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Abstract 

The control of land mollusks, one of the most damaging agricultural pests in the world, depends on synthetic molluscicides. 

Thus, the creation of eco-friendly alternatives to traditional molluscicides is necessary. So, this study aimed to determine the 

molluscicidal activity of the monoterpene compounds, Thymol and Thyme essential oil against adult's Succinea putris (S. 

putris) and Eobania vermiculata (E. vermiculata) land snails. Contact technique gave better results than did poisonous bait 

technique. In comparison to E. vermiculata, the land snail S. putris showed greater sensitivity to all compounds tested. The 

results exhibited that Agrinate was the most effective one followed by Thymol (the active ingredient), and then Thyme 

essential oil which had the lowest affect against the adult of S. putris and E. vermiculata with LC50 (593.30, 1570.51 and 

224.14 ppm) and (1577.48, 3344.91 and 873.59 ppm), respectively using contact technique. When thymol, thyme oil, and 

Agrinate, used as poisonous bait, they have LC50 values of (0.77, 2.29, and 0.31%) and (3.44, 6.31, and 1.36%) for S. putris 

and E. vermiculata, respectively. Also, Thymol prevents mold formation and has antifungal activity in poisonous bait. The 

results showed that using Thymol to control harmful land snails would be as effective as using synthetic molluscicides. 
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Introduction 

In many parts of the world, herbivorous terrestrial mollusks 
are serious agricultural pests. Fruits, vegetables, field crops, 
and ornamental plants suffer economic losses as a result. 
Territory snails severely destroy plants by damaging their 
roots, leaves, tree trunks, and fruits (Godan, 1983) [1], 
(Barker, 2002) [2]. The need to manage these pests’ 
populations is increasing. In numerous regions of Egypt, the 
two land snails, the amber snail Succinea putris 
(Stylmmatophora: Succinidae) (S. putris) and the brown 
garden snail Eobania vermiculata (Stylmmatophora: 
Helicidae) (E. vermiculata), have been noted as pests that 
attack different plants (Eshra, 2013) [3]. Synthetic 
molluscicides are difficult to utilise since they are costly and 
hazardous to people as well as other non-target living 
creatures, resulting in serious environmental damage (Bakry 
et al., 2017), (Osman et al., 2019) [4, 5]. So it is necessary to 
employ alternate, ethical, and safe pesticides. Molluscicides 
with a plant source are environmentally better than synthetic 
products since they are easily available, economical, 
harmless, biodegradable, and cheap (Mossalem et al., 2013), 
(Osman et al., 2014) [6, 7]. Pest control options created from 
plant-derived compounds have been developed. In 
particular, monoterpenoids have lately been employed as 
molluscicides (Powell and Bowen 1996) [8] and insecticides 
(Rice and Coats 1994) [9] for pest control. Thyme (Thymus 
vulgaris L.) is present in Lamiaceae species' essential oils 
and comprises a mixture of monoterpene compounds. The 
main ingredients of this oil are the naturally occurring 
terpenoid thymol and its phenol isomer, carvacrol (Nickavar 
et al., 2005) [10], (Amiri, 2012) [11], both of which have a 
long history of use in industry and traditional medicine 
(Patil et al., 2021) [12], (Brendha et al., 2022) [13]. Thymol 
possesses insecticide, bactericide, acaricide, and fungicide 
properties due to its phenolic formation (Escobar et al., 
2020) [14]. Thyme oil has antioxidant, bactericidal, and 
antimicrobial effects (oferl et al., 2009) [15]. Additionally, 

terpenoids, flavonoid glycosides, phenolic acids, and 
flavonoid aglycones were found in Thymus species (Vila et 
al., 2002) [16]. 
Thus, the current study aims to study the molluscicidal 
activity of the monoterpene compounds thymol and thyme 
oil as safe natural molluscicide compounds compared with 
the recommended molluscicide Agrinate against the land 
snail species, Succinea putris and Eobania vermiculata.  
 
Materials and methods 
1. Tested Compounds 
1.1 Thymol (Active ingredient). 
White crystalline monoterpenoid component with aromatic 
odour. 
Thymol was purchased with a purity of 99.5% from the El-
Gomhoria company in Mansoura, Egypt. 
 
1.2 Thyme essential oil.  
Thyme oil was extracted and obtained through Pure Life 
Company for Investment and Agricultural Development, 
Giza, Egypt. 
 
Effective material in Thyme essential oil 
Thymol 1.28 - 7.6% 
Carvacrol 75 - 81% 
Pinene 11- 22% 

 

OH

OH

CarvacrolThymol  Pinene

C10H14O C10H14O C10H16  
  

Chemical structure of Thymol, Carvacrol and Pinene 
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1.3 Methomyl 

Agrinate 24% SL carbamate recommended molluscicide. 
Chemical name: S-methyl N (methyl carbonyloxy) 

thioacetamide  

 

 
C5H10N2O2S 

 

Chemical structure of Methomyl 

1. Tested snails 

 In the Mansoura district of the Dakahlia Governorate, 

adults of the amber snail, S. putris and the brown garden 

snail, E. vermiculata both of which are around the same size 

and age, were taken from contaminated field crops and 

ornamental plants, respectively. The collected snails were 

housed in a plastic container with moist soil inside. To 

acclimatize, fresh lettuce (Lactuca sativa L.) leaves were 

fed to snails every day for 14 days. Only healthy snails were 

employed in the experiments; dead and sick ones were 

discarded (Ali et al., 2017) [17]. 
 
Molluscicide test 

1. Contact technique 
Treatments with Thymol, Thyme oil, and Agrinate were 

made at various concentrations (500, 1000, 2000, and 4000 

ppm). On a Petri plate (9 cm in diameter), two mL of each 

concentration were placed and gently moved in a ring shape 

(Ascher and Eliyahu, 1981) [18]. Water was evaporated at 

room temperature, leaving a thin film that contained the 

tested chemicals. The tested compounds were displayed to  

ten adult test snails at various concentrations. The only 

substance in the control treatment was water. Dead snails 

were recorded and discarded after 1, 3, 5, and 7 days. 

 

1.2 Poisonous baits technique. 

Thymol, Thyme oil, and Agrinate were made at four 

concentrations (0.5, 1, 2, and 4%). In order to prepare 100 

parts of bait, the amounts of each compound were mixed 

with five parts of sugar cane syrup and completed with 

wheat bran (El-Okda, 1981) [19]. A bran bait control 

treatment was made using only bran and sugar cane syrup. 

Five grammes of each toxic bait were placed on top of 

sterile, wet sandy loam soil in each box. To keep the snails 

from escaping, ten adult snails were put in each box and 

then enclosed completely with muslin clothing netting and 

fixed with rubber bands. Three replications of the control 

and each tested substance were performed. The deceased 

snails were recorded and discarded from the test snails 

during daily checks. Following treatment, 1, 3, 5, and 7 days 

later, the mortality percentage was noted. 

 
Statistical analysis 

The LC50 values were calculated statistically using the 

method of probit analysis (Finney, 1971) [20], and the 

mortality percentage was adjusted by Abbott's method 

(Abbott, 1925) [21]. 
 

Results and discussion 

1. Mortality percentages of S. putris and E. vermiculata 

snails exposed to Thymol, Thyme oil and Agrinate using 

contact technique 
Thymol and Thyme oil were tested in the current study to 

test their effects on two land snail species, S. putris and E. 

vermiculata. According to the data shown in Fig. 1, using 

the contact technique, Agrinate caused a high mortality rate 

for S. putris and E. vermiculata, followed by thymol (the 

active ingredient), and then thyme essential oil. However, 
when the concentration of these compounds increased, their 

toxicity increased. 
 

 
 

Fig 1: Mortality rates of S. putris and E. vermiculata snails exposed by contact technique to different concentrations of Thymol, Thyme oil 

and Agrinate 
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2. Mortality percentages of S. putris and E. vermiculata 

snails exposed to Thymol, Thyme oil and Agrinate using 

poisonous baits technique: 

According to the results shown in Fig. 2, Agrinate caused a 

high percentage of mortality in two land snail species, S. 

putris and E. vermiculata, which was then followed by 

thymol and finally thyme oil via a poisonous bait technique. 

When the concentration increased, the toxicity of such 

compounds also increased. According to Ali (2017) [22], 

under laboratory conditions, thymol recorded a mortality 

percentage of 66.66% against M. cartusiana adults at 2% 

poisonous bait. El-Zemity and Radwan (2001) [23] found that 

several essential oils' main components, such as thymol and 

other monoterpenoids including carveol and eugenol, had 

great molluscicidal activity against the snail species T. 

pisana and H. aspersa. Moreover, the results of Mitsue and 

others, (2022) [24] showed that Terpenecarvacrol at 80 and 

100 ppm was 100% lethal to adult aquatic mollusks, 

Columella pseudosuccinea, as were T. vulgaris essential oils 

at 80 ppm. Also, the principal components of the oils used 

were identified by chromatographic analysis, and the major 

components of the EO of T. vulgaris were carvacrol 

(23.92%), o-cimeno (22.57%), and thymol (20.23). Agrinate 

demonstrated high toxicity when total mortality percentages 

for E. vermiculata (86.5%) and S. putris (96.5%) were 

recorded by the leaf dipping technique Ali et al. (2017) [17]. 

 

 
 

Fig 2: Mortality rates of S. putris and E. vermiculata snails exposed by poisonous baits technique to different concentrations of Thymol, 

Thyme oil, and Agrinate 

 

3. Molluscicidal potency of Thymol and Thyme oil 

against S. putris 

As shown in Table 1 and Fig. 3 (A and B), Agrinate had 

greater active toxicity against S. putris, followed by thymol 

and then thyme oil. Using the contact technique, the LC50 

and LC90 values for thymol, thyme oil, and Agrinate were 

(593.30, 1570.51, and 224.14 ppm) and (3303.76, 10921.05, 

and 1580.55 ppm), respectively. When thymol, thyme oil, 

and Agrinate, used as bait, they have LC50 values of (0.77, 

2.29, and 0.31%) and LC90 values of (4.31, 20.73, and 

1.91%), respectively. 

Table (1): LC50 and LC90 of Thymol, Thyme oil and Agrinate 

against S. putris land snails when applied in contact and poisonous 

baits technique 
 

Treatment 

Contact (ppm) Poisonous bait (%) 

LC50 LC90 
Slope± 

S.E. 
LC50 LC90 

Slope± 

S.E. 

Thymol 593.30 3303.76 1.72± 0.42 0.77 4.31 1.72± 0.39 

Thyme oil 1570.51 10921.05 1.52± 0.37 2.29 20.73 1.34± 0.37 

Agrinate 224.14 1580.55 1.51± 0.49 0.31 1.91 1.62± 0.47 

 

 
 

Fig 3: Con/probit regression line of thymol, thyme oil, and Agrinate against S. putris using contact (A) and poisonous baits (B) technique. 
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4. Molluscicidal potency of Thymol and Thyme oil 

against E. vermiculata 

As provided in Table (2) and Fig. 4 (A&B) Agrinate was 

found to be the most active, followed by thymol, while 

thyme oil was the least active; the LC50 values were 

(1577.48, 3344.91 and 873.59 ppm), while the LC90 values 

were (12136.24, 40681.04, and 5247.39 ppm) for thymol, 

thyme oil, and Agrinate, respectively, using the contact 

technique. For the bait technique, LC50 values were recorded 

(3.44, 6.31, and 1.36%) and LC90 values were (26.51, 53.07, 

and 10.52%) for thymol, thyme oil, and Agrinate, 

respectively. These results confirmed those of Beltagi et al. 

(2010) [25], who suggested that thymol was the most 

promising compound, exhibiting molluscicidal potency 

(LD50 551.20 μg/snail) against the brown garden snail, 

Eobania vermiculata, when applied topically. The essential 

oil nanoemulsion's molluscicidal efficacy against 

Biomphalaria glabrata showed an LC50 of 15.04 mg L-1; 

carvacrol (27.35%) and thymol (24.12%) were the two main 

components identified in Thymus vulgaris L. essential oil 

(Brendha et al., 2022) [13]. According to Edilene et al. 

(2021) [26], thymol and α-pinene caused concentration-

dependent mortality in B. glabrata (LC90 7.11 and 10.34 μg 

∙ mL−1, respectively). Ali, (2017) [22] reported that the most 

effective one against M. cartusiana adults via leaf dipping 

and poisonous baiting methods was Neomyl, followed by 

thymol. Also, by using poisonous baits, the LC50 and LC90 

were 0.79 and 5.09%, respectively. Thymol and α- pinene 

inhibit the acetylcholinesterase (AChE) activity of B. 

glabrata at concentrations greater than those utilized in the 

molluscicide test (Edilene et al., 2021; Jankowska et al., 

2017) [26, 27]. Through the suppression of cholinesterase, 

carbamate molluscicides act as nerve toxins (Young and 

Wilkins, 1989) [28]. AChE performs an essential function in 

keep on the physiological processes of mollusks (Kumar et 

al. 2009; Teixeira et al. 2012) [29, 30]. 

 
Table (2): LC50 and LC90 of Thymol, Thyme oil and Agrinate 

against E. vermiculata land snails when applied in contact and 

poisonous baits technique 
 

Treatment 
Contact (ppm) Poisonous bait (%) 

LC50 LC90 Slope± S.E. LC50 LC90 Slope± S.E. 

Thymol 1577.48 12136.24 1.45± 0.37 3.44 26.51 1.45± 0.39 

Thyme oil 3344.91 40681.04 1.18± 0.37 6.31 53.07 1.39± 0.43 

Agrinate 873.59 5247.39 1.64± 0.38 1.36 10.52 1.44± 0.37 

 

 

 
 

Fig 4: Con/probit regression line of thymol, thyme oil, and Agrinate against E. vermiculata using contact (A) and poisonous baits (B) 

technique 
 

5. Effect of Thymol and Thyme oil on fungal growth on 

baits 

The effect of combining thymol, thyme oil, and Agrinate 

with wheat bran to form baits is shown in Fig. 5. Photo (A) 

shows that thymol prevents mold formation and has 

antifungal activity. Photo (B) shows that the addition of 

thyme oil to wheat bran changed the status of the bait, 

resulting in the presence of mold on the bait. Photo (C) 

indicates that the addition of Agrinate (a recommended 

molluscicide) did not result in the formation of fungi or 

mold. Mold can be seen in the control treatment in photo 

(D). This result is in agreement with Ferreira et al. (2011) 
[31], who reported that thymol has fungicidal and bactericidal 

properties. According to Jabeur et al.'s (2017) [32] study, T. 

vulgaris essential oil's principal constituents were thymol 

(76.96%), α -cymene (9.89%), and γ -terpinene (1.92%), 

which exhibited higher antifungal ability than pure thymol 

against M. graminicola. In the current study, thymol showed 

a higher antifungal activity than the thyme essential oil 

used; this may be due to the low percentage of thymol 

(1.28–7.6%) in the thyme oil components. 

 

 
 

Fig 5: Photo showing poisonous baits mixed with (A) Thymol, (B) Thyme oil, (C) Agrinate and (D) control. 
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Conclusion 

The results showed that thymol and thyme oil, as natural 

monoterpene compounds that are safe to use, have the 

potential to be used in molluscicide activities against S. 

putris and E. vermiculata land snails. Thymol has 

considerable promise as an eco-friendly alternative to 

synthetic molluscicides due to its effectiveness against land 

snails. It also acts as an antifungal when used as a 

poisonous-baits. 
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