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摘　要　广布于澜沧江流域的紫茎泽兰是一入侵性极强的外来杂草。研究表明它对其它植物有化学互感作用,其

地上部分的石油醚、乙醇和水提取物对豌豆的种子萌发和幼苗生长均有抑制作用。在 2%相对浓度下, 紫茎泽兰的

石油醚、乙醇和水提取物对豌豆的萌发分别产生 100%、40%和 50%的抑制。它的化学互感物质主要集中于石油醚

提取物及石油醚提取物吸附于活性炭后的甲醇洗脱物中。从石油醚提取物分离出的第二、第三和第四组分为主要

的活性成分, 在 1%的相对浓度下,它们对豌豆的萌发分别表现出 100%、90%和 90%的抑制,且萌发的豌豆无根和

芽的生长。经鉴定, 化学互感活性强的石油醚第二组分为 9-酮-泽兰酮。通过研究, 本文提出了紫茎泽兰地上部分之

挥发性互感物质的释放以及地上部分和凋落物中的水溶性他感物质的淋溶等植物化学互感途径。
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Abstract　Eup atorium adenop horum , a weed with st rong invasibilit y and ex ot ic to the Lancang River watershed,

has an allelopathic ef fect on other plant s. Its pet roleum, ethanol and w at er ext ract s showed inhibit ory ef fect s on

the germination and seedling grow th of the garden pea ( Pisum sat ivum) . At the relative concentration of 2% , the

petroleum, ethanol and wat er ext ract s showed 100% , 40% and 50% inhibition on pea germination respect ively .

It s allelochemicals are mainly located in petroleum ext ract and the methanol eluent of t he petroleum ext ract

absorbed in act ivat ed charcoal. T he major act ive fractions of the pet roleum ex tract are FR2 ( ident ified as 9-Oxo-

Ag eraphorone) , FR3 and FR4. A t the relat ive concentrat ion of 1% , the FR2, FR3 and FR4 showed 100% , 90%

and 90% inhibit ion on the germinat ion of pea respect ively. Moreover, germinat ed peas t reat ed w ith 1% FR3 and

FR4 did not show any shoot and root growth. It is suggest ed that the allelopathic ef fect of t his plant occurs

through the release of volat ile allelochemicals from aerial part t issues and the leaching of wat er soluble

allelochemicals f rom both aerial t issues and lit ter.

Key words　Eup atorium adenop horum, A llelopathy, 9-Oxo-Ageraphorone

　　Special invasibilit y is t he internal bas is of some

plants for their successful invading and pervading in

the degraded ecosys tems caused by human

disturbance. O riginated from Mex ico, Eup atorium

adenop horum Spreng invades, sett les dow n and

spreads in the South Asia, Southeast A sia, Aus tralia

and the southw est of China by means of it s st rong

invasibilit y. Up to now , Eup atorium adenop horum has

spread out and become a vicious weed all over the

watershed of L ancang River ( Upper reach of Mekong

River ) . T he causes of t his process and it s impact on

the biodiversit y in the watershed need t o be studied

syst ematically. Previous studies indicat ed that

Eup atorium adenop horum adopts allelopathic ef fect as

a special invading tool t o suppress and eventually

ex clude other plant species in plant communit y.
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Several papers report ed preliminarily t he allelopathic

ef fects of t he w at er ex tract of Eup atorium

adenop horum ( Zhao & Ma, 1989; He & L iu, 1990;

T ripathi et al . , 1981) , but t he allelochemicals have

not been isolat ed and ident ified, it s allelopathic eff ect

has not been observed sys temat ically and it s impact on

biodiversit y has not been investigated.

1　Materials and methods

1. 1 　 Plant sample collect ing and allelochemical

ex tract ing

Aerial part of Eupator ium adenop horum was

co llected at M acun, Kunming on February 15,

1995. The plant sample w as air dried and g round.

Plant material w as ex t racted in pet roleum

ether ( 30～ 60 ℃) for 24 hours tw ice at room

temperature, then ext racted in ethano l and in

distilled w ater at last . Volumes of pet roleum

ether, ethano l and w ater ext racts were reduced by

rotary evapor ato r.

1. 2　Fract ionat ion o f plant ext racts

Pet roleum ether ex t ract w as separated by

silicon column using n-hexane: ethyl acetate as

eluent sy stem. Act ive compounds w er e purified by

pr eparato ry T LC on silicon-G plates using n-

hexane: ethy l acetate ( 4: 1) as developing system .

1. 3　Bioassay

Bioassay method w as designed according to

Leather & Einhellig ( 1988) . Pet ri dishes w ith filter

paper satur ated by dist illed w ater w ere used to

observe the ef fects of substances f rom Eup atorium

adenophorum on the germination and seedling

gr ow th of other plants. T he ex t ract of 1 g dr y

powder sample w as dissolved in 1 ml corresponding

ext ract ing solv ent , put 0. 2 m l diluted ext ract on

the f ilter paper of each dish and 0. 2 m l

co rresponding solv ent on the f ilter paper of the

control , let the so lvent in the f ilter paper evapor ate

tho roughly in the ventilat ion cabinet , then add 10

ml dist illed w ater into the f il ter paper to make up

2% treatment of plant ext ract . Concentrat ion of

plant ex t ract in the cul ture media equals to the

percentage of w hole plant dr y material in the

media, it is not the percentage of absolute dr y

w eight o f the ext ract in the media. Concentr ation

of the purified f ract ion is calculated in the same

w ay. Garden pea ( Pisum sativum) , a crop w idely

cult ivated in the w atershed of Lancang River , is

chosen to test the allelopathic ef fect . Each dish

w as placed 10 seeds of garden pea ( P isum sativum)

and each treatment has three duplicat ions. Tr eated

dishes w ere incubated in 25 ℃ temperatur e and 12

hours light ing per day condit ion. Number of seeds

germ inated w as obser ved daily one day af ter the

incubat ion. The seed that radicle has broken seed

capsule is calculated as germinated seed. Length

and w eight of ro ot and shoot w er e observed af ter 6

day s incubation.

2　Results and analysis

Table 1 indicates that all the petro leum ether,

ethanol and w ater ex t racts of the aerial par t of

Eupator ium adenop horum have germination

inhibit ion on garden pea ( P isum sativ um ) . At 2%

relat iv e concentrat ion, the inhibition rate of

pet roleum ether ex t ract r eached 100%, and those

of ethano l and w ater ex tr acts w ere 40% and 50%

respect iv ely . In addit ion, germinat ion of garden

pea w as delay ed under the tr eatment of ethanol and

w ater ex t racts. After petr oleum ether ex tract has

been absorbed completely in act iv ated carbon, the

compounds abso rbed in the carbon w ere washed off

Table 1　Effects of the chemical extracts of Eupatorium

adenophorum on the germination of garden pea ( Pisum sativum)

T reatment

Germi-

nation

rate in

2 days

Germi-

nat ion

rate in

3 days

Germi-

nat ion

rate in

4 days

Germi-

n at ion

rate in

5 days

Germ i-

nat ion

rate in

6 days

Cont rol 100 100 100 100 100

Pet roleum

ex tr act
0 0 0 0 0

Ethanol

ex tr act
0 40 40 50 60

Water

ex tr act
10 20 20 50 50

Methan ol

eluen t
0 20 20 20 0a

Ether

eluen t
60 100 100 100 100

　　M ethanol and ether eluents are eluents of pet roleum ether
ex tr act ab sorbed in act ivated carbon . Relat ive con cent rat ion: 2%　

T emperatu re: 25 ℃　Ligh tin g: 12 h· d- 1　Date: 17～ 22 Feb. ,

1998　a: All the s eedling s died
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with methanol and diethyl ether to yield eluents of

methanol and diethyl ether. T he methanol eluent

show ed strong inhibit ion on the germination of garden

pea while diethyl ether eluent did not . T his implies

that there are allelochemicals in the methanol eluent of

petroleum ether. Under the t reatment of 2%

methanol eluent ( Relative concentration ) , the

germinated seeds were 20% of the t otal only and these

germinated seeds had no further root and shoot

growth and died 4 days later. L ength and weight of

main root and shoot in addition with number of

secondary root s w ere all zero under the t reatment of

methanol eluent , while those under the t reatment of

diethyl ether eluent did not differ signif icantly from

those of t he cont rol ( T able 2) .

T hat all t he three extract s of pet roleum ether,

et hanol and water show ed inhibit ion on the

germination of garden pea implies : 1) Eup atorium

adenop horum has st rong allelopathic ef fect on other

plants ; 2) it s allelochemicals could have diversif ied

ways t o exert allelopathy, such as going into soil to

af fect other plant s by w at erf all leaching ( A s the

activit y showed in the water ex tract ) , or hurt the

aerial part , especially leaf of other plant directly by

volat ile compounds ( As the act ivity showed in the low

polarit y pet roleum ether ex tract ) ; 3 ) allelopathy

through compounds of low polarit y ( A s the st rongest

activit y show ed in pet roleum ether ext ract ) could be

the major rout e. Moreover, t hat t he act ive compounds

in petroleum ether ext ract can be absorbed by

activat ed carbon and released by solvent of large

polarit y indicat es it s allelochemicals of low polarit y

could be absorbed by soil and lit t er on the soil and

then released t o affect other plant s indirectly.

Table 2　Effects of the eluents of Eupatorium

adenophorum on seedl ing growth of garden pea

T reat-

ment

Length

of the

main

root

( mm)

Num-

ber

of sec-

ond ary

r oot s

　

Fresh

w eight

of r oot s

( mg )

　

Length

of

sh oots

( mm )

　

Fresh

w eigh t

of

sh oots

( mg)

Fresh

w eight

of

seedl ings

( mg)

Cont rol 430 16 515 230 551 1066

Meth an ol

eluen t
0 0 0 0 0 0

Ether

eluen t
400 13 498 205 450 948

　　Relat ive con cent rat ion: 2%　Temper ature: 25 ℃　Ligh tin g: 12

h·d- 1　Date: 17～22 Feb. , 1998

Table 3　Effects of the fractions of methanol eluent of

Eupatorium ad enophorum on the germination of garden pea

T reatment

Germi-

nation

rate in

2 days
( % )

Germi-

nat ion

rate in

3 days
( % )

Germi-

nat ion

rate in

4 days
( % )

Germi-

n at ion

rate in

5 days
( % )

Germ i-

nat ion

rate in

6 d ays
( % )

Cont rol 100 100 100 100 100

FR1 0 50 60 80 70a

FR2 0 0 0 0 0

FR3 10 10 10 10 10

FR4 20 70 90 90 90

FR5 60 80 100 100 100

FR6 30 60 60 60 60

FR7 10 10 10 10 10

　　Relat ive con cent rat ion: 1%　Temperature: 25 ℃　Ligh ting: 12

h·d- 1　Date: 17～22 M ay, 1998　a: Some of the s eedlings died　

　FR: Fract ion

Active compounds in methanol eluent of the

petroleum ether ex tract were separated by silicon gel

column chromatography t o yield seven fract ions .

T hese fractions were further purified by

preparatory TLC. T he bioassay of these f ract ions

indicat es that: fract ion 2 has the st ronges t activit y,

its germinat ion inhibition rat e reached 100% at 1%

relative concent rat ion; fractions 3 and 7 have st rong

activit ies , t heir germinat ion inhibit ion rat es reached

90% and the germinated seeds did not have any root

and shoot grow th; fractions 1 and 6 have act ivit ies

t oo, their germination inhibit ion rate were 30% and

40% respect ively and the germinated seeds have only

slight root grow th but no shoot grow th ( T able 3 and

T able 4) . T he active fraction 2 was identified as 9-Oxo-

Agerapho roneby EI -MS 、1 HNMR and 13 CNMR ( Nuclear

Table 4　Effects of the fractions of methanol eluent of

Eupatorium adenophorum on the seedling growth of garden pea

T reatment

L ength

of th e

m ain

root

( mm)

Num -

ber

of s ec-

ondary

root s

Fresh

w eigh t

of root s

( mg)

　

Len gth

of

sh oots

( mm)

　

Fresh

weight

of

shoots

( mg)

Fresh

w eight

of see-

d lings

(m g)

Cont rol 425 15 465 225 521 986

FR1 25 0 70 0 0 70

FR2 0 0 0 0 0 0

FR3 0 0 0 0 0 0

FR4 55 0 190 0 0 190

FR5 330 0 436 155 351 787

FR6 50 0 190 0 0 190

FR7 0 0 0 0 0 0

　　Relat ive con cent rat ion: 1%　Temperature: 25 ℃　Ligh ting: 12

h·d- 1　Date: 17～22 May, 1998　FR: 同表 3　See T able 3
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Magnet ic Resonance) . St ructure of other active f ractions needs furt her spectral and chemical st udy.

3　Discussion and conclusion

The s tudy indicat es that Eup atorium adenop horum has st rong inhibit ion on the germinat ion and seedling

growth of garden pea through allelopathy . In addition with previous s tudies on it s allelopathic eff ect on several

other plants ( He & Liu, 1990; T ripathi et al. , 1981) , it could be concluded that allelopathic ef fect is one of the

mechanisms which Eup atorium adenop horum adopt ed t o successfully invade the degraded ecosyst em and drive

other plant species out of t he sys tem. Eup ator ium adenop hor um may reduce the biodiversity of t he ecosys tem by

the tool of allelopathy. It is a plant not only aff ecting other plant s in the natural ecosyst em but the major upland

crops in the watershed of Lancang River as w ell. In order t o maint ain the local biodiversity of Lancang River

watershed and prot ect crops, Eup atorium adenop horum needs t o be cont rolled.

Plant has f ive ways to exert allelopathic eff ect on other plant generally . Firstly it s aerial part could release

volat ile compounds t o hurt plant s surrounding it direct ly or t hese volat ile allelochemicals go inside the body of

other plant s to af fect their physiological processes through s toma and lent icel. Secondly the volat ile

allelochemicals could be absorbed by the soil then to aff ect other plants indirect ly. T he third w ay is t hat it s

allelochemicals in the litt er and waterfall leachings of aerial part come downwards t o the soil, then are absorbed

by other plants . T his is another indirect way. Fourthly the allelochemicals in the feces of herbivores w hich feed

on the plant come into the soil t o aff ect other plant s. T his is an indirect way t oo. Probably the last w ay is that

allelochemicals come int o the soil t hrough root ex cret ion t o aff ect other plant s. Most of the previous studies on

allelopathy of plants paid at tent ion to the last route of allelopathy only. Up to now , the allelopathy w ays of the

first and second ones have been seldom ref ered.

T hat all t he three ext ract s of petroleum ether, et hanol and water showed inhibit ion on the germination of

garden pea implies that allelochemicals of Eup atorium adenop horum are divers if ied and it has various ways to

ex ert allelopathy. T he study suggested that allelopathy through compounds of low polarity ( As the st rongest

activit y showed in pet roleum ether ext ract ) could be the major allelopathy rout e of Eup ator ium adenop horum .

Furthermore, t he study implies that its allelochemicals of low polarit y could be absorbed by soil and the lit ter on

the soil and then released t o af fect other plant s indirectly.

T hrough f ollow -up bioassay , spectral and chemical st udies , t he most active allelochemical in the pet roleum

ex tract of the aerial part of Eup atorium adenop horum has been identified 9-Oxo-Ageraphorone w hich is a cadinene

derivat ive. T he action mechanism of this chemical and the st ructure of other allelochemicals of the plant need

further study.
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