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The differences in light-demanding germination features of seeds between invasive

and noninvasive alien plants within Compositae
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Abstract: Many introducing alien plants from the family of Compositae are used as gardening or pasture materials. Some of
them had became invasive plants causing serious influence to ecological environment and vegetation health, while others
became useful local-like species without any bad biological influence. The reason why some Compositae plants had much
higher invasive ability than others of close taxonomic relation was a hot issue in the study of biological invasion. Seed
germination is the first step for colonizing a new environment for any introducing species and high performance of seed
germination may be also important for the success of invasive Compositae plants comparing with non-invasive species. High
light habitats are typical colonizing sites for the invasive plants, favoring the fast invasion of these species. The aim of this
study was to check the possible light influences on seed germination of invasive and non-invasive Compositae introduced
plants and analogical illustration of possible underlying mechanism for such observed differences by one typical specie. For
approaching this aim, the differences in light-demanding germination features of seeds between several alien invasive ( Iva
xanthifolia , Mikania micrantha, FEupatorium adenophorum, Eupatorium odoratum ) and noninvasive plants ( Cosmos
biginnatus , Gaillardia pulchella , Coreopsis basalis , Helichrysum bracteatum ,Callistephus chinensis , Rudbeckia hybrida) within
Compositae were studied in this paper and seed germination experiments of these species were carried out under light or in
dark. The results showed that the seeds of invasive plants germinated difficultly without light, and the germination
percentage under light was averagely 40% (P <0.01) higher than that in dark, on the contrary, no significant differences
in the seed germination percentage in dark and under light were found in non-invasive plants ( P >0.05). Taking the

typical invasive plant, Iva xanthifolia as an example, experiments were designed to find the influence of light quality (red
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light, green light, orange light, yellow light, blue light, purple light and white light control) and light intensity ( increasing
pieces of gauzes to set 100% .75% .50% .25% 0% of outside light about 788001x) on the seed germination parameters,
and different treatments of low temperature, PEG( polyethylene glycol, PEG-6000) as well as SA (salicylic acid) soaking
were used to find possible mechanism underlying the light-demanding germination of invasive Compositae plants. The data
showed that red light was more benefitable for germination (62% in germination percentage), but blue light strongly
restrained the germination (37% ), and such difference between two lights were statistical significant ( P < 0. 05).
Different light intensity also directly affected the germination performance, under the condition of 25% of full light, the
germination percentage increased to 59% , and the length of the seedling was the largest comparing with those in other light
conditions. On the contrary, higher light intensity would restrain the germination of seeds (full light, 21% ; 75% of full
light, 37% ; 50% of full light, 30% ), and seedling length under full light was the shortest. Data from the treatments of
different SA concentration, different PEG concentration and different low temperature showed an alternative method
stimulating seed germination instead of light treatment; i.e. , SA treatment (0.01 mmol/L) could play the similar role as
light to promote germination (30% higher germination percentage than that in dark). However, PEG and low temperature
treatments had no effect on seed germination and could not take the place of light in stimulating the seed germination. These
findings imply that there might be some correlation between the mechanism of light-demanding germination and the effect of
SA treatment. In all, a marked difference in light-demanding seed germination between invasive plants and noninvasive
plants were supported by our data, but more researches are needed to testify whether or not such light-demanding differences

could benefit the rapid invasion of these species comparing the non-invasive species within the family of ompositae.

Key Words: invasive plant; noninvasive plant; light-demanding germination; low temperature treatment; PEG treatment;

SA treatment

HRHEY P EREZINRE Y, X EAEY I Y E LRI AR, E225F 22 PR H 2 LR,
B, S A SIS A PSR E R W REELE RS EY, A5 B0
5 MENRGRARBANE MY , W28 LY AR RE IR T A SMIEI AR BRI 55, —ERAREY
FHIBRIGE . B¥EIRN, BHAREWRES A KB 7, HEA PR N . whEEAN,
IR BEE AEY) FOG & AR BT AR, T B TR 7B R RRE = E EEE W, W X 2 A REY IR
HEM T RSB EI, BT REEEABMANG THE, MAERALBHAGH THERILTENES , &
FREVAERKKENSE 5,5 TAREDHIEAREY R RER, R A REY MEAREDIERZF
R EFEERMEMERN . BT Silvertown S48 H I K/N-B B, B F w2 ¥, H ﬁﬁﬁ%ﬁ
MR BAE LM T EEAERNEERE o $02% K B R 58 & Fh T B A A4 55 4 1 78 4k B YRR

M FEBTOLRE , TR R T AREYEZ AT FM T HIREAR

MBI AR, B H, HE TR E T Z 0 TRE AR LXK, 721 7 R
VLA WG RIETT ST AR O & R B ER 5 , FOA% 75 1 B S o Ve, AR N R 7 ] 35 ) 3 8 T F B
Wi, B, AR B4 SR (IRAT) BN E LK HI AR EBEREEARREZ —. BHEl, R TREEMHRE L
R BRAE B R R TI R R WARGE . T #— SRR 7RO R ZFRILE] , B R FDE R ARG
SRAGFRGET Y BRI AL 3 \PEG b3 (SA AbIRIRT A RHEY) (REH) FrF R R ZFA
RENTENLIE, DX BHERY G B T RS RO DRAE Y 7 A AR IR Z R 2347
1 &A%

1.1 SE5bk

B A\ AZ 3R W) A (R & B- (Iva xanthifolia) 7% H 3§ ( Mikania micrantha ) | %5 25 2% ( Eupatorium

adenophorum ) . KHL ¥ ( Eupatorium odoratum ) ; BLAIIE A2 35 RSN AW 4 - 39715 ( Cosmos biginnatus) . KA
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3 ( Gaillardia pulchella) | 4 % 35 ( Coreopsis basalis ) . % # 3 ( Helichrysum bracteatum. ) . 2 34 ( Callistephus
chinensis) \2B..'>35 ( Rudbeckia hybrida) , R H-FfFF 2007 FEFkZFTRE TH/RIET TP (E126°417 N45°
45") B F T EEERRAE. T 2005 S50 512% ) AR EY R O A 5L 3k H 25 WL K2
XM FERENRSE, T 2007 FREREM T AT EREF. HPRHEARHEYEREAFTH RS £
% FEFTH RA R 2008 4R 2 AR ARGSE SEAR T, T 2008 4 2 A IR T AL,
1.2 JUR SR REYFEHE AR R 77 06 & ZFRHE I E

231 0. 1% HeCl, 753 10min PR H 28522 WHLE BH 25 P8 R 005 FZH5 325 .
FBDEE R T, EKIEVE 3—4 WK, UL 3 BIRGMEIR, B EE R 5 Ik, 4 30 RS HES TR SR L
M, R K 2 RS I — BRI RS . B4R AR T , TR ST, AotAk
PR 2250 12h SEIR GIREE 25°C N 12h SRS IR BN 15C RSB AL B, Tt AL A 778 58 2 PR g 2k 44, 12h 1)
25°CF1 12h g 15C,
1.3 PSR AREY—RGE IR 5706 & ZFRAE R E

HFEFAEIHRE R FEH R, L6 MEIALl & 18 & 3 XN R EEEAE S TREML, /E
HARRDERALEE . 5 B2 FH 27 Bt B AE 3R 17 1L, 58 3 5 Wi 20 4 J2 BGK 2 100% ,75% \50% \25%
0% HIZENLR . FAREETH(TES-1330A, S FR4L) BT I E #EOEH 1R : 100% ,788001x;75% ,59100 1x;50% ,
394001x ;25% ,197001x ;0% ,501x

KR F" PEG™ Al SAV b B HR B B A TR OE R R B AR . WRFERIE, FHE
ZERHLEE AT AE 5 X — B R B EAR R B SR BLH] o RIRALHE : 2253 0. 1% HeCL {K 7 10min KRG E-Fh
T VEKIEVE 3—4 K, 435125 0°C F - 25 CARIRPI RN AL 3 , FF- AL B WG AP et [a], BP 1 ASE BRI 2 B RIRAL
FURTEVKAE AT , RATVE AL B, b B K Fh FICTESHA 3 R IBARA G R IL L, A ROBHE 16 h,
IR EEBOGIRES 25°C, RIS 15CHRE M55 PEG A3 : £33 0. 1% HeCl, J5 7 10min F)EREH-FF,HK
B 3—4 K, 251 5% \10% \15% 3 MR L ) PEG-6000 ( 5 Z —FF-6000) {2 I 24h , ZE 1B /K e T, 395
BETHA 3 ZIRAC, I AZEE/KRE MR, SR IUBECHR 16 h, JREEBOGIE 25°C, BRER 15CH
NLEE SRR P AT & 2 SA b3 : 4843 0. 1% HeCL, {H 7 10min MG A7, 1E/KIEUE 3—4 K, 7511
0.01.,0.05mmol/L F10. Immol/L 3 /MK BE ) SA (KAZER ) R L 24h , ZEIR/K th sk T4, X5 B THHA 3 JRUE4K,
I FZE /KR I B SR LA , B FEMLCAE 20°C N T 853546 , BEEREE T #E17 & 2FA 5 o
1.4 Rl 58Tk

KSR E R ZEIRG, LA 3 JRURARAE IR, AL B E R 5 IR, 4y 30 RS HES ) T B BEIE SR LA , R ik
2 REREI—BERFRRERE, B RFENNER K FMFi#fTait. HiEs 3d THAFMHFH
BEPRL R & 2Ed FRAE TR . 2R EE K ARG 7 28 2E 0 R S5 A A AT R » S IRAROBAE Y M ik & 3F
(%) =REMTE/MRAF T8 x 100% ; K 2FH =7d R ZF K7 H0/ 8050 7 5 x 100% 5 & 164
(Gi) = X.Gt/De( P Gt JTESS ¢ RFFHIRZFH, De AR & ZF H 8 s 16 388 (Vi) = Gix S(XHh S 2
e ) .

FpFAEIE I RIETEAR EBA KR RS R PR IE IR . — A R ZF a5 1148
BOR R AT FIE SR ARMEAR , 6 0w MR F AU ZF RS R R, MHA A KEX,

i Excel2003 AbFRHHE , I Spss14. 0 Xt RS54
2 ZRHSWmEITE
2.1 HRAREWFFRIEAREDF FTCR R RS

B 1 BN, BRI RMMBREE B H 3 R LA A L IR AR R R 23 A7E 20% LLF , T 7E
AHCHIARMA T HREFRILE 40% DU b, —F2E PR 40% , 272K 2R BEKF(P<0.01), TRE
BAFEARGERN 6 MENHTH . RAS . &% . EHE . R BOBLZRANEFARE (P>
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Fig.1 Effect of light on the germination of several invasive alien compositaes and non-invasive alien compositates
#* % P<0.01 23 BE; « :P<0.05 278 ;ns, ERABE; XREFH Ia xanthifolia, EA 2257 % Eupatorium Adenophorum, CO &,
HLEL Eupatorium odoratum, MM 2% H 3§ Mikania micrantha, CB 437 #f Cosmos biginnatus, GP K A3} Gaillardia pulchella, CB 4:3%%4 Coreopsis
basalis, HB ZF134 Helichrysum bracteatum, CC 23§ Callistephus chinensis, RH 2.>3§ Rudbeckia hybrida

2.2 UABREYBREE GRS G BAEEX 78 & #5m

S Fot 200 L B SOt DB T MR RDERAL B R , R BUBE BT B R 2R e
62% , MR BN TN 37% , —FFIERF 2T (P <0.05) , YBALL G BE e B & B-Fh 1 85
&, M CAFTE—E BMEIER . ARDBFRE R AR, BOE T MEAE R &R, ML R F T
RER s WA KR BERTE , ZDG MM R &, T DL BB R/ RRTEIEH BOLARAF T IR, WA/ EET
HREFHER(E D).

B TOBIA  SEsEXMBRE B & 2R R MAFRERMEBE (R 2) o TORHKMFT (0% BIR) JLF A K2
(6%) ,1E 25% 58 T R 2F I min )] 59% ,{H2 LRI KF 50% \75% F1 100% , K ZFFAR T 25% &
RTEE, 7508 30% 37% \21% , i B 58 A9 6 BE AT DU GRS BAh 7 1 A 25 o 0 2R E I 5 R 2R Rk
,25% 3 T, ZFEcoR, 2B RMAF T, 2R/ BRI T B A ZREAFRDER T ¥R BE . 26—
SEFRRE AN TR AE R AR R AR, B A T MAFR AR KRR REFHRSRET R 2
FEAFIGE T RN AB B E

F1 FEXRPHANAREVREEMFRFHZNE
Table 1 Light quality influence on the seed germination status of the invasive alien species of Iva xanthifolia

KR/ %

HANEE/mg

FHZEK/ em

K/ cm

i gt G Sl e bt i
5% White light 50(14.33) * abc 8.5(0.52)ab 0.79(0.11)a 2.12(0.22)b 2.65(0.13)b
2156 Red light 62(6.67)c 8.9(1.37)b 1.41(0.11)e 0.98(1.23)a 0.70(1.20)a
16 Orange light 43(12.69) ab 8.5(0.45)ab 1.23(0.10)de 1.45(0.08)ab 1.21(0.08)a
6 Yellow light 45(7.67)ab 8.9(2.34)b 1.01(0.15)be 1.03(0.30)a 1.05(0.19)a
2% Green light 49(16.55) abc 7.6(0.60) ab 1.12(0.10)cd 0.65(0.04)a 0.60(0.05)a
45 Purple light 53(9.00) be 8.3(0.62)ab 1.24(0.11)de 1.11(0.18)a 0.93(0.10)a
1% Blue light 37(8.50)a 6.9(0.71)a 0.91(0.17)ab 0.68(0.14)a 0.78(0.14)a

155 BRI ES 5 s /N TR LSD IR AR T BN B BB, AR P RN E R B
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x2 AEABAEEYBRBEMTFRIFNHM
Table 2 Light intensity influence on the seed germination status of the invasive alien species of Iva xanthifolia

\ REFH/ % A /mg FH 2/ em P/ em e
ik - . . . /2
. . Germination Single seedling Average height Average length .
Light intensity . . Root/seedlings
percentage weight of seedlings of root
0% PRI Dark 6(13.04) *a 4.4(1.17)a 0.68(0.11)¢ 1.16(0.22)c¢ 1.27(0.38)a
25% Jt; Light 59(10.17)d 4.6(0.59)a 0.57(0.04) be 0.92(0.22)be 1.64(0.44)a
50% St Light 30(17.32) be 3.5(2.10)a 0.35(0.21)a 0.75(0.48) ab 1.76(1.35)a
75% St Light 37(7.82)c 3.9(0.76)a 0.43(0.05)ab 0.81(0.13)be 1.90(0.62)a
100% 4= Full light 21(11.88)b 2.7(1.55)a 0.36(0.21)a 0.40(0.25)a 0.90(0.52)a

* A5 NEE bR RS s NE TR LSD HBAE R, MR P RN B BB, AR 7R 3R 2 Sk B

2.3 ETF PEG AMKIRABIRIHE S BT O6 & ZE A T BEHLHI

ANRHYBAEAREYN S, KR FAETOCERET  RERZF, 2RO EE R FRHBAES TIRS
(E1) BEEEERLUMIHE. PEG A3 FYKIRATEZFT B FRIR M # 7, R BEEN LR R F
FHEZ T PEG b3/ KIRACIES , BB 30 A YL B AR R 2F it — 548 & , Ui B] PEG BB FT R W
R, RZ, WL PEG A3/ IRAL IR R, %] T 7 R ZEFTHRh FIRIR 1 42, BRFR 6 & ZE PR
A fE5 PEG b3/ IR AL BRI 8 & OALIEAR IR o

W 2 Fis G HRALIE S R 7 [RIET 225 3 Rk BE PEG AL3E & 22435 /& 40% 40% #128. 89% , A%t F
ALHAT IR AL B AR T 1 & ZE R B35 T, IS I3 8URT LAE H ,5% ) PEG Ab 3 5% BR AL BE X Fp T2 3 T 48
[F VP, T 58 e Pk B BT B ) T R I R 2

% F ¥ ¥k - piv5, ¥
£ 80.00 2 100 -
- 8 ¢ 5
S5 6000 b b £ 80 ¢
ﬁ.g 40.00 |- b ﬁ g ig B b b
I E N,
g o L= g oLcE: |_I—|
o 0 0 5 10 15 3 0 0 5 10 15
o F ¥ ¥k Fk ik
B 60 - . 04 ¢ b
g ¢ &3 03l
ms 40 b £ 02f b
®E 90| Ij b b 290l 2 b
®e L= o B = 7 L Fl ™A
) 0 0 5 10 15 0 0 5 10 15
PEGk Ji PEG¥K &
Concertration of PEG/% Concertration of PEG/%

B2 AFREREPEGMBEEMTFRFR ZFH . RFERFNERNOEW
Fig. 2 Effect of PEG with different concentration on the seed germination percentage, germination potential, germination index and vigor
index of Iva xanthifolia

INE TR LSD LR MR T RO B BB AR PR E R B

B 3 B RIBAEEX B B T RO FIRAMT SR EM TR REE R TR R
THIBRR(P <0.05) . 1 AR FRKIRABR AT % 2F R NIGTE 60% Zity , 5 R BT Je MR AL Bl 2 28 RANAF 1
BEES, NAMRRLHE 2 FFF R R TS 46% F142% ART RHEFH6 AR 2F R (HE 2 R0
BAHEBBBEAKF(P>0.05),

ERGRUH  BREHF TR C A X PEG LB AR AL BEA U, IR B AP, A B AU
iR, M BT B UMRIRZ BV, (RS M 7 A F A T B R Y B ALEE B, ATk S 2 7 8 2 13K
R bR R, B N AR IR IR A SO R BRI, TR U AL FLR B A T E
—H 5.
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2.4 EFKBER SA RbERHIHBUE H AT 9Ok & 30 . .
] e E3d b b b
KRR SA AT R 7T BF TARIRAO B L2 F aof b b
— SREE M LR AL SA AFR B £ ol
B SRS MR, WS HR AR by <25
SA AEFEHAL, 2, ULIIEHL 5T AL B Chrilina
& 4 H1,0.01.,0. 05mmol/L 1 0. 1mmol/L 3 /¥ ff R ot 1 dh < ] dhos
SA 4 3 [ Fh - K 2F 353 5 A 36. 67% ,23. 89% Diffrental dﬁﬁjﬁ%\? temperature
12. 229 | BT AE (i Rb I FRD FARMED 2, B2

16.67% , 0. 01mol/L SA AbBEFN TR 2 RS, i 3 FREELENBEEMTRF RGN

—"%— E(J SA m J:E F% 1& T Eﬁ $ 1_3 ﬁﬁ $ 3@ {u ﬁﬁ% Fig. 3 Effect of different low temperature treatment on the seed
NEETTTN 3 B m b B germination percentage of Iva xanthifolia

B2 4 T N 7 48 B f'ﬁ%’j {5 'i’J Xitjg 7, i’“hE INEFEEN LSD HBRss T, M R R A B % 5, R

E#— RN, B E TREEH. Zid SA b

JG BREER T R ZF R 30% , X 5C RS HEF & R 50% (B 1) 0, HMFROt R &)

AE-S SA AP R HIPLHIZE L.

Q (9]
& 50.00 ¢ & 50 - ¢
§ 40.00 - § 40|
oy 5
#.S 20,00 - ab RE 20t ab
RE ool 2 |—I—| ERT
E LA E oL ]
© 0 0.01 0.05 0.10 © 0 0.01 0.05 0.10
5 40 - . 151
E 5 b
®o 30r b &S of
25 01 gEL
RS a ab R ;50 05k
®E 101 l—I—l L a a
5 0 5 ==t — =
0 0.01 0.05 0.10 0 0.01 0.05 0.10
SAYBE Concertration of SA/(mol/L) SAYBE Concertration of SA/(mol/L)

4 FERESAMBEEMFELFR RFH . LFHERENIERHVM
Fig. 4 Effect of SA with different concentration on seed germination percentage, germination potential germination index and vigor index
of Iva xanthifolia
INEFEER LSD AR MR F RN B BE LR, AR F RN ER B H

2.5 FHRAREYRAEAREY R R R A S B R

RN RABEY M TR EARE RN Y XMHE KBMH TR AR EHERBNERN
AFPTEIR, T REE R B R MR IR IEAEN THIEARBE A MY IEEE L. FHFEAE, A8 THE
WHERMA K/ N-BEAE RN, IR TE S EREM T, E2ERRE BT 2R BT RA MTEM T B
HHEERBFHFT L XA, B A A R EEF AT A E LSRR SR, AR ER
A N AR, R R Z00, XA F R FFOLRM T LER &M, Fik, BIEEAREYAN S, AMRHE
YHXF TR + BEESHAEEFARE 4B LEF NIRRT,

NRERHEYI 706 R LR — P 7 5 B E Fh b TARBRIRES , R A K 038 I R 43R 58
KT E B A SR, HEFWE RZH, Ko R FME YW FAER SR FIRIRGEERZ—,
Khan 1 Waters HR$% & F R WA EAER , I\ 07 P AEAE R ZEM S DA & ZEAR 200 , A Tx F 7 ) R BIR A
RAERBER" . HERZ KR ABA Ml GA Z [V, 7T ABU#E M FARIR I8 & . Benvenuti 1 Macchia
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TEXT 8 BE B Fh 1 BB IS H A BRI (40 Phe) A4 (ABA 8 70 346 &4 22 18] B4 F- 45 52 M 1 (R A
BRI, KAGIR (SA) BOA KR — R B (R R 7 R 23 AW A KR RSO s 5
e % SR AR IR o FTRRIR DT 15 2 IR BE AL 3 | PEG AbTRRIK A MRAL TR % . S8 E 2 e Oy
BRI, NMRAEPHEYMBAE B 7% 6 & 2R LB, 7] BE 508 B U BE 7K A BR AL BRAE 3 70 -1 & 28, TR O SA
a3 —sE AR b AT AT B, R S R B AP 7 B R 2R R EM LG R . AR B R T, PEG AL B AN
IR AL HAFFAE R o

BEA 3o HoFh T 6 K 2R BT TE R, LU F T3 R 7 A B A R AN 2 28 i AR KOS 3R , T i
SEEEARR AR, BT iR ENRE . BREEEM TR, BRI BERELT, 4
LI 25% B, R BEIR AP T I B K o X SRR N R B AR T B R R PERT T B LAk, T EL X T AL Y
P BRI £

HRAREYF T -BER, BN TEER, FAREYM THEERAREYF 7 TR ERK 1030
A AU AR FHALE , 0 B3 A B F T 5 T A e R R W . X 7T A MFE R
PP AT BB — FE RLX AP EREE I TE 00 F X — IR e S MG PP O o 4R, X AP A Tl X A 3
SR BEATIE R, B3k B B, AT RE SIS B IR R I (RYOERE PO BT R ) , AT RES T AP AR AR5 (R
B, BB R) o WNIX—FBERE , BISE, X PR LB S AP T BROE AR AR AR B 5 X0 P 358 BER B g wT %1
HE, XMTOLH L, ERAREY B SEET USRI ELHENR - EEZ KM T L, A A E
ZHFEEHIE, FTRER LR X R 2 B R —FhAME BB R AT 5 AREW 4L iR AR IETFER R,
Bt
3 it

SRHEY) PR ZERSNRF , A # R AN RAE Y, S BA RN ARE &L, @3 AR
HRHEY) (BEH BH 2 R = LR LURIEAREPHEY (F5 8 KA S5 L5 R4
RLEG) X BT 2 B, A REAE WA T EART AN, MIEARANT R FREAHE. UARM
Yr—— BB E NI KA TR & 2R AR T A A B - 20008 R TR S A7 BB R R, T 6k B AH S 4
F1s HAIEH 25% i, S RERSAR RE AP T BB A, B R OB I AP & o SEELIRBEKAAIR SA AL B AT LUEF
56 IS MASCR AR AP 75 &, T PEG FMIRIEAL B HANAF7E B2, Ul X R e 't 2% 2F i AL EE ] i
5 SA LR NAR T R AFTE—E KR
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