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Impacts on seed germination features of Eupatorium adenophorum from variable

light stimulation and traditional dormancy-broken methods
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1 Key Laboratory of Forest Plant Ecology, Northeast Forestry University, Harbin 150040, China
2 The Research Institute of Resources Insects of the Chinese Academy of Forestry, Kunming 650224 , China

Abstract: Eupatorium adenophorum ( Crofton weed) is a notorious invasive species worldwide, as the first step colonizing
in a new habitat, seed germination and growth of seedlings should be related to its strong invasiveness. Combining
experiments on different light intensity and different traditional dormancy-breaking treatments were carried out in this paper.
We are aiming to answer two questions, i. e. , whether or not germination of the weed is light-required, and how traditional
dormancy-breaking methods and light intensity interactively affect germination and seedling growth. Crofton weed had the
feature of photoblastic seed germination. Germination under different treatments was higher than 63% under full light, and
higher 60% under aluminum foil-covered treatments (0.23% light transmittance ) , while germination was lower than 30%

under dark treatments. Different from previous reports on other species, the low temperature, SA, PEG and KNO,
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treatments cannot take the place of light in breaking seed germination, indicating that Crofton weed was in the form of forced
dormancy (seed quiescence). Light with SA and PEG treatments had interactions on seedling growth: SA treatments were
linearly related with seedling biomass at dark (P<0.05), while no correlations were found under full light and aluminum
foil treatments ( P>0.05). Similarly, significantly linear correlation between PEG concentration and root length under full-
light treatments was found (P<0.05), but no correlations were found in the aluminum foil treatments and dark treatments
(P>0.05). This photoblastic seed germination and seedling growth characteristics play a key role in forming soil seed
bank, and also the basis of fast-invasion of this species in disturbed soil, where seeds in deep soil come to surface after
disturbance. Our finding also supports the ecological control of this invasive species by introducing suitable trees to

influence light environment around Crofton weed.

Key Words: Eupatorium adenophorum; photosensitivity; seed germination; seedling growth; shading; dormancy-

broken treatments
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1725 ()45 | Je— i Bk R A B 0 SR 2R 22 AT 5 2 I, LA o PH A B M R AR AE | (E L RE i 7
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x1 EWIFIT
Table 1 Experimental design
FEEAL B Light treatment

F 1 Method B e FEARIE 26

Dark (0% ) Aluminum foil cover(0.23% ) Full light (100% )
fRIEALHE Low temperature/°C 25 -20 5 25 -20 5 25 -20 5
KB REALF/ (mmol /1) 0 0.01 0.05 0.1 0 0.01 0.05 0.1 0 0.01  0.05 0.1
R FEALTR- 6000/ % 0 5 10 15 0 5 10 15 0 5 10 15
MR AR AL BE KNO,/ (mmol/L ) 0 10 25 50 0 10 25 50 0 10 25 50

1.3 R QERRSINE S8R Ak BT vk

6
AT 1 %2 5 b, X F ST 5 < Fr o
FFIO NS 3d AL R T, M R R 24 .
G SR FRARK TR SRR AR T 20|
s TR R TR 0,001, %00 (% )= %3t % 2| 1l i
A AR T 100% . Ry P
o LAl o LA oot ot o o e, 4 o it et o
FEAH HH AT E 52 RUR] 2. T 22 43 A % 1 RN 25 Fh 4 T 380 480 580 680 780
PRI 72 %8 4 2 BRIO ML 20 A0 B O 1 PR Wanclength/om
HI Duncan's Z2 5 AT %, X Rl — R A [ K- /9 Bl REEKTEEEMOERME
%5 0 BT (SPSS 17.0) . Fig. 1  Light transmittance of aluminum foil used in this
2 zgl: % 5 ﬁ*ﬁ' experiment
2.1 JEH G AL SR S 22 T 4 A KB
TEA I AT AG RIS 4o PE T | ~20°C A FRATRD T2 1 3, R 2 4 B 38 TR R S°C A 3B 4 P
SRR, ST A R R S 2 TGHE M2 30% 277 (P<0. 05 ) 5 2 KA YL IR A& 14 F AL
2 mum 2 A7 TS UGS AR AL BRI I 14 mm 3 200 HAL T S5 TR R 2 K 5K 51 18—20 mm 7647, T2
BRI AL T 2 mm A2 A7 s QR 6T 26 OB RS F 0 505 T SIS 06 U5 — %22 R 2 ( )
2).

ARG A FRAR I AE 2 AR L (P<0. 0005) |, IR EEALHIXT & 2F R (P=0.54) ZFK(P=0.44) MR
K (P=0.43) MIgh B (P=0.81) BIAAEAE T2, RV A B I AN BB M ' OG- 155 & SRR AIE 79 5% 1
(%£2),

2.2 DBHRSKAIGIRAL FEXT SR 285 24 Fh T B B & R4 A K i s )

SR TR R R B IR T 26 (P<0.05) &S AR EZER AR E (K3), S5t
AN, ZERAEMAER RIS BT 2 A (RFHRAT0. 1 mmol/L) 225588 B3, 5oh 2 DA RE (H 5 E
TR BASKE | ZERAESEIRAME T N2 mm 47, BETFIMA EACALF R 13—15 mm, RS2
KA, SRR AR R A K (12—14 mm Z£47) , T BEE MRS T A FKAG IR B F #2557 (2 mm £
) (E3),

XUR BTy 2253 BT R W (3R 2) , 206 BEXT 25 A8 b5 S AEAE I 2 52 10 ( P<0. 0005 ) |, 177 7K 4% R Ak 3 X 2 28 %
(P=0.59) 2K (P=0.83) MK (P=0.79) NAF7EH WM XL 6 (P=0.03) Mm%, 540k
WAEEACHAE (32 2) . OLIRT B KRR vk BE 42 5, Z i e FE AN 0.8 mg 3N E 1.3 mg, M &R T, A
0.7 mg 3MNE] 1.0 mg; HLEALTELRT , Mk Ik T 46 IR 2ARS AR (L YEHI7E 0.4 mg—0.7 mg Z A1 (& 3), £k
PEAISC A HT BB, S CIRRUMER S5 0F T, Sy ek 15 7K A R vk FEE AN A A S 3 A O, T SR S R, DU S 1k
KB EKT-(F£3),
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Table 2 Two-way analysis of variance for the influence of light and various dormancy-breaking treatments on seed germination characteristics

of Eupatorium adenophorum
o e R R IR AR A7 R SeIRAIR 2 B St 1A F ER A
Lz Light and temperature Light and SA Light and PEG Light and KNO,
Parameters
KR F p P37 F P P35 F P KR F P
KR Ot B 16.43  0.000 OBEME 221.9  0.000 MR 81.99 0.000 JERE 176.80  0.000
Germination rate &R 0.40  0.540 JKM#EE  0.11  0.953 WZEE 0.885 0.462 FHERE  0.91 0.449
ZH 1.15  0.349 %8 0.78 0.594 #H  0.349 0.903 %XH 0.44 0.841
R St R 187.1  0.000  SEME 173.7  0.000 OB MR 252.9  0.000 %R 257.2 0.000
Height of seedlings I 0.63  0.443 KR 0.63  0.545 WZTEE 2.08  0.129 RHERET  26.50 0.713
ZH  0.14  0.872 A&H  0.37 0.825 AH 2,17 0.081 A¢H  28.68 0.991
LiE§N J6 B 118.8  0.000 BB 725.1  0.000 OB M 843.5  0.000 MR 457.7 0. 000
Length of root G 0.66 0.4312 JKBR  0.53  0.669 WZFE 9.79  0.000 FHEREE  0.64 0.595
ZH 1.14  0.353 z&H  0.52 0.787 XH  10.09 0.000 H  0.49 0. 808
Yyt T 6 HB 8.48  0.004  JEME 26.50  0.000 G MR 77.32 0.000 JEME 36.21 0.000
Fresh mass & 0.06  0.812 JK#HMR 4.00 0.010 WZLZEE 0.68  0.575 FHEMRED  2.84 0.059
ZH. 1.01  0.391 %4 1.53  0.029 &  0.51 0.797 XH  2.47 0.053
100 16 -
R O 46H £
X L
s % o MAESH L
= B &n
o 60 f I £
xS 3B gL
®E 40l iR 2
g ‘g
o = 4 +
o 20 + :;:'30
0 1 J () 1 J
~20 -20
e %7 20
S g
= + E 16t
2 6l 5
5 EEREA!
£ nf =8
2 fg“s 08
5 04
B 4 =
0 1 J 0 1 J
-0 -20

{8 Temperature/°C

E2 AREBEEMLROGEMEZIFZ=MTRFR FR MK IEEEHIW
Fig. 2 Effect of temperature and light on the seed germination rate and height, root length and fresh mass of Eupatorium

adenophorum seedlings

B RN BRI 22 | 7] — AL B R AR IR TR R B R ML 2E 5 AR TR R 22 ek 2

2.3 D5 R TR AN B 5L PR 2L T (0 AR A K AR R

FEACHUFMAR A AR T R R & Bk BE AL BRXT T 2E R A AR i35 (P>0.05) H ZF ¥ i
Fm TRRIGALBE(P<0.05) (1 4) , T 7R G IR 52 Wa Rl B 4 1 15 BN R T 2R & WAk BRI AT 0 35 O 52 i)
(£2), MEFRIGEN, WABESOEIRT  DLR AR ZF K A, 2RO A0 T IR TR ZF B R TR IS,
HZEUEN T 25 RE (K 4) AR TT 2200 Bon , B B BB BFE 2w ZFRAERK (R 2) . 4
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ff AR ADCIAAE R W TR RN ARAL B BR —H 2R AR E (F 4) , St R R o —w
R o i TR WA A A B K (R 2)
3 kEEAE RZ -BABMMBMAERE TEEEZHHEE RKOUSXRERLBORM

Table 3 Light impacts on the best-fitting linear relations between seedling fresh mass, root length and concentration of SA, PEG and

KNOj; treatments

SRR AL B e R P
Light treatment Equation
IKFBR AL SA treatment
fif T 5 Fresh mass and SA concentration oo ¥y=2.3656x+1.022 0.2763 >0.05
SR A y=1.2903x+0. 5484 0.1548 >0.05
Bt y=2.043x+0. 6433 0.5448 0.006
R EEALPR PEG treatment
K5 Root length and PEG concentration oo it y=0.4742x+13. 684 0. 6305 0.002
JngRda y=0.0085x+1. 3495 0.0562 >0.05
Lt y==-0.0079x+1.557 0.0731 >0.05
HFRHF AL KNO; treatment
£ H 5 Fresh mass and KNO; concentration L6 HE y=9x107x+1.2731 0.0001 >0.05
PJiIksEN4] y=0.0121x+0. 5852 0.7303 <0.001
ey y==0. 0008x+0. 6841 0.0062 >0.05
O 26 O h4dE © mug
X 100 g 20
> g
g a a a = a a a
£ 80 | a a aa @ 16 a b
g % a 3 i a o
8 = £ K3
2 60 512t 3 &
£ 4 < 3
g 40 b b z 8¢ ] K
G 50 % K
b ‘S k] %
W 20 | b 24t bl b [
#w ® K <
4% 0 1 1 | | *ﬁ? 0 1 :"‘ 1 1 :"‘ |
0 0.01 0.05 0.1 0.01 0.05 0.1
g 16 a a a a 1.6 . a
= I 2
S 12t % 12 F a
= éﬂ a a ab
3 )
1 i =) a b b
= 8+ 3 08 a b
& E - b
: 4 b ® - 0.4
i b b b = R r
é b bb b )
O E%E/ 1 1 1 il B 0 L L L J
0.01 0.05 0.1 0 0.01 0.05 0.1

KR Uk i Concertration of SA/(mmol/L)

B3 AEREKGHRLEMERMEZZFZIMFRFR FR VK HEHENZMN
Fig.3  Effect of SA treatment and light on the seed germination rate and height, root length and fresh mass of Eupatorium

adenophorum seedlings

MRARARZICHIATY (RS R CINERGA) 5 BWETEA R 1928 £ B A PR b7 AR R A K22 52
PN LIRSS B R A R (18 4) o WUNZRTT 220 bR | 0 BEORIZR & WAk BRI REAS 1 25 3
MR AR RE , HAFEAC AR (3R 2) , 20U 5 & s hb B B g i , AR 2 25 094 4 B A o 97 A
WEAE T, X — B AAVR(E4) , St 2PZ MR BRI Hr A 8, 206 IR R R KRR £ Bl 2 5 i (2
ER B E WAL T A BE (R 3)

2.4 OGRS F R B AL IO 52K 22 Bl A B A A v AR Y IR
LR LA AL BEA L, PR EI AN AL R, BRIGE A5 0F T A 28 R B3R T 2ot A g i AL B, A 22 50%
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Fig. 4 Effect of PEG treatment and light on seed germination rate and height, root length and fresh mass of Eupatorium

adenophorum seedlings

A (P<0.05) fHMERIAAR S 2t IAL 22 R A B 2 (K 5) . FRIEDOCHAMT , KERN1.8—2.4 mm Z
], AS[RI R FE AN IR A T 1 R B (T PA RS FUMAS T 40 HE (14—15 mm) (B 5) . REIELIRA/F T A%
16 mm 7547, M RREFUMERFEARALFI 2 mm 247, BT 206 (P<0.05) (B 5) , 4 EfE 2ot A%
P B T RS RO AR AR B B =B 22 S A (] 5) BRI Ty 250 R | SR ER AL PR A D 3
oM 2R 2R ARG (H R X 4 v e R R R (P =0.059) , & BAE I B (P=0.053) (%
2) . XA ARTFEDEARBE 1S54 K B0, AR T AL BT | BEAR R B0 Ak B e J3E 136 A, i F 2 8 K W3 (P<0. 05) | T
EOEIRIERE T AR BICR(£3),
3 iFig

SR IR i R KA S AR IR 2 — | 5 HR i & 5 e e AR AT — X — g
éﬁiajiﬁ’am,rﬁ“ o UM HESE B SR 255 24 B A 2 NI A A R TR AR R 1 ' R v T R T AR A
T SCHL AR R ol BE T SR2E P L R A A IR VE T I AE 28% YRS R B R e . ANFEDEIR T
S N SRR L R & A R AV K o B, L (M) RN (EAR 15 em, 54 D
EPR/NRL) ARG R (MR 6% LAR ) Bl S 255 2 Rl F i R A& i s i ) o 7 1 =5 P s il 2 1
T UESE T EREE R 2L AP R OB AR RUER A 58 2 MRS R R ZE A 22 30% —50% (P<0.05) , (HAR 55
(6 B RE IS AT ST Al ORI, 7635 510 0. 23% MY A4 T BT & RILT- 5208 F & 28R AW, i 5
HE LA THARIR 1) I iE 5 R R G IR, 3 SO 5E 25 52 X IR IR A AM 72

SRV R OG T & AR | (AR A 1 4 L R m?/&ﬁj‘cﬂﬁﬁﬁﬁ/ﬁw@ﬂwﬁﬁ%ﬁ 1i—H
IR SN FOC BRSNS T R & B MAMR . W] LSRR 2 R I G R R S B0 1
TR AT KB AT T 7 B IRZE . BLAb, 48250 éE’JﬁP%E/J v, TRHAUA 48 mg, XAl T
I Bt A A R, AR TS, 2R L T e R ek, A5 LA R FH AN RO G IR B BE T, S 4 1Y)
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Fig.5  Effect of KNO; treatment and light on seed germination rate and height, root length and fresh mass of Eupatorium

adenophorum seedlings
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4 #Hig
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