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Abstract

This study has been carried to evaluate the effect of the entomopathogenic fungi
Beauveria bassiana on the various developmental stages of Phthorimaea
operculella. Both first and second instars larvae were more susceptible than the third
and fourth instars. The infected prepupae and pupae resulted in marked decreases in
the emergence and longevity of moths, deposited eggs and egg hatchability. An
obvious increase in the pupal duration was observed and malformed adults were also
recorded. The latent was markedly obvious, especially in high doses of B. bassiana.
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Introduction

Potato plant Solanum tuberosum (L.) was
considered as a major export crop in Egypt
[1, 2]. Its economic importance comes after
cotton and rice crops. The potato tuber moth P.
operculella  (Lepidoptera:Gelechiidae) is a
major pest of potato. It cause sever damages
during harvest and in the store [3]. Fungi

.bassiana

belongs to several major groups and ranged
from obligate host specific parasites to
omnivorous facultative saprophytic. The most
successful fungus for pest control was belonging
to genus Beauveria (Vuill.) and has been
subjected to extensive studies and developed as
commercial products to control specific insect
on agricultural crops. The ubiquitous fungus
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Beauveria bassiana (Balsamo) Vuillemin causes
common diseas associated with dead moribund
insects in nature [4]. This fungus has been
scrutinized world wide as microbial control
agent of many insect pests [5, 6]. P. operculella
is considered as important economic pest
because its larvae cause severe damage to crops
specially potato, tomato, egg plant and some
Solanaceae plants [1, 7]. Using of pathogens, as
biological control agents of some insect species,
has been increased during the last few years.
Beauverai bassiana, as an entomopathogenic
fungus, has been used to suppress the population
of the European corn borer, Ostrinia nubilalis
(Hubner) [8, 9, 10, 11, 12 and 13]. More than 30
entomopathogenic fungi have been tested as
biological control preparation of different insect
pests [14, 15, 16, 17, 18, 19, 20 and 21]. The
present work was carried out to study the effect
of B. bassiana on the different larval
development stages of the potato tuber moth
Phthorimaea operculella.

Materials and Methods

Pathogen: A commercial  formulation
(Naturalis-L, Troy- Bioscience -Arizona) based
on the fungus Beauveria bassiana with potency
of 23 x 107 conidia/ ml.

Insect: Standard laboratory colony of potato
tuber moth P. oprculella was reared on potato
tuber under laboratory condition of about 26+2
°C and 70+5 % RH. Eggs were obtained from
the stock culture and kept in Petridish until
hatching. Pupae were individually kept in
specimen tuber (1x3cm) till adult emergence.
Adults moth were kept in ovipositor cages that
consist of chimney glass, about 8 cm in diameter
and 16 cm high, the lower rim of which rested
on the bottom of Petridish lined with a disk of
filter paper and the upper rim covered with
muslin. Each cage was provided with a small
plastic cover containing a piece of cotton soake
d in 5% sugar solution. Eggs were obtained from
the stock culture and kept in Petridish till
hatching. Groups containing fresh pieces of
potato. Larval development was allowed to
continue until adult emergence.

Bioassay of B.bassiana: B. bassiana fungus
was assay against newly molted or hatched 1%,
2" 3" and 4™ instars larvae of P. operculella by
dipping potato tuber in suspension containing
the prescribed dose of the pathogen in distilled
water to which, one drop of tween-80 was added
as wetting agent and infected by spraying 10 ml
of an aqueous suspension of  Beauveria
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conidia/spore containing 16.5x107, 8.25x107,
2.06x107, 1.03x10” and 0.5x10” conidia/ml on
the inner surface of sterile plastic Petridish and
plastic cups. Excess liquid was removed from
the tuber when allowed to dry at room
temperature 26+2 °C. The tubers were then
placed in plastic cups 15x4 cm, for each
concentration, ten replicates were used. Each
replicate comprised of 10 larvae placed on the
tuber by means of camel's hairbrush and reared
at 2612 °C and 70+ 5% RH, for seven days.
Control larvae were fed on potato tuber treated
only with water and the wetting agent Tween-
80. Prepupae and pupae were treated with
conidial inoculums. Mortalitie s were corrected
according to [22].

Results and Discussion

Mortalities of P. operculella larvae exposed
to a concentration of 16.5x10" of B. bassiana
indicated that these larvae were susceptible to
the pathogen, the calculated LC 50's for
B. bassiana were 4.7 x 10 conidia/ml, for the
1%, 2™ 3 and 4™ instars larvae, respectively
(Table 1). The duration of the treated pupae was
significantly prolonged concentrations ranged
from 6.5 x10’ to 2.06 x 10’ conidia/ml as
compared with the control, while at Low
concentrations of 1.03x10" to  0.26x10’
conidia/ml, there was no obvious effect as
compared to the control. The percentage of moth
emergence showed a highly progressive
decrease with the increase of concentration of
B. bassiana. Thus emergence decreased from
100% in the control to 0% at 16.5x10’
conidia/ml. An obvious malformation was
observed among the emerged moth after
treatment of the prepupae with any of the used
concentration. The longevity of the emerged
adults was significantly affected being shorter
after exposure to B.bassiana. The egg
production of the female progresssively decree-
ased from 90.83 + 1093 to 32.00 + 1.12
eggs/female, with the increase in the conce-
ntration of B.bassiana from 0.26 to 4.12 (x107)
conidia/ml as compared to 179.93 + 23.99
eggs/female, in the control. At concentrations of
16.5x107 and 8.25x10conidia/ml, no eggs were
obtained (Table 2). The duration of treated
pupae was significantly prolonged at concent-
ration of 16.5x107, 2.06x10’ conidia/ml, as
compared to control (Table 3). The percenttage
of moth emergence showed a highly progressive
decrease with the increase in the concentration
of B.bassiana. Thus emergence decreased from
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96.7 % in the control to 10% at 16.5 x 10’
conidia/ml. An obvious malformation was
observed among the emerged moth after
treatment of the pupae with any of the used
concentration, also the longevity of emerged
adults was signifycantly affected being shorter.
The egg production of the resulted female
progressively decreased with increase in the
concentration of B.bassiana (Table 3). An
obvious malformation was observed among the
emerged moth after treating the prepupae with
concentration varied from 16.5x10” to 2.06x10’.
Data in (Table 4) Show the effect of B.
bassiana on the adults p. operculella at different
concentrations. The longevity of adult males
was shortened to 9.3+ 0.4 days at 16.5x10’
conidia/ml as compared with 12.940.11 days in
the control. At the lowest concentration of
0.26x10” conidia/ml, the male longevity was
12.240.57 days. At concentration of 16.5 x 10’
conidia/ml, the longevity of adult females was
11.4+0.24 days. Treated adult females of P.
operculella showed delayed effect on the egg
production. The produced egg was 103.3+15.8
at the concentration of 16.5x10" conidia/ml,
increased to 138.9 + 3.35 eggs / female at 0.2
x10” conidia / ml.

In the control, the egg production averaged
146+11.43 eggs/female. Fungi reach the
heamocoel through the cuticle or the mouth
parts. Infection therefore resulted from contact
between a virulent infection inoculum and a
susceptible  insect  cuticle,  germination,
penetration of the germ tubes through the
integument and finally spread of the pathogen
through the host tissues. Entomopathogenic
fungi produce mycotoxine and cuticledegrading
enzymes that permit infection like lipase,
protease and chitinase, which kill the host by
inducing progressive degeneration of host
tissues, due to loss of structural integrity of
membranes followed by dehydration of cells as
a result of fluid loss [9]. During the present
study, the treatment of prepupae and pupae with
different concentration of B. bassiana prepara-
tion resulted in decreasing the number of
emerged adults of P.operculella which showed a
high percent of malformation. Resulted adult
males and female lived shorter time and laid low
number of eggs. The 1% and 2" larval instars
were more susceptible than the 3™ or 4™ instar.
also, feeding adult female of Phthorimaea with
contaminated diet resulted in a marked decrease
in the deposited eggs. B.bassiana provide a great
amount of Ostrinia nubilalis and Chilo partellus
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[11]. When applied as a spray to infested crops,
the entomopathgens invades and immobile the
insect with tow days, symptoms appeared within
seven days, the mycoses tissues (a tissueinvasive
mycelial phase) of the insects remain adhered to
the crop and additional spores are released to
maintain to maintain a high level of infective on
the crop [23, 24]. The entomopathological
activity of the fungus against insect seem to be
driven from several cuticle dissolving enzymes
chitinase and protease, B. bassiana produce a
multiple extra cellular chitinase isozymes [25].
The entomopathogenic fungus B. bassiana
infects the insect by direct penetration through
the insect cuticle, members included both host
specific and generalist strain, which have the
potential for use as biocontrol agents are oxalic
and citric acids which act as fungus metabolites
[26]. Pathogenic fungi posses an intriguing array
of mechanisms that permit them to break down
and assimilate host materials while most part,
the fungal metabolites assist the pathogen with
physical aspects of ingress, cuticle-degrading
enzymes that destroy activity or modify the
structural integrity of the host, inhibition of
selective processes or enzymes of the host and
interference with the regulatory system of the
host such damage, associated with disease
symptoms may be produce both by the pathogen
enzymes and by its low molecular weight
metabolites  (toxin).  Undoubtedly = many
pathogens enzymes are important determinates
of virulence because they enable the pathogen to
coexist with the changing metabolic processes
associated with the host's diseased state, once
fungi invade the heamocoel, the host may be
killed by some combination of mechanical
damage produced by fungal growth, nutrient
exhaustion and toxicosis, the relative important
of these mechanisms varies with the specific
fungal isolate or host, many entomopathogenic
fungi produce toxins but although some toxins
are fully described chemically. Dustruxins and
other toxins include the cyclic depsipeptides
beauvericin and bassianolid which may function
principally as endocellular ionophores which
may paralyze host cells [27]. Bidochka and
khaehatourious [26] Revealed that the
relationship between oxalic acid and citric acid
together with B. bassiana conidia in grasshopper
mortality was marked by synergistic, they
suggested that acid metabolites produced by B.
bassiana might play an important role in cuticle
solubilization and subsequent hyphal
penetration.
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Table 1: Effect of Beauveria bassiana on different larval instars of
Phthorimaea operculella

Larva Instars L.C .50 Slope Variance COTIEETES LNl
Conidia/ml (95%)

First 1.98x107 1.209 0.0065 1.26x107 - 2.75x107

Second 2.13x107 1.070 0.0077 1.30x107 - 3.09x10’

Third 4.08x107 0.906 0.0121 1.97x10 - 6.19x10’

Fourth 4.71x107 1.242 0.0073 2.85x107 - 6.56x107

Table 2: Effect of different concentrations of Beauveria bassiana as suspension on the prepupae
of Phthorimaea operculella.

conc. 165 | 825 | 412 | 206 | 103 | 052 | 026 | Control
Conidia/ ml ( X10")

Pupal duration 8.9+0.47 | 8.66 +0.33 | 7.5+0.22 7.75+025 | 744+ 0.17 | 7.2+0.13 | 6.75+£0.25 | 6.25+0.25
% of emergence 26.6 45 63.5 70 77 80 90 100
% of malformation 60 50 333 22.7 20 10 5
Average males 3 4.66+0.33 | 425+047 5.6 +£0.37 6.6+0.24 | 7.5+0.42 9.1+0.3 12.6 + 1.68
longevity
in days females 4 45+0.5 55405 7.2+0.37 7.8+0.37 | 8.6+0.24 93403 3.8+1.8
No of eggs / female 0 0 32+1.1 4224104 |538+172|71.8+14.5|90.8+10.9 | 179.9+23.9
% of hatching 0 0 10 22 45 80 85 100

Table 3: Effect of different concentrations of Beauveria bassiana as suspension on the pupae of
Phthorimaea operculella

Conc. P s 412 2.06 1.03 0.52 0.26 Control
Conidia/ ml (X107 )

Pupa duration in days 15 | 8.99+047|8.66+0.33 |7.77+0.22 | 7.44+0.17 | 6.75+0.21 | 6.75+0.21 | 6.75+0.21
% of emergence 10 16 233 Y. 36.6 40 53.3 96.7

% of malforming adult | 100 35 30 20 17 15 12 0
Adult male | 3 34018 | 42+047 | 5+063 | 65+042 | 824047 | 1226+ 1.6
longevity | temale ¢ 3.66+033 | 46+05 | 62+037 | 7.83+047 | 9.6+037 | 13.1+1.7
No of eggs female 0 0 0 66+13.5 | 802+ 14.8| 101+19 | 138+34.5 | 189+57.2
% of hatching 0 0 0 70 75 85 88.8 95

Table 4: Effect of different concentrations of Beauveria bassiana on adult Phthorimaea

operculella.
Conc. Male longevity in days Female longevity in days Deposited eggs / female
Conidia /ml mean + S.E. mean + S.E. mean + S.E.
16.5x 107 93+04 11.4+0.24 103.3 +15.8
8.25x 10 10.2 +0.37 11.8+0.37 105.2 +23.6
4.12x 107 10.6 £ 0.5 122+0.3 112.7+15.9
2.06 x 107 11.4+0.5 124+0.4 112.8 +14.19
1.03x 107 115403 12.3 +0.66 116.1 + 15.34
0.52x 10’ 12.1+0.23 13.0+0.77 135.8 +13.43
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0.26 x 10’ 12.2+0.57 13.3+0.29 138.9 + 3.35
Control (Untreated) 129+0.11 13.6+0.4 146.3+11.43
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