
0.984 +0.132 1.825 +0.201 0. 693 +0.053 1.117 0. 116
Full natural light large seeds 84 £0.13 825 * *
AT 1.058 +0.135 1.827 +0.205 0.696 +0.053 1.264 +0.112
small seeds
75% W5 KFF
. +0.130 3.939 £0.192 .926 £0.052 .51 . 112
75% of ambient large seeds 3.350£0 * 0-926 + 0.519 £0
e 3.325+0.135 3.862 +0.205 0.915 +0.054 0.411 £0.116
small seeds
50% RS K+
. +0. . .201 . . . 4 .
50% of ambient large seeds 1.928 £0.132 2.484 +0.20 0.833 +£0.053 0.485 +0.116
HFF 2.344 £0.132 2.751 +£0.201 0.939 +0.053 0.443 +0.016
small seeds

FUE A FIME £ A54EIR ,n =33 (mean £ SE)

RS TRXREGTHFRNSHHERXR(F.PH)
Table 8 The analysis of variance of seedling biomass relative growth

W H Item M E B LAR HE T R SLA MR E % LWR %4 % RGR
F P F P F P F P

HFRA 2.050 0.154 0.153 0. 697 0. 567 0.452 0. 000 0.992
Seed size
ﬂﬁ&tﬂ 152.34 0.000***  53.87 0.000***  10.46 0.000***  26.999 0.000 ***
Light treatment

W B8
FFIA < ORER ) 5 0.219 0.403 0.669 0.724 0.486 0.674 0.512

Seed size x light
FHERFFE2 the same as table 2

4.2 HEFERENFTRIYEERNZEIERME 60 d NEBEN, BENHNEKEY, MER—
JE KRB BRAL , XFMRBE L FH R . 7E B O, REA /I FAE Fit BT RAGBA
A, MERFE 120 d, FEELEXHR KPR B B3 TEE B A4 T, AR B TR/
TYHHEYRNEWES, KM TRENGHEYBARKT/ I TENEY R, BRTEEHAFTREY
Y REUN, EREYRSFHFR/DZAIFEEENIEMX, BFETHEN TRBROKBESTEER, &
#&J5 60 d RFE, ARART , BRFEFL WX EAYE KBARM, T RN SRR EE,
HRFERIS 120 d, BEE R BEHEA, ERF B ERIEAFYE S TRIRT, WK G5
RGHIEIR. NTIIABISIE ST XFAECME7E B RE (IR 75% ) TRV B, EmiAN, EH
FRENWAERKNEN, YREYEEE —EEE, TR T ERE A EEE,

4.3 HEARKERASE T, AFRENEEY BRI R Y WIESERRN ., 28T, 48Tt
RPN BCTERR S 60 d WEAR— B, XETHZhE IR 58, i UR K. M2 IR e A3/
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