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Morphological differentiation of seeds of the clonal herb
Ligularia virgaurea in the eastern Qinghai-Tibet Plateau
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Abstract: [Objective] The seed size variation pattern of Ligularia virgaurea and the effects of altitude
on seed size variation were studied in eastern Qinghai-Tibet Plateau. [Method] The seeds of L. virgaurea
were collected from 3 natural populations with different elevations. Based on the data of 9 morphological
characters of seeds,the seed size variability was analyzed by One-way ANOVA and ¢-test, then the relativi-
ty about the morphological characters of seeds and altitude and vanriance was analyzed. [Result] @O The
seeds traits of L. virgaurea exhibited certain differentiations in 9 morphological characters and the variation
of coefficient of ratio of length to high of seed was the highest among and within the three populations of
L. virgaurea,while the coefficient of variation of variation of seed weight was the lowest,indicating that
seed weight was more stable than others among the characters studied. @ t-test of the inter-populations
morphological variations indicated that there was an evident differentiation among populations. @) Correla-
tion analysis suggested that morphological variation of seeds of L. virgaurea was correlated to elevation,in-
dicating that elevation played an important role in morphological variation. The seeds traits of L. virgaurea

showed an increasing pattern,and then a decreasing pattern with the increase of elevation,but there was an
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increasing trend in general; Variance of three dimensions (length, breadth and high) of seeds had higher
correlation to SL./SH. [Conclusion) SL/SH instead of the variance of three dimensions is more appropriate

than others to measure the seeds overall pattern of L. virgaurea;Elevation is an important factor affecting

the seed size and its variation.
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Table 1 Natural conditions of different habitats of L. virgaurea
=0 CHERR/C  HBEAHRR/C  EeABHRIR/C
B #EIR /m A 1% H =0 C year Minimum Maximum
Population Altitude Life form Habitat accumulated monthly average monthly average
temperature temperature temperature
. LA AR IO PN - _
QTP 1 8300 Perennial herb Valley shrub 1500 10 12
QTP 3 450 E i 2 AL ) 1 350 —9.25 12.75
Perennial herb Alpine meadow
QTP 3 800 DAL A IO <1 300 <12 <10

Perennial herb

Alpine meadow

1.2 #FRESERHNE
PR P ASRRE T KT EIR A BEALPE %
KB IEH AR T
Jo Y A R 100 KRR T 1 4L HRS 0 %+
Nz —WiaFRERE.EE 5 WK IR F Tk
i (SW, ),
FE AR5 - BB 100 i A1, FH o 7 450 i A
JU R Ff ¥ K (SLmm) 7 58 (SBL mm) F 7 55
(SH,mm) , I i1 5 Fh 7 K /% F 58 (SL/SB) , # F
K /B 5 (SL/SH) (Ff 58 /Fh F 5 (SB/SH) | #if
B /AR (SB/SL) AR O 22 (V) BAK T 2
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2. 1.1 AT R R 2 A A E s A

fRh AR IMER LA —E 2. 3 AR T 1
SL.SB. SH #y & K {8 Fl & /NME 23 51 24 5. 500 F

2.630,1.310 f1 0. 640, &% 1. 200 F10. 490 mm, ffz K
HIE e /IME R 2 15 2, 30 0] 3 28 R AR 45 A LA
S0 AAEW] B KN gk 3 SR EERD - SW oY
SEY(E S A 1. 154, 1. 545 Fi1 1. 268 g, i T3 450
m MR A CQTP 1) Fl+ Bt it B i KT oA 2
ASFRRE 7R T UL TT AR B 2 B A K A
X B E I IR B . a4, AN 3 SRR ERY SL/SB.
SB/SH.SL/SH HI SB/SL {5 A LLFE ), A T3 2 K
it I L Bl T SR 2248 (0. 13220, 1280, 127>
0. 05) L IE T 3K — 8
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Table 2 Value and coefficient of variation of seed characters of L. virgaurea
R pURIUBT S| IS PN E Fe/MA A 5 R B {E i 22 FrifE iR a5 RE %
Population Ttem Max Min Range Mean Std dev Std E Ccv
SL/mm 4.760 2.630 2.130 3.748 0.492 0.070 13.127
SB/mm 1. 250 0. 640 0.610 0.923 0.139 0.020 15. 600
SH/mm 1. 080 0.520 0. 560 0. 790 0.139 0.020 17.595
SL./SB 6.578 2.604 3.974 4.121 0. 785 0.111 19. 049
QTP [ SL/SH 7.943 2.692 5. 251 4. 879 1.004 0.142 20.578
SB/SH 1. 754 0.748 1. 006 1. 203 0.235 0.332 19. 534
SB/SL 0.384 0.152 0.232 0.251 0.048 0. 007 19. 124
\% 0. 398 0. 344 0. 054 0.132 0.014 0.002 10. 606
SW/g 1.224 1. 066 0.158 1. 154 0.067 0.030 5. 805
SL/mm 5.500 3.180 2.320 4. 008 0. 586 0.083 14.621
SB/mm 1. 230 0. 650 0. 580 1. 064 0.135 0.019 12. 688
SH/mm 1. 200 0.490 0.710 0. 869 0.129 0.018 14. 845
SL/SB 7.369 2.667 4.702 3.835 0. 817 0.116 21. 304
QTP SL/SH 7.836 2.808 5.028 4,727 1.092 0.154 23.101
SB/SH 2.102 0.714 1.388 1. 250 0. 247 0.035 19. 760
SB/SL 0.375 0.136 0.139 0.270 0.048 0.007 17.778
\% 0. 394 0. 348 0. 046 0.127 0.014 0.002 11.024
SW/g 1.726 1.414 0.312 1.545 0.130 0.058 8.414
SL/mm 4. 860 3. 040 1. 820 3.933 0. 445 0.063 11. 315
SB/mm 1. 310 0. 680 0. 630 1.033 0.116 0.016 11. 229
SH/mm 1.100 0. 560 0. 540 0. 865 0.121 0.017 13. 988
SL/SB 5. 456 2.951 2.505 3. 838 0.520 0.074 13. 549
QTP SL/SH 7.161 3. 287 3.874 4.618 1.732 0.104 37.505
SB/SH 1.714 0.716 0.998 1.213 0. 186 0.026 15. 334
SB/SL 0. 339 0.183 0.156 0. 265 0.034 0.005 12. 830
\ 0.379 0. 350 0. 029 0.128 0.010 0.001 7.813
SW/g 1. 364 1.176 0.188 1. 268 0. 081 0.036 6.388

2.1.2 AFRAEF BRI T RESER AT,
K A AN TR A SRR A AF I 8w 25 R A T
f) SL.SB.SH.,SW 1t i ff [|] 19 22 5 B SL & 3%
Gb H A 2 B 3 R WA h 5 RN TE AN [ b 7 ] A7
TEW S AR 57 o RS AR FRAE Al /N R AR B ¢ K B
ZEPRCGR OERVLE QTP T &5 QTP I QTP Il A
|, QTP I #h#f#h 7y SL.SB.SH.,SB/SH,SB/SL
M SW. ¥ QTP I QTP I A £/, H SL 22 5
3%, SB.SH,SW 22 ) . % : QTP | FhEFh 719

SL/SB.SL/SH #1 V ¥kt QTP II . QTP Il # #* 1Y
KCHAPALSL/SB 2 3% . £ QTP 5 QTP
FREER], QTP 1T A #F Ak 1 /9 SL.SB, SH, SL/SH,
SB/SH.SB/SL #1 SW, ¥j 1t QTP Il # ik, Horh
SL 225 .35 . SW 22 5l 3% ; QTP 11 Fh B Ff 1 19
SL/SB.V It QTP [l i f4/h  FHo AL SL/SB 22 5
B BB LUE L QTP I A RERY Rl K
MR B AR B T QTP I F1 QTP I Fh B w] fE
JE N QTP 11 A fl) Az 4 BRI AH X0 T 25



%01 M2 55 TR R AR G M W AL B A TR S AT R 63

22 AL S MR R R BN S AR AL R SW 4 AFEE MR T L SH AR 5 R R K,
PR AE 7] — T N ) — 3 8Pk R A AN () 0 A i) LL SW i /I s UL ZEAS [ FhRE o L 1R /N1 434k
I E— 2R, Ef8F QTP I, RAMRAE  FBRIAES L TR m A B R E. i3
SRR B K AH N 20, 578% (SL/SH), 19. 534% AR EERp R AIMOR 9728 5 R BCL B, QTP I Fl
(SB/SH) R Z. e /MA g 5. 805% (SW); ZE i BE AP RIUMAR WA R 84k /T QTP T FIQTPI ,
QTP .78 3 RAHR KA N 23. 1012 (SL/SH) ., X FRW7E Fp 7 £ AL MR 40 46 L, B¢ QTP I %
21. 3040 (SL/SBY W Z , fie /ME Ky 8. 41420 (SW) s QTP T Al QTP I A& . iX vl fig 5 L Pr ik ity B 4R 1 455
TEFPRBE QTP I b, 8 5 RBUE KM R 37. 5050 Ak, Jo b3 i Xof Ff ae 6] 28 5 28 B0OF 249 (8 19 5 At
(SL/SH), 15. 334% (SB/SH) &K Z, i /MNME K WA EI, & KMEH A 27. 061 % (SL/SH) , Fie/ME A
6.388% (SW) ;3 ANFEE L SL/SH W28 3 #2456, 842%(SW) . Ml . 2 . SL/SB 1y 48 5 fix K. 1
KL ULSW s/ . [RIEF 78 3 AR SL.SB.SH  SW iR e .

x5 BREEMFRAMGHTRSR

Table 3 Variance analysis of seed characters of L. virgaurea

B A% 4 Variable
e 45 Index
SL SB SH SL/SB SL./SH SB/SH SB/SL A% SW
AR ) 2 227 5 Al
Sum of squares 1. 800 0. 506 0.199 2.692 1.715 0.061 0.010 0.001 0. 404
among populations
TR N B 227 5 Al
Sum of squares with- 38.403 2.501 2.484 76.125 134.114 7.399 0.283 0.023 0.111
in populations
F{i F Value 3. 445 14,884~ 5.879" % 2.599 0. 940 0. 606 2.515 1. 851 21,792~
e FREREE(P<0.05) ;" " RAREFMWEF(P<0.0D, FER.
Note: * Variation is significant at the 0. 05 level; * * Variation is significant at the 0. 01 level. The same below.
x4 HFEETWHEIMTFRNMNERTRH AR
Table 4 t-test of variation of seed characters in L. virgaurea populations
Fl BE t {8 ¢ value
Population SL SB SH SL./SB SL./SH SB/SH SB/SL A% SW
QTP [ -QTPII —2.409" —4,948** —2.953** 1.785* 0.722 —0.972 —1.986 1. 603 —5.989"
QTP I -QTPII —1.972* —4.196** —2.870* " 2,121~ 1.483 —0.237 —1.648 1.668 —2.426" "
QTPII-QTPII 0.728"* 1.232 0.184 —0.026" 0. 587 0.842 0.651  —0.198 4,054~
2.2 EREEMFAMENREBENXER SL/SB. SL/SH. SB/SH. Bl i % ¥ # 4 J+ & .

Xf 3 A e s A A AR B S SL/SB.SL/SH.SB/SH /1N, X Ff 51110 55+ fie
PRI AH AT M 25 R (R DR P=0.05  EEMWILASIEFS SL.SB.SH.SW 5 iff 4k 5 2 1EH
KB Sk R IEMSRRIE S IEARA SLUSBISH,  5¢, gk 5 SBLSH 73 il 52 0% 8 3 A 3 A G,
SB/SL.V Il SW, Rl B % ¥ 4% 9 T+ &, SLOSBLUSH Ul B M HRO0 1) 6 B PR AT J 252 )
SB/SL.V FI SW % 25 58 K5 5 ¥ 4k 5 TR S i A
RS FREMTAMIEEBRNEXREY

Table 5 Correlation coefficients calculated on the altitude and seed characters of L. virgaurea

& b Index SL SB SH SL/SB  SL/SH  SB/SH  SB/SL v SW
LIESES 4

Correlation coefficient
2.3 HBREEMTRAFESEMMAEIFEN  Fuh i E G0 EMIERA SB, SH.SB/SL,
B BAL 4307 U4 3 A IR 0 T 2 0 AR 3% 3
SRIRE 3 ANHER AT RRERN T BRSO % R SO R b L R TR
fla g5 2 RIMEAR HE AT RIS HE AT 55 0 (2 ©) WL 25 IR SRR A B UTI9 6 R, B4b fEix 3 4
BT R RAR R T 2 BB E MG RREEC S Ak 25 A 6 L3R 29 SL/SH,
bR SLOSL/SB I SL/SH: 5 M7 22 2 R W1 SL/SH 5 K77 2209 56 R ki #5 ).
SE M B PR IR (A7 SB/SH ;19 Jf 7 2% 5 8

0.108 0.232*~ 0.189~ —0.134 —0.107 —0.002 0.094 0.066 0.053
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Table 6 Correlation coefficients calculated on the variance and seed characters of L. virgaurea
T A% & Variable
Population SL SB SH SL/SB SL/SH SB/SH SB/SL
QTP [ 0.620" " —0.484* —0.552" " 0.822** 0.851** 0.110 —0.858"*
QTP 0.768** —0.411*~ —0.548" * 0.823** 0.864** 0.196 —0.879**
QTP 0.598" —0.342" —0.468" * 0.792** 0.849* * 0.214 —0.833"*
. A 17105 S0 50 o e o il HL 39 5 T X O 45 IR BE 1 B
30w

A 5% T R e S5 2R Gk AN T I A v B A Y
R I A RN EEAT T A R ) X Y
KNS S R Z MR R AT TR 1T, 4521
FE Y AN [ T e 22 (] o - R/ INAF A 03 bl 5 A
S AR e PR 2 R AR L 3 5 i R LAt A
FEMIRF T 25 AR L), A SE B 98 R W L g JR A 22
29 200 m PFPRE AT S0 KR AR TR S 4R
Frla] () 22 Saf 3k 30 %0 LA B FEARHE ST L BRI
A48 Fs SL.SB.SH.SW 54k ) 5 [E A &, Horp
M4k 5 SBLSH 43 i) 5 W i 2 | b 35 A O, Ul IV 4R
o B B SRR P I R BRI . A
W5 2 W, Bl 2 V4R 00 T o Bl /N BN 1Y
BT ARSI R B DI VLA R SR AR
R /I T A 1) T v T 8 A 5 5 TR B S U 6T U i A
SIS R IR SR S g A AR B T R Y
G518 MITEAMETE b B K /0N B 4R T e A K B
A2 R AR A 2 LT S T B 25 B S IR
93 300~3 450 m B, A F RN SR T K 98 =
TR T i S8 29 TR M PR ) I VA 4 1) T o T 88 K5 24 1A
K 3 450~3 800 m B, ot =~ /)N Fif ¥ 4 114 T 53 1710
W B AR FF SR 3 300~3 800 m B, Fji ¥
KONBEMG AR ) FH S AR K . X Fh AR AL AT g 5 A+ 19
WHEEA K, e BT R/AERK 3 300~
3450 m JE¥E K AT RE 2 B TR 3 450 m A B H
SRIRBE A A 18 L A K B R b . A KR
AR W~ B8 78 53 8 LA L I 7 AR KR
. TEMFEIK 3 450~3 800 m, Ff+ K /N /MEAS K
TR (3 300 m) FRE , AT R 9 Ji PR KR 13
A ELA B 0 3E A . TR B AR D — Bl R B A
FE BT A0 AR A AR W S W R
FHiEs 100 m, & BE T B 0,55 °C Ry Al B i 4k 1) 7t
AN . AT R T AR AR S S
VAR v E — R R/ IN (R ol (HL I 2 AT BB 7 AR AR X
BRMF T W KR F AR S AR Z R R I,
— AT AR W R 4 IR BRI LA
TREF KRR HR i H e TRMFRAEREM

PELRIE T R RERY BEAT . AN I T 2E R 2
XoF B S RO AR — E R R . B SE MR AR
g4k 3 300~3 450 m I . il 4 T 4K B T L 45 R AR
Hiu =0 "CA4F B Bk AR i b 48 O AT RE R 8 SR
FRE A K R B AT @ Y =0 CAE R A /N T
1350 °C,7ES BUR LA B Fh 7 BB A8 58 & & 7 A,
Jit LARRL X SH T 945 PR DAY 619 8 o S 5 1 R /NS TR
ARl R /N B Y A S AT RE R AR R N . T
TEHEIR N 3 450~3 800 m I, Bl 3 3 4k ) T i » =0
C AR BRI A0 IR /0N [a] AR T BB 2 AT RO i
R M 1 AN BB 58 42 K 7 s fE AR - A7 R T 11K
R4 (3 300 m) Bl L U AT B 2 AREL G B 7 5 5 i A
Toft 5~ SR /N B4 52 W R RS 52/ s ) A b TR O A5
R LR VR RO S5 2R . ARG BRI 48 LA B He Atk
A A R ZR X B /NS S 9 R 38 T E— 2RI

TER T /NIFFE o e o1 8 AR 2548 D — A
IFFE 48 b o X T IR RIS S MU B A H 2 Y
PSR . A H AT BT SE TAE b A LR LA
& b5 BT T M A A F R RO R K58
o /AR T 22 AR L U TE LA T 2%
i i b BRI BN R UL o AE R LA AR] Fob A v A
M TRARIE SR AE. AR IEER. 15X
e i b B T 5307 T R/ B 5 FE(EL B T S R
BT AR DT 28 B TS R X S A L N T R 0 S
A R AR R HE A T AR A AT T R B B R AR
HIF 530 a0 1 AR T 22 5 H A 2% 5 A 1) A S A
BTt Bl 5 B A TT 22 5 R T/ i B i B A G
P A1 20 A S AT LI T4/ R AR A O 2 i

FOF I RCURTE &5 0L T AR L 2 3 /4 3
i 3 SR 7 ELAT 3 A T O 2 0 AR X
%
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