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ABSTRACT

To evaluate allelopathic effect of volatile chemicals and phytohormones, seed germination and
seedling growth test of Lactuca sativa have performed in laboratory experiments. Among used
chemicals terpienen-4-ol was the most inhibitory to seed germunation of lettuce, ABA and
GA inhibited seed germination at 5X10-*M concentration but promoted germination at
2.5%107°M and 5x10°M. ABA and GA alleviated volatile chemical-induced inhibition of
seed germination and seedling elongation of lettuce (Table 5 and Table 6).
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INTRODUCTION

Terpenoids are well-known allelochemicals. Allelo-
chemicals decreased the germination rate, enzyme ac-
tivity, hormone-induced growth, membrane perme-
ability and mineral uptake(Rice 1984). The effect of
hormones and allelochemicals on plants have been
cited in the literature. For example, the action of
abscisic acid (ABA) in inhibiting seed germination is
the control of water uptake of the embryo tissue of
1972, Green and
Corcoran 1975). But there are few research on inter-

Sinapsis alba (Schopfer et al.

action of volatile chemicals and phytohormones.
Phenolic compounds in low concentrations when

present together with GA and ABA favour GA-
induced growth by antagonizing the inhibitory effect
of ABA(Ray and Laloraya 1984).

To estimate interactions between naturally occurring
volatile chemicals from plants and phytohormones, it
is necessary to obtain information about influence on
seed germination and seedling growth at different
concentrations of phytohormones and volatile che-
micals.

Thus the aims of the present study were to evalu-
ate the effects of four volatile chemicals, ABA and
GA on seed germination and seedling growth of let-
tuce.
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MATERIALS AND METHODS
Allelopathic activity of volatile chemicals

Allelopathic activity of volatile chemicals identified
from Artemisia princeps var. orientalis were assayed
on lettuce (Yun 1994). In the Petri dish (210 ml),
fifty seeds of lettuce were placed on the filter paper
which was layered on absorbent cotton with sufficient
moisture. Chemicals applied in different quantities (1,
3,5 7, 10 4/ 210 ml) were placed at foil container
standing in the Petri dish. The Petri dish without
chemicals was used as a control. The Petri dish was
covered with vinyl wrap. The chemical compounds
were terpinen-4-ol, cineole, (—)-thujone, and a-humu-
lene. The other procedure was made according to
Kil and Yun (1992) and Yun er al. (1993).

Interaction of allelochemicals and phytohormones

1. Germination and seedling elongation of lettuce in
hormone solution

Abscisic acid (ABA) and gibberellic acid (GA) were
purchased from Sigma Co. (U.S.A.). The hormones
were diluted such concentrations as 5X10*M, 2.5%X
10°M and 5X10°M. Fifty seeds of lettuce were
placed on filter papers in Petri dish containing either
distilled water (control) or solution of ABA and GA.

2. Germination and seedling elongation of lettuce in
volatile chemicals and plant hormones

In the Pertri dish, fifty seeds of lettuce were placed
on filter paper which was layered on absorbent cot-
ton with sufficient 2.5X10-*M ABA and GA slou-
tion. Chemicals applied in different quantities (1, 35,
10 4/ 210 ml) were placed in foil container standing
in Petri dish. The same Petri dish was covered with
vinyl wrap.

The Petri dishes were kept at 25C by daytime and
207C at night. The experiment extended over a period
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of 10 days to allow maximum seed germination. The
results were determined by counting the number of
germinated seeds and measuring the whole length of
seedlings in millimeters. Four replications were used.
From these data the relative germination ratio and
relative elongation ratio were calculated according to
Kil and Yun (1992) by following equation:

Relative germination ratio =
Germination percentage of tested plant

LT e e X100
Germination percentage of control

Relative elongation ratio =

Mean length of tested seedlings
X100

 Mean length of control seedlings

RESULTS
Allelopathic activity of volatile chemicals

Four chemical compounds were used for the bioa-
ssay. Seed germination of lettuce responded differently
to each of these compounds. a-Humulene was not
particularly toxic to lettuce even at higher concen-
trations, whereas terpinen-4-ol, cineole and (—)-
thujone exhibited inhibitory effects heavily. Of the
compounds, terpinen-4-ol was the most inhibitory to
seed germination of lettuce, that is, germination per-
centage of lettuce at different concentrations of the
chemicals was inversely proportional (Table 1). The
germination ratio to the control at different concen-
trations was shown as followed : 81.2% at 1 4/ 210
ml, 61.7% at 5 4/ 210 ml and 7.6% at 10 ./ 210
ml, respectively (Table 1).

Those compounds affected also the seedling elon-
gation of lettuce. General tendency was similar with
germination test. In other words terpinen-4-ol, cineole
and (—)-thujone have a toxic effect to seedling gro-
wth of lettuce against concentration increment (Table
2).

Interaction of allelochemicals and phytohormones
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Table 1. Germination percentage of Lactuca sativa tested at different concentrations of chemicals®

Concentration (4 /210 m})

Chemicals Control 1 3 5 7 10
a-Humulene 74.7a 74.7a 76.0a 74.7a 74.0a 68.0a
Terpinen-4-ol 83.7a 72.0a 62.7b 54.7b 23.3¢ 6.7¢c
Cineole 82.0a 67.3ab 58.7abc 54.0abc 43.3bc 32.0c
(—)-Thujone 86.7a 76.7ab 53.3abc 43.3bc 43.3bc 34.7c

*Means within rows followed by same letters are not significantly different at the 5% level by Duncan’s multiple-

range test,

Table 2. Seedling length(mm) of Lactuca sativa tested at different concentrations of chemicals®

Concentration (g /210 ml)

Chemicals Control 1 3 c 7 10
a-Humulene 71.2a 70.2a 59.9a 66.7a 65.1a 68.3a
Terpinen-4-ol 64.7a 50.5ab 38.1bc 23.7cd 14.8de 0.0e
Cineole 71.6a 45.6ab 35.7b 31.3b 26.1b 14.7d
(—)-Thujone 65.3a 36.5b 27.7b 21.5bc 17.9bc 7.3c

aMeans within rows followed by same letters are not significantly different at the 5% level by Duncan’s multiple:

range test.

1. Germination and seedling growth of lettuce in phyto-
hormone solution

Relative germination ratio of lettuce is more than
100% 25Xx10°M and 5X10°M of ABA. That
means ABA hastened seed germination of lettuce at
2.5%10°M and 5X*M (Fig. 1) GA inhibited seed
germination at 5X10*M.

But, seedling growth of lettuce at each concen-
tration (5x107¢, 2.5x10-* and 5% M) of ABA was
inhibited and the inhibition shows a concentration re-
sponse. GA hastened seedling growth at all tested

120 ¢

100 | b
80

60 |

RGR (%)

a0 |

20t

o L 1 1
o 5x10°® 2.5x107° 5x10°%

Hormone conc.(m)

Fig. 1. Relative germination ratio of Lactuca sativa in
different concentration of phytohormones. @, GA; H,
ABA.
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Fig. 2. Relative elongation ratio of Lactuca sativa
tested in different concentrations of phytohormones, @
, GA: H, ABA

concentration (Fig. 2).

2. Seed germination and seedling growth of lettuce in
volatile chemicals and plant hormone

ABA were applied(2.5X10-*M) with volatile
chemicals in seed germination (Table 3) and seedling
growth (Table 4). ABA alleviated volatile chemical-
induced inhibition of seed germination and seedling
growth. The concentration of ABA solution was
same in each case(2.5X10°M) and the concentration
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Table 3. Germination percentage of Lactuca sativa tested in ABA and different concentration of chemicals?
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Korean J. Ecol. Vol. 20, No. 4

Chemicals

Control

2.5X10"°M

Concentratioh(;zl /210 ml)

+1 +5 +10
a-Humulene 75.5b 91.0a 77.0ab 65.0b 62.5b
Terpinen-4-ol 75.5a 91.0a 57.5b 46.5b 43.5b
Cineole 75.5a 74.5a 75.5a 81.5a 64.5b
(—)-Thujone 75.5a 74.52a 63.5ab 58.5b 25.5¢

aMeans within rows followed by same letters arre'nrotr sigm'ficanrtrly dirfferent at the 5% level by Duncah's multiple

-range test.

Table 4. Seedling growth (mm) of Lactuca sativa tested in ABA and different concentration of chemicals?

‘ ABA Concentration(z /210 ml)
Chemicals Control 9 5%10°°M 41 15 10
a-Humulene 55.4ab 34.9¢ 48.9b 51.2b 52.9ab
Terpinen-4-ol 55.4a 34.9b 41.6b 39.5b 35.6b
Cineole 56.7a 35.7¢ 52.7ab 48.7b 36.1c
(—)-Thujone 56.7a 35.7¢ 47.2ab 40.7b 23.2¢

*Means within rows followed by same letters are not significantly diffefé}lt at the 5% level by Duncan’s multiple

-range test.

of chemicals 1, 5, 10 4/ 210 ml. When each che-
micals treated with ABA, the inhibitory effect was
alleviated. The inhibition was in proportion to con-

centrations of chemicals. ABA shows antagonizing

volatile chemicals action.

To study the interation, volatile chemicals were ap-
plied (1, 5, 10 4/ 210 ml) with 2.5x10°M GA. Of

Table 5. Germination percentage of Lactuca sativa tested in GA and different concentration of chemicals®

the four chemicals tested all but a-humulene in ger-

mination test alleviated chemical-induced inhibition of

seed germination (Table 5) and seedling growth (Ta-
ble 6) of lettuce.

‘ GA Concentration(z /210 ml)
Chemicals Control 9 5% 10-M e 45 10
a-Humulene 75.5a 78.0a 70.0ab 65.5b 63.0b
Terpinen-4-ol 75.5a 78.0a 69.5a 47.5b 17.5¢
Cineole 75.5a 74.0a 75.0a 63.0b 48.5¢
{—)-Thujone 75.5a 74.0a 74.0a 50.5b 45.5b

:Means within rows followed by same letters are not significantly différent at the 5% level by Duncan’s multiple

-range test,

Table 6. Seedling growth (mm) of Lactuca sativa tested in GA and different concentration of chemicals®

Chemicals Control GA
a-Humulene 56.9b 67.4a
Terpinen-4-ol 56.9b 67.4a
Cineole 56.9b 64.4a
(—)-Thujone 56.9b 64.4a

Concentration( /210 mi)

+1 +5 +10
60.2ab 56.6b 51.1b
55.9b 36.2¢ 22.3d
52.3bc 47.4cd 45.4d
51.6bc 48.7cd 41.7d

aMeans within rows followed by same letters avr*e not significantly different at the 5% level by Duncan’s multiple

-range test.
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DISCUSSION

Evidence presented in this study shows similarily
that allelopathic effect of volatile chemicals identified
from Artemisia princeps var. orientalis on seed germi-
nation and seedling growth (Yun 1994) and GA and
ABA are antagonistic action against 4 terpenoids.

Among standard chemicals used in bioassay, ter-
pinen-4-ol was shown the most inhibitory, and the in-
hibitory effect was proportional to concentration. This
agrees with the result of Heisey and Delwiche (1984)
that terpinen-4-o! is major inhibitor in Trichostema.
Mulier (1965) noted that root growth of Cucumis and
Avena seedlings was inhibited by leaves of Salvia
leucophylla and cineole and camphor were shown to be
the most inhibited compound. Some other terpenes are
also phytotoxic (Evenari 1949, Muller and Muller
1964, Asplund 1968, Halligan 1975, Vokou and Mar-
garis 1986, Bradow and Connick 1988).

There are some report of terpenoids (Yun 1994) and
hormones (Halloin 1976, Schopfer et al. 1979) affecting
seed germination and seedling growth. Comparing with
Table 1 and Table 5, 1 4/ 210 ml terpinen-4-ol sol-
ution showed 72.0% (81.2% of control) of germi-
nation, but 10 4/ 210 ml, 6.7% (7.6% of control) in
Table 1, 1 4/ 210 ml terpinen-4-ol added GA 2.5X
10-*M solution showed 69.5% germination, 17.5% (23.
2% of control) in 10 z/ 210 ml treatment. In other
word these result represented alleviation of phyto-
hormones. Furthermore bioassay with other volatile
chemicals showed similar tendency. In seedling growth
test, ABA inhibited growth of lettuce, this results are
very similar to those of the Ray and Laloraya (1984)
study. Combined action of phenolic compound and
ABA and GA has been studied(Green and Corcornan
1975, Halloin 1976). Green and Corcoran (1975)
reported that tannins are antagonists of a variety of
chemically different gibberellins. Antagonism of GA by
tannin is demonstrated by the inhibition of induced
growth, lack of effect on endogenous growth, and
most important by the reversibility of inhibition with
additional GA. In the present study, the effectiveness
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of GA and ABA as antagonist 4 volatile chemicals is

evident.
H e
A o] Faptolel SRR v X 3w $8E
Q3 Hgsage) Qal velo] delwopl EuE 4

st Ay ARg3t FEEF 2, a-humulene,
trpinen-4-cl, cineole, (—)-thujoned Fapaojo} FH A
A AAPon, JAFEE Frdd v, 7
AlatA A3 318528 terpinen-4-0l0] T} A ETE
2 ABAY GAE 5x10-°MolA] Fxajgtels oAAigo
] 2.5x10*M¥ 510 Mol FA8AS e
o} 3jubA sletE Aol o]dk Fapdole} FHAIAS] A
¥ ABASH GA 2.5x10°MollA 75| AcHTable 59
Table 6).
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