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ABSTRACT

In recent years, guava cultivation has gained great commercial prominence due to the increasing
international demand for its fresh and processed products. The guava trees are subject to affect by many
pests, one of which is land snails. The land snail, Eobania vermiculata, is one of the most serious pests in
Egypt's agricultural fields and recently reclaimed areas, causing significant damage to plants. Chemical
control is considered the best defense against land snails. Therefore, in the present study, the efficiency of
two chemical compounds; Agrinate® (methomyl) and Gastrotox® (metaldehyde) as well as a biocide
Biogard® (Bt), at a recommended field rates for controlling the land snail E. vermiculata was tested under
field conditions in guava orchard at Alexandria Governorate. The obtained results revealed that all tested
compounds exerted significant reduction in the number of living snails on guava trees one day after
treatment and until the end of the experiment compared to untreated tress. According to reduction
percentages, the three tested compounds were found to be toxic to E. vermiculata with various degrees;
79.39, 69.12 and 86.57% for methomyl, Bt and metaldehyde after 21 days of experiment, respectively.
Also the average initial kill (%) were 28.67, 16.39 and 41.66 and average residual effect (%) were 67.98,
59.55 and 78.81 for methomyl, Bt and metaldehyde, respectively. In the comparison among the tested
compounds, metaldehyde ranked first and showed the highest effectiveness against E. vermiculata
infecting Egyptian guava, followed by methomyl and Bt.

INTRODUCTION

Guava (Psidium guajava) is a significant
commercial fruit harvest planted in tropical and sub-
tropical regions worldwide (Gill, 2016). It is one of
the most beloved fruits around the world, stands out
for its mouthwatering taste, high levels of vitamins,
nutrients and dietary fiber, as well as several health
benefits (Diwan and Shukla, 2004). The export
volume in Egypt reached 15 thousand tons annually,
out of a total production volume of 400 thousand
tons, from the total cultivated area, which is
estimated at about 37 thousand acres, indicating that
the average production per acre ranges between 9 to
30 tons depending on the age of the tree (Ahmed
and Mohamed, 2021). Cultivation of guava is

concentrated in Lower Egypt (coastal areas),
especially in the governorates of Beheira,
Alexandria, Damietta, Kafr EI-Sheikh, and

Qalyubia. In Egypt, guava plantations are attacked
by several pests, including gastropods, and snails
have become destructive animal pests of guava
trees.

Gastropods, a diverse group of invertebrates
belonging to Mollusca phylum with soft, un-
segmented bodies, make a substantial contribution
to global biodiversity (Diaz et al. 2017). Of all the
mollusk classes, only the gastropods have managed
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to successfully invaded land (Sandeep et al. 2012).
Terrestrial gastropods, for example, snails and slugs,
are regarded as serious pests in humid and temperate
habitats around the world (Speiser and Kistler,
2002). Eobania  vermiculata  (Gastropoda:
Helicidae) represent one of the most harmful and
abundant snails in Egypt (Eshra, 2013). They inflict
immense economic damage to a variety of
agricultural crops and plants and decrease their yield
and marketing quality, resulting in financial losses
(lglesias et al. 2003). Since these animals have
chewing mouth parts, they can bite into various
parts of the plant (Barker, 2002), and they leave
behind highly obvious boles in the plant they are
feeding on. Snails transmit viruses, bacteria, and
fungi via scratching plant parts during feeding,
which has a direct and indirect effect on plants
(Raut and Barker 2002).

Thus, the need for effective controls and
development of control measures has become
imperative to protect various crops and reduce the
economic loss. There are several chemical,
mechanical and biological strategies have been
employed for controlling these pests to limit their
impact below damaging level (Raut and Barker,
2002). However, chemical control through pesticide
application remains the most efficient approach due
to its efficiency and ease of usage, especially when
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applied over large areas (Geasa et al. 2013; Castle et
al. 2017).

There are no many chemical compounds have
been commercialized for controlling snails;
molluscicides as well as other insecticides,
including few carbamates have been used either as
contact poisons or toxic baits (Radwan et al. 2008;
Radwan and EI-Wakil, 1991; Sakovich, 1996;
Abdallah et al., 1998).

Metaldehyde, one of the most traditional used
molluscicides, was introduced in the late 1930s and
first practiced in gastropod baits in the early 1940s
(Edwards et al., 2009). In 1996s, it was reported that
metaldehyde was utilized on 55% of the crop areas
where land snail pesticides were used a(Garthwaite
and Thomas, 1996). Although it is often applied as
compressed pellets, it can also be applied by mixing
into an edible matrix that is then utilized to cover an
inert granular core, or as a spray in emulsified form
(Henderson and Triebskorn 2002). Metaldehyde
induces irreversible severe destruction of the mucus
cells necessary for land life gastropods, resulting to
dehydration and eventual death (Triebskorn et al.
1998).

Methomyl is a carbamate insecticide developed
in 1966 and considered moderately poisonous to
terrestrial gastropods (EI-Okda et al. 1989; El-
Shahaat et al., 2009). Carbamates are known to
behave as nerve poisons by inhibiting
acetylcholinesterase (Young and Wilkins, 1989), in
addition to lose muscular tone and become
immobile in intoxicated snails (Godan, 1983).

Recently, biopesticide formulations containing
microorganisms employed as promising non-
traditional pesticides are becoming more intriguing
due to their increasing development worldwide,
environmental ~ friendliness,  convenience  of
application and availability (Kumar et al., 2013).
Bacteria are considered one of the microbial agents
utilized for a number of pesticides. Among various
bacteria, Bacillus  thuringiensis  (Bt), the
entomopathogenic bacteria, stands out the most
renowned microbial derived pesticides globally
against different medical and agricultural pests with
evidence of molluscicidal effect (Kramarz et al.,
2007). B. thuringiensis is a gram-negative, soil-
saprophagous, endospore-forming bacteria and it
can generate toxic chemicals for many pests (Bravo
etal., 2011).

In this study, a field experiment in a guava
orchard was designed to investigate the efficacy of
three commercially available compounds; namely
Agrinate® (methomyl, insecticide), Biogard® (B.
thuringiensis, biocide) and Gastrotox®
(metaldehyde, molluscicide) against the most
prevalent land snail species, E. vermiculata, in
Alexandria Governorate, Egypt. Additionally, this
study aimed to compare the molluscicidal activity of
these commonly used compounds.

MATERIALS AND METHODS

Tested snails:

The adult land snail Eobania vermiculata,
which infests guava (Psidium guajava) was
investigated in the present field study.

Tested pesticides:

The commercial-based pesticides; Agrinate®
24% SL (methomyl) as a carbamate insecticide
attained from Vapco\Veterinery & Agricultural
Products Manufacturing. Co.; Biogard® 6.5% WP
(B. thuringiensis) as a biocide obtained from Bio
Tech for Biocides & Fertilizers; and Gastrotox® 5%
GR (metaldehyde) as a tetroxocane molluscicide
obtained from Central Agricultural Pesticides
Laboratory (CAPL), Cairo, Egypt.

Field examination:

The efficacy of two chemical compounds;
methomyl, metaldehyde; and a biocide, Bt was
evaluated under field conditions against a serious
terrestrial snail, E. vermiculata in an infested guava
trees at Alexandria Governorate, Egypt, during May
2023. An area about one Fadden was chosen for the
experiment. The orchard was irrigated 4 days before
the treatment. The trial comprised of four treatments
including the control, in a randomized complete
block design (RCBD) with four replicates (3 trees
each) per treatment. A distance of 20 m was
separated between each treatment.

The tested compounds were evaluated with a
recommended rate as follows: methomyl (1 L/Fed),
Bt (500 g/Fed) and metaldehyde (2 Kg/Fed).
Methomyl and Bt were sprayed using a knapsack
sprayer (CP3) on the tree trunk and on the soil in 1
m? around the tree trunk by approximately 0.5 L
containing 6.7 cm® methomyl and 3.3 g Bt for each
tree. Metaldehyde granules were spread on plastic
sheets (25 x 25 ¢cm) around the trunk of each tree
(13.3 g for each). The pesticides application was
were renewed every 7 days. No treatment was
applied for the control trees. Number of alive snails
was counted on 1 m around the tree trunk and on the
soil in 1m? adjacent to treatment area before and
then after 1, 3, 7, 14 and 21 days of experiment
(Ismail and Shetaia, 2009). The percent reduction in
snail population density was estimated according to
the formula given by Henderson and Tilton (1955)
as follows:

% Reduction in snail's number = 100 [1-
(CbxTa/CaxTh)]

where:

Cb= No. of alive snails in control before
application;

Ca = No. of alive snails in control after application;
Th= No. of alive snails in treatment before
application;
Ta= No. of alive
application.

snails in treatment after
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Statistical analysis

The data were analyzed by ANOVA, at a
significance level of p < 0.05 using SPSS statistical
software (IBM SPSS Inc., ver. 21).

RESULTS

Data in Table 1 indicated that the highest
number of living snails was recorded in the control.
The methomyl, Bt and metaldehyde treatments had
significantly lower numbers of alive E. vermiculata
snails from the 1% to the 21% days of experiment
compared with the control. The results also revealed
that the numbers of snails in the metaldehyde
treatment were found to differ significantly than
those in methomyl or Bt treatments at different time
intervals. Whereas, no significant difference was
observed between methomyl and Bt treatments at
different time intervals of experiment. The total
mean numbers of snail treated with methomyl, Bt
and metaldehyde was 211.6, 222.6 and 132,
respectively, compared with the control (446.8).

As shown in Table (2), the reduction
percentages of E. vermiculata population treated
with methomyl, Bt and metaldehyde gradually
increased with increasing the time till 21 days of
experiment. The results revealed that methomyl
gave 19.92, 37.42, 55.14, 69.42 and 79.39 %
reduction in snail numbers after 1, 3, 7, 14 and 21
days of experiment, respectively. Bt caused a
moderately reduction with a percent of 10.57, 22.22,
50.62, 58.91 and 69.12 after 1, 3, 7, 14 and 21 days
of experiment, respectively. The reduction
percentages for metaldehyde were 25.28, 58.04,
70.31, 79.54 and 86.57 after 1, 3, 7, 14 and 21 days
of experiment, respectively. Data also showed that
average initial kill (%) after 3 days were 28.67,
16.39 and 41.66 and average residual effect (%)
after 21 days were 67.98, 59.55 and 78.81 for
methomyl, Btand metaldehyde, respectively.

From the aforementioned results, it is apparent
that metaldehyde was more toxic to the snail than
methomyl and Bt, since it induced the highest %
reduction, while Bt was the least one during the
experimental period. Generally, the efficacy of the
tested pesticides on the snails using the reduction
percentage as an index can be arranged in
descending order as: metaldehyde > methomyl > Bt.

DISCUSSION

Destructive pest species are one of the greatest
concerns to biodiversity in agricultural crop. Once
these damaging species have established
themselves, it is very difficult to control their
growth, population increase, spread, and damage to
crops or economic losses. In recent years, there is an
urgent need for solutions to control the increasing
populations of the terrestrial snail in the Egyptian
fields. Therefore, field experiments had been
conducted to study the effectiveness of some
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chemical compounds on land snails infesting major
crops in Egypt.

When discussing the present findings with other
researches, it is deserved to indicate here that the
toxicity of compounds may differ due to climatic
conditions, natural conditions (humidity, temperature,
and light), the application method, etc.

In the present study, the three tested
commercial compounds (methomyl, Bt and
metaldehyde) showed molluscicidal potential

against E. vermiculata infesting guava trees and the
highest toxic compound was metaldehyde after 21
days of experiment. Such results are in a harmony
with those of Mortada et al. (2005) and Ismail and
Shetaia (2009) who notified that metaldehyde was
more efficient than methomyl in the control of land
snail Monacha cartusiana.

The current data are close to Abdel-Kader et al.
(2016) who tested the toxic effect of methomyl,
metaldehyde and Bt in the field employing two
different techniques (baits and spray) at recommended
field rates on M. cartusiana in two fields cultivated with
Egyptian clover and lettuce intercropping on cabbage.
Results revealed that methomyl and metaldehyde
showed the greatest efficiency in reducing snails
number than B# throughout the trial period (21 day).

The obtained result of methomyl are consistent
with those obtained by several authors, who applied
this pesticide against terrestrial gastropod pests;
Rabelo et al. (2022) reported that during the field
experiment, methomyl treatment reduced the
populations of Bulimulus bonariensis snail in row
crops more than the control. The field application of
methomyl using a sprayer on lettuce plants gave
74% reduction in M. cartusiana population (Ahmed
et al., 2023) and its application on citrus nursery
trees achieved 80.5% reduction in E. vermiculata
population (Mobarak et al., 2022). Additionally,
Ismail et al., (2022) tested the efficacy of methomyl
compound as virulent baits at four concentrations
(0.5, 1.0, 2.0 and 3.0 %), with four different
treatments (fresh baits and baits treat after one,
three, and seven days) on orchard trees and
ornamental plants under field conditions. They
revealed that methomyl baits were effective in the
reduction of M. cartusiana, Succinea putris (L.) and
E. vermiculata populations when it applied as fresh
baits, and baits treat after one, and three days,
although its effect was diminished when it applied
as baits treat after a week. In the field trial carried
out by Khidr (2019) in citrus orchards using
methomyl, it was proved that the tested compound
achieved a population reduction of E. vermiculata
by 64.48 % and M. obstructa by 91.31%. Moreover,
Shahawy (2019) revealed that Agrinate (methomyl
24 % W.P) was toxic to E vermiculata snails under
field conditions, since it achieved the reduction
percentage of snail population by 69 %.
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Table 1: Field performance of Agrinate®, Biogard® and Gastrotox® against the land snail, Eobania vermiculata on guava trees

No. of living snails No. of living snails after treatment + SE
Treatments
before treatment + SE 1 day 3 days 7 days 14 days 21 days Mean
Control 391+25 394+1.6 382 +3.6 425+3.1 500 +4.2 533 +2.7 446.8
Agrinate® 404 £2.1 326+26" 247 +1.9" 197 £0.7° 158 +0.6" 130+ 1.2" 211.6
Biogard® 354 +1.9 319+ 15" 269 +1.9" 190 +2.57 186 + 0.6 149 +1.9" 222.6
Gastrotox® 344 +£3.1 259+209° 141+1.1" 111+ 13" 90+1.1" 63+04" 132
LSDo.os 16.40 15.76 14.56 15.01 12.82
Significant differences from the respective control are indicted as * (P < 0.05).
Table 2: Reduction percent of Agrinate®, Biogard® and Gastrotox® against the land snail, Eobania vermiculata on guava trees
Reduction percent (%0)
Treatments — - -
1 day 3 days Initial Kill % 7 days 14 days 21 days Residual effect % Mean
Agrinate® 19.92 37.42 28.67 55.14 69.42 79.39 67.98 52.26
Biogard® 10.57 22.22 16.39 50.62 58.91 69.12 59.55 42.31
Gastrotox® 25.28 58.04 41.66 70.31 79.54 86.57 78.81 64.22
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Pallavi et al. (2018) noted that methomyl 40 SP
poison bait recorded a high percent mortality against
Achatina fulica on mulberry over one week of
treatment. Hendawy et al. (2015) manifested that
application of methomyl against M. cantiana and M.
cartusiana in lettuce and cabbage plantations has
been shown to be efficient in reducing the
population of snails. Furthermore, Ismail et al.
(2014) estimated the two application methods, spray
and poisonous baits of methomyl against M.
cartusiana and they indicated that the tested
compound was practicable to reduce numbers of
snails in Egyptian clover fields. After a 15-day field
experiment with methomyl at Sharkia Governorate,
the reduction percentages of E. vermiculata were
obvious and reached 78.32 % (Hegab et al. 2013).
Regarding the value of metaledyde, the observed
corroborated the
mentioned by other investigators; Limunga et al
(2020) found that throughout the 12-week experiment
conducted in Cameroon, banana trees treated with
Limace® (metaledyde 5 % GR) had lower mean
number of alive snails on the corms and pseudostems
compared with untreated trees. In addition, applying
bait pellets containing either 15 g/kg or 40 g/kg of
metaldehyde on the soil's sutface, or as baitchain
wrapped around the tree bases, or using in
combination caused remarked mortality of C. aspersum
snail in apple orchard (Pieterse et al. 2020). Moreover,
Ismail et al. (2015) tested metaldehyde at three
application techniques (hand sowing, under plant in

results also results previously

stacks, and piles on plastic pieces) for M. cartusiana
controlling in potato fields, and they found that the
general means for the three techniques were 41.23,
30.04, and 32.94 %, respectively. Also, Mortada et al.
(2005) reported that Molotov 3%, Gastrotox 5 % and
Neomyl 90 % exhibited high mean reduction
percentages against M. cartusiana infesting orange
orchard after 21 days of treatment.

Concerning the efficacy B. thuringienis, Geasa
et al. (2013) showed that after 28 days' residue
effect, the biocides (Biogard, Protecto, Delfin and
Agreen) decreased population density of M.
cartusiana and Succinea  oblonga  snails by
comparable low values of 50 to 55 %. Moreover,
the average of population reduction percentage of T.
pisana and H. vestalis infesting mandarin trees
orchard exposed to the biocide Xentari (Bt) was
31.9 % and 32.02 % (Abdel-Rahman and Al Akra,
2012). In addition, Shetaia et al. (2013) illustrated
that methomyl (Agrinate 24 % S.L) caused high
effect against M. cartusiana under field conditions
where mean reduction percent reached 77.17%
while Bt (Zentari) gave 6.2 %. Mortada et al. (2012)
evaluated the effectiveness of Biogard (as Bt
formultion) and Gastrotox, Metarol and Molotov (as
metaldehyde formultions) each as poison bait
against Monacha sp snails infesting pea fields. The
results showed that population density reduction
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after 3 days (Initial Kill) and residue effect after 21
days were 6.10% and 28.03 % for Biogard; 76.48
and 95.65 % for Gastrotox; 69.20 and 93.93% for
Metarol and 64.33 and 95.78 % for Molotov,
respectively. Genena and Mostafa (2010) observed
that B. thurinigensis K64, and methomyl showed
molluscicidal activity against M. cantiana with 23.0
and 100.0 % mortality, respectively, after four
weeks of treatment.

CONCLUSION

Snails cause serious horticultural harm, which
pose a significant threat to guava production. In the
present investigation, the tested commercial
pesticides; Agrinate® (methomyl), Biogard® (Bt) and
Gastrotox® (metaldehyde) showed molluscicidal
action against E. vermiculata infesting guava
orchards in Alexandria Governorate. It is
undeniably that metaldehyde was the most efficient
compound followed by methomyl, however, Bt was
the least efficient one. Generally, these findings
reflect the efficacy of methomyl, Bt, and
metaldehyde in controlling E. vermiculata under
field conditions based on the Egyptian
recommendations.
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