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Allelopathic effects of Eupatorium Adenophorum leaf

aqueous extracts to Vicia faba
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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 Eupatorium adenophorum leaf aqueous extracts on the
micronucleus, chromosome aberration, apoptosis, chlorophyll and N content and photosynthetic physiological
characteristics of Vicia faba were studied in this paper. The results were as follows: (1) the treatment of
Eupatorium adenophorum leaf aqueous extracts significantly inhibited 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 decreased and micronucleus rate of root
tip cells significantly increased. In addition, the treatment of high concentration leaf aqueous extracts significantly
affects apoptosis and necrosis of V. faba root tip cells. (2) the content of chlorophyll and N in leaves of V. faba

decreased significantly, and the maximum net photosynthetic rate and biomass of V. faba seedlings were
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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 extract
shows a certain dose effect. At the same time, the damage and inhibition effect of Eupatorium adenophorum leaf
aqueous extracts on the root tip of Vicia faba may affect the uptake of nitrogen, and thus have a significant
negative effect on the photosynthetic physiological performance and biomass accumulation of broad bean
seedlings. The results reveal the mechanism of Eupatorium adenophorum leaf aqueous extracts, and promote the
understanding potential impact of exotic invasive plants on agricultural production.

Keywords: Exotic invasive plants, chromosomal aberration, root tip micronucleus, leaf N content,

maximum net photosynthetic rate
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Eupatorium adenophorum |eaf aqueous extracts concentration(g - mL™)
: CKOAZRMEA IR, BATAH R /ING SRR R AN [F) A 31 ) 22 St AN 2 3 (P<0.05) -
Note: CK is distilled water control. The same lowercase letter indicates that there is no significant difference

between different treatments. (P =0.05).
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Fig.1 Effects of Eupatorium adenophorum leaf aqueous extracts on root tip growth of
Vicia faba
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2.1.2 Yefi kAR
550 RAZH TR 7 AN B AR Bl , 48 58 280 22 I 7K IR AL B S 2 5 40 AR 9 73 AE X 4 it
BT etk AR . o R R I T O TR T R A AR I T AR 5 L Ak
Frs SRR T G BRI 2 oy s AR IS e R T S (B 2).
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Note: A, B, C, D and E respectively expresses normal chromosomal morphology during cell division, and a, b, c,
d, e respectively expresses interphase micronucleus, prophase fragment, metaphase micronucleus and free

chromosome fragment, later chromosome multipolar division, end chromosome fragment.

B2 BZEFEZMH KRB ESEERRA MK G kR RR
Fig. 2 Aberrant chromosomes types of Vicia faba root tip cells induced by Eupatorium

adenophorum aqueous extracts



2.1.3 %R

AR 72 h 5, EEFEAEM KRS ER N T B M T IRARG MR, HiXME
Wi 5225 24 KIR T R IEAH O 2R ZEF A KIR VR IR 3 0.050 gmL' B, &/E
MR TAZ RGN T 85.2% (K 1).

R 1 REEZH KRB & SRR RN K
Table 1 Effects of Eupatorium adenophorum leaf aqueous extracts on the micronucleus

frequency of Vicia faba root tip cells

RV KR IRIR
Eupatorium adenophorum leaf #% % Micronucleus frequency( MCN%o £ sd)

aqueous extract (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 BEMA/NS ZRFRRAF AL Z R AR (P=0.05),
Note: The same lowercase letter indicates that there is no significant difference between different

treatments(P = 0.05).

2.1.4 HLr a5
LRZEF M FOKEWRAL PG, GRS B XA 227> 2O TR W] B 32 0H . K=
PEZEM FOKEMRAL L 72 h e SRR B 2270 R AR BN /KR B FE G KT 225 R . 8=k
B KR 0.050 grmL I, VA 223 RAR BN X IR AL 35.6%; Hrp e 2R
- P ZKIR O A 220 T YT i e N R (G 2)
R 2RZEZH KRB R ERRMEE L0 R
Table 2 Effects of Eupatorium adenophorum leaf aqueous extracts on the mitosis of Vicia

Jfaba root tip cells

£l H 25y 2435 % Mitotic index (g + sd) /%
KA L
Eupatorium . N .
SSECREAIE Zick i A 341 w34 JE K
adenophorum
Mitotic index Prophase Metaphase Anaphase Final phase
leaf aqueous

extract (g'mL")

XTHE CK 10.433£0.494a  7.143+0.831a  1.143£0.832a 0.587+0.494 a 1.714+0.408 a
0.001 9.143+0.833b  5.857+0.987b  1.286+0.453a  0.714+0451a  1.286+0.451b
0.005 7.57120495¢  4.286x0.457c  1.285+0.459a  0.857£0.350a  0.771+0.455 ¢
0.025 5714£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 e 0.714£0.451b  0.57120.498a  0.714+0.517 ¢
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Note: The same lowercase letter indicates that there is no significant difference between different

treatments(P = 0.05).
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3)o
FEEFEEM AKBIRIRE
Eupatorium adenophorum leaf aqueous extracts concentration (g-mL-1)
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Bl 3 EEFEZM KRB E SR ERRYM S DNA KK E
Fig. 3 Eletrophoretic pattern of total DNA of Vicia faba root tip cells treated with

Eupatorium adenophorum leaf aqueous extracts.
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RV A KRB FE X F] 0.050 g-mL B, Ze 4P AR AR B AU I 55.3% (K 4).
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Eupatorium adenophorum |leaf aqueous extracts concentration(g - mL™)

T CKONZRIAKTIR, BAME/NG F-REROR AR A B 8] 22 573 A 1. 3% (P<0.05)..

Note: CK is distilled water control. The same lowercase letter indicates that there is no significant difference

between different treatments. (P =0.05).

B4 EREFEZHFKBBALHE 30 REXNEESENENE

Fig. 4 Biomass of Vicia faba seedlings treated with Eupatorium adenophorum leaf aqueous

extracts 30 d later
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Note: CK is distilled water control. The same lowercase letter indicates that there is no significant difference
between different treatments. (P =0.05).
B 5 EEEZMFKRBCENZRILHEM FHERSEOPW
Fig. 5 Effects of Eupatorium adenophorum leaf aqueous extracts on foliar chlorophyll

content of Vicia faba seedlings
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REFEMRKRRRE
Eupatorium adenophorum leaf aqueous extracts concentration(g - mL™)
T CKONZRIAKTIR, BAME/NG F-REROR AR A B 8] 22 573 A 1. 3% (P<0.05)..
Note: CK is distilled water control. The same lowercase letter indicates that there is no significant difference
between different treatments. (P=0.05).
K6 HZEFEZMHHKBBAENEIHEN HFEASEREW
Fig. 6 Effects of Eupatorium adenophorum leaf aqueous extracts on foliar nitrogen content

of Vicia faba seedlings
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Fig. 7 Effects of Eupatorium adenophorum leaf aqueous extracts on light response curve of

Vicia faba seedlings

2.2.5 WENHIBERKIFCEER
S4B R TR B R A B R 2R A KR O X 2 2 R B, KR ROR
IEF] 0.050g/mL B, & Z 7 ) oK1 s B TR AU X IR 26.1% .
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Eupatorium adenophorum leaf aqueous extracts concentration(g - mL™)
T CKONZRIAKTIR, BAMFE/NG F-REROR AR A B ) 22 573 A 1. 3% (P<0.05)..
Note: CK is distilled water control. The same lowercase letter indicates that there is no significant difference
between different treatments. (P=0.05).
B8 HEFEZMH FKBRBAENEZEYEH FBERKFEERNEH
Fig. 8 Effects of Eupatorium adenophorum leaf aqueous extracts on the leaf maximum net

photosynthetic rate of Vicia faba seedlings
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3.1 BEE2ZH FAKBBENRERRE TR TR BRI

A KA W N AR B % 388 I R A SR O S T P AR R ) AR K SE I ) N AR R 5K
(Abhilasha et al, 2008; JiXWEE, 2011). tLBYTAIRZF, — BN, Saxi 4
MY IE Sosg e, HLX g 7E — 8 X3k KRB E 55, 2011). 40 iR EE 2 fh sk
YIAE R — AN B BRI, B S 52 AR ) A0 MR THAE ELVE S AR A0 1) P 50 46 1
TIMPE 203, SEZHEEDEKKE L. E23FELH . BEBRTHEII R R
s, FEAE AL T 2> 2 AR 2 40 Bl £ HE B (micronucleus) . e ({4 K7 24 5%,
U5 42 T 1 P25 22 Fh e (0 /K 5 48 (Tian et al, 2007), [FIF, MR AN FEREERFET, &
LML A YIRRI MK . AR GR TR, WS ZEE2EN R KRB ER B T &
A ARSI M IO R IR ETE I, RIS AR A 22 0 e B0 F R, X —45 RUil, %
SRV A R KGR O 2 G AR A A AN e AR AR B B, AT B AR SR AR, B A
I GRREFITCRMIBIN, FHECESEEFZN SRR THYE, ETR 2 REEE
MINNIR B EEHLH] 2 —(Gao et al, 2013; Wangetal, 2013).

ARG SN T, 252 B 5L m w4k B B e B, A2 AR 40 A HE B4
FTRRE . R, JET-2RA0IPE Tl F 5541 i DNA & &1L DNA FF#fE, Hik
SER PR DNA JREUCRHE AT SR . AW TEEE SRR, ANFRE R 2E M FKiR
WAL EE T (78 GARSH I DNA SRR FITRECE G Ry, 1 B 41 M52 0 CLik 1) DNA # B R 1
TR, SEZEPEL M FKIEOKRE J9 0.05 g-ml! i, & GRS DNA MR E. Hoh, 5
SIREQOI) M FRIE, B2 E LIS T A YR L G =4, HiFS TR
RINGAMII T, FIMBIA T IO G AR IR RS, RASBURRMIKLIE . A0
FOH L R P I 5 2R 22 KR A B A G A AR I . L. L ERE 9), T
BICT:, HHARKEAL

B9 HEFEZMH KRB ER &G Y ERI
Fig. 9 Effects of Eupatorium adenophorum leaf aqueous extracts on root of Vicia faba
seedlings

3.2 BREEZH FAKRBENEENEEKKE R
SRR AL T S T2, YRGB RE AN &1 F IR (138 B e /0 72
IRRTESE EAREL T AR 5584880 MY E IR A Y A K g iR —



R ESEAEH, BEm e m A4 K (Zhou &Yu et al, 2006; Chai & Huang et al, 2003).
JEAMES SRR RS B 1 P0G 6 ' R R B Y0 Pl G OB, 2007)0 ASHIF 7T 45 SR Wil s i 55
ZEPFEEM R KIRIBORFERIIE N, &GS R KA A RE T NI, RGN S 2 N,
B AR A BE 2L 2R R A KRR FE (38 N 4 AR AR R B2 T P T I SR 2R S
FEA AR R PR T R AT B G RE T T, [RIR Ga/N 1 H G BRI IE R L, T s T
wEH ALK FAEV R T AR R, NRVFE S B T & 66 68 1R 58 1
HEERBORE A BEE, 2009), A LAMRYIFEA LA M R OGRER H E= DS
g SLALE], AT e B A RN J1(Poorter, 2001). RIHLIRATHEN], SRZEF=REH
BB A AR e AT S, RINNEE e S B S R e A E S, R 2 G
i, DAPREA KT SRR Tm RS, AR FAE SR T AR A Mt .

Mag AR REER A AR, ERENIRE RS B M1 E
R, ¥otaeie vt zae, HE BN ERERIUE TG ERRERE, EMANUEFRI 5
REOSIZNGS A XIS, 20055 5K F13C%, 2012). MEEEK a Z6E MO R AR 1 i EE 4
RSy, BPATRERAKER; MR b 2E0REARGHRNEINS, F 2K
Fifgisothe, —MAEOT, EYMHE a/ft gt b=3. ARWFIT 45 R R hl 58 285 22 Ik B 1) 3
I, HERERBET R, HFSEER a 54 b I L EDB BTG N, X 0B 2R A i KRR
XL E b MR T 4R a, FEFK 7 R ELE M A JOGRERRE ), B 7o
4 B /] (Lichtenthaler, 1987). 74k, ARWFFLEE R BTN, AFMREE 225 220 KRN i
NE®ELEEER, TRMNEFRZ N RZRSAERMZRMFEEILR, MEZFEZFEOLEHE
BHHH N R0l &4 T4 (Urban et al, 2006; Evans & Seemann et al, 1989; Field et al,
1986). fHIX—HEMlIL 752t — 0 LI B IE Y] .

ZRERTIR, AWEFRIGE R BRI R KR T B A T AR A i, A AR
N FE IR0 R PRI E Ik SS, mANEGHEM AT E. MERE R EYER R4
SIREE , 2485 KA BT 35 MR AR YA BAE LI, HERE SN RN AR A R0 4
W AE PRI AR . REM LR, EYERK T AWSRFRE, BER, W3RNk
SEVE BT BG s AP0 2 M 8 A R (an 2, ShE , R IE e ) Ptk (Estradamelo et
al, 2015; Shahzad etal, 2011; Janeczko etal, 2007), {EAEYA K7 E S S INVEDI*T
AR I FUPE BB FE D WARIE o« it — 20 3= E AR A NAZ TR, I8 S4BT e AH 5%
.
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