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cluding field crops, vegetables, fruit trees and ornamental plants. Survey and population dynam-
ics were carried out on land snails and slugs infesting certain fruit trees and ornamental plants in
nine localities (villages) representing three districts (counties) at Gharbia governorate during
their activity period from January to April in 2021/2022 and 2022/2023. Four land snail species,
and one land slug species were recorded. The snails were, the brown garden (chocolate banded)
snail, Eobania vermiculata (Miller), the glassy clover snail, Monacha cartusiana (Miiller), the
white garden snail, Theba pisana (Muller), the amber snail Succinea putris (Linnaeus) ,besides
the grey garden slug, Deroceras reticulatum (Miller). M. cartusiana and E. vermiculata snails
were the predominant species, since they were found on almost all hosts and localities with
moderate or high levels of infestation .While T. pisana snail showed less occurrence with mod-
erate to high infestation levels in the three localities of Zefta district. However, S. putris and D.
reticulatum were found with limited distribution in one or two localities of Al-Santa district with
low level of infestation. The population dynamics of E.vermiculata, M.cartusiana, and T.pisana snails
were studied on navel orange trees in Kafr Shobra Al-Yaman village, Zefta district, Gharbia governorate over
two growing seasons (2021/2022 and 2022/2023). The active snails first appeared in November, with slight
increases in numbers during the winter months of December and January. A noticable population increase
occurred in February, peaking in April, followed by a decline in May. In general, the seasonal abundance of
E. vermiculata, M. cartusiana and T. pisana snails increased during spring compared to winter and autumn,

while snails aestivate during summer months.

1. Introduction

Terrestrial gastropods have increased in their im-
portance value and become serious pests because they
damage a wide range of plants, including field crops,
ornamental plants , vegetables and fruit trees worldwide
(Barker, 2002). They attack plant leaves, tubers, and
roots. Due to increasingly dense and rapid transporta-
tion and traffic, these pests are considerably more dev-
astating now than before since there are no restrictions
on their mobility not only from one country to another
but even from one area to another. Snail intra- field
movements release an unpleasant odor that discourages
and even stops animals and people from consuming
these infested plants. (EI-Okda, 1984; Ismail et al., 2017;
Bayoumi, 2018; Ezzat, 2021 and Abd-Elhaleim et al.,
2022). These molluscs cause damage by feeding and
contamination of their bodies, feces, or slime, which
reduces the quality of the product and results in de-
creasing the cash values (Iglesias et al., 2003). Fur-
thermore, it is known that a large number of land snails
act as intermediate hosts for nematode and platyhel-
minth parasites that affect humans and animals (Grewal

et al., 2003 and Rashed, 2008). Additionally, they serve
as carriers of several plant diseases. On the other hand,
it was noted that using molluscicides to manage gas-
tropod pests was relatively expensive. Due to the de-
velopment of efficient management methods, the sig-
nificance of terrestrial snails is generally becoming
more apparent as the impact of insect pests declines
(Barker, 2002).

Problems caused by gastropod pests on agricultural
crops were reported in several countries around the
world such as China (Chen, 1994), Australia (Baker,
1989), Spain (Castielleio et al., 1996) and Switzerland
(Baur and Baur, 1993). It was known that land gas-
tropod pests were mainly found in the northern Egyp-
tian governorates of the Nile Delta, including Beheira
and, Alexandria until the 1980s. They currently infest
vegetable crops, fruit trees and ornamental plants, in
most Delta governorates) El-Deeb et al. 1996, Mahrous
et al. 2002; Rady et al., 2014; and Mohamed, 2015). In
addition, snail populations can increase mainly because
new introduced snails lack their native natural enemies
(Godan, 1983).
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The objective of this work was to study the
occurrence of terrestrial gastropods on major fruit
trees in each of three districts at Gharbia governorate
and the seasonal population dynamics of the three
most predominant land snails E. vermiculata,
M.cartusiana and T. pisana on certain fruit trees.

2. Materials and Methods

2.1. Survey of terrestrial molluscs infesting some
fruit trees and ornamental plants at Gharbia gover-
norate

The study was undertaken during the period from
Janruary 2022 to April 2023 on certain fruit trees
namely, navel orange, (Citrus sinensis L.), guava
(Psidium guajava L.), mango, (Mangifera indica L.),
and ornamental plants such as yellow areca palm, (Dyp-
sis lutescens Wendl.), moringa trees, (Moringa oleifera
Lamarck), white vasaka (Adhatoda vasica Linnaeus),
and croton (Codiaeum variegatum Linnaeus) at three
districts (counties): Zefta, Al-Santa, and Kafr Al-Zayat
which belong to Gharbia governorate
(30.8754°N,31.0335°E). Three localities (villages) were
selected as representatives of each district. These vil-
lages were Eizbat Almalika, Mit Hawai , and Mit Yazid
(Al-Santa); El- Mansouria, Mansheat Soliman, and Kafr
El-Baja (Kafr Al- Zayat) and Shubra Al-Yaman, Kafr
Shubra Al-Yaman and Sinbat (Zefta).

A survey was undertaken on ten trees that were
randomly selected from fruits and ornamental plants.
Quadrate sampling method was employed, each quad-
rate measuring 25 by 25 cm? (Staikou and Lazaridou,
1990). Snails found on soil surface in the quadrate and
on one meter of the tree trunk near soil were counted
(Gabr et al., 2023). Levels of infestation were catego-
rized according to (Ismail, 1997) as follows: light in-
festation (less than 15 snail/sample), moderate infesta-
tion (16-30 snails/sample) and high infestation (more
than 30 snails/sample).

Samples were taken early in the morning and
the collected land snails and slugs were transported to
laboratory for identification based on the external
features of shell and body according to Godan (1983)
and Ali and Ramdane (2020).

2.2. Population dynamics of Eobania vermiculata,
Theba pisana and Monacha cartusiana snails on na-
vel orange trees

The population dynamics of E. vermiculata, M.
cartusiana and T. pisana snails infesting navel orange
trees were studied during two successive growing sea-
sons (2021/2022 and 2022/2023) at Kafr Shubra
Al-Yaman village, Zefta distrct, Gharbia governorate.
In this regard, an area of about one feddan (4200m?)
cultivated with navel orange trees infested with E. ver-
miculata, M. cartusiana and T. pisana snails was se-
lected for this study. The population dynamics of snails
were monitored monthly during period of snail activ-
ity which occurred from November to May of each
growing season utilizing quadrate sampling method
according to Staikou and Lazaridou (1990) and Gabr et

al. (2023) as described before. Four rows (each con-
taining 8 trees) were selected in the designated area.
One sample was randomly taken from one tree in each
row during the experimentation period. Sampling was
undertaken in the early morning before sunrise in ab-
sence of rain. Snails found on tree and on soil surface in
the quadrate were counted and returned to their initial
original places (Baker, 1988). Weather data, tempera-
ture and relative humidity during the study period were
obtained from the Meteorological Station of Tanta dis-
trict, Gharbia governorate. Simple correlation coeffi-
cient values between snail populations and temperature
and relative humidity were calculated using SPSS pro-
gram according to Costat (2005).

3. Results and Discussion

3.1. Survey of terrestrial molluscs infesting some
fruit trees and ornamental plants at Gharbia gover-
norate

A preminary survey was conducted on gastropod
fauna infesting some fruit trees and ornamental plants in
nine villages representing three districts at Gharbia
governorate during the period from January to April,
2022 and 2023. Results showed that four snail specie
and one slug species  were determined belonging to
different families of order: Stylommatophora. These
species were: the glassy clover snail, Monacha
cartusiana (Muller) family: Hygromiidae, the brown
garden (chocolate-banded) snail, Eobania vermiculata
(Muller) family: Helicidae, the white garden snail,
Theba pisana (Muller)) family: Helicidae, the amber
succineid snail Succinea putris Linnaeus, family: Suc-
cineidae, and the grey garden slug, Derocer-
as.reticulatum (Muller), family: Agriolimacidae .

The occurrence and level of infestation of the iden-
tified terrestrial gastropod species differed according to
snail species, host plant and locality (Table 1). In this
respect, on fruit trees (navel orange, guava and mango)
snails of M. cartusiana and E. vermiculata were more
frequently encountered. The first species was found in
all nine tested localities, while the second one was de-
tected in eight localities. These two species were
counted with high or moderate levels of infestation on
navel orange, whereas they were found with moderate
or low levels on guava and mango. On the other hand,
T.pisana snhail had a less widespread distribution. It was
detected in the three localities of Zefta district with high
infestation in Shubra Al-Yaman village and moderate
numbers in the other two villages. However S. putris
snail was found with limited occurrence, since it was
counted in one locality (Eizbat Almalika, Al-Santa dis-
trict) with low infestation on fruit trees. It was noticed
that three land snail species were determined on all fruit
trees in Zefta district compared to two snail species in
all other surveyed localities of Gharbia governorate.
Moreover the slug D. reticulatum was not detected on
fruit trees.
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Regarding the occurrence and level of infestation
of the identified terrestrial gastropod species on orna-
mental plants, it was found that two snail species (E.
vermiculata and M. cartusiana) as well as one slug spe-
cies (D. reticulatum) were recorded with varying dis-
tribution and population density. E. vermiculata fol-
lowed by M. cartusiana were the predominant species,
as they were occurred on almost all ornamental hosts in
the nine surveyed localities with variable numbers ,
whereas D. reticulatum was determined in two localities
i.e.,, Mit Yazid (Al-Santa district) and Kafr Shubra
Al-Yaman ( Zefta district) with low level of infestation.
A relatively higher numbers of the surveyed gastropods
were counted on vasaka followed by moringa compared
to yellow areca palm and croton. The limited incidence
of snails or slugs on the ornamental plant croton may be
attributed to its cultivation in Al-Santa district only.

Before discussing the foregoing results, it is neces-
sary to mention that EI-Okda (1981), reported that the
active dispersal capabilities of M. cartusiana may be

Table 1. Occurrence and level of infestation of land gastropod species infesting some fruit trees and ornamental plants in

9 villages at Gharbia governorate.

due to a relatively higher environmental tolerance, fe-
cundity and adaptability to new habitats. Moreover, The
scale given by Ismail (1997) to estimate population size
of land gastropods on host plants was proposed to dif-
ferentiate infestation levels as: low (>15 nails/ sample),
moderate (16-30 snails / sample) and high (< 30 snails /
sample). However, Ibrahim et al. (2017) indicated that
the economic damage threshold of M. cartusiana on
strawberry plants ranged 2-2.5 snail/plant while eco-
nomic injury level ranged 3-7.5 snail/ plant.

Similar results were reported by many researchers
who surveyed land molluscs on these plants, Ismail et al.
(2011); Desoky et al. (2015); Mohamed (2015); Abdel
kader (2016); Mohamed (2017); Gazzy, et al. (2018)
Abd-El-Haleem et al. (2019); Gazzy et al. (2019); Rady
et al. (2019); Ibrahim et al. (2021); Abd-Elhaleim et al.
(2022); Bayoumi et al. (2023); El-Kady (2023); Gabr et

al. (2023), and Bayoumi (2024).

Localities (District/Village) Snail species

Host plants and level of infestation

E. vermiculata

Guava (++), mango (++) and navel orange (+++).

Moringa (++), vasaka (++) and yellow areca palm (++).

Mit Hawal M. cartusiana Guava (+), mango (+) and navel orange (+++).
' Croton (+), moringa (+), and vasaka (++).
. Guava (++), mango (++) and navel orange (++).
Al-Santa E. vermiculata Croton (+), moringa (+), and vasaka (++).
Mit Yazid D. reticulatum | Croton (+), moringa (+), and vasaka (+)

M. cartusiana

Guava (++), mango (++) and navel orange (++).

Croton (+), moringa (+), and yellow areca palm (+)

S. putris

Guava (+), mango (+) and navel orange (+).

Eizbat Almalika M. cartusiana

Guava (+++), mango (+++) and navel orange (+++).

Croton (+), moringa (++), and vasaka (++).

El- Mansouria, E. vermiculata

Guava (++), mango (+) and navel orange (++).

Moringa (+), vasaka (++) and yellow areca palm (+).

M. cartusiana

Guava (+), mango (++) and navel orange (++).

E. vermiculata

Guava (+), mango (++).and navel orange (++).

Kafr-Elzayat | Mansheat Soliman

M. cartusiana

Guava (+), mango (+) and navel orange (++).

Moringa (++), vasaka (+) and yellow areca palm (+).

Kafr El-Baja E. vermiculata

Guava (++), mango (++) and navel orange (+++).

Moringa (+), vasaka (++) and yellow areca palm (+).

M. cartusiana

Guava (+), mango (+) and navel orange (++),

E. vermiculata

Guava (++), mango (++) and navel orange (+++).

Moringa (++), vasaka (++) and yellow areca palm (++).

Shubra Al-Yaman | T. pisana

Guava (+++), mango (+++) and navel orange (+++).

M. cartusiana

Guava (+), mango (+) and navel orange (++).

Moringa (+), vasaka (+) and yellow areca palm (+).

E. vermiculata

Guava (++), mango (++) and navel orange (++).

Moringa (++), vasaka (++) and yellow areca palm (+++).

Zefta Kafr Shubra D. reticulatum | Moringa (+), vasaka (+) and yellow areca palm (+).
Al-Yaman T. pisana Guava (++), mango (++) and navel orange (+++).
. Guava (+), mango (++) and navel orange (++).
M. cartusiana Moringa (+), vasaka (+) and yellow areca palm (+).
. Guava (+), mango (+) and navel orange (++).
Sinbat E. vermiculata Moringa (++), vasaka (++) and. yellow areca palm (+).

T. pisana

Guava (++), mango (++) and navel orange (++).

M. cartusiana

Guava (+), mango (+) and navel orange (++).

(+) = Low infestation (less than 15 nails/ sample).

(++ )= Moderate infestation (between 16-30 snails / sample).

(+++) = High infestation (more than 30 snails / sample).
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3.2. Seasonal population dynamics of E. vermiculata,
M. cartusiana and T. pisana snails infesting Navel
orange in Kafr Shobra Al-Yaman village, Zefta dis-
trict, Gharbia governorate.

Survey studies indicated that E. vermiculata, T. pi-
sana and M. cartusiana snails were the dominant spe-
cies, with moderate to high population sizes on the
tested fruit trees. Navel orange had the highest numbers
compared to guava and mango. Therefore, population
dynamics of these snail species were tested on navel
orange orchards monthly from November to May in
Kafr Shobra Al-Yaman village, Zefta district, Gharbia
governorate during two successive growing seasons
2021/ 2022 and 2022/ 2023.

Data in Table (2) and Figs. (1, 2, 3, and 4) showed
that the activity of E. vermiculata, M. cartusiana and T.
pisana snails started at the beginning of November on
navel orange with a relatively low population density
of (7.3, 2.2, and 3.6) and (9.4, 4.4, and 6.6) snails per
sample in 2021/2022 and 2022/2023 growing seasons,
respectively. It was obvious that the population density
of snail species slightly increased through December
and January. However, in February snail numbers of E.
vermiculata, M. cartusiana and T. pisana significantly
increased to reach their peak in April with population
density of (50.66, 31.2 and 43.4) and (55.4, 39.6 and
49.6) snails per sample on navel orange for the two
successive growing seasons, respectively. However,
population densities of the snhails were obviously de-
creased during May on navel orange in the two seasons.
Numbers of snails of E. vermiculata, M. cartusiana and
T. pisana per sample in May, at the end of the activa-
tion period on navel orange were (33.2, 19.4, and 29.8)
and (37.4, 21.1, and 31.2) snails, respectively.

Ali and Suleman (1992) studied seasonal variations
in population density, Monacha obstructa from No-
vember 1985 to March 1987 in Pakistan. They observed

maximum population densities of immatures during late
spring while in the summer months, the snails were
either inactive, died or aestivating, as large numbers of
empty shells and dormant snails were observed. More-
over Abd El-Aal (2001) studied the aestivation of M.
cartusiana and Helicella vestalis in a navel orange or-
chard at Sharkia governorate from April to September,
(1999). He found that in early April a relatively low
numbers of both species entered aestivation which
gradually increased to reach the maximum value during
June or July depending on the species and site of aesti-
vation. The number of aestivated snails remained stable
during the hot months until temperature and relative
humidity were suitable for their activities.

Total numbers of counted E. vermiculata, M.
cartusiana and T. pisana active snails on navel orange
were (203.6, 139.2, and 171.6) and (234.3, 160, and
194.73) in the two successive growing seasons, respec-
tively. The general means were (29.08, 19.88, and 24.51)
and (33.48, 22.85, and 27.82), respectively. Moreover, it
was observed that values of E. vermiculata, M.
cartusiana and T. pisana populations were higher in the
second growing season 2022 /2023 compared to those in
the first one 2021/ 2022 on the navel orange. In general,
it could be concluded that population density of E. ver-
miculata, M. cartusiana and T. pisana increased during
spring season compared to low or moderate values dur-
ing autumn and winter seasons.

These results agreed with those reported by Heikal
(2015); Bayumi (2018); Shahawy et al. (2018);
Abd-El-Haleem et al. (2019); Abo-Zaid et al. (2021);
Ibrahim et al. (2021); Abd-Elhaleim et al. (2022);
Bayoumi et al. (2023); Gabr et al. (2023), and Bayoumi
(2024) who found that the population fluctuations in-
creased during spring months as compared to low or
moderate populations during autumn and winter months.
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Table 2. Population dynamics of E. vermiculata, M. carusiana, and T. pisana snail species infesting navel orange in Kafr Shobra Al-Yaman
village, Zefta district, Gharbia governorate during growing seasons 2021/ 2022 and 2022/2023 in relation to temperature and relative

humidity.
Mean number of snails / sample
Temperature (°C.) R.H. (%)
Date of ex- | £ i vermiculata | Monacha carusian Theba pisan
amination obania ve culata onachna carusiana €ba pisana
2021/2022 2022/2023 2021/2022 2022/2023 2021/2022 2022/2023 2021/2022 2022/2023 2021/2022 2022/2023
Nov. 1¢t 7.3 9.4 2.2 44 3.6 6.6 21.33 22,57 64.12 66.31
Dec. 1¢t 11.2 135 6.4 8.2 6.33 9.33 1864 | 16.965 | 65.81 715
Jan, 1t 21.4 27.8 16.4 19.8 19.4 23.4 17.93 | 13155 | 67.38 71.88
Feb. 1t 33.2 39.4 26.8 29.6 29.3 31.8 16.835 | 14.93 68.44 | 77.06
Mar. 1t 47.6 51.4 36.8 37.3 39.6 42.8 17.275 | 15.355 | 65.69 65.5
Apr. 1% 50.66 55.4 31.2 39.6 43.4 49.6 2121 | 22355 | 565 58.94
May. 1% 33.2 37.4 19.4 21.1 29.8 31.2 28.895 | 26.705 | 46.63 51.00
Total 203.6 | 2344 | 1392 160 1716 | 194.73
20.08 | 3348+ | 19.88+ | 22.85+ | 2451+ | 27.82
MeantSE | 1637 6.65 4.80 5.11 5.83 +6.05

SE= standard error.

Data in Table (3) indicated that temperature showed
the highest significant effect on numbers of E. vermicu-
lata, M. cartusiana, and T. pisana snails during
2021-2022 season on naval orange while, temperature
showed non-significant effect on numbers of E. vermic-
ulata, M. cartusiana, and T. pisana, during 2022-2023
season on naval orange. Concerning the effect of relative
humidity on population fluctuation of these snails, it was

demonstrated that the highest significant effect during
2021-2022 season on naval orange while, relative hu-
midity showed a significant effect on numbers of E.
vermiculata, and T. pisana snails and non significant on
M. cartusiana snails during 2022-2023 season on naval
orange. The obtained results in agreement with Ismail
(1997), Mohamed (2017), Abo-Zaid et al. (2021),
Abd-Elhaleim et al. (2022), and Bayoumi (2024).

Table 3. Correlation coefficient values between relative humidity and temperature and population density
of E. vermiculata, M. carusiana, and T. pisan infesting navel orange in Kafr Shobra Al-Yaman during

two growing seasons at Gharabia governorate.

] ] Temperature ("C.) Relative humidity (%)
Snail species
2021/2022 2022/2023 2021/2022 2022/2023
Eobania vermiculata - 0.905 ** - 0.557 ** 0.914 ** 0.638*
Monacha carusiana - 0.857** -0.575** 0.854 ** 0.583
Theba pisana - 0.883** -0.571** 0.896 ** 0.642 *

Each value represents correlation coefficient.

n.s = non significant.

*= Significant at 0.05 level.
**= Highly significant at 0.01 level.
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Figure 1. Temperature and relative humidity during two successive seasons, 2021/2022 and 2022/2023.
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Figure 2. Population dynamics of E. vermiculata snail infesting navel orange in Kafr Shobra Al-Yaman
village, Zefta, Gharbia governorate during 2021/ 2022 and 2022/ 2023 growing seasons.
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Figure 3. Population dynamics of M. cartusiana snail infesting navel orange in Kafr Shobra Al-Yaman
village, Zefta, Gharbia governorate during 2021/ 2022 and 2022/ 2023 growing seasons.
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Figure 4. Population dynamics of T. pisana snail infesting navel orange in Kafr Shobra Al-Yaman village,
Zefta, Gharbia governorate during 2021/ 2022 and 2022/ 2023 growing seasons.

4. Conclusion

Survey study was conducted on certain fruit trees and
ornamental plants in Gharbia governorate during activity
period started from January to April in two growing suc-
cessive seasons 2021/2022 and 2022/2023. Results re-
vealed the presence of four land snail species: M.
cartusiana, E. vermiculata, T. pisana, and S. putris snails,
along with the land slug D. reticulatum. Among these, M.
cartusiana and E. vermiculata snails were the most fre-
quently encountered, being found in all surveyed loca-
tions. T. pisana was less widespread, with localized oc-
currences in Zefta villages, while S. putris was found with
limited incidence in Eizbat Almalika village, Al-Santa
district.

The population dynamics of E. vermiculata, M.
cartusiana, and T. pisana snails were studied on navel
orange trees over two growing seasons (2021/2022 and
2022/2023). The active snails first appeared in November,
with slight increases in numbers during the winter months
of December and January. A significant population in-
crease occurred in February, peaking in April, followed by
a decline in May.

It can be concluded that the population size of E.
vermiculata, M. cartusiana, and T. pisana is generally
higher in spring, with lower to moderate values observed
during autumn and winter months, while snails aestivate
during summer months..
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