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ABSTRACT

A laboratory screening test had been conducted to throw
light on the molluscicidal activity of some plant essential oils
components and their blends against the white garden, Theba
pisana and the brown garden, Helix aspersa terresterial snails.
The role of piperony! butoxide in synergizing the toxicity of the
tested chemicals was also evaluated. The results showed that
thymol proved to be the most effective one of the tested products
against the two tested snails, followed by eugenol and pulegone.
T. pisana snails were more susceptible to the tested chemicals
than H. aspersa.The synergist, pipronyl butoxide enhanced the
toxicity of some of the tested chemicals, particularly against 7.

pisana.
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INTRODUCTION

Land snails are becoming a serious agricultural animal

pest in Egypt especially in the northern coastal areas. Such
animals were recorded with a relatively high population density
on the majority of economic crops cu I vated in the northern

newly reclaimed desert lands due to the availability of
favourable weather conditions (mainly, temperature and relative
humidity), sandy soils and manuring. They attack numerous
orchard trees, field and vegetable crops as well as ornamental
plants, causing great damage to all plant parts including fruits
(E1-Okda, 1980; Godan, 1983 and Nakhla et al., 1993).

The control of terrestrial gastropod species by chemical
means is very limited to the use of the commercial products
containing either metaldehyde or carbamates. One of the main
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ic compounds

laie meamela
prooiems associated with the use of these

is their harmful effect against non-target organisms including
mammals and wildlife (Hnme da and Cooke, 1982 and Smith ef
al., 1988). Currently attention is bemg drawn to the use of
natural plant products in the field of molluscan control because
they are inexpensive and environmentally safe as an alternative

approach (Marston and Hostettmann, 1985).

Extensive screening of plant molluscicides have been
carried out during recent years in developing agents to control
aquatic gastropod species (Ekabo et al., 1996 and Singh et al.,

1998), whereas few attempts have been successful in discovering

non—hazardous molluscicide of nafural origin against land
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994). T‘ erefore, the present wo k was planned to study the

cidal activity of some naturally occurring compounds
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and the1r blends against the two terrestrial snalls Theba
pisana and Helix aspersa, in an attempt to find out a new natural
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molluscicide. Synergism of these chemicals using the synergist,
piperonyl butoxide, was also evaluated under laboratory
screening conditions.

MATERIALS AND METHODS

Test animals: Specimens of the herbivorous snails, Theba
pisana (Muller) and Helix aspersa (Muller) were collected
during autumn 1999, from untreated nursery plants and farms in
Alexandria Governorate, Egypt. The snail species used in these
studies were selected on the basis of their geographical
distribution and economic importance. They identified according
to the key given by Godan (1983). Adult animals with a similar
shell size of approximately 14 mm and 24 mm length for T.
pisana and H. aspersa, respectively, were chosen and allowed to
acclimatize to the laboratory conditions for three weeks and were
fed on bran bait ad libitum.

Test chemicals: Ten commercially available plant oils
components (Fig.1) and two of their blends were used in this
‘study. The used components are: benzyl alcohol (99 %),
cinnamyl alcohol (98%), cinnamyl aldehyde (99%), a-terpineol
(98%), thymol (98%), eugenol (99%), anethole (99%), anisole
(99%), pulegone (98%), phenylethylprepionate (98%), 3-blend
(eugenol + a-terpineol + cinnamyl aldehyde) and 5-blend
(eugenol + o-terpineol + cinnamyl aldehyde + thymole +
anisole) and all were supplied by Ecosmart company.
Pure methiocarb (4-methylthio-3,5-dimethylphenyl N-methyl-
carbamate) was used as reference,

Laboratory testing: Stock solutions of the tested chemicals or
their blends were prepared in dimethyl sulfoxide (DMSO), which
was found to cause little distress to slugs and has been shown

to be the most appropriate solvent for the topical application
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(Young and Wilkins, 1989). The same solvent was then used to
achieve the desired tested concentrations.

The molluscicidal toxicity of the tested components
against the two terrestrial snails was performed according to the
method published by El-Zemity and Radwan (1999). Preliminary
experiments were carried out to establish the effective range of
the tested components. Six different concentrations, ranged from
2.5 to 25 g/liter for each chemical alone or chemical + the
synergist, piperonyl butoxide at the ratio of 1:2, respectively,
were prepared. It was observed that there was no mortality up to
750 ug/snail of piperonyl butoxide alone. Three replicates (10

animals each) were kept in 0.5 liter glass jars covered with cloth

netting and secured with a rubber band to prevent snails from
escanine. Control snails were treated with DMSOQ. The tested

wovQpiis. ULL i

dose was gently applied on the surface of the snail body inside
the shell and/ or the internal wall of the shell aperture with the
aid of an Eppendorf micropipet containing 30 p!l in the case of H.
aspersa and 5 pl in the case of T pisana. Snails were provided
with lettuce leaves to feed on every 24 hr. after treatment. Dead
animals were detected 24, 48, and 72 hr after treatment by loss of
response to touch by a thin stainless steel needle according to the
WHO procedure (Anonymous, 1965).

Statistical procedure: Percentage mortality was corrected using
Abbott’s formula (Abbott, 1925). Toxicity parameters for each
treatment were computed according to the probit-analysis

W ale k|

The comparative results of the contact molluscicidal
activity of the tested naturally occurring compounds and their
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blends has been evaluated against 7. pisana and H. aspersa
snails (Table 1) compared with methiocarb as a standard.

Its presented in Table (1)showed that there are
some promising components which could be developed or usec
as building block for synthesizing a new potent and saft
molluscicide. In addition, the molluscicidal activity of the
components such as o-terpineol and benzyl alcohol was shown
to be moderately effective while the rest of the screening

components were less effective.

Thymol is known to be biotoxic against the aquatic
Biomphalaria. glabrata snails (Marston and Hostettmann, 1985).
Also, in the present study, thymol was found to be the most
effective compound among the tested chemicals against either T,
pisana or H. aspersa snails followed by eugenol and pulegone.
The LDs, values were 120.61, 125.82 and 361.79 ug/ snail,
respectively, against 7. pisana. The corresponding LDs, values

against H. aspersa were 344.56, 617.03 and 613.50 ug/snail,

. respectively.

Variation or modification of the chemical structure proved
to have a significant impact on the molluscicidal potency of the
screened products against the land snails, T pisana and H.
aspersa. The structure of thymol proved to be most favorable
among the compared active ingredients (Fig. 1). However, the
structure of pulegone did not favour the molluscicidal potency.

Several studies showed considerable species specificity in
terrestrial snails to different compounds (Crowell,1967; Radwan
1993 and El-Zemity and Radwan 1999). Similarly, our studies
on H. aspersa and T. pisana snails demonstrate that T pisana
is more susceptible to the tested chemicals than H. aspersa

43



S.R.El-Zemity
OH

" - |
A[‘\CHOH @ z\n

-

Z
Q X OH
_.OH
v/ ~
Cinnamy] alcohol a-Terpineol Benzyl alcohol Thymol

(I)H OCH; OCHs
T

Eugenol Anethole

7 N\
—\
s

Anisoie Pulegone

0

.

fmo /L‘O’ ~
J

Cinnamyl aldehyde Phenethylpropionate

\

/

Fig 1. Chemical structures of the

44



J.Pest Cont. & Environ. Sci. 9(3): 39-50 (2001)

Mixing of the tested chemicals as represented in 3- and 5-
blends enhanced the molluscicidal activity as demonstrated by
LDs, values of 240.74 and 251.43 ug/snail, respectively against
I. pisana. On the other hand, The two blends were synergized
by piperonyl butoxide and the synergistic ratio (SR) was
pronounced in the case of the 3-blend.

Piperonyl butoxide usually exert its synergistic action with
synthetic pesticides and/ or natural products by inhibiting the
mixed function oxidase activities which detoxify xenobiotics
(Metcalf, 1967 and Matsumura, 1985). Besides, it may increase
the penetration of the pesticide resulting in a high titer at the
active site of action (Singh er al., 1998). In the present study,
synergistic action of piperonyl butoxide with the tested naturally
occurring components may be due to the inhibition of
microsomal oxidases and thus reducing the detoxification rate of

the tested chemicals in vivo resulting in extending the effective
dose at the active site.

Synergism expressed as synergistic ratio (SR) was
measured according to the equation by El-Sebae et al. (1964)
and Hewlett (1969). The results showed that piperonyl butoxide
synergized some of the tested chemicals against 7. pisana and H.
aspersa snails, with SR values varied from 1.3 to 5.33 fold
against 7. pisana and from 1.33 to > 1.7 against H. aspersa,
depending on the chemical structure. Mixing the chemical(s) or
their blends with the synergist, piperonyl butoxide improved the
molluscicidal activity compared to the chemical or the blend
alone. Benzy! alcohol, thymol, cinnamyl alcohol, and the 3-blend
were the most synergized compounds against 7. pisana snails.
This suggests that the mixed-function oxidases play arolein
detoxifying these chemicals.
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1 general, it could be concluded that, thre
components thymol, eugenol and pu leg ne could be developed
AaQ o
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molluscicide against T. pisana and H. aspersa snails. In addition,
the molluscicidal activity of thymol, eugenol and benzyl alcohol
were more effective than the standard molluscicide, methiocarb,
when mixed at the ratio of 1:2 with piperonyl butoxide against 7.
pisana snails. The data reveals positive potential for these safer
chemicals plant origin in the programme of pest control as
successful alternatives to the conventional synthetic compounds.
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