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Allelopathic effects of Eupatorium adenophorum
leaf aqueous extracts to Vicia faba

WAN Ningjia', LI Kenian®, CHEN Jinsong’, LIU Hongyu'"

(1. Chengdu Shishi High School, Chengdu, 610041, China; 2. College of Life Sciences, Sichuan Normal University, Chengdu 610101, China )

Abstract; Exotic invasive plants can alter ecosystem and displace the native plants by releasing allelochemicals to the
surrounding environment by means of leaching, natural volatilization, root exudation and plant litter decomposition. In
this study, Vicia faba seeds were treated with different concentrations of Eupatorium adenophorum leaf aqueous
extracts. The effects of E. adenophorum leaf aqueous extracts on the micronucleus, chromosome aberration, apoptosis,

chlorophyll and nitrogen content and photosynthetic physiological characteristics of Vicia faba were studied in this
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paper. The results were as follows: (1) The treatment of Eupatorium adenophorum leaf aqueous extracts significantly in-
hibited the root tip elongation and cell mitosis of Vicia faba, and induced chromosome aberration and cell micronucleus
in the root tip cells of V. faba. With the increasing concentration of leaf water extracts, mitosis index significantly de-
creased and micronucleus rate of root tip cells significantly increased. In addition, the treatment of high concentration
leaf aqueous extracts significantly affected apoptosis and necrosis of V. faba root tip cells. (2) The content of chlorophyll
and nitrogen in leaves of V. faba decreased significantly, and the maximum net photosynthetic rate and biomass of V. fa-
ba seedlings were significantly decreased. In conclusion, Eupatorium adenophorum leaf aqueous extracts may cause the
oxidative damage of the root tip of Vicia faba and the elongation of the root tip, and the inhibitory effect of leaf water ex-
tract showed a certain dose effect. At the same time, the damage and inhibition effects of Eupatorium adenophorum leaf
aqueous extracts on the root tip of Vicia faba might affect the uptake of nitrogen, and thus had a significantly negative
effect on the photosynthetic physiological performance and biomass accumulation of broad bean seedlings.

Key words: exotic invasive plants, chromosomal aberration, root tip micronucleus, leaf nitrogen content, maximum net
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HAR AAZ W ANAZ MR ZS R GEH 45 40 D)
RE M AN A EHN TS EE, loh 2Bk
A ) — A E B R O . 55 25 22 (Eupatorium
adenophora ) J&=— Fh tH B4 1) 55 AR A B AR,
KL AREY . A 20 42 50 AR E
B Z A T SN 0 )i vy e A
Mo, R e E BN INR AR Z —, B 7
2003 4, 58250 2= 78 [ K B R SR Al e [ R A B
A & A 1 b 5 — A e AR B 44 B0y Rk
EAZINE AL (4 E5F,2013) , BRI AR™H
&3 T AR AR MO AE ™ (E WS 2016) . SRR
A AR | 25 5 9 $2 B A A A R R
Y, k) 2 Pk 4 5 AT 5 B0 AR 2 0
YA R B, D983 S 52 B % £ A A 9 A=
K RF LB R Ak AR 1
TSSO 1 T Bk A 2 — (KRR A L 2005) .
AR 4 U v i A 8y ot T A ) G A A
Y G AR T | BEARAT 2257 2448 80, T 15 2 A
TP A N 77 AR TR B 4 b 26 B0 I L (8 1 i A
( Nishida et al, 2005 ; 51 i 5 45, 2011) , 828>
e R SR B ] T AR A T AR 22 10 2% 40 i 1)
PR R TR G A M T, ITH 55 T AR 2R
NG A AR R PR YT (E 4 R AE,2018) , HRAR
£ L 255 ) 55 R X A 8 v A R ST R W DDA O
A5 A EE f [ (2018) AT 9T /R 25 2 R L)
BEEIE TR N SFE SRR, AR

ERET Y EREBT LT ICER, XY R A
A BN R E KB, Feng et al (2007) FBFSE
AN ZEITE WIS YOG B 2 B A
Ko BRI, H AT M A UL A A 535 e £ AR
WA 228 T30 5 W AL P ) B R A O SR 2R R 2L i b
JEAE FH B A S HRGE

AT FE LA I 35 15 2% 7Y A8 4 RL 8 5 ( Vicia
faba) AREGE 5T HFpRE DX R P R E AR i 2R 2E
LI R K RO e A SRR, B AR B IE 5 2R
Bt B KR AR A T A S AR A AN L, 3 11 5
A AR N A IR T R RO, R A A 4
WM R AR JCEER B AR B ER
T2 R UL, A B T 3 R R ANk AR M) 5
ZEVE AR A T A BRALI, R 1 R AR A W 1)
SRR LRSI

1 #R57 %

1.1 Rt 51 x4 18

Pl 58 2R 22 i R R TV B 2 B A 3 5 M
(101°46'—102°25" £ 27°32'—28°10'N) , 4% .
(Vicia faba) B F ( BLH3 14%) Wy H BAR T A 1
Yy, S5 FH Ak DU S R 2 A Rk 2 2 B S
WHMERZET L,

PR PR ke, T R iR L 1E
FEi20~25 CF,H10 g EEF LM A M AR T
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/NBERRHT, A 100 mL ZE1R /K= 36 h, i 3§, B
#30.100 g - mL'BEWE , HCREWRBC & BE 24 0.001
0.005.0.025.0.050 g - mL™ Ay 48283 22 1 {KiR
WA 4 °C UKF 2 T, LAZE IR K A% B8 CK,

Pk 250 Rz A1HRHE L K/ —F0 g R TS
) SR IR VE R A B TR A RIS
) T Ve A5 v AR AR 35, A 25 C IS 3R 4R P
WEOCE R BT8R (AW 55 ,2012) T f5F 3
IR 5 4, B 50 RN R B R L R
3, Ar0KE 20 mL 281K S 4 PPN [R) IR 9 42
ZEPEA M R OKIRMR TR LT & TR,
25 CHIEHFE
1.2 MEBRREFE
1.2.1 B2 R ¥ 72 h J5EAHBEHLERE 20
R bR R RO A SRR
1.2.2 &2 AR K Az & R 25 5L38 8% DNA %t
Wk REALPEEEHL 6 MR A LB AR O 4 i gL
0 AR i AR I X AR 2 AT A A B S b T A 225y 345
R0k G g oy QI 1 (/NS W = R T g
B2 38R %, 2011 T BEE245,2010;
S AE AT 2442 ,2012)

L R B 4T
Sy BIHAYEFT A 2L 0 4 ¥

e

x100% ,

1.2.3 & 24K @ DNA B bk R R
TR 0 H IOAN [vi] e 2 5 2805 22 it iy /KR VR Ak Bt )
H MM DNA, DL DNA marker T ES R i#
TTBERS K, e Jo S BE R LR R Ge At rL Tk 45
124 &asW ek h BHRERHAEGHT
PR T HAR 10 em & 12 em B8R BTN
WA FEASOCT IR, EIDEHE 172 A% 2
W[ KEILE.0.82 ¢ - L' Ca(NO,), - 4H,0,0.50
g - L' KNO,,0.136 g - L' KH,PO, - 2H,0,0.493
g+ L MgSO, + 7H,0,2.5 mmol - L%k (EDTANa
Fl FeSO, - 7TH,0), & LK. 1.81 mg - L'
MnCl, + 4H,0,2.86 mg - L' H,BO,,0.22 mg - L
ZnSO, + 7TH,0,0.08 mg - L' CuSO, - 5H,0,0.02
mg + L'H,Mo00, - 7H,0) ] , 7EZh i K & 25 em

x1000%o

S PR EUEE R 5 A R T B A B AT O A
RESTRIAE (2355 2018) ., FALFRTE L 6 K.

¥ GFS-3000 fii # = 6 & (X ( Walz,
Effeltrich , 78 & ) 3l i H i 7 i 2% | 25 0 i
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EO1pIA e
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T EER p, o AR,
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N R HEER 3 ( PPFD =0~ 200 pmol + m™ -+ s™)
(R RER I I R
125 ZaydbrthvtF 22 "TANSGZ AL
AE EBURBE — 80, 58 4 R IT I A& 4
M F, 2R H 56 F B ( DMSO) 3 (B & o 4,
2011) M L4 38 & i, R AL PR TR & 6 IR, AR S
Ka R R R G4 T 80 CHE T R fHE I E H
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EM A RS, B ER 6 1K,

1.3 HIEHH
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KA %) (14 52 0 (SPSS 20.0) , 3 ] Origin
9.0 K MFER .,

d o



1644 OO0 M W

38 &

2 HEREHAH

21 EEFLMAKBRRNEEMTFRENFIT
2.1.1 ZEARRAK  LEFH 72 h 5, EL2EFE LM
KW 3 ) A SRR 4 AR A ARG B R Y
M) 55 28 25 2 oK IR WV B S IE AR DG, R 2E
B ROK RO R E 0.050 g - mL7 A, Ay 5
FRA B AU A X B 20.5% (1)

6.0 4
T

5

Sast b

£ i

= Cc

=T1]

)

230 d

-

o

o

[a'4

w -5 e

ﬂlé

0.0

K 0. 001 0.005  0.025 0. 050

It B 7ki2% K E Water extract concentration(g s mL™)

e CK N ZEK IR RA AR/ NG PR IR
AN [) A 3 ) 25 5 8. 25 ( P<0.05)
Note: CK is distilled water control. The different lowercase
letter indicates that there is significant difference

between different treatments. (P<0.05).

BT SR 2 KR O e AR B R IR
Fig. 1  Effects of Eupatorium adenophorum leaf aqueous
extracts on root tip growth of Vicia faba

2.1.2 & tkwr kT SXPRAIE R 2440 A H
LR L KR TRAL BES A S A AR AR R
[ES VP R 7 N R A = W S 1612 7 T
¥, WA R0 T W7 R, R B T RO S i S G
TR R, 5 R T e R i 2 o0 24 R M0 3
ek R (B 2)

2.1.3 A% KPR T2 h 5, SR LM KR
B EEHEIN T A R T AR A A0 AR ) B R, HL X b
RO 5 525 2L 0 B KR VROV B S IE A O,
SRR KRR B35 #] 0.050 g - mL! A, A
ARRAZFIEIN T 85.2% (£ 1),

2.1.4 ALy s BBRZEF LM KRR AL
PG, f LA AR A X AN AT 223 5453 FE A

x1 EEFEZHRKEBRMNES
AR 5 208 R A% 2R Y 5% )

Effects of Eupatorium adenophorum

Table 1
leaf aqueous extracts on the micronucleus

frequency of Vicia faba root tip cells

i
KB
Eupatorium adenophorum
leaf aqueous extract

Micronucleus frequency
(x xs)

concentration (%o0)
(g-mL")

CK 2.86+1.39a
0.001 6.29+0.69b
0.005 10.86+1.25¢
0.025 14.14+0.99d
0.050 19.29+1.39¢

W HAANF/NG FREFRR AR LB R 24 5 1 2 (P<0.05) .
T,

Note: Different lowercase letters indicate significant differences
between different treatments( P<0.05). The same below.

WAZRH, KRN FKIZRALEE 72 h A AR R
R 2253 S4F8 B R K IR VROV R B R R R R,
MR R KR E N 0.050 g -+ mL! AT,
S 2257 ZAFE B R T IR 35.6% ; o 2R 2K %
2 K R TR AT 22 43 R4 5 e A R B
(£2),

2.1.5 DNA B g o vk P2 50280 220 K=
WAL HR B UK TS [ DNA BIR %71 Ak s
Wi B4 . HL VKBS F I DNA BROIR 4570 30k Bk
T3 27 43 ) 2 40 M R T AR SE B DNA - HA 3k 4
i, 2 0 2 MR 2 40 i B I I A O T SR BE
B HS R FOKRBIRE LR E LR,
(K3),

22 BEFEZMAKRBENEZHHENZIE

221 F2 G A mERRE ML TR YL
2L KR W FE A 0.001,0.005 g + mL' i,
X A B R A B B R Bl R 2R
LM R KRR TS, R A A Y & B
TR, MR Lt B K IR O R £ 51 0.050 ¢ -
mL B R 4 AR B R A X R 55.3%
(K 4),
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E: A B.C.D.E /Ml FoRn g4y ZUWIE % GBS a b e d e 0 FoR MU B
BT | PO S T B e TR R S G AR 2 0 2 RIS R IRT A
Note: A, B, C, D, E respectively expresses normal chromosomal morphology during cell division, and a, b, ¢, d, e respectively expresses
interphase micronucleus, prophase fragment, metaphase micronucleus and free chromosome fragment,

later chromosome multipolar division, end chromosome fragment.

Bl 2 S2EPE 2L ROKIR RS S e SRR R AN ) 2 (o fA g A 2 A

Fig. 2 Aberrant chromosomes types of Vicia faba root tip cells induced by Eupatorium adenophorum aqueous extracts
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Table 2 Effects of Eupatorium adenophorum leaf aqueous extracts on the mitosis of Vicia faba root tip cells

BRI R KRR e BE

Eupatorium adenophorum

A5 2253 S48 B Mitotic index ( xxs) (%)

leaf aqueous extract

concentration B L0y RER BT SRl J 3 A
(g-mL") Mitotic index Prophase Metaphase Anaphase Final phase
X CK 10.433+0.494a 7.143+0.831a 1.143+0.832a 0.587+0.494a 1.714+0.408a
0.001 9.143+0.833hb 5.857+0.987b 1.286+0.453a 0.714+0.451a 1.286+0.451b
0.005 7.571+0.495¢ 4.286+0.457¢ 1.285+0.459a 0.857+0.350a 0.771+0.455¢
0.025 5.714+0.451d 2.571+0.494d 1.281+0.457a 0.585+0.903a 0.857+0.349¢
0.050 3.714£0.452¢ 1.714+0.453¢ 0.714+0.451b 0.571+0.498a 0.714+0.517¢

CK MarkerII

0.050 0.025 0.005 0.001

3 EEFEEM A KRIRAEIE &
R4 i & DNA Fy HL 3k ]
Fig. 3  Eletrophoretic pattern of total DNA of Vicia
Jfaba root tip cells treated with Eupatorium

adenophorum leaf aqueous extracts

2227t At E e EEFEZHAKERD
ERMECYHE TSRS, RA TR
a MERE b i DA R 2R 38 5 Rl 5 2R 24t
T KRR 38 I ARG, 2 S0 2R 2L KR
W R #] 0.050 g - mL™ B, & G 40 H A st
RSB R 37.3%(E5) .,

223 A N&F EEAFZH R KRR R EY
e 7 241 R R A, A L TR R O TRk B
SRR R K IR IR R T AR
TR E IR AR ER TR EER (K 6),
224 BEMhG AR WL EEE2LHHKE
WAL PR | 7 4 0 i (0 A R TC W B 2

=
» o © o
1 1 1 1
o
o

N
1

248 Total biomass (g)

o

CK 0.001  0.005 0.025  0.050
M RIKGRERE

Leaf aqueous extract concentration (g -mL™)

T CK NZERKR IR, B ARG T8 R IR
ANl 4 B ) 22 55 35 (P<0.05) . T,
Note: CK is distilled water control. The different lowercase
letters indicate significant differences between different
treatments (P<0.05). The same below.

K4 S2e P2t i oKIRBALHE 30 d )
Xof e 5L A A )
Fig. 4 Biomass of Vicia faba seedlings after treated with
Eupatorium adenophorum leaf aqueous extracts for 30 d

EEAE R E TR 7).,

225 REGHERRALERE BUYHM T
WA BRI 2R 205 24 i R /KR RO 3 444
T 2R MK IRBOR EEIA $ 0.050 g - mL! B, Ay
TR RO G AU IR 26.1%

3 Wik
3 KERLMHAKBBNETRREFTER

Lod=sbA
HISKAB ) A AR BE 4% 18 3 B i A ) B e
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mm [+4%¢3a Chlorophyll a
= [+4#Zb Chlorophyl| b

v 40 + exx [+43¢%Fa/M4EDb Chlorophyll a/Chlorophyll b
c = 2M4%E Chlorophyl | (at+b)
g 2 PR
= = b
[e]
W © 307, a o
T
m 8 2 20
< E
= o~ 10 {|la a b
§ a a a
© 0 A I:fsiz

CK  0.001 0.005 0.025 0.050
M RIKRRIRE

Leaf aqueous extract concentration (g -mL™")

5 BRIV 0 KR AL X A
4l i 2R AR R S R
Fig. 5 Effects of Eupatorium adenophorum
leaf aqueous extracts on foliar chlorophyll

content of Vicia faba seedlings

1.5-
-
5 2
£ R b A
mlm.Ho 1.04
4 57
e
LE =
TS 0.5
ks
S
[N
0.0

CK  0.001 0.005 0.025 0.050
B 7K 2R E

Leaf aqueous extract concentration (g -mL4)

Kl 6 SZEFE 20 oI i Al B X 7
BHT R R R
Fig. 6 Effects of Eupatorium adenophorum leaf
aqueous extracts on foliar nitrogen content

of Vicia faba seedlings

A= R A K S B B T AR FYT 8K ( Abhilasha et
al, 2008 ; J7 W4, 2011) . fb I8 i A 1B 2 Fh
— HLk A 8 s A AR A W A K g, HL
X R ) 7E — a2 DX 3 K A AR OB R 4%
2011) #2512 Ak B o 1 1 — A E
P, AR 5 52 1A R 0 400 it 2 T A L AR IR
LA N FR SR, T IR ML 2257 34, F 3032 AR
WHERKEEZ, 7852 803548 57 | B8 8025E AE 7
AN K b8 R R A A AL o 4

N
1

—a—CK ——0.001 —4—0.005 —9—0.025 —@— 0.050

© o
1 1

.5

-2
°m
o
1

S
1

HREEE

Net photosynthetic rate

(nmol
N
1

o

300 600 900 1200 1500 1800
KRBT EEZE PP (umol em’es™)

O 4

Bl 7 SEEEE N oK R AR X 4 5
cal BRI HEE IR A
Fig. 7 Effects of Eupatorium adenophorum leaf
aqueous extracts on light response curve

of Vicia faba seedlings

CK 0.001 0.005 0.025 0.050
M KRR

Leaf aqueous extract concentration (g )

|0Tw14.0'
B 2
13@F“Ems- L
o .
B 279
i b
£52701 .
X B d
KE? e
mg — 3.5 1
M
#wot
2500 . r . :
[e]
[«

synthetic

P8 SE2RiE it R KIR AL BN 4 L4 i A
xS FNELS Epu AL
Fig. 8 Effects of Eupatorium adenophorum
leaf aqueous extracts on the leal maximum net

photosynthetic rate of Vicia faba seedlings

AR SR 4 i 25 H I3 A% ( micronucleus ) | 44 €8 44 K
ki gy 22 U 1 52 B A5 22 Tl Gy €8 1R B3 A2 (Tian et
al,2007) , [A) I, 20 i A AN TR R B 1 O 1, e 45
M PEAE AR DRI R . AP RS R Bos, B A
SRR KR AL B R R T, AR AR AR
21 i P A 0 3 T 38 o, [R) B AR 2 20 A 22 oy
TRBCZ T TR X — S5 R U, B2 = k=
WX i 5L R RS 43 24 40 7 AR A0 R, A
T F0 I b AR AR AE K | I M 78 GARRE LR
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M EKEEKE Leaf aqueous extract concentration (g - mL™)

Bl O SRasiF 2 A oK R i A B X i 5 40 v AR A 52

Fig. 9 Effects of Eupatorium adenophorum leaf aqueous extracts on root of Vicia faba seedlings

P, FEECAESEZF LN ST T S
POXATRE R R I AR EEIH Z —
(Gao et al, 2013 ; Wang et al,2013)

AR 38 75 T 0 RO T, Y a7 B RS 0 v
(R AR ) JOT 360 BT, 2 R AR 40 40 S 200 4 L O T
MIRFAE ML b, U8 T2 40 i 6 T3 AL 35 41
Jfl DNA £ 5848 fb Al DNA [ i | W bk 25 51 & 7
DNA WRHL A i BB SRR A5 . AR g R &R
B TRV B3 58 25 3 24 i K IR AR B R 1 4
FRAS HYEE DNA BR A K 558 H B 47, Ud B 41 i 2
T IR B DNA B fife i) B2 B 58 2K 22 0 kiR
WHE R 0.05 g - mL' i}, & G M2 DNA [ it
R SIAh, A AR (2018) BYMF I AGE , 525
E PRI B0 TP A R AR 1 2 A B R e A
AT TARR DG AN T, O IR T AR 1 %
AT AR PP R G, T A R BRI K AR TE |
ARG A e VAR ) 58 2K 0 24 R KR VR Ak PR A
WGAE AR W R R, BT, S
HEERFEAL,
32 EEF=ZMHRAKRRNBESEERKNZ M

R AR LFTFHESHFZ—, MY *t
IR W FE T RO A AR I R Y 3 0 RE O FEAR R
B FRE T AR SRARE T . AMREY)
A F S ma A AR A A K s 8 22— 2 s i

HeA e, #E 1 52 ma A A A ) A K (Zhou & Y,
2006 ; 558 I EE 55 55,2003 ) o G SRR A
SR TR AR ' R 3 N9 PR (AR T A, 2007 )
AR GT 45 5 07 Bl 58 25 8 24 I R KR VR VR B 1
i, A R B KO A R R R R B GAR R
MU E TR, B A RN Pl 5 2R 2 0 KRR
WRERIS I G4 i AE Y AR 0 2T %, Ui
SRR E LB R REAR T B 4 LS
RE 7, TRV S 4 /N T JHL Sl B A3 7 31 FBL , 1 T 5 i)
THROYEERK, DAPRRAALL T ALY
Fi, NMEIRD BB B T G A R T RN BE Y
HA B (CREMDE ,2009) ,F LIk Y
FLA LE 7S b B 5 1Y ' AR R R 2R DG B ) 7 BL
il , DT B T B A AR 3, 1 A 1R ¥ 1 (Poorter,
2001) . PRIULFRATTHEN , 45 255 ~2 RE 08 B il fL B
A B A A ) 0O A R R I O e e A
MG E AR AR BA ALY BT, DL A K 7 5K
AR TE G L B A AR AR A 5% 554 T % B
HBRE,

MR ELEEAIRETREEN LS A
BB E G 2 AU AR
JtREF R faE e, S RSN E R E TG
G AE IR B AR A HLE 37 0 R (/N5 R
XM 2005 ;5K J1 3045 ,2012) , MH4E a BEEH R
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I O B G A Y S 3 A R 43, R AT RE R
RPER R b ROt O RENLGHRNE
SRSy, E B R AL BOLRE, — AL T A
MR a/M 4R b=3, ARUFFELER BRBE S 2%
EURBERIBG I, AR K B W T [ H SR a B
LRE b Y LG AH B WG I, A U WY 58 2R 22 it oK
BB 2R b B R TR a, FEFELT
A G A R OGRE N RE T, T 7O E
fie J1 ( Lichtenthaler, 1987) , 73 4b, A WF 55 45 R B
7N AR R B 58 25 22 K IR WO i e N &
JoRE R, TRER R N K2 G M R 1
FEGLR, MERFEZFBOCEHETHN R
fic % 4 T 7% 4k ( Urban et al, 2006; Evans &
Seemann , 1989 ; Field, 1986 ) , {H iX — #fE I i 7 i#F
— IR AR

R N TSR ST =S
TR B A AR AN 15, & TR X N 55
B FRITCER W WCVE T 55 |, e 240 48 S 40 i -
Ao OGEERTY 2 A Y R 8 A U 5
A RA BT A5 MRS R AR AE Y A0 AR H
BILA] , HE 3 Sh ke A A A P 16 X5 4 Ml A= 77 08 7 52 il
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