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ABSTRACT: The allelopathic effects of Artemisia lavandulaefolia were studied using several
test plants and microbes. Aqueous extracts and volatile compounds of A. lavandulaefolia
inhibited seed germination, seedling and root growth of the test species such as Achyranthes
Japonica, Lactuca sativa, Artemisia princeps var. orientalis, Oenothera odorata, Plantago
asiatica, Aster yomena, Elsholtzia ciliata, and Raphanus sativus var. hortensis for.
acanthiformis. The root growth of test species was more affected than shoot growth by
allelochemicals of A. lavandulaefolia. Essential oil of A. lavandulaefolia had antibacterial and
antifungal effects. However, the antimicrobial activity of the essential oil was dependent upon
the microbial species and concentrations. Callus growth of Oryza sativa, Brassica campestris
subsp. napus var. pekinensis and Achyranthes japonica was sensitive by the essential oil of A.
lavandulaefolia. Twenty three chemicals were identified from A. lavandulaefolia essential oil by
gas chromatography. Primary allelochemicals among them were 1, 8-cineole, 1- a -terpineol, «-
terpinene, camphor, 2-buten-1-ol and azulene. We concluded that aqueous extract and essential
oil of A. lavandulaefolia were responsible for allelopathic effects.
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INTRODUCTION

Allelopathy is an important competitive strategy
of plants (Fischer et a/ 1994, Langenheim 1994).
Allelopathic compounds are released to inhibit
the germination and/or growth, or increase the
mortality of another species. Plant secondary
compounds have great potential in the develop-
ment of environmentally safe herbicides with
novel molecular sites of action (Schulz and
Friebe 1999). Many studies have been conducted
on the chemical composition of the secretory
products of Artemisia (Kelsey et al. 1984, Chen
and Leather 1990).

Most secondary metabolites appear to have
multiple functions (Vokou 1992). They may act
on as antiherbivory, antiparasitic, antifungal and
antibacterial compounds: phytotoxins: attractants
(kairomones and synomones); internal regulators
of growth and development; seed germination
stimulants: and have other roles. Primary callus
cultures were established from stem cambial
tissues of cork tree by culturing on LS liquid
medium with some chemical compounds. Some of
them enhanced callus growth but others resulted
in a significant depletion of cell growth (Park
and Choi 1999). Although there are some reports
about the fungitoxic properties of the volatile
constituents (essential oils) of some higher

plants (Pandey et al 1982), there has been given
little attention of the genus Artemisia. The phy-
totoxicity was dependent upon the concentration
of essential oil, species and environmental
conditions (Langenheim 1994).

The objectives of the present study was 1) to
investigate the alleopathic potential of A.
lavandulaefolia by bioassays as germination and
seedling growth test, callus growth, and
antimicrobial activity, and 2) to analyze essential
oil of A. lavandulaefolia and identify chemicals
with allelopathic potential.

MATERIALS AND METHODS

Test plants

To study the allelopathic potential of Artemisia
lavandulaefolia DC, eight test plant species were
selected. They were Lactuca sativa L.,
Achyranthes japonica (Miq.) Nakai, Artemisia
princeps var. orientalis (Pampan.) Hara, Oenothera
odorata Jacq., Plantago asiatica L., Aster yomena
Makino, Elsholtzia ciliata (Thunb.) Hylander and
Raphanus sativus var. hortensis for. acanthi-
formis Makino.

Aqueous extract and essential oil

Aqueous extract of A. lavandulaefolia was
made by the following procedures: One liter of
distilled water was added to 2-L FErlenmeyer
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flask containing 200 g of explants. It was kept for
24 hr in an incubator at 20°C. After that, it was
filtered through a 0.5mm sieve. Osmotic
pbotentials of aqueous extracts below 143
mosm/kg had no influence (Elakovich and
Wooten 1991): the extracts in this study were
diluted to osmotic potentials no greater than 90
mosm. The essential oil of A. lavandulaefolia was
made by distillation using a Karlsruker’s
apparatus (Stahl 1973): The crushed leaves of A.
lavandulaefolia were placed in 2-L round flask.
The water-distillates were saturated with sodium
sulfate and then extracted with ether. The ether
extracts were concentrated in rotary evaporator
and were transferred into a deep freezer (-70 C)
to minimize the escape of volatile compounds.

Seed germination and seedling growth experi-
ments

The germination experiments by aqueous
extract and essential oil of A. lavandulgefolia
were carried out in Petri dishes (diam. 12 em).
Germination test dishes contained two layers of
filter paper wetted with the extract or essential
oil. Thirty seeds of test plants were scattered in
each dish. The control was treated with distilled
water instead of aqueous extract or essential oil.
They were incubated at 20°C/15C (day/night).
The experiment continued for at least more than
10 days to allow maximum seed germination.
The germination ratios were calculated by
counting the number of germinated seeds. And
on final day, the length of seedlings of test
plants were measured and weighed. The nominal
essential oil concentrations were 5, 10, 15, and 20
«1/260 ml (oil-distilled water, v/v). Petri dishes
were rapidly sealed with polyvinyl wrap and
parafilm within 30sec to limit volatilization. RER
(relative elongation ratio) was calculated as
follows: (mean length of the treatment/mean
length of the control) x 100.

Antimicrobial activity assay

Microbes such as Candida albicans KCTC 1940
(SB media), Pseudomonas aeruginosa KCTC 1636
(NB), Salmonella typhimurium KCTC 1925 (BH),
Zymomonas mobilis KCTC 1534 (YEP), Pseu-
domonas putida KCTC 8729 (NB), Streptococcus
aureus ATCC 29213 (BH), Staphylococcus epidermidis
ATCC 12228 (BH), Aspergillus nidulans (FGSC4)
(CM). Alternaria mali (PD), and Fusarium
oxysporum (CM) were used for antimicrobial
activity assay. Bacterial colony of C albicans
KCTC1940, P. aeruginosa KCTC 1636, S.
typhimurium KCTC 1925, Z. mobilis KCTC 1534,
P. putida KCTC 8729, S. aureus ATCC 29213, and
S. epidermidis ATCC 12228 were inoculated in
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microbial liquid media and incubated for 16 hr
at 37C in shaking incubator (1000rpm). Dilutions
for test solutions were prepared as for
approximately 5x10° cell/ml in the cell
suspension. Each essential oil (0~1000 ppm) of
A. lavandulaefolia was added to in 25ml of
bacterial cell suspensions. The bacterial growth
was examined as a function of turbidity (OD at
600 nm) using spectrophotometer (Hitachi U-1100,
Japan). Fungal colonies of A. nidulans (FGSC4),
A. mali, and F. oxysporum were inoculated in
the center of agar plates. Each essential oil of
different concentrations (0~1000 ppm) was added
to in the center of plates and incubated at 24°C,
37C and 30°C. The radial extension was measured
for the fungal growth. Colony diameters were
measured on 5th days (Costilow 1981). ICs value
was calculated as the concentration of 50%
inhibition to control by comparison.

Callus induction and growth

Each seed coat was removed from the seeds of
Oryza sativa cv. Dongjinbyeo, Brassica cam-
pestris subsp. napus var. pekinensis, Achyranthes
Japonica and Sesamum indicum. Seeds were
rinsed with 75% ethyl alcohol for 30 sec and
then soaked in 5% sodium hypochlorite solution
for 15 min. They were rinsed with sterile
bidistilled water. The sterilized seeds were
germinated on the surface of Murashige and
Skoog's (MS) medium (Murashige and Skoog
1962) in test tubes (2x15cm). Leaf explants (5
mm?) of A. Japonica were cultured in four-
compartment Petri dishes containing MS 121
medium (Hogan and Mannners 1990) supplemented
with  different  concentrations of the A.
lavandulaefolia essential oil. Three explants
were put on each compartment. The Petri dishes
were sealed with parafilm (Whatman Co.) and
incubated for 30 days at 25C in the dark to
initiate callus induction. The Callus induction
was estimated and graded according to callus
volume: good., bad, and none (Krikorian and
Katz 1968). Calli obtained from O. sativa, B.
campestris subsp. napus var. pekinensis and A.
Japonica were placed in four-compartment Petri
dishes containing 20ml! of MS 121 medium
treated with 2,4-D 2 mg/L. Circular filter paper
with A. lavandulaefolia essential oil (0, 10, 20 I
per Petri dish) were put in the central wall of
the solid medium. The Petri dishes were sealed
with parafilm and incubated at 25C in the dark.
After 30 days, calli were dried in dry oven at 60C
for 48 hr. Ten dried calli per treatment were
weighed: (Dry weight of callus of the treatment/
Dry weight of callus of the contro}) x 100.

The results of the bioassays were based on
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three or four replicates. Comparisons among
treatments were made at the 5% or 1% level
using Scheffe’s method in one-way ANOVA.

Identification of essential oil

The essential oil of A. Jlavandulaefolia was
analyzed by gas chromatography (Hewlett-
Packard 5890) using a SE-54 column (50 m x0.33
#1 X 0.2mm i.d.). Temperature was programmed
from 45C (5min) to 300C (3min) at 4C/min.
Carrier gas was helium, flow rate 0.5 ml/min,
with FID. Injector temperature was 250°C. Split
ratio was 1:10 and head pressure was 34 psi.
Injection volume for all samples was 0.20 gl
Identification of peaks was made by the
comparison of retention times and mass spectra
of the peaks with those of commercial
compounds obtained from Sigma, Aldrich and
Fluka Co.

Comparative bioassay with commercial chemicals
Seven commercial standard isoprenoid chemicals
such as 1, 8-cineole, a-terpinene, B -pinene,
myrcene, t-caryophyllene and camphor were
used in seed germination and seedling growth
experiments of two test plants, A. japonica and
L. sativa. Procedures were the same as in the
germination and growth tests by essential oil.

RESULTS

Germination and
aqueous extract

The allelopathic effects of A. lavandulaefolia
aqueous extract on the germiantion of test
plants such as L. sativa, O. odorata, R. sativus
var. hortensis for. acanthiformis and P. asiatica.
are shown in Fig. 1 and 2. The germination ratio
of L. sativa was 75% in 10% concentration of
aqueous extract, and sharply reduced in 50%
extract. When L. sativa seeds were exposed to
100% (undiluted) extract, the germination ratio
was 1.1% (Fig. 1).

Although the radicle elongations of Q. odorata
and R. sativus var. hortensis for. acanthiformis
were stimulated by 10% aqueous extract,
inhibitory effects on radicle elongation were
proportoional to the concentration of agueous
extract. It was shown that radicle growth of
receptor species was actively inhibited at low
concentration (Fig. 2).

seedling growth test by

Germination and
essential oil
Essential oil of A. lavandulaefolia inhibited
seed germination of receptor plants. Seed
germination of all species except O. odorata, A.

seedling growth test by
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Fig. 1. Effects of Artemisia lavandulaefolia aqueous extracts
on seed germination of receptor plants. Key to species:
¢---¢, Lactuca sativa: wm---w, QOenothera odorata:

A-—-A, Plantago asiatica. ®---®, Raphanus sativus var.
hortensis for. acanthiformis.
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Fig. 2. Relative radicle elongation ratio of receptor plants
grown at different concentrations of A. lavandulaefolia
aqueous extract. Key to species: @---, Lactuea sativa:
m---m, Oenothera odorata:. A---A, Plantago asiatica:
®---®, Raphanus sativus var. hortensis for. acanthiformis.

yomena and E. ciligta was significantly reduced
at 15 1/260 ml (P <0.05) (Table 1).

The radicle growth in all of receptor species
was more actively inhibited at low concentration.
Especially, the radicle growth of A. japonica and
R. sativus var. hortensis for. acanthiformis were
significantly decreased in 63% and 54%,
respectively, at 5 #1/260 ml (Table 2).

Antimicrobial activity

Fig. 3 shows that the essential oil extracted
from A. lavandulaefolia inhibited the growth of
some bacteria species tested. The growth of
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Table 1. Germination percentage of receptor species by concentration of A. lavandulaefolia essential oil

Concentration (#1/260 ml)

Species Control

5 10 15 20
Achyranthes japonica 35.8 75.8 74.2 55.8*" 50.8*
Artemisia princeps var. orientalis 95.8 90.0 86.7 817" 75.0*"
Aster yomena 78.3 74.2 67.5 60.0 56.7
Elsholtzia ciliata 91.7 90.8 83.3 60.8 60.0
Oenothera odorata 85.8 80.8 73.3 69.2 60.8
Plantago asiatica 89.2 74.2 66.7 56.7** 45.8*"
Raphanus sativus var. hortensis for. acanthiformis 85.8 78.3 78.3 6L7*" 55.8™"

" Means are significantly different according to Scheffe’s methods in one way ANOVA (*: PL0.05; **: P<0.01).

Table 2. Radicle elongation (mm) of receptor species by concentration of A. lavandulaefolia essential oil

Concentration (#1/260 ml)

Species Control
5 10 15 20
Achyranthes japonica 40990341 2.621+0.386"* 2.097£0.582** 1.879+0.262** 1.749+0.376**
Artemisia princeps var. orientalis 1.252£0.188 0.833+0.221  0.735+0.094 0.656+0.227* 0.492+0.109*
Aster yomena 2.189+0.182 1.651+0.383  1.237£0.707* 0.508+0.169"* 0.410+0.089**
FElisholtzia ciliata 3.031+0.399 1.971:£0.431" 1.652+0.395™* 1.327£0.277** 1.078+0.423**
QOenothera odorata 1.66240.132 1.246%0.146" 1.181+0.163* 1.027+0.133** 0.827+0.226**
Plantago asiatica 1425+0.084 1.208+0.168 1.114+0.263  0.738+0.032** 0.551+0.039**
Raphanus sativus var. hortensis for. acanthiformis 3.726+0.637 2.026+£0.304"" 2.022+£0.342** 1.506+0.422** 1.479+0.743"*

" Means are significantly different according to Scheffe's methods in one way ANOVA (*: P0.05: **: P<0.01).
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As shown in Fig. 4, C. albicans was severely
inhibited below 200 ppm in ICsy concentration.

Changes of callus growth
The biomass of callus was reduced when the
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Fig. 3. Growth changes of bacteria cultured at different

concentrations of Artemisia lavandulaefolia essential oil.
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Fig. 4. Growth changes of Candida albicans cultured at
concentrations of Artemisia lavandulaefolia
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Table 3. Fresh and dry weight of test calli by concentration of A. lavandulaefolia essential oil at 30 days after

inoculation®
Fresh Weight (g)(% of Control)  Dry Weight (g){(% of Control)
Receptor plants Essential oil ( £1/80 ml) Essential oil ( x1/80 ml)
0 10 20 0 10 20
Achyranthes japonica 100 34.1** 22.6** 100 25.2** 14.2**
Brassica campestris subsp. napus var. pekinensis 100 41.2™" 22.2"" 100 29.3™* 14.8**
Oryza sativa 100 54.8%" 23.2** 100 37.3** 21.4

* MS medium supplemented with 2 mg/L 2, 4-D.

" Means are significantly different according to Scheffe's methods in one way ANOVA (*: PC0.05: **: P<0.01).

NAA and 1 mg of kinetin was supplemented with
A. lavandulaefolia essential oil (Table 3). While
O. sativa had the highest fresh and dry biomass,
the biomass of A. japenica was reduced the most
of the test plants In general, fresh and dry
weight of calli or size of receptor plants were
inversely proportional to the concentration of
the essential oil.

Identification of allelochemicals

Phytotoxic chemicals contained in the A.
lavandulaefolia were identified by gas chro-
matography. The identification of chemicals was
carried out by comparing its retention time with
that of authentic reference compounds and it
was further confirmed by the peak enrichment
technique, in which the retention time of
chemicals from plant essential oil was identical
to that of standard. Twenty-three compounds
were identified in the essential oils as follows: 1,
8-cineole, 1- «-terpineol, «-terpinene, camphor,
2-buten-1-o0l, azulene, 2-penten, camphene, 8-
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Fig. 5. The germination percentage of A. japonica tested
at different concentrations of chemicals.
Keys to compounds are as follows: e—@, a-Terpinene;
m—m, 7-3-Pinene: A—A, Camphor: x—x, 1.8-Cineole:
*—*, Myrcene; e®—e®, t-Caryophyliene.

myrcene, l-phellandrene, myrcenol, benzene,
sabinene, 7 -terpinene, 2-pyrrolidinone, & -3-carene,

2- f-pinene, endo-borneol, 3-cyclohexen-1-ol,
cis-piperitol, trans-caryophyllene, a-capaene,
patchulane. The major constituents were 1.

8-cineole, 1- a-terpineol, ae-terpinene, camphor,
2-buten-1-ol and azulene.

Bioassay of standard chemicals

Five standard compounds which occurred
commonly in the A. lavandulaefolia essential oils
were used for the bioassay studied. Seed ger-
mination (Fig. 5) and seedling growth (Fig. 6)
responded variously to each of these compounds. In
germination test, o-terpinene and B8 -pinene
exhibited strong inhibitory effects, whereas trans-
caryophyllene and myrcene slightly inhibited
seed germination of A. japonica. Inhibitory
effects of these compounds were concentration
dependent. Those 6 compounds affected also the
seedling growth of A. japonica. The growth of
shoot of receptor species was more inhibited in

100
80 |
1:-:
3 2 60
o
°38
8% a0
a¥
20
0
0 19 39 58 77

Concentration (ppm)

Fig. 6. The shoot growth of A. Jjaponica tested at
different concentrations of chemicals. Keys to compounds
are the same as in Fig. 5.
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1,8-cineole and other

compounds.

t-caryophyllene than

DISCUSSION

The aim of this study was to verify the allelo-
pathic effects of A. lavandulaefolia. Aqueous
extracts and essential oils from A. Javan-
dulaefolia were provided using 9 receptor plant
and 10 microbes. Germination, seedling growth
and biomass of receptor plants were significantly
inhibited by the extracts and essential oils.

In the genus Artemisia, over 260 species have
been investigated to reveal that they contain
many classes of secondary metabolites including
terpenoids, flavonoids, coumarins, glycosides,
steroids and polyacetylenes (Tan et al 1998). A
wide array of biologically active constituents are
produced by plants in the genus Artemisia
(Marco and Barbera 1990). For example, A.
scoparia (Kil and Yoo 1996), A. princeps var.
orientalis (Kil and Yun 1992), A. annua (Lydon
et al. 1997), A. princeps (Ryu et al 1997), A.
eriopoda (Hu et al 1998), Artemisia species
(Tan et al. 1998), A. capillaris (Yamahara et al
1989, OKuno et al 1988), A. argyi (Yoshikawa et
al. 1996), and A. indica (Chanphen et al 1998)
were investigated. The oils of Artemisia volatile
constituents have been the subject of several
investigations (Misra et al 1991, Catalan et al
1991).

During our investigation on seed germination
and seedling growth of various plants (Figs. 1, 2,
Tables 1, 2), we observed that radicles of the
germinating seeds were significantly short at the
high concentrations of aqueous extracts and
essential oils. The aqueous leachates (1% w/v)
of Sicyos deppei significantly inhibited (80%)
radicle growth of Cucurbita ficifolia (Cruz-
Ortega et al. 1998), too.

Essential oils are presently used for flavouring
processed foods (Fenaroli 1995), antimicrobials
substances (Lis-Balchin et al 1996, 1997) as well
as antioxidants (Paya 1993). The essential oils
would, however, have to be used in con-
siderable concentrations to achieve antibacterial
potential, as preliminary studies have indicated
that this would be between 500-100ppm.
Evidence that terpenes suppress cell elongation
and cell division exists (Muller and Hauge 1967),
but there is little support for one specific mode

of terpene interference with normal plant
metabolism.
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