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Effects of Light and Temperature on Germination of Heteromorphic
Achenes of Bidens frondosa L.
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Abstract: Bidens frondosa L. (Asteraceae), native to North America, is an annual invasive species with heteromorphic
achenes. In order to understand its invasive mechanism, the achene morphology was observed, and the effects
of light and temperature on germination of achene were studied. The results showed that central and peripheral
achenes had significant difference in color, length, width and prick length. Under 12 h d"' photoperiod, the achenes
did not germinate at 15°C/10°C , and the germination rate of central achene was significantly higher than that of
peripheral achene at 20°C/15°C and 25°C/20°C , while that of the two achenes had no difference at 30°C/25°C ,
35°C/30°C and 40°C/35°C . Under full dark, the germination of central and peripheral achenes were all inhibited
below 35°C/30°C and 40°C. Both of light and achenes type had significant influences on the germination rate,
germination index and germination speed. Therefore, Bidens frondosa could reduce competition among siblings
and enhance the adaptability to different environments through differences in achene germination. It was
advantageous to the achene germination under favorable environment and population preservation and expansion.
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98 R BA R AR AR RIS IS A 2R A,
P 2 A 8 L e e AR S R
ALY , & B N BRI 1R . THRA
(RAG Y BRI B A RHE A B RS BRR it X
HAF T PRSI . 25 FH Compositae) TR Z HEH Y #R
HA SSRGS | iYL & 5(Bidens pilosa) KR
HHL(B. frondosa)5 , CATREAE Rl — Ak AL 7 b
RRAEE 2 51 2N S S NN S S S N |
(A A 5 2R S A BAE ) b ks SR Y R LA L
98 51 R R m Y K SR ] 3(Tragopogon
dubius)F 198 5 A rh e gd B A RO W
2S00 SR LA ki G 2 A 67 S AT [
FRIE] B 5E 445 T A EE M A SE XY, AR
Yy S B R A RE X AR B AR S b Y R R B
A EH B

KIRMEL(Bidens frondosa L) J& T8+ R
BJE AR RAAEY), A —RF T AR A
AL AR 3 g R v s L 3 AR g S s
HIFEF=AEER GraE MR E 2 X, KB &
FEG R P A AARFEY . Brindel " HRE KR A
ARl SN T e SR KR e LA B B 22 5 (.
RS =X EATH & RS20 e A TR & RRE S
AR FR HRGEAR WA . ABFFR AR
FE 3 A ALY R SRR U, BN [R] Y
YL DG HE SR AR AR AT 1 v i SR A4/ Pl S
W B2, AR 98 SR A e 5 IR LR AR
PRI FR I A7 B A dl SR R A a0

1 BRI i
1.1 &

KIARK L (Bidens frondosa L.YJERKEET 1Y
MRS 2 H.(25°51734" N, 110°28'53" E), 144 390 m.,
IR SR S A A B R4S R TG, IR AR
1o

1.2 RS FFAE N

R i R R R SR A SR P TR A A
b e 8 S (Central achene), 1 7% 98 S (Intermediate
achene) Fl1 4| [ 8 S (Peripheral achene). Fifi #L3%E HL
100 R34, Geit 3 Mg R LL i, 4 kEE . A
R TP [RS8 4 5 kL, 3 20 47, T

oA AR )RR (5 T 2 ) R 5 2 (e T8 )
(PR R

13 ERBEL

T o o R A R T T R LB FUE S A T
rh o g8 RN A 8 IR 22 (8], A I X A O X
O3 FF AR SCH B & LA v ok g8 R RN A [ R AR
BBE 23 4k 40 i e ssg S A R 2R B &
FE 6 BB 3R (5 LRH-250-G 1T, & B i 2
+1°C; IR BE B 5Pk 22°C )bk T, BRI E
15°C/10°C, 20°C/15C ., 25C/20°C, 30°C/25°C .
35°C/30°C . 40°C/35°C L 6 KK, L IR 2 A
A 12 h 3612 h BE(7:00—19:00/19:00—7:00) 3 J
HIPESG IR 24 h 0" RIS CR T ECA% 404 i A (299
RHSEG), SRR N 37.5 umol m s,

WY R 3G 97 LG 4R, JE FR L2 75% LT
THEE KA, Pk L2 i 1) 98 R 28 75% L BETH B
KT 2 min, K R 5~6 A T 4R T 7K 03 ik
B 12 h BT, WHAEL(EAE 10 cm, N2
JZE IR IE IR AR)HCE 40 R AR, R 4 M ER
2 d AN 1 mL ZEK, DMARREARRE . DR ER
AR 1 mm RAnifE, B 24 h WS GETHE A A
RGO, I8 O W & R R U IRk | R g
30d. SEERER 2K,

i & % (Germination rate, GR): BH & A% 48 5 5
IS BB E S H, B GR=S31/Sy0%100% , Sy, K1
RIFREL, Syo FIRREEL

B & #«(Germination vigor, GV): J8 JL 0 & Kk
Fe W, Wi e R R S B T A e, B GV=
S/ S0 100% , - Sy, A7 98 JL 1 & 1K F ey U i (%) 1 %
REL

i & 45 %(Germination index, GI): GI= Y.(G/t),
t WA REL, GRS t KB REL.

i & 3 % (Germination speed, GS): GS= Y(DGS/
1), DGS Jy H St &8 A4

1.4 #iE4b1E

156 B0 45 H] Microsoft Excel A1t Ab#1, 2 5%
TR SPSS 17.0 3P, L P<0.05 /R 2%
S S TEFR H One-Way ANOVA #E1T 7 %
SrWT, W5 A $8 ¥ H Three-Way ANOVA #E47#7 (A 43+
Br, 3 R ARSI SE R
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AR L Sy S R, 988 5 T oy L v 1) 2 ML
AR T AT UL, e g B i s R A R R g i)
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Table 1 Morphology of Bidens frondosa achenes

A R R K B 43 ) R(10.6340.12) mm .
(8.84+0.09) mmF1(7.31£0.09) mm, %5 & 4% % N
(2.28+0.04) mm. (2.510.04) mmAI(2.62£0.04) mm,
P B 43 1) (4.29+0.06) mm ., (3.54+0.07) mm
H1(2.9240.04) mm, H Je R R v B A )
KBSt R A IR A 22 5 0 35 (P<0.05).
g8 B SR v L A B9 SR B A K I [R] B AR R T
I

X+ Number i1 g8 H Central achene 38 L Intermediate achene  #h[E|J8 5 Peripheral achene
KJif Length (mm) 20 10.63+0.12" 8.84:0.09" 7.3120.09°
T2 K JF Length of awn (mm) 20 4.29+0.06" 3.54+0.07° 2.9240.04¢
e F Width (mm) 20 2.28+0.04° 2.51+0.04° 2.62+0.04"

)7 Bt Jo A [ 3R R 28 57 B35 (P<0.05).

Data followed different letters within line indicate significant difference at 0.05 level.

22 REFMRITERIFEENIN

JNFE 2 AT UL, 78 JE G RETT, AR 2 AL g A
TE 15°C/10°CHBA W K o H Y RAE 20°C/15°C~
40°C/35°C I &I KT 90%, H 30°C/25°CItiY
W AR 100%. MBI SAE 20°C/159C~25°C/20°C
(W & AR, W2 AR T b el JR(P<0.05), H
30°C/25°C~40°C/35°C B B i & A5 T 90 %, 5
rh g SR Y 25 5O 13 (P>0.05)

AREET, PR RLE R AE 15°C/10°C~25C/
20°C ¥ AN &, {AALE 309C/25°C~40°C/35°C I 1 &
R i Y T T R T s e g SR ) W R R
30°C/25°C~35/30°C F B (. = T4 618 2R (P<0.05) ;

7 2 IR FDEI ARA I K4 (%) Y 520

T EE SR 40°C/35C R, PRI S 0 i & S0 A 2%
Z5F(P>0.05),

BRI Ah B A HR o SR 20°C/15°C~30°C/25°C
W &R S R R R B g ER
(P>0.05),1H 35°C/30°C~40°C/35°C i K K 5 A 1
PEGC IR BT AT 835 22 5 (P>0.05) . SR T A1 Fl 8
TE 20°C/15°C~35°C/30°C AU & F 5 R M6 IR iy
A 25 (P>0.05),1H 40°C/35 CHF Y & R 5 JH
AT CRE R BEAT 35 25 57 (P>0.05).

2.3 IREFN RS R & BN
NHE 3 AT UL, 7R RS MR BT, R AR R A

Table 2 Effects of light and temperature on germination rate (%) of Bidens frondosa achenes

. JEISHPESEHR 12 h d ' photoperiod MR Dark
R (C)
Temperature rp g gdi VANGEEEEES rp g gdi PANGEPIE S
Central achene Peripheral achene Central achene Peripheral achene

15/10 0.00+0.00° 0.00+0.00" 0.00£0.00° 0.00+0.00"
20/15 96.88+1.20™" 88.13+2.13" 0.00:£0.00% 0.00:£0.00%
25/20 93.75+2.17*" 73.75+3.89" 0.00:£0.00% 0.00£0.00%
30/25 100.0£0.00™ 95.63+1.20™ 25.00+2.89% 6.25+1.25%
35/30 99.38+0.63™ 99.38+0.63™ 97.50+1.44™ 48.75+0.72%
40/35 97.501.02* 97.50+1.77™ 99.38+0.63™ 96.88+1.20™

B 5 A RS R NG T RE G 59 3 [T R TR 1) B 26 57 (.35 (P<0.05) . N 3R]
Data followed different capital and small letters indicate significant difference within line and column at 0.05 level, respectively. The same is following

Tables.
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KITE 15°C/10°CF K 0, LA 35°C/30°CHI A, H i
o TH B AH & $4(P<0.05). B 20°C/15C~
25°C/20°C F1 40°C/35°C T 4 el 98 S g i & 34 I 2%
1o T Y s A (P<0.05) , A TR T WA R Y
W A AT I3 22 55 (P>0.05)

S BWE T, PR S A R $AE 15°C/10°C~
25°C/20°C R #1200, 7F 35°C/30°C~40°C/35°C F
e ysg B A B 3 e T AR BE(P<0.05). A

R 3 R EADE IO IR TR AR ] 4 (%) AL

Bl 98 SR B 1 & SN TE 40°C/35°C 1 3 1 T HA R )
(P<0.05), 7E 30°C/25°C~35°C/30°C F Hp g 38 SR 1
Y & H W 5 T A0 L SR (P<0.05) s oA UL BE R
W SR RO W 25 R (P>0.05). FEA
B I 309C/25C~35C/30°C R P g SR 1 1l &
FH I T A A P O BRI (P<0.05) , {H 40°C B,
TR R SR ) B & A B R OB IR R e 2
(P>0.05),

Table 3 Effects of light and temperature on germination vigor (%) of Bidens frondosa achenes

. JEIHPESEIR 12 h d ' photoperiod MRS Dark
B (C)
Temperature vy S VANGHEEESS v g S LANSHEEEES
Central achene Peripheral achene Central achene Peripheral achene

15/10 0.00+0.00° 0.00+0.00" 0.00+0.00° 0.00+0.00"
20/15 55.00+8.35" 70.00+3.06™ 0.00+0.00“ 0.00+0.00“
25/20 17.50+4.45% 41.25+9.82" 0.00+0.00“ 0.00+0.00“
30/25 42.50+5.30™" 32.50+2.04"% 25.00+2.89" 5.63+1.57%
35/30 92.50+1.02* 86.88+3.13™ 65.63+4.61™ 40.63+1.20°
40/35 58.13+2.37% 72.50+3.06™" 60.63+1.20™ 64.38+4.13*

24 BEMAREITERFHLIEHAZ M

T 4 0] UL, AE TG RET o SR Y
RABEAE 15°C/10°C 420 0, L) 30°C/25C R .
rh B A B AR FERUIE 30°C/25°CTF W3 i T A
TR (P<0.05), NI S AE 30°C/25°C A1 35°C/30°C
T R T B W 2 F(P>0.05), HiR E S T
HA IR BE 19(P<0.05) 15 8 5 (%) 1 % 48 B 5k 7
30°C/25°C~40°C/35°C F Jo i 3% 25 55 (P>0.05) b, H
I R A 2 2% (P<0.05).

ST, PR SR & T8 BUFE 15°C/10°C~
25C/20°CT R 0, Bl I B T e, A7 BBl SR iy i
FRECETE, LA 40°C/35°C R fe i , HL I 2 3 T HAb R
B B (P<0.05). 4 40°C/35°C T Wi 5L (14 1 & 45

4D BT IR FE SR A AR KA )

e 2z 540, AR T rp s S i kAR B
T ANEIE S (P<0.05), 4PN b Jud JL A H &
FEEAE 35°C/30°C 1 40°C/35°CF i 35 3 TR W vk
R (P<0.05) , HAth IR B2 T ¥4 8 35 (K F S5 e
HE(P<0.05) T4 ME]E 5L 7E 4 P F 0 & 48 5 b
40°C/35°C 1= T JE M R g o1, HoAth 38 B R ) J
FR T RE L R A (P<0.05) .

2.5 REFMARITER L ERAHN

N 5 AT UL, AR RGBT, P SR &
HORAE 15C/10°CF 20 0, L 35°C/30°C (1 i K,
52 T AR P B9 (P<0.05). BR 35°C/30°C~
40°C/35°C A, Hh g9 B i) 1 kR g 35 R T A L

Table 4 Effects of light and temperature on germination index of Bidens frondosa achenes

W (C) JEIAYEGH 12 h d™ photoperiod MR Dark
Temperature rhgugd R Sl R rhgogd R PP RS
Central achene Peripheral achene Central achene Peripheral achene

15/10 0.00+0.00° 0.00+0.00° 0.00+£0.00° 0.00+0.00°
20/15 16.99+1.36™ 11.27+0.78% 0.00£0.00“ 0.00£0.00“
25/20 41.14+3.08" 19.61+2.85% 0.00£0.00“ 0.00:£0.00“
30/25 62.43+4.46™ 55.74+4.89" 26.05+3.09% 6.20+£1.28“
35/30 38.08+3.80%" 50.13+7.17" 89.73+3.53" 22.2542.14%
40/35 25.35+1.78 18.28+3.65™ 30.80+6.57*" 29.08+4.00™
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981 5(P<0.05),, b 15 2 A (P<0.05) ., H Y98 R AE 309C/25°C~35C/

SPGB A& SR AE 15°C/10°C~
25°C/20°C N Ry 0o e ssd S i & R LA 35°C/
30°C e i, 2 T AR B 9 (P<0.05) . AR
P8R B i R R L 40°C/35°C Y, B e T

& 5 B AN RO AR 98 SR % R 5

30°CTT 1Y A 2 1 35 e 141 R R 19 (P<0.05)
R 40°C/35°C A1, 4> R MG T R 248 20 2R 1 i i
R 2T A G IR Y (P<0.05)

J7 225 B W13k 6), J RIS RINT KR AL F (1Y

Table 5 Effects of light and temperature on germination speed of Bidens frondosa achenes

R (C)

JEIIEYERR 12 h d ' photoperiod

M RE Dark

Temperature rh ey o SR rh oy o PNEPEE S
Central achene Peripheral achene Central achene Peripheral achene
15/10 0.0040.00" 0.00+0.00° 0.00+0.00° 0.00+£0.00°
20/15 2.06£0.14" 1.59+0.05™ 0.00+0.00 0.00+0.00“
25/20 4.87+0.52" 2.19£0.25™ 0.00+0.00 0.00+0.00
30/25 10.27+0.78" 6.88+0.40™ 3.72+0.46% 0.83+0.18™
35/30 19.38+0.11* 18.83+0.31* 14.69+0.60" 3.18£0.31°
40/35 3.38+0.03™ 3.54£0.13% 5.67£0.10™ 5.62+0.10™

[ -E&NIV-E 2 GV s e LI ETES AR
XA A A B A SR AR A B R TR
X HA R R A A i A AR ORI A R A A

6 N FN AT RTH A2 17 2234

Table 6 ANOVA analysis of three factors on germination of Bidens frondosa

FA . =R S H AR BT A o R AR R A
FRME o Hoh G IR BT R RN R B R R,
et P2 X i R FE ORI A BRI B R

Germination rate Germination vigor Germination index Germination speed
J8 HL25# Achenes type (A) 228.782" 0.765 80.128" 229.977"
SEIE Light (B) 6943.538" 221.226" 0.012 778.627"
& Temperature (C) 2513.797" 203.353" 325.496" 1279.538"
AxB 29.252" 25.883" 21.033" 28.661"
AxC 41.864" 12.487" 13.712" 70.354"
BxC 987.787" 26.156” 243.395" 240.672"
AxBxC 73.299” 2453 43.586" 71.714”

*: P<0.05; **: P<0.01.

3 1e

1 H RIS, S A ] LAl i s f] sl i
(] L F9 130 A st 6 %5 4 S 800 . Bréindel B 7Y %
WY, KR 1 v S SRAE S 2 L S 5 th s %
&, N BA BRI RIREE, WA T 137
AFIASE i A BB . FRATHIBT LS R3]
RARAT et v oy SR o2 0 S 255 L A/ T R v 0 B
(P<0.05), 2 5 KR AE A _LoARAL % , DU o
A3 5 RIS, A LR SR AR SR A5 SR i BRI ]
M= B 2R b, o T R A SRR B, DI AA 18 T

KARFER L A 10 B a8 7 =X, A R TR e AR B rh 4
FAHE . X SERRAIE (S R BE A 25 (] TS A) 1 3k
o T RO, R Atk T [R) At A MR A B 4
HIFREE .

9 SRS Y AR RO SRR AR 5 ) 1 2R 3
A RERW . KRR RS RAE 15°C/10°C T~
ANHi % , 5 Brandel" " fIBFFT 45 FARE . IR A
i & A AS0RE S TR R A L A0 AR R
FEASFI S B 2 118 ARG , 3 A7 B L (AR XL
[ S m . Brandel OB FT R, 25°C i b e gd |
(A 42 RN 18%~45%, A1 L () 65%~75%,
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A 98 SR 04 W R e T e R SR, A B
F¢ 45 R R e g8 R AE 20°C/15°C~40C/35°C
M) B & 2K T 90%, 1 A B9 SR 1 ik FEAE
30°C/25°C~40°C/35°C T ik 90% LA I+, 15 B KR AL
T o ya SR IR B 1143 I R L A B SR Hor
JUJE BLAE 20°C/15°C~25°C/20°C Wi & R i & T
A FEIE IR (E A IR 0 T e, PR R R R Y i R
2N o IR R 8 RIS SR 0 AR
SN AN X T BRI A R AT R

SRR B R Ak B R R L G IR
% f7(Eclipta prostrata)"" . 48 25 ¥& *%(Eupatorium
coelestinum)" 538 i % . G IR R KR AL
W AR A R AN, Wi AR A A 5
Ml A7 W52 3R W AR F AARATE ) 3 SR W
MR ST AR, 6T AR Ruellia
nudiflora WIS W] & 5 TAEARZF R. pereducta,
ARl 10 5L 35 N 90 PRI L AR AR R 3z
XU AR FPRELEAS R RE AR B8 PR i 4 L 8l i
ATLUS I . XA AR EA RS A A0
MAERAEBIALRIY . K55 (Grindelia squarrosa)
Heterotheca latifolia"" ) o J& J8 5 6k B8 165 A F{R%,
{EAIMEL & SR 1 e mT o SRS BT il . ABFgE
BIMEGHT , th JUB R TE 20°C/15°C~30°C/25C TR 1Y)
W 3R 2 R T AN R 5 £F 35°C/30°C~40°C/35C
TR R R RN E 2R EREAT,
{7 40°C/35°C I, Jl S s RECRI R 65 X6 e g
SN GN LR A A 3R T 2 R e, R A b
2 B A ARV E

S R RS A A 3R S 98 SR 1 T I [R) RN
23 18] b bR RS, P HAEA RIEE iy 2R 77
538 IV RE T, ST I 25 S O BRI (18—l XU 23
T SRR & SR TR 2 A RHEL SRR S R o
W AFE"Y, Hiik T B (Senecio subdentatus) P
9 SR (14 B 2 SR A )R TR S5 A7 A 2 2 ) 2
B HE B3R (Salsola affinis) W] 7= AR [RLH G ) 5+
TR LA o O IR 14 38 I PR AR 5
RIF(Diptychocarpus strictus) 245 30 5 52 ) 8
SEEBGRY e AR , A ) TP o 4k
AT AN AN F 240 T AR S i SR T AR
BERRBAI 510 HR fe BRI E FHRE IR i A, 738
HAEBE TR LR A 98 PR RIS X S T PR B A
(TS TR TR SR

SN SR R, R T 30 o S AR AR ] (R A

FIVHE e 22 5, 3 i OGS [R) 9858 25 R 0038 Rk, ofF
JE AR IR Z AR AEL S A R T RAE TS B 3
BT R MANRMEAR ST K, AR
RIVE YL A M 3G ) FhAE N R h i A A7
VI 1V FI8 7 1T Ak 08— TR A5 A8 HECA TS R i & %t
O FEXT I 25 S o A 1 3 7 T L T A A S
2

AR T 40°C/35CHYENRALE T, AN g S A I
PESC RN IR 2 R S50, R B v 8 SR AN
A1 L3 S G 1 & R BE IS 96% DL, B & AT
K 58% LA b o S5 RO R R I K R A
T 2 V) SR KR A B A 7E v [ R A T
b DXy s e TR A DX A A RORE , o R T AR
Pk, BRI . EAK 2R AR
B2 A R IAEE T, KR AT B0~ 1 T oo ek A AR
Al AR S B LR AR . DR & A K R A
B BT SR 5 R A A ) DX R I i
R AR HEST, A SR A Y T B R A
JREA S AN GEIR T WAL T2 % A R, 4
BRI TR 1°C AR 0] o T 4R b X
180 m, [R] At 6] =5 46 FE AR TE A8 200 k™, $fa g ] 4
Wi, RARAL B AR SR TR SO, A 1) = 2
R o Y DX TR A A

AWFFEGE R FEW, 20°C/15C~30°C/25°C KR
A v ok LR A R AR 04 W R SR A SR PR O IR
TR E R TR BOE RO R T AR
PR Ml DX, AT A 55 AR AR HG R A B A
R Vb e o A S R IR R T K, AIA
FIps AR H I

g RSP EPR e R b R T A A L
TERIBESE AR T I B
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