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Phytotoxic effect of aqueous extracts and essential oils
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Abstract The phytotoxic effects of aqueougnteraction among plants. Allelochemic natural

extracts and essential oils derived from southePfioducts have been implicated in the patterning of

marigold agetes minuth.), were studied usin test/€getation and weed growth in agricultural systems
'gold Tag inuta,), w udied using ebl & Worsham 1983). It has been suggested that

species bioassays. The phytotoxic potential of t i .
chemical substances was evaluated on callih release of allelochemicals to the environment

induction and growth of four receptor plant specie812Y decrease crop yields (Chou 1993, Cruz-Ortega
Oryza sativaDongjinbyeo),Brassica campestris et al. 1998). Alternatively, these allelochemicals
subspnapusvar. pekinensisRaphanus sativugr, Ol potential as natural herbicides.

acanthiformis andSesamum indicutAnsanggae). Vanous allelochemicals secreted from some plant
The receptor plantsere grown on MS (Murashige SPECies are water soluble and non-phytotoxic
& Skoog) media supplemented with 2 mg/litre 2As_ubstances, but may be gradually degraded into toxic

D and 0.5 mgl/litre kinetin containing aqueouSoMPonents by soil micro-organisms and
extract and es%ential oil extracted frd‘n?mir?uta Interactions with other soil factors (Balke et al. 1987;

Jose & Gillespie 1998; Tongma et al. 1998). There
are many examples of naturally occurring chemical
inhibitors that seriously interfere with one or more
of the vital processes of plants. Chemical substances

TCorresponding author. from some plant species may inhibit the seedling

H01050; published 25 September 2002 growth and seed germination of selected test species
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1996; Yun & Kil 1997; Kil 1999). Aqueous extractsl43 mOsm/kg had no influence (Elakovich &
and essential oils of certain plant species have amiooten 1991); the extracts in this study were diluted
microbial activities (Dellar et al. 1996; Kil et al.to osmotic potentials no greater than 90 mOsm.
1999a,b). Volatile essential oil extracted from minutawas
The development of a plant is sequential, arabtained by the following procedure: crushed fresh
most growth-promoting compounds are involved ileaves ofT. minutawere placed in a 2-litre round-
such development including mitotic activity. Théottomed flask, which was steam-distilled in a
plant growth-promoting compounds would produckarlsruker’'s apparatus (Stahl 1973), and was then
significant changes in plant growth. It was reportegktracted with ether. The ether extract was
that the damage of growth by some allelopath@oncentrated in rotary evaporator, and resultant
chemicals was the result of interruptions in mitotiextract was kept at —7Q in a deep freezer to
processes or to nuclear aberrations (Kil et al. 1999ajinimise escape of volatile compounds.
The effect of allelopathic agents can be explored b , ,
a cytological procedure or growth analysis. Since t,l%eparatlon of tissue explants
bioassay by tissue-culture techniques providesR&ceptor plants we®ryza sativa(Dongjinbyeo),
promising method of determining the role oBrassica campestrisubsp.napusvar. pekinensis
allelochemicals in developmental processes (fflwangkeumbaechu)Raphanus sativusvar.
plants, the use of tissue culture to study allelopathdcanthiformis andSesamum indicufdnsanggae).
effects has been previously reported (Hogan &eeds of the receptor species were sterilised with
Manners 1990; Kil et al. 1992, 1993, 1999a). TH&% ethanol (v/v) for 30 s and then in 3% sodium
composition of essential oils of plants of the genimypochlorite solution for 15 min, before being rinsed
Tageteshave been analysed (Hethelyi et al. 1988; times with sterile distilled water. The sterilised
Chalchat et al. 1995; Singh et al. 1995; Gil et adeeds, excedD. sativa were germinated in petri
2000), and anti-microbial activities of have beedishes (8% 15 mm) containing MS (Murashige &
studied (Hethelyi et al. 1986; Weaver et al. 199&koog) medium supplemented with 3% sucrose
Zygadlo et al. 1994), but phytotoxic effects oand 1.0% agar (Murashige & Skoog 1962). The
Tagetes minuth. essential oil has not been studiechedium was adjusted to pH 5.8 and autoclaved at
in depth as of yet. The purpose of the present stutiyt kg cm? pressure and 12€C for 20 min. Petri
was to analyse allelopathic effects of aqueous extrad@hes were incubated at°5for 30 days in 16 h
and essential oil fror. minutaon the induction and day and 8 h night photoperiod with a light intensity
growth of callus of some plant species of 2000 Lux.

Bioassay of aqueous extract and essential oil
At Day 5 after germination of the three receptor

MATERIALS AND METHODS speciesB. campestrisar. pekinensisk. sativuvar.
, . acanthiformis andS. indicun), hypocotyl explants
Preparation of allelochemic substances (5 mm length) from the seedlings and the sterilised

Tagetes minutavas used as a donor species of tleeeds ofD. sativa(brown rice) were inoculated to
aqueous extract and the volatile compounds. Theluce callus on MS medium. The basal MS medium
donor species was collected in the area surroundings supplemented with 2 mg/litre 2,4-D and 0.5 mg
Buan, Chollabuk-do, Republic of Korea in 1999litre kinetin containing different concentrations (0,
Aqueous extract of. minutawas made by the 10, 30, 50, and 70%) of the aqueous extracts. Twenty
following procedures: within 24 h after beingexplants per petri dish of four receptor species were
harvested, 1 litre of distilled water was added to #roculated, sealed with parafilm, and incubated at
litre Erlenmeyer flask containing 200 g fresh 25°C for 30 days in the dark. The experiment was
minuta material. The aqueous mixture of dri€d replicated 4 times.

minutawas incubated at 26 for 24 h and filtrated  After the inoculation of explants on the basal
first through a 0.053 mm sieve, and then throughedium as described above the explants were
Whatman No. 40 filter paper. Filtrates were diluteexposed to the essential oil according to the
to 10, 30, 50, and 70% of the original extract bfpllowing procedure: two sheets of filter paper discs
adding distilled water, whereas undiluted filtrate wggliam. 8 mm, No. 2, TOYO Ltd) were placed in the
defined as 100% extract. Osmotic potentials belowentre of petri dish containing the solid basal

‘ Lee etal Phytotoxic .P65 162 24/9/02, 10:01 PM

L



Lee et al.—Phytotoxic effect of southern marigold 163

medium, and were impregnated with differerbtatistical data analysis
concentrations (0, 5, 10, and @) of the essential pata were analysed statistically using SPSS
oil in the refrigerator (atC). The petri dishes wereyingows program. Statistical differences among the
immediately sealed with parafilm and incubated gleatments and controls were tested using Duncan’s
25°C for 30 days in the dark. multiple range test.

Callus induction was estimated according to
callus condition (i.e., excellent, good, and bad) (Arya
etal. 1993; Kil et al. 1993) 30 days after inoculation.
To investigate callus growth rate of the recept(ﬁESULTS
species, the gross fresh weight and dry weight e
calluses per replication were measured. Calluse ,
were oven-dried at 7@ for 72 h. The rates of callusEffects of T. minutaaqueous extract on callus

growth and induction were estimated using tHBduction of brown rice 0D. sativaand hypocotyle
following equations: of B. campestrissar. pekinensiscultured on MS

media containing different concentrations of the
agueous extracts are presented in Table 1. Total
callus induction was significantly inhibited in
proportional to the concentrations of aqueous extract
0 of T. minuta and especially, callus induction of the
two receptor species was rapidly decreased in 30%
o _ and 50% of the aqueous extract respectivEhe
(2) Relative induction rate of callus (RIR, %) = number of excellent callus in the treatment except
in 10% aqueous extract was significantly different
x 100 from that of the control. Relative induction rate
% of calluses induced in the control (RIR) of callus in for eachl. minutaextract

féfeCt of aqueous extract

(1) Relative growth rate of callus (RGR, %) =

Gross fresh/dry weight of calluses in the treatmxent
Gross fresh/dry weight of calluses in the control

% of calluses induced in the treatment

Table 1 Effects of the aqueous extractsTaigetes minutadded to growth media on callus inductio®o§za sativa
and Brassica campestrigar. pekinensis30 days after inoculation. (RIR = relative induction rate of callus to the
control.)

Conc. . o
Receptor aqueoUs Callus induction (%)
species extracts (%) Excellent Good Bad Total RIR
O. sativa Control 41.3 50.¢% 7.5 98.8 100.0
10 45.¢ 30.0°¢ 17.50 92.8 93.6
30 18.8¢ 37.50 27.5b 83.82 84.8
50 5.0 15.00d 36.3 56.9 57.0
70 0.C¢ 1.3 22.5 22.8 24.1
B. campestris Control 37.8 36.3 22.%3 92.53 100.0
var. pekinensis 10 25.0b 36.3 26.3 83.8 90.6
30 10.¢c 22.50 26.3 56.3 60.9
50 0.¢ 8.gc 26.3 35.1¢ 37.9
70 0.0 0.0° 12.8 12.5 13.5

*Basal medium was MS (Murashige & Skoog) medium supplemented with 2 mg/litre 2,4-D and 0.5 mg/litre kinetin.

Aqueous extract was made by soaking 200 g fresh shoot per 1 litre distilled water for 24Q\ at 25
THomogeneous subsets are displayed by Duncan’s multiple range 8tQ5).
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concentration®. sativawas higher than tha. To estimate the inhibitory effect of aqueous
campestris/ar.pekinensis. O. sativappeared to be extract ofT. minutaon the callus induction among
a more resistant species To minutathan B. the four receptor plant®( sativa B. campestrisar.
campestrisvar. pekinensis pekinensisR. sativusvar. acanthiformis andsS.
The callus growth 0D. sativaandB. campestris indicunm) explants were grown on MS medium
var. pekinensis was compared in various containing 50% aqueous extracfloiminuta(Table
concentrations of th&. minutaaqueous extracts 3). The percentage of total callus induction of the
(Table 2). Fresh weight, dry weight, and RGR of tHeur receptor plants and the number of excellent
calluses were significantly inhibited proportion to theallus decreased proportionally to the concentrations
concentrations of thE. minutaaqueous extract used of the aqueous extract. Aqueous extradt.aghinuta
The inhibitory effect ofT. minutaappeared to be exhibited a more allelopathic effect on callus
more severe oB. campestrivar. pekinensighan induction ofR. sativuyar. acanthiformighan other
on O. sativa.ln the media containing 70% aqueouthe receptor plants.
extracts, callus oB. campestrisvar. pekinensis  The callus growth of the four receptor species
hardly developed and the explant died 2 weeks aftf®. sativa B. campestrisR. sativusandS. indicum

Table 2 Effects of the aqueous extractsTaigetes minutadded to growth media on the callus growttDoyza
sativaandBrassica campestrigar. pekinensis80 days after inoculation.

Conc O. sativd B. campestrivar. pekinensis

aqueous FW FW-RGR DW DW-RGR FW FW-RGR DW DW-RGR
extracts (%) (mg) (%) (mg) (%) (mg) (%) (mg) (%)
Control 1723.3 100.0 240.8 100.0 1060.8 100.0 117.8 100.0

10 1625.8 94.3 232.6 96.5 589.5 55.6 70.0 59.3

30 1104.8 64.1 171.8 71.4 337.8 31.8 43.5 36.9

50 974.6 56.5 154.8 64.1 204.54 19.3 2754 233

70 799.8 46.4 128.8 53.5 155.9 14.7 19.9 16.5

*Basal medium was MS (Murashige & Skoog) medium supplemented with 2 mg/litre 2,4-D and 0.5 mg/litre kinetin.
Aqueous extract was made by soaking 200 g fresh shoot per 1 litre distilled water for 24Q at 25

TFresh weight (FW) and dry weight (DW) were estimated for 20 explants. Relative growth rate of callus (RGR) was
FW/DW of treated callus to the control. Homogeneous subsets are displayed by Duncan’s multiple range test
(P <0.05).

Table 3 Callus induction of receptor species on the media added aqueous extiiaetes minut&80 days after
inoculation. (RIR = relative induction rate of callus to the control. NS = not significantly different at the 0.05 level.)

Callus induction (%)

Receptor Aqueous
species extract Excellent Good Bad Total RIR
Oryza sativa Control 41.3 50.0 7.5 98.8 100.0
50% 5.0P<0.01 15.0P<0.01 36.3P<0.01 56.3P<0.01 57.0
Brassica campestris Control 37.5 36.3 22.5 96.3 100.0
var. pekinensis 50% 0.0P<0.01 8.8P<0.01 26.3NS 35.P<0.01 36.4
Raphanus sativus Control 16.3 57.5 22.5 96.3 100.0
var. acanthiformis 50% 0.0P<0.01 0.0P<0.01 18.8NS 18.8<0.01 195
Sesamum indicum Control 98.7 1.3 0.0 100.0 100.0
50% 0.0P<0.01 0.0 NS 36.<0.01 36.3P<0.01 36.3

*Basal medium was MS (Murashige & Skoog) medium supplemented with 2 mg/litre 2,4-D and 0.5 mg/litre kinetin.
Aqueous extract was made by soaking 200 g fresh shoot per 1 litre distilled water for 24Q at 25
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on the MS medium containing 50% aqueous extrdetfect of essential oil

is presented in Table 4. Fresh weight and dry weighie effect of essential oil df. minutaon callus

of four receptor species significantly decreaséflduction was investigated usir@ sativaandB.
compared with the control. The RGR of the callusampestris/ar.pekinensisis assay plan{Sable 5).
was inhibited in the following ordeB. campestris For O. sativa the number of excellent callus
S. indicum R. sativusand O. sativa The result significantly decreased in 2@ essential oil. The
showed different trends for callus induction ipercentage of total callus induction slightly
the receptor species. Callus inductiorRofsativus decreased in proportional to the concentrations of
was the most inhibited of the receptor species, lrdsential oil used, but it was not significantly
callus growth was least decreased compared witliferent to the control. FoB. campestrisvar.

B. campestrisand S. indicum respectively. pekinensisthe number of excellent callus and the
The explants of R. sativus also showed percentage of total callus induction were
hypertrophic development with a small portiosignificantly inhibited by 10 and0 pl essential oil
being the callus. respectively.

Table 4 Callus growth of receptor species on the medium added 50% aqueous exffagiste§ minut80 days
after inoculation.

Receptor Conc. of Callus growt
species aqueous extract (%) FW (mg) FW-RGR (%) DW (mg) DW-RGR (%)
Oryza sativa Control 1723.3 100.0 240.5 100.0
50% 974.0P<0.01 56.5 154.#<0.01 64.1
Brassica campestris Control 1060.0 100.0 118.0 100.0
var. pekinensis 50% 204.5°<0.01 19.3 27.9<0.01 23.3
Raphanus sativus 1214.3 100.0 123.5 100.0
var. acanthiformis Control
50% 383.57<0.01 31.6 49.<0.01 40.3
Sesamum indicum Control 1280.3 100.0 88.8 100.0
50% 254.5°<0.01 19.9 26.$<0.01 29.6

*Basal medium was MS (Murashige & Skoog) medium supplemented with 2 mg/litre 2,4-D and 0.5 mg/litre kinetin.

Aqueous extract was made by soaking 200 g fresh shoot per 1 litre distilled water for 24h at 25

TFresh weight (FW) and dry weight (DW) were estimated for 20 explants, and relative callus growth rate (RGR) was

fresh/dry weight of treated callus to the control.

Table 5 Effect of the essential oils dfagetes minutan callus induction oDryza sativeandBrassica campestris
var. pekinensis80 days after inoculation. (RIR = relative induction rate of callus to control.)

Callus induction (%)

Receptor Conc. of essential oll
species (ml/80 ml) Excellent Good Bad Total RIR
O. sativa Control 60.0 28.8 8.8 97.6 100
5 51.3b 3.3 15.(70 97.6 100
10 38.8b 33.8 20.0%0 92.6¢ 94.9
20 23.% 37.2 30.¢ 91.3 93.5
B. campestris Control 30.¢ 52.5 13.8 97.6 100
var. pekinensis 5 18.8b 48.8 26.30 92.6% 94.9
10 15.00 37.2 36.3 91.39 93.5
20 10.¢ 42.8 36.3 88.8 91.0

“Basal medium was MS (Murashige & Skoog) medium supplemented with 2 mg/litre 2,4-D and 0.5 mg/litre kinetin.

THomogeneous subsets are displayed by Duncan’s multiple range e8tQ5).
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Table 6 Effect of essential oil oTagetes minutan the callus growth dDryza sativaand Brassica campestris
var. pekinensis30 days after inoculation.

O. sativd B. campestrivar. pekinensis

Conc. of

essential oils FW FW-RGR DW  DW-RGR FW FW-RGR DW DW-RGR
(ml/80 mly (mg) (%) (mg) (%) (mg) (%) (mg) (%)
Control 1185.8 100.0 114.3 100.0 1273.8 100.0 117.8  100.0

5 1155.8 97.5 112.3 98.4 1234.8 96.9 114.8 98.1

10 1037.3b 87.5 103.6° 90.1 1020.5 80.2 101.6 85.9

20 952.0 80.3 96.% 84.4 940.8 73.9 94.6 80.3

*Basal medium was MS (Murashige & Skoog) medium supplemented with 2 mg/litre 2,4-D and 0.5 mg/litre kinetin.
TFresh weight (FW) and dry weight (DW) were estimated for 20 explants. Relative growth rate of callus (RGR) was

fresh/dry weight of treated callus to the control. Homogeneous subsets are displayed by Duncan’s multiple range test

(P < 0.05).

Table 7 Callus induction of receptor species tested in essential dihgétes minut80 days after inoculation.
(RIR = relative induction rate of callus to the control. NS = not significantly different at the 0.05 level.)

Callus induction (%)

Receptor Conc. of essential all
species (mI/80 mi) Excellent Good Bad Total RIR
Oryza sativa Control 60.0 28.8 8.8 97.6 100.0
20 23.8P<0.01 37.5NS 30.8<0.01 91.3NS 95.4
Brassica campestris Control 30.0 52.5 13.8 96.3 100.0
var. pekinensis 20 10.0P<0.01 425NS 36.B<0.01  88.#<0.01 91.7
Raphanus sativus Control 16.3 57.5 23.8 97.6 100.0
var. acanthiformis 20 12.5NS 62.5 NS 20.0 NS 95.0 NS 97.3
Sesamum indicum Control 98.7 1.3 0.0 100.0 100.0
20 0.03P<0.01 26.3P<0.05 68.8P<0.01 95.1 NS 95.1

*Basal medium was MS (Murashige & Skoog) medium supplemented with 2 mg/litre 2,4-D and 0.5 mg/litre kinetin.

Table 8 Callus growth of receptor species tested in essential dihgétes minutén 30 days after inoculation.
(NS = not significantly different at the 0.05 level.)

Callus growtH

Receptor Conc. of essential oil
species (ml/80 ml) FW (mg) RGR (%) DW (mg) RGR (%)
Oryza sativa Control 1185.0 100.0 114.3 100.0
20 952.0P<0.01 80.3 96.%°<0.01 84.4
Brassica campestris Control 1273.0 100.0 117.0 100.0
var. pekinensis 20 940.3P<0.01 73.9 94.0°<0.01 80.3
Raphanus sativus Control 1214.3 100.0 115.0 100.0
var. acanthiformis 20 1098.0 NS 90.4 104.8 NS 91.1
Sesamum indicum Control 838.8 100.0 65.5 100.0
20 602.8P<0.01 71.9 48.$<0.01 74.4

*Basal medium was MS (Murashige & Skoog) medium supplemented with 2 mg/litre 2,4-D and 0.5 mg/litre kinetin.

Aqueous extract was made by soaking 200 g fresh shoot per 1 litre distilled water for 24Q at 25

TFresh weight (FW) and dry weight (DW) were estimated for 20 explants, and relative callus growth rate (RGR) was

fresh/dry weight of treated callus to the control.
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Fresh weight and dry weight of calluses@f decreased to lesser extent than th&t inampestris
sativaandB. campestrisvar. pekinensisneasured andS. indicuncultures. The explants &. sativus
30 days after inoculatioare presented in Table 6.also showed the hypertrophic development with a
The callus growth of the two receptor speciesmall portion being the callus.
proportionally decreased with the concentration of The phytotoxic effects of the aqueous extract were
the essential 0iD. sativaandB. campestrigrowth more pronounced on the receptor species than that
significantly decreased in 10 aB@pl essential oil, of the essential oil. Especially, the inhibitory activity
respectively. of essential oil derived fronT. minuta was
The response of callus induction toj2@ssential significantly lower when compared with essential oil
oil in the four receptor plantsO( sativg B. derived from other plant species (Kil et al. 1992,
campestrisR. sativusandS. indicunyis presented 1993; Yoo 2000). This present result suggested that
in Table 7. The percentage of total callus inductidhe content and composition of allelochemicals may
with the exception ofB. campestriswas not have different effects depending on plant tissue or
significantly different. Except foR. sativushe organ sources. Allelochemicals are contained in most
number of excellent callus significantly decreased pkant tissues and organs including leaf, stem, root,
compared to the control. The condition of inducefuit, flower, seed, and pollen (Kil & Lee 1987;
callus inR. sativuswas hardly different when Ortega et al. 1988). It seemed that the different
compared with the control. inhibitory activity of the donor species on the
When the calluses of the four receptor speciesceptor ones could be useful in evaluating the
were tested in 2l essential oil, the growth of callusspecies-specific allelopathic inhibitory effect.
significantly decreased in all species when comparedRecently, plant tissue culture techniques using
with the control (Table 8). Callus RGR in 20 suspension cells, protoplasts, or microplants, have
essential oil was inhibited in the following ord8t: been used to estimate the allelopathic effects among
indicum B. campestrisO. sativaandR. sativus  plant species (Hogan & Manners 1990, 1991, 1992;
Preece et al. 1991; Kil et al. 1992, 1993, 1994).
Futhermore, these methods could be profoundly
useful for the bioassay of allelopathic effects.

DISCUSSION

Allelopathic effects exist among plant species, in

tissue culture, seed germination, and seedling gron%E

bioassays. The inhibitory effect of the aqueo FERENCES
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