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ARTICLE INFO ABSTRACT

Article History The toxic effect of different formulations of six Trichoderma isolates
Received:1/6/2024  on the hatchability of Monacha cartusiana and Eobania vermiculata eggs (T.
Accepted:28/6/2024 hamatum, T. viride, T. harzianum, T. koningii, T. asperellum and T.
Available:30/6/2024 pseudokoningii) were evaluated under laboratory conditions. The
experiments were conducted at the Biological Laboratory of Econ. Entom.
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Biological control, @analysis of the data indicated that there were significant differences among
land snails the 3 concentrations of each Trichoderma germ isolates on the hatchability

of M. cartusiana eggs. The toxicity was increased by increasing the
concentrations of each isolate.  Furthermore, there were significant
differences among the six Trichoderma germ isolates in their toxic effect on
the hatchability of M. cartusiana and E. vermiculata eggs. The lowest
hatchability % of M. cartusiana eggs was recorded (0.0 %) after four weeks
of exposure to Trichoderma harzianum and T. asperellum treatments at
6x10% CFU / g, followed by T. asperellum treatment at 6x10° CFU / g as
23.3%. As for E. vermiculata egg experiment, there were significant
differences among the six Trichoderma germ isolates in their toxic effect on
the hatchability of E. vermiculata eggs. The lowest hatchability percentages
of E. vermiculata eggs were recorded as 3.3 and 6.7 %, after four weeks of
T. harzianum and T. asperellum treatments at 6x106 CFU/g, followed by T.
asperellum treatment at 4x10° CFU / g as 16.7 %. There were significant
differences among the tested six Trichoderma extracts in their toxic effect on
the hatchability of M. cartusiana eggs. The lowest hatchability % of M.
cartusiana eggs were recorded (0.0 and 3.3 %) after four weeks of exposure
to T. harzianum and T. asperellum extracts. In addition, the lowest
hatchability of E vermiculata eggs was recorded (0.0 and 0.0 %) after four
weeks of exposure to T. harzianum and T. asperellum extracts treatment,
followed by T. pseudokoningii extract at 26.7 %. GC-Mass spectrometry
analyses of T. harzianum isolates revealed the high contents of Glacial acetic
acid, 2,3-butanediol, Trichodermaerin, Aspereline A, which may be
responsible for toxic effects.

pathogenic fungi,
hatchability.

INTRODUCTION

Gastropods are a highly diverse group of animals, they have successfully colonized
most of the world's terrestrial habitats pests (Smith and Kershaw 1979). snails have a high
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impact on many field crops, vegetables and horticultural (Godan 1983, Feldkamp 2002,
Iglesias et al. 2003) such as feeding on leaves, stems, and fruits. This feeding activity can
reduce crop yields and affect agricultural productivity. In Egypt, the two land snails,
Monacha cantiana (Montague) and Eobania vermiculata (Muller) became the most
important agricultural pests causing substantial damage to different crops (EI-Deeb et al.,
1999, Mahrous, 2002 and Khidr et al.,2005). Chemical control measures, such as snail baits
or molluscicides, can be effective (Geasa et al. 2013; Castle et al. ,2017) but should be used
with caution. It is essential to follow the instructions carefully and consider any potential
impacts on non-target organisms and the whole environment (Gabr et al. 2006; Moustafa et
al., 2016). there is a growing interest in discovering acceptable biological, eco-friendly
molluscicides as a natural and environmentally safe alternative to synthetic chemicals
(Ahmed et al., 2023). On the other hand, fungi represent the best microbial agent used to
control land snails. Due to it being cheap in cost, easy to use and applied as a spray or germs
powder. In addition, it can produce toxins and enzymes which have a great effect in the
control of plant diseases (Geasa et al., 2013). Trichoderma is one of genera that present
everywhere in the environment. Trichoderma are closely related with their ability to
produce a wide range of lysing enzymes, to degrade substrates and to possess high resistance
to microbial inhibitors. Trichoderma sp. consists of few numbers of fungal strains that are
used as biocontrol agents due to their abilities to antagonize a wide range of
phytopathogenic fungi, bacteria and oomycetes, through several mechanisms that are
activated in Trichoderma by the pathogens. In addition, Trichoderma sp. stimulates plant
growth and development by means of the production of plant growth-promoting molecules
(Eziashi, et al., 2007 and Singh et al., 2014).

Therefore, the present study was conducted to evaluate the molluscicidal activity of
six fungal isolates of Trichoderma spp, on the hatching rate of two land snail eggs, M.
cartusiana and E. vermiculata.

MATERIAS AND METHODS

Tested Snails:

Fifty adults of tested snails, the glassy clover snail M. cartusiana and the brown
garden snail E. vermiculata were hand collected from certain highly infested nursery host
plants during their active period in November 2022 for rearing during season 2022/ 2023
they were observed daily. Members of each species were kept in glassy boxes 70x40 x 40
cm containing moist clay soil with 85-95% R.H. to a depth of 8-10 cm and fed with fresh
lettuce leaves, Lactuca sativa L. as a main source of food; then covered with muslin cloth
fixed with rubber bands to avoid snails from escaping. These cultural boxes were examined
daily; fresh food and moisture were supplied as required, and the soil was searched for new
clutches of eggs. Newly deposited clutches were singly removed, then 10 eggs were
arranged in a wet culture dish (culture dish of 9 cm diameter on wet filter paper on a sponge
slice as a transparent plastic cup). They were daily observed till hatching to determine the
hatchability percentage.

Identification of Trichoderma Isolates:

Six fungal isolates i.e.: Trichoderma hamatum (T1), Trichoderma viride (T2),
Trichoderma harzianum (T3), Trichoderma koningii (T4), Trichoderma asperellum (T5)
and Trichoderma pseudokoningii (T6) were cultivated on potato dextrose agar. The isolated
Trichoderma fungi were cultured onto 20% malt extract agar, incubated for 4 days at 25°C,
then, identified at the Plant Pathology Department, Faculty of Agriculture, Menoufia
University, Egypt according to Bissett (1991) and Ramirez (1982).

Liquid Filtrations and Spores Culture Production:
Preparation of Trichoderma spp. culture filtrates: Trichoderma culture filtrates were
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prepared by inoculating the disk of the fungus onto liquid potato dextrose medium in flasks
(100/200 ml), then incubated by shaking at 25°C for 3 days then incubated for 7 days.
Trichoderma culture filtrates were prepared by eliminating the mycelial mates, then the
filtrates were centrifuged at 8000g for 10 min. and filtered through a Hydrophobic filter
(type A/E, Gelman Sciences, Ann Arbor, M1) (Harman et al, 1992).

The spores were taken by rinsing in 10 ml sterilized distilled water and then it was
filtered using muslin cloth. The number of spores in the suspension was determined using a
haemocytometer slide and adjusted to the three concentrations; 2 x 10°, 4 x 10° and 6 x 10°
spores/ml by adding the amount of sterilized distilled water to the fungal spores (Hend,
2007).

Laboratory Experiments:

Three recommended concentrations (2x108, 4x10° and 6 x10°) of all Trichoderma
germs were used against the eggs of Eobania vermiculata snail. and Monacha cartusiana.
Each concentration has three replicates. Each replicate contains 10 snail eggs put on filter
papers. The eggs were sprayed with the tested concentrations in the Petri dish. The other
three replicates were sprayed with water as a control. All Petri dishes were kept at ambient
temperature. The percent of hatchability was observed daily for 4 weeks. The percentage of
hatchability was calculated as follows:

The percentage of hatchability = no. hatched eggs/no. of treated eggsx 100

,% : @&
— B af

ed eggs with Trichoderma culture filtrates

Gas Chromatography-Mass Spectrometry (GC-MS) Analysis:

The volatile components of Trichoderma spp. were examined using a Trace Ultra
Gas Chromatographer paired with a DSQ Il Mass Spectrometer (Thermo Scientific).
Thermo Scientific's TR-5MS (30 m 0.25 mm 0.25 m) capillary column was used for the
chromatographic separation of the components according to the method of Adams (1995).
The compounds were identified from relevant data stored in databases from literature and
equipment (Adams Book 07, Nist 98, Xcalibur). The Relative Retention Index was
calculated using a range of n-alkanes (C8-C24). Relative % of the compounds have been
obtained.

RESULTS AND DISCUSSION

The obtained results in Table (1), show the toxic effect of different formulations of
six Trichoderma germ powders on the hatchability of Monacha cartusiana eggs under
laboratory conditions.

Analysis of the obtained data indicated that there were significant variations among
the three concentrations of each Trichoderma germ isolates in their toxic effect on the
hatchability of Monacha cartusiana eggs. The toxicity was increased by increasing the
concentrations of each isolate. The highest toxicity was recorded with the highest



232 Rasha F. Khalifa

concentration 6x10% CFU per g followed by 6x10* while the lowest effect was observed
with the lowest concentration6x102.

Furthermore, statistical analysis of the data in Table (1) indicated that there were
significant variations among the six Trichoderma germ isolates in their toxic effect on the
hatchability of Monacha cartusiana eggs.

The lowest hatchability percentages of Monacha cartusiana eggs were recorded (0.0
%) after four weeks of Trichoderma harzianum and Trichoderma asperellum treatments at
6x10° CFU / g, followed by T. asperellum treatment at 6x10* CFU / g as 23.3%.

Table 1: The toxic effect of Trichoderma germ powders on the hatchability of Monacha
cartusiana eggs

Number of hatched
Trichoderma eggs/30eggs
isolates conc. one | two | three | four Total H%
week | weeks | weeks | weeks

T1 2x10° 0 1.3 6.0 733 | 22.0b | 73.3
Trichoderma | 4x10° 0 0.7 57 6.0 18.0c | 60.0
hamatum 6x10° 0 0.7 3.3 5.33 | 16.0cd | 53.3
T2 2x10° 0 0.7 6.0 733 | 220b | 73.3
Trichoderma 4x10° 0 0.3 3.7 5.33 | 16.0cd | 53.3
viride 6x10° 0 1.0 2.0 433 | 13.0e | 43.3
T3 2x10° 0 2.0 7.0 7.0 18.0c | 60.0
Trichoderma | 4x10°8 0 1.7 2.0 3.33 | 12.0e | 40.0
harzianum 6x10° 0 0.0 0.0 0.0 0.0g | 0.0
T4 2x10° 0 1.3 6.0 9.0 27.0a | 90.0
Trichoderma | 4x10° 0 1.3 3.3 6.0 18.0c | 60.0
koningii 6x10° 0 0.7 1.3 533 | 16.0cd | 53.3
T5 2x10° 0 1.3 3.0 433 | 13.0e | 43.3
Trichoderma | 4x10° 0 1.0 1.7 2.33 70f 23.3
asperellum 6x10° 0 0.0 0.0 0.0 0.0g | 0.0
T6 2x10° 0 2.0 3.3 7.0 21.0b | 70.0
Trichoderma | 4x10° 0 1.0 2.0 567 | 17.0c | 56.7
pseudokoningii | 6x10° 0 0.3 1.7 4.67 | 14.0de | 46.7
Control 0 | 20 | 70 | 90 | 27.0a | 90.0

LSD 5% - - - - - 2.4

The different letters for the column mean significant differences at 5% level

The obtained results in Table (2), show the toxic effect of different formulations of
six Trichoderma germ powders on the hatchability of Eobania vermiculata eggs under
laboratory conditions.

Statistical analysis of the data indicated that there were significant differences
among the three concentrations of Trichoderma germ isolates in their toxic effect on the
hatchability of Monacha cartusiana eggs. The toxicity was increased by increasing the
concentrations of each isolate. The highest toxicity was recorded with the highest
concentration 6x108 CFU per g followed by 6x10* while the lowest effect was observed
with the lowest concentration 6x102.

Furthermore, statistical analysis of the data in Table (2) indicated that there were
significant differences among the six Trichoderma germ isolates in their toxic effect on the
hatchability of Eobania vermiculata eggs.
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The lowest hatchability percentages of E. vermiculata eggs were recorded (3.3 and 6.7 %)
after four weeks of Trichoderma harzianum and Trichoderma asperellum treatments at
6x10° CFU/qg, followed by T. asperellum treatment at 6x10* CFU / g as 16.7 %.

Table 2: The toxic effect of Trichoderma germ powders on the hatchability of Eobania
vermiculata eggs

Number of hatched eggs /30

Trichoderma eggs
isolates conc. one two | three four Total H%
week | weeks | weeks | weeks
T1 2x106 0 3.0 3.7 6.3 19.0de | 63.3

Trichoderma | 4x10°
asperellum | 6x10°
T6 2x10°8
Trichoderma | 4x10°

0.7 1.0 1.7 5.0h 16.7
0.0 0.3 0.3 1.0i 3.3
4.3 7.3 8.3 25.0b | 83.3
2.0 3.7 5.0 15.0f | 50.0
pseudokoningii | 6x10° 3.0 47 4.7 14.0fg | 46.7
Control 7.7 9.3 10.0 30.0a | 100.0
LSD 5% - - - - 2.0
The different letters for the column mean significant differences at 5% level

Trichoderma | 4x10° 0 1.3 2.0 4.7 14.0fg | 46.7
hamatum 6x10° | O 1.0 2.7 4.7 14.0 fg | 46.7
T2 2x106 | 0 3.7 4.7 7.3 220c | 73.3
Trichoderma | 4x10° 0 0.7 2.0 5.0 150f | 50.0
viride 6x10° | 0 1.3 1.7 4.3 13.0fg | 43.3
T3 2x106 | 0 0.3 1.7 4.7 14.0fg | 46.7
Trichoderma | 4x10° | O 2.0 3.3 4.0 1209 | 40.0
harzianum | 6x10° | 0O 0.7 | 07 0.7 20i 6.7
T4 2x106 | 0 3.3 4.7 7.0 21.0cd | 70.0
Trichoderma | 4x10° 0 3.0 4.3 6.0 18.0e | 60.0
koningii 6x10° | O 1.7 3.3 4.3 13.0fg | 43.3
T5 2x106 | 0 3.0 3.0 4.7 14.0fg | 46.7

0

0

0

0

0

0

The obtained results on the potential effect of six Trichoderma extracts on the
hatchability of Monacha cartusiana eggs 1, 2, 3, and 4 weeks of treatment are shown in
Table (3). Statistical analysis of the data indicated that there were significant variations
among the six Trichoderma extracts in their toxic effect on the hatchability of Monacha
cartusiana eggs.

The lowest hatchability percentages of Monacha cartusiana eggs were recorded
(0.0 and 3.3 %) at four weeks of exposure to Trichoderma harzianum and Trichoderma
asperellum extracts treatment, followed by T. hamatum extract at 36.7 %.
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Table 3: The potential effect of six Trichoderma extracts on the hatchability of Monacha
cartusiana eggs

Number of hatched eggs/30

Trichoderma eggs
extracts One Two | Three | Four Total H%
week | weeks | weeks | weeks

Trichoderma hamatum 0 2.7 3.7 3.7 11.0d 36.7
Trichoderma viride 0 4.3 5.7 5.7 17.0b 56.7
Trichoderma harzianum 0 0.0 0.0 0.0 0.0e 0.0
Trichoderma koningii 0 3.7 4.3 43 [13.0cd 43.3
Trichoderma asperellum 0 0.0 0.0 0.3 10e 3.3
Trichoderma pseudokoningii 0 3.0 4.7 4.7 140c 46.7
Control 0 5.3 7.0 9.3 28.0a 93.3
LSD 5% - - - - 2.6

The different letters for the column mean significant differences at 5% level

The obtained results on the potential effect of six Trichoderma extracts on the
hatchability of Eobania vermiculata eggs 1, 2, 3, and 4 weeks of treatment are shown in
Table (4).

Statistical analysis of the data indicated that there were significant variations among
the six Trichoderma extracts in their toxic effect on the hatchability of Eobania vermiculata
eggs.

The lowest hatchability percentages of Eobania vermiculata eggs were recorded
(0.0 and 0.0 %) after four weeks of exposure to Trichoderma harzianum and Trichoderma
asperellum extracts treatment, followed by T. pseudokoningii extract at 26.7 %.

Table 4: The potential effect of Trichoderma extracts on the hatchability of Eobania
vermiculata eggs.

Number of hatched eggs/30eggs

Trichoderma One Two | Three | Four | Total H%
extracts week | weeks | weeks | weeks

Trichoderma hamatum 0 3.0 4.0 4 12.0b | 40.0
Trichoderma viride 0 1.3 3.0 3 9.0c | 30.0
Trichoderma harzianum 0 0.0 0.0 0 0.0d 0.0
Trichoderma koningii 0 3.3 4.3 5 11.0b | 36.7
Trichoderma asperellum 0 0.0 0.0 0 0.0d 0.0
Trichoderma pseudokoningii 0 1.7 2.7 2.7 80c | 26.7
Control 0 7.0 9.3 9.3 28.0a | 93.3

LSD 5% 1.9
The different letters for the column mean significant differences at 5% level

The obtained results in Tables (5&6), show the chemical analysis by GC-Mass
spectrometry analyses of Trichoderma harzianum isolate number 3, and Trichoderma
asperellum isolate number 5.

GC-Mass spectrometry analyses of Trichoderma harzianum Isolate number 3
revealed the presence of Glacial acetic acid at 50.26 % as the highest compound, as well as
2,3-butanediol at 33.77 %, it could be concluded that these compounds are the responsible
for the toxic effect to snail eggs.

Furthermore, GC-Mass spectrometry analyses of Trichoderma asperellum Isolate
number 5 revealed the presence of Trichodermaerin at 32.2 % as the highest compound, as
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well as Aspereline A at 19.2 %, it could be concluded that these compounds are the
responsible for the toxic effect to snail eggs.

Table 5: Chemical analysis by GC-Mass spectrometry analyses of Trichoderma harzianum

Isolate no 3.

Chemical name Chemical structure | Abundance %
1-methoy-2-propanone C4HsO2 2.23
Glacial acetic acid CoH402 50.26
1,3-butanediol C4H1002 2.50
2,3-butanediol C4H1002 33.77
Phenylethy! alcohol CsH100 2.20

Isolate no 5
Chemical name Chemical structure | Abundance %
Trichodermaerin C20 Hog O3 32.2
Aspereline H Ca7 Hg2 N1g O12 15.7
Aspereline A Cas5 Hgo N1g O11 19.2
Aspereline E Cas Hgo N1o O12 16.7
Methylecordysinin A Ca2 Hao N2 O3 5.5

Table 6: Chemical analysis by GC-Mass spectrometry analyses of Trichoderma asperellum

The obtained results are in harmony with those of Hussein and Sabry (2019) who
reported that indoxacarb and abamectin can be used as promising molluscicides against the
adults of E. vermiculata especially in conventional crops such as wheat and added that
imidacloprid and fipronil can be used as soil treatment against the eggs of E. vermiculata.
Also, Ghareeb (2023) found that the fungal isolates of Verticillium alboatrum and
Trichoderma harzianum caused significant molluscicidal potency against the different ages
of Eobania vermiculata snails, in addition, the safety and efficacy of these isolates, make
them excellent candidates for use as environmentally friendly molluscicidal agents for
control land snails. Moreover, Ahmed et al. (2023) tested the molluscicidal activity of a
fungal isolate, Trichoderma harzianum against the land snail, M. cartusiana as a natural and
environmentally safe alternative to synthetic chemicals, where under laboratory and field
conditions, and the obtained results reported that T. harzianum exhibited molluscicidal
activity 7 and 21 days after exposure, respectively. Moreover as a result, T. harzianum may
be used as an eco-friendly bioagent molluscicide in land snail control program instead of
harmful synthetic molluscicides. Recently, Abo-Elwfa et al. (2024) assessed under
laboratory experiments and field trials the effectiveness of bacterial, Bacillus thuringiensis
and fungal, Metarhizium anisopliae and Trichoderma harzianum isolates, compared to
methomyl as a carbamate compound against the terrestrial snails, and revealed that Bt and
M. anisopliae effectively combatted the terrestrial snail, making them viable options in
integrated pest control as substitutes for pesticides.
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ARABIC SUMMARY
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