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Abstract
The tomato leaf miner Tuta absoluta (Meyrick) has invaded tomato (Solanum lycopersicum L.) crop in Egypt and is representing today a
major threat to the production of this crop. Also, Bemisia tabaci is the most widespread insect pest of broad range of greenhouse and field
crops. In this study, three concentrations (1X101; 1X102 and 1X103 spore / ml.) of Verticillium lecanii, and Beauveria bassiana were
prepared and tested on T. absoluta eggs and larvae (1st instar, & 2nd instar) to study the impact of these Entomopathogenic fungi on eggs
hatchability and larval mortality, under laboratory conditions. The estimated LC50 of values of V. lecanii, M. anisopliae and B. bassiana
were (0.18 x 101, & 0.22x 102), (0.20 x 101, & 0.22 x 102) and (3.1 x 101, & 4.3 x 102 spore /ml) for 1st instar, & 2nd instar T. absoluta larvae,
respectively. The higher concentration (1X103) was the higher mortality. Also, the three concentrations used against nymph stage of Bemisia
tabaci. Percent mortalities are increased gradually and reached to the maximum in the 7th day from treatment. Percent of mortalities are
increased with increase of concentrations. The percent of mortalities ranged between 70.2to 100 and 65.5 to 100% with V. lecanii and B.
bassiana, respectively, in the 7th day after treatment.
Keywords : Entomopathogenic Fungi, Tuta absoluta, Bemisia tabaci, Tomato Crop.

Introduction
The tomato leaf miner Tuta absoluta (Meyrick) has
invaded tomato (Solanum lycopersicum L.) crop in Egypt and
is representing today a major threat to the production of this
crop. Also, Bemisia tabaci is the most widespread insect pest
of broad range of greenhouse and field crops (Abdel-Raheem
and Lamya Ahmed Al-Keridis, 2017). T. absoluta was
detected in several locations throughout the Spanish
Mediterranean Basin, the most important tomato growing
region in the country. It is considered a key agricultural
threat to European and North African tomato production. The
pest can cause up to 80-100% yield losses by attacking
leaves, flowers, stems and fruits (Lopez, 1991). T. absoluta
can potentially become a pest of tomatoes in both field and
greenhouses (EPPO, 2008). Its major host is Solanum
lycopersicum (tomato), (Ismail and Abdel-Raheem, 2010 and
Abdel-Raheem et al., 2019), other hosts also exist Such as
Capsicum spp. (pepper), (Vargas, 1970; NAPPO, 2008 and
Korycinska and Moran, 2009). Control methods (cultural,
biological and biotechnological methods) becomes
imperative, as the continued use of chemical insecticides
could harm non-target organisms (Marta Rodríguez et al.,
2006; Landgren et al., 2009; Zaki and Abdel-Raheem, 2010
and Abdel-Raheem, 2016). Narmen, 2015, mentioned that
the infection by nematode and fungi soil treatment caused
complete mortality for the 4th instar larvae after 72h. or 6th
day after treatment compared to leaf treatment which caused
(93.3 %,90% or80%) mortality.
Whitefly Bemisia tabaci (Genn) is the most severe pests
of crops in subtropical and tropical climates. B. tabaci is
attributed to their exceptionally wide host rang and short
generation time (WANG et al., 2007).
The entomopathogenic fungi Beauveria bassiana
(Balsamo) Vuillemin has high activity against whitefly (AlDehairi and Bioassay, 2008). Blastospores and conidia can

infect the host directly; mycelium needs to grow and from
infectious propagates first. Conidia can be produced easily
and are more stable in challenging environmental conditions
than blastopores (Del Prado et al., 2008 and Scorsetti et al.,
2008).
The aim of study was evaluate the impact of V. lecanii,
and B. bassiana on T. absoluta egg hatchability and larvae.
Estimate the susceptibility of Bemisia tabaci nymphs to V.
lecanii and B. bassiana.
Materials and Methods
Tomato plants
Tomato seeds were sown in the nursery in 100 cell
foam trays and kept for 45 days until transplanted to the
laboratory under conditions (22 °C, 65±2% R.H.). Seedlings
of 45 days old were transplanted in 35 cm diameter plastic
pots containing a sterilized soil- peat moss mixture, one
seedling per pot. Pots were held in rearing cages (70 cm2
high, 60 cm2 wide and 60 cm2 long).
Tuta absoluta colony
A laboratory colony of T. absoluta was established with
larvae and pupae from field strain. This colony was
maintained in the laboratory. Larvae and Pupae were
dislodged from leaves and were housed in a wooden and
glasses cage. Adults were fed on 10% honey solution (Taphla
leaves were used as a carrier for honey droplets as a food
source for adults) and provided with tomato terminal buds
and leaves for oviposition overnight so that T. absoluta
pupation could take place either on leaves or on the soil.
When pupation was completed, the cocoons were carefully
collected to be used for starting the experiment. T. absoluta
adults were reared on tomato plants (45 days old). Tomato
plants were placed in Pots and held in rearing cages (70 cm2
high, 60 cm2 wide and 60 cm2 long) provided weekly by
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seedlings for feeding and egg laying. When required for our
assays, newly emerged adults were collected using an
aspirator (Fargalla and Shalaby, 2013 and Hussein et al.,
2014).
Fungi cultures
Three concentrations of V. lecanii, and B. bassiana
were (1x101, 1x102 and 1x103 spore/ml). The
entomopathogenic fungi were grown on peptone media (10g
Peptone, 40g Dextrose, 2g Yeast extract 15g Agar and 500
ml. Chloramphenicol and completed to one liter with distilled
water). The media was autoclaved at 120 °C for 20 minutes,
and poured in Petri-dishes (10 cm diameter x 1.5 cm) then
inoculated with the entomopathogenic fungi and kept at 22
±2◦C and 85 ±5 R.H. The fungal isolates were re-cultured
every 14-30 days and kept at 4 °C.
The spores were harvested by distilled water and
filtered through cheese cloth to reduce mycelium clumps and
Tween 80% was added (Lacey, 1997).
Preparation of the concentrations
Spores of fungal isolates were harvested by rinsing with
sterilized water 0.5% Tween 80 from 14 days old culture rice
media. The suspensions were filtered through cheese cloth to
reduce mycelium clumping. Spores were counted in the
suspension by using a haemocytometer (Hirscmann 0.1 mm x
0.0025 mm2). To restore the virulence of the isolates it was
passed through their natural host, wax moth larvae Galleria
mellonella. Three concentrations were prepared, (C1) 1x101,
(C2) 1x102 and (C3) 1x10 3 Spore/ml in all isolates
(Mohamed Abdel-Raheem, 2020).
Treatment procedures
T. absoluta couples in rearing cages for 24 hrs. Then T.
absoluta adults were removed and the plants were checked
daily until egg hatching. Potted plants were removed after
exposure period and transferred in other cages until eggs start
to hatching. 9 randomly selected leaves for each
concentration were cut and dipped into the suspensions (three
leaves per replicate), transferred onto clean white paper for
water evaporation then treated leaves were put in Petri dishes
with filter papers and supplied with moisture as needed, then
treated leaves infested with 1st larvae obtained from the
laboratory colony (15 larvae/replicate). The treated disks
were only used once at the beginning of the bioassay.
Subsequently, the larvae were fed with untreated leaves when
needed. Similar method of experiments was performed to
estimate the effect of the two entomopathogenic materials on
larvae from the second instar. In addition, eggs of T. absoluta
were exposure to V. lecanii, and B. bassiana to evaluate their
effect on hatchability.
In these cases, the experiments were conducted in the
same way. In order to obtain larvae of the 2nd instar used in
these experiments, larvae were reared to the desired instar on
tomato plants. The leaves were collected from the tomato
plants, arranged in Petri dishes and infested with larvae

obtained from the laboratory colony. Larvae were allowed to
feed on untreated leaves until they reached the second and
third instar. Discs were transferred to Petri dishes and larvae
in the appropriate instar were placed in the dishes. The
bioassay lasted for 7 days and the median lethal
concentration (LC50) values were obtained by the software
computer probane. The larval mortality was evaluated daily
until the end of the experiment. The mortality was corrected
using Abbott's formula (Abbott, 1925).
Corrected Mortality% = 100 × 1 −

Insect population in treated after treatment
Insect population in control after treatment

Laboratory inoculation
Adults whitefly, B. tabaci were transferred to the
laboratory from the field and put in Petri-dishes with tomato
leaf disk and incubated in 22±2°C and 65 ±5 % RH. (Five
adults / replicate) were used in all treatments. The
Entomopathogenic fungi (V. lecanii and B. bassiana) were
sprayed using a manual sprayer in a suspension containing
1x101, 1x102 and 1x103 spore/ml; while sterilized water was
sprayed to the leaves disks as blank control. The mortality of
whitefly was observed daily.
Results
The results in tables (1-3) revealed the impact of three
concentrations of V. lecanii, and B. bassiana were prepared
with concentrations of (1x101; 1x102 and 1x103) and tested
on T. absoluta larvae (1st instar & 2nd instar) to study the
impact of these materials on larval mortality. In addition,
eggs of T. absoluta were exposed to V. lecanii, and B.
bassiana to evaluate their impacts on hatchability under
laboratory conditions. In table (1) the estimated LC50 of V.
lecanii, and B. bassiana were (0.25 x 101 & 0.28x 101) and
(3.7 x 101 & 5.4x 101 spores /ml) for 1st instar & 2nd instar
T. absoluta larvae, respectively.
Thus, it was evident that the higher effective
concentration of V. lecanii on 1st instar larvae of T. absoluta
was 1x103 spores /ml. followed by 1X102 spores /ml while
the other concentrations (1X101 Spores /ml.).
Table 1 : The impact of two Entomopathogenic Fungi
against Tuta absoluta larvae.
LC50
1st instar
2nd instar
larvae
larvae
V. lecanii
0.25 x 101
0.28x 101
B. bassiana
3.7 x 101
5.4 x 101
The results in table (2) revealed that when eggs
exposure to V. lecanii the pathogen impacts were evident by
the 4th day of evaluation after exposure in the three
concentrations (1x101; 1x102; 1x103 spores /ml.) with
recorded hatchability (29, 19, 14%) respectively.
Entomopathogenic
fungi

The results in table (3) revealed that when eggs
exposure to B. bassiana the pathogen impacts was evident
by the 4th day of evaluation after exposure in the three
concentrations (1x101; 1x102; 1x103 Conidia /ml.) with
recorded hatchability (40, 36, 35%) respectively.

Table 2 : % Hatchability of Tuta absoluta eggs treated with V. lecanii
1st day
2nd day
3rd day
4th day
Concentration
% Hatchability
1x101
0.0
0.0
0.0
29
1x102
0.0
0.0
0.0
19
1x103
0.0
0.0
0.0
14
Control
0.0
0.0
0.0
44

5th day

6th day

7th day

34
31
21
79

37
32
23
84

37
32
23
85
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Table 3 : % Hatchability of Tuta absoluta eggs treated with B. bassiana.
2nd day
3rd day
4th day
Concentration
1st day
% Hatchability
101
0.0
0.0
0.0
40
102
0.0
0.0
0.0
36
103
0.0
0.0
0.0
35
Control
0.0
0.0
0.0
47
Bemisia tabaci
Three concentrations of two isolates V. lecanii and B.
bassiana were evaluated against the nymph stage of B. tabaci
under laboratory conditions.
The result revealed in Table (4) there are no effect for
V. lecanii and B. bassiana to B. tabaci after three day from
treatment.
Mortalities are occurred in the 4th day. The percent of
mortalities are increased gradually and reached to the
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5th day

6th day

7th day

47
44
38
80

49
45
39
85

49
46
40
85

maximum in the 7th day from treatment. With the all
concentrations, the percent of mortalities are increased with
increase of concentrations. The percent of mortalities ranged
between 70.0 to 100 and 65.0 to 100% with V. lecanii and B.
bassiana, respectively, in the seventh day after treatment.
The statistical analysis shows that there are significant
differences between all concentrations in both isolations. The
less significant difference (L.S.D) increased gradually and
reached at 9.0 in the seventh day.

Table 4 : Impact of V. lecanii and B. bassiana on B. tabaci under laboratory conditions.
%Mortalities
Days after
C1
C2
C3
application Control
V. lecanii
B. bassiana
V. lecanii B. bassiana V. lecanii B. bassiana
2nd
0.0
0.0
0.0
0.0
0.0
0.0
0.0
3rd
0.0
0.0
0.0
0.0
0.0
0.0
0.0
4th
0.0a
24.0± 1.2b
22.0± 1.3b 25.6 ± 3.2b 21.5 ± 1.2b
44.2± 5.3c
40.10 ± 3.1c
th
a
c
b
d
d
e
5
0.0
48.3± 2.3
33.8± 2.1
62.3± 4.2
51.6± 2.3
69.3± 3.2
64.2± 2.1e
th
a
b
b
c
b
e
6
0.0
58.1±2.3
53.7 ± 2.4 73.21 ±2.3 68.2± 2.2
80.9± 5.3
80.0 ±2.2e
th
a
b
b
c
c
d
7
0.0
70.0± 5.0
65.0± 2.2
83.± 2.2
78.9± 2.0
100± 2.1
100 ± 1.7d
Discussion
Finally, these data clear that the entomopathogenic
fungi V. lecanii, and B. bassiana can be used as a promising
agent in pest control and integrated pest management
programs instead of conventional pesticides to reduce the
environmental pollution especially when the pests were
under the economic threshold.
The data obtained that V. lecanii was more virulence
than B. bassiana against eggs hatchability and larval stages
on Tuta absoluta this results according with (Abdel-Raheem
et al., 2015), when the author use three concentration from
the entomopathogenic fungi. Also, V. lecanii was more
impacts than B. bassiana against the nymphs stage of
Bemisia tabaci this data according with (Abdel-Raheem et
al., 2009).
The percent of mortalities are increased with increase of
concentrations. The percent of mortalities ranged between
70.0to 100 and 65.0 to 100% with V. lecanii and B. bassiana,
respectively, in the seventh day after treatment. The
statistical analysis shows that there are significant differences
between all concentrations in both isolations. The less
significant difference (L.S.D) increased gradually and
reached at 9.0 in the seventh day.
This result compatible with (Maniania, 1991) who
found that both of B. bassiana and V. lecanii caused
mortalities of up to 97 and 100% in Chilo partellus,
respectively. (Zaki and Abdel-Raheem, 2010 and Zaki, 1998)
reported that B. bassiana as an entomopathogenic fungi
showed high effects on the aphid Aphis craccivora, the white
fly B. tabaci infesting cucumber and Spodoptera littoralis,

L.S.D
0.0
0.0
6.6
7.1
8.3
9.0

Spodoptera exigua and nymphs of Aphis craccivora (Zaki,
1998 and Saleh, 2016) mentioned that entomopathoginic
fungi caused good mortality to whitefly.
References
Abbott, W.S.A. (1925). Method of computing the
effectiveness of insecticides. J. Econ. Entomol., 18:
265-207.
Abdel-Raheem, M.A. (2019). Pathogenicity Comparative of
Some Egyptian Isolates and Commercial Indians
Compounds of Entomopathogenic Fungi Against Some
Insect Pests. Plant Archives, 19, supplement, (1): 10611068.
Abdel-Raheem, M.A.; Ismail, I.A.; Abdel-Rahman, R.S.;
Abdel-Rhman, I.E. and Naglaa, F.R. (2015). Efficacy
of Three Entomopathogenic Fungi on Tomato leaf
miner, Tuta absoluta in Tomato crop in Egypt. Swift
journals of Agricultural Research, 1(2): 015-020.
Abdel-Raheem, M.A.; Ismail, I.A.; Farag, N.A.; AbdelRahman, R.S. and Elbehery, H.H. (2016). Isolates,
Virulence of two Entomopathogenic Fungi as biological
control agent on sugar beet fly, Pegomyia mixta in
Egypt. Der Pharma Chemica, 8(18): 132-138.
Abdel-Raheem, M.A.; Huda, A.A and Naglaa, F.R. (2019).
Virulence of Fungal Spores and Silver Nano-particles
from Entomopathogenic Fungi on the Red Palm
Weevil,
Rhynchophorus
ferrugineus
Olivier
(Coleoptera: Curculionidae), Egyptian Journal of
Biological Pest Control, 29-97.
Abdel-Raheem, M.A.; Sabry, K.H. and Zakia, A.R. (2009).
Effect of different fertilization rates on control of
Bemisia tabaci (Genn.) by Virticillium lecanii and

482

Use of Verticillium lecanii and Beauveria bassiana against tomato leaf miner, Tuta absoluta (meyrick)
and Bemisia tabaci (Genn.) in tomato crop

Beauveria bassiana in potato crop. J. Biol. Pest control,
19(2): 129-133.
Abdel-Raheem, M.A. and Lamya Ahmed Al-Keridis.A.
(2017). Virulence of three Entomopathogenic Fungi
against White fly, Bemisia tabaci (Genn.) (Hemiptera:
Aleyrodidae) in Tomato Crop. Journal of Entomology,
14(4):155-159.
Al-Dehairi,
M.A.B.
(2008).
Evaluation
of
the
Entomopathogenic
Fungi,
Beauveria
bassaina
Vuellemin against eggs and nymphs of Bemisia tabaci
Gennadius (Homoptera: Aleyrodidae). (Pakistan J. Bio.
Sci., 11: 1551-1560.
Del Prado, E.N.; Iannacone, J. and Gomez, H. (2008). Effect
of two entomopathogenic fungi in controlling
Aleurodicus cocois (Curtis, 1846) (Hemiptera:
Aleyrodidae). (Chilean Journal of Agricultural
Research, 68(1): 21-30.
EPPO. First report of Tuta absoluta in Spain (2008/001).
EPPO Reporting Services. Paris: European and
Mediterranean Plant Protection Organization. 2008.
Fargalla, F.H. and Shalaby, H.H. (2013). Biological aspects
of Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae)
in Egypt. Egyptian J. of Biological Pest Control, 2013,
(in press).
Hussein, S.; Mohamed, F.; Ismail, A.I.; Ibrahim, E. and
Ibrahim, S.
(2014). Life Table Parameters and
Fluctuations in the Population Density of the Moth Tuta
absoluta (Meyrick) - (Lepidoptera: Gelechiidae,
Current Science International, 3(3): 252-259.
Ismail, I.A. and Abdel-Raheem, M.A. (2010). Evaluation of
certain Entotomopathogenic Fungi for Microbial
Control of Myzus persicae (Zulzer) at Different
Fertilization Rates in Potatoes. Bull. NRC, 35(1): 3344.
Korycinska, A. and Moran, H. (2009). Plant Pest Notice:
South American tomato moth, Tuta absoluta, 56: 1-4.
Department for Environment, Food and Rural Affairs,
Food and Environment Research Agency.
Lacey, L.A. (1997). Manual of Techniques in Insect
Pathology. Academic Press (Elsevier), NY.: 409.
Landgren, O.; Kyle, R.A.; Hoppin, J.A.; Beane, F.L.E.;
Cerhan, J.R.; Katzmann, J.A.; Rajkumar, S.V. and
Alavanja, M.C. (2009). Pesticides exposure and risk of
monoclonal gammopathy of undetermined significance
in the agricultural Health study. Blood 113: 6386-6391.
Lopez, E. (1991). Pollia del tomate: Proplema critic para la
rentabilidad del cultivo de verano. Empresa y Avance
Agricola, 1: 6-7.
Maniania, N.K. (1991). Susceptibility of Chilo partettus
Swinhoe (Lep., Payrlidae) eggs to entomopathogenic
hyphomycetes. J. Appl. Entomol., 112: 53-58.

Marta, R..S.; Marcos, G.P. and Andrés, F.I. (2006).
Entomopathogenic fungi isolates selection for egg
control of tomato moth, Tuta absoluta Meyrick
(Lepidoptera: Gelechiidae) eggs. Agricultura Técnica
(Chile), 66(2): 151-158.
Mohamed, A.R. (2020). Cottage Industry of Biocontrol
Agents and Their Applications, Chapter: 7, Isolation,
Mass Production and Application of Entomopathogenic
Fungi for Insect Pests Control, ISBN : 978-3-03033160-3, 231-251.
NAPPO, P.A.S. (2008). First detection of tomato leaf miner
(Tuta absoluta) in Spain. North American Plant
Protection Organization, Phytosanitary Alert System.
Retrieved April 18, from http://www.pestalert.org/
viewNewsAlert.cfm?naid=57. Accessed on 10/12/10.
Narmen, A.Y. (2015). Efficacy of The Entomopathogenic
Nematodes and Fungi for Controlling The Tomato Leaf
Miner, Tuta absoluta (Meyrick) (Lepidoptera :
Gelechiidae) Agric. Sci., Ain Shams Univ., Cairo,
23(2): 591-598.
Saleh, M.M.E.; Abdel-Raheem, M.A.; Ebadah, I.M. and
Huda, H.E. (2016). Natural Abundance of
Entomopathogenic Fungi in Fruit Orchards and their
Virulence against Galleria mellonella larvae. Egyptian
Journal of Biological Pest Control, 26(2): 203-207.
Scorsetti, A.; Humber, R.; De Gregorio, C. and Lastra, C.
(2008). New records of entomopathogenic fungi
infecting
Bemisia
tabaci
and
Trialeurodes
vaporariorum, pests of horticultural crops, in
Argentina. (BioControl, 53: 787-796).
Vargas, H.C. (1970). Observaciones sobre la biología y
enemigos naturales de la polilla del tomate,
Gnorimoschema
absoluta
(Meyrick).
Depto.
Agricultura, Universidad del Norte-Arica, 1: 75-110.
Wang, L.; Huang, J.; You, M.; Guan, X. and Liu, B. (2007).
Toxicity and feeding deterrence of crude toxin extracts
of Lecanicillium (Verticillium) lecanii (Hyphomycetes)
against Bemisia tabaci (Homoptera: Aleyrodidae). (Pest
Management Science, 63: 381–387.
Zaki, F.N. (1998). Efficiency of the entomopathogenic
fungus, Beauveria bassiana (Bals), against Aphis
craccivora Koch and Bemesia tabaci, Gennandius. (J.
of Applied Entomol., 122 : (7) 397-399).
Zaki, F.N. and Abdel-Raheem, M.A. (2010). Using of
entomopathogenic fungi and insecticide against some
insect pests attacking peanuts and sugar beet. Archives
of phytopathology and plant protection, 43(18): 18191828.

