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ABSTRACT

This study was concerned with the efficiency of the entomopathogenic
fungus Beauveria bassiana (Balsmo) on the mature larvae (4" instar) of the potato
tubermoth Phthorimaea operculella (Zeller) with two different environmental factors
under laboratory conditions, e. g. temperature regimes (18, 21, 24, 27 and 30°C) and
relative humidity regimes (50, 60, '1’0b 80 and 90% R.H.). Four concentra-tions of
conidial powder were prepared (1x107, 10°, 10% 105) conidia/ml. Some biological
aspects were determined, e.g. Survived larvae, pupation and emergence
percentages. Results indicated that there were a positive relation between fungal
concentrations and reduction in percentages of larval development.

Different regimes in temperature and relative humidity have great influence
on the fungal pathogenicity. Highly significant reduction in the fourth larval instar
development was obtained with 27 and 30°C temperature regimes and with 80 and
90% relative humidity regimes. Percentage of larval mortality was scored with the four
fungal concentrations for 8 days. It was. clearly noticed that 10° fungal concentra- tion
gave 60.67 and 81.67 percentage of mortality after 3 and 4 days, respectively. When
the fourth larval instar was reared on gamma irradiated potato tubers (40, 80 and 120
Gy) the larval mortality was significantly increased especially with 120 Gy. Larval
duration was increased as the dose of gamma irradiation increased.

Keywords: Phthorimaea operculella, Beauveria bassiana, gamma radiation,
environmental factors, larval mortality.

INTRODUCTION

The potato tubermoth, Phthorimaea operculella, (Zeller) (PTM)
causes serious damage to potato plant leaves and to tubers either in the field
or in storage, also it attacks in addition to potatoes many of solanaceous
crops either in fields or in stores (Kares, 1991, Doss et al., 1994 and El-
Sinary, 1995). The use of traditional agrochemicals for such pest control is
undesirable because of the resistance problems and other harmful effects on
beneficial insects, fish and wildlife. So, there is an urgent need for safe but
effective, biodegradable pesticides with no toxic effects on non-target
organisms. This has created a world wide interest in the development of
alternative strategies including the search for new types of insecticides (El-
Sinary and Rizk, 2001). The biocontrol element is much needed to control
this pest Bacillus thurigiensis is now registered and recommended as a
control against P. operculeliain Egypt. Recently, the granulosis virus (GV) is
one of the most promising agents for controlling PTM in Egypt (Abol-Ela et
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al., 1996). It is an evident that the entomopathogenic fungi constitute one of
the most important mortality factors among insect pests (Sewify et al., 2000).
Several studies have been conducted using entomopathogenic fungi for
control of stored-products pests (Ferron, 1977 : Fernandes et al., 1983;
Serale and Doberski, 1984 ; Rodrigues and Pratissoli, 1990 ; Adane et al.,
1996 ;| Moino, and Alves, 1997). The entomopathogenic fungus B. bassiana
has a well developed chitinolytic system which has been considered to be
important for causing pathogenicity in Lepidopteran pests (Selman, et al,
1997).

The present study was carried out to investigate the pathogenicity
of the fungus B. bassiana against the potato tubermoth P. operculella under
different environmental factors in laboratory and to determine larval mortality
and combined effect of the fungus B.bassiana and gamma irradiation on the
PTM larval mortality.

MATERIALS AND METHODS

Rearing Technique:

Larvae of the potato tubermoth (PTM) P. operculalla were mainly
fed on potato tubers, which were cleaned from dust and parasites by washing
and drying with clean towels or tissue papers. A thin layer of clean sand
(exposed to high temperature in oven to kill other insects or parasites) was
distributed on the bottom of the rearing cages to allow pupation (Hemeida,
1976). Stock culture was reared in laboratory at a constant temperature of 27
+2°Cand60+5R. H % and photoperiod (12 L: 12 D) (Mariy et al., 1999).

Fungal isolation:

The fungal isolates were obtained from the biological control,
Department of Economic Entomology and pesticides, Faculty of Agriculture,
Cairo University.

The fungal isolates were grown on autoclaved potato Dextrose Agar
medium (PDA). The inoculated agar medium (PDA) with fungal spores was
incubated for 2 weeks at 27°C. Spores were harvested by rinsing with
sterilized distilled water. Collected spores were filtered through cheese cloth
to reduce clumping. Spores suspended in sterilized water were counted using
a haemocytometer.

Fungal preparation:

Four concentrations were prepared (1 x 10°, 107, 10° and 10°
conidia/ml), each concentration was used to inoculate the fourth larval instar
of the potato tubermoth. Treatments were daily observed to calculate the
surviving larvae, pupation and emergence percentages. Each treatment was
triplicated with 50 larvae for each.
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Effect of some environmental factors on the pathogenecity of B.
bassiana on the viability of the 4™ larval instar of PTM:

The fourth larval instar (which get out the potato tubers searching
for the suitable media for pupation) was examined for the pathogenicity of B.
bassiana. Different four concentrations of B. bassiana were mixed with the
sand which larvae pupate in it to lit the fungi to penetrate the larval tissues

1- Temperature:

Five degrees of temperature namely; 18, 21, 24, 27 and 30°C were
examined for its effect on the pathonegisity of the fungus B. bassiana on the
fourth larval instar of the PTM.

2- Relative humidity:

Five degrees of R. H.; namely 50, 60, 70, 80 and 90% were
examined for its effect on the pathogenecity of the fungus B. bassiana on the
fourth larval instar of the P.T.M. Different salts were used to reach that
degrees of R. H.;CaNOj, (NHs), NO;, NaCl and KOH to obtain 50, 60, 70
and 80% R. H., respectively, Relative humidity of 90% was prepared by
adding water at the bottom of the dissicator. Small cages contained the
larvae and fungus were kept in dissicators containing saturated salt solutions
(El-Sinary, 1995).

Larval mortality determination:

The fourth instar larvae of PTM were placed in small cages (25 x 25
x 15cm) (50 larvae / cage) furnished with treated sand with the fungus B.
bassiana four concentrations and kept at laboratory conditions with
temperature of 27 + % and
60 + 5 R.H % and a photoperiod (12L : 12D). Larval mortality was recorded
daily after treatment and each treatment was triplicated. Mortality
percentages were corrected with Abbotts formula (Abbott, 1925)..

Irradiation experiments:

Potato tubers were irradiated with three different doses of gamma
rays 40, 80, and 120 Gy, then infested with first larval instar of PTM, when
the fourth instar larvae get out the tubers for pupation they were placed in
small cages furnished with sand mixed with different concentrations of
B.bassiana. The mortality of larval were calculated daily and corrected with
Abbott's formula.

The irradiation source used in the present study was the Gamma
Cell Irradiation Unit  (*°Co source) located at the National Center for
Radiation Research and Technology, Atomic Energy Authority, with a dose
rate of 4.1 rad/sec.

Statistical analysis:

The data obtained from the present study were statistically
analysed, whenever, the calculated “F" values were significant at 5% level
(Snedecor and Cochran, 1980).
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RESULTS AND DISCUSSION

The data presented in table (1) clearly indicated thatthere was a
reverse relation between fungal concentrations and the survived larvae,
pupation and emergence percentages. Concentrations (1 x 10% and 107) gave
the most promising results and succeeded to reduce the survived larvae,
pupation and emergence percentages to reach 0.00 with some temperature
regimes which were suitable to fungi to make its virulent effect.

Obtained data showed that the pathogenicity of the fungus differed
from one degree of temperature to the other. Degrees of 27 and 30°C
showed the highest virulent effect of B. bassiana especially with the higher
concentrations of fungus; survived larval percentages scored (at 27°C)15.67,
30.00, 40.67 and 57.33, pupation percentages scored 0.00, 0.00, 27.87 and
40.69 and emergence percentage recorded 0.00, 0.00, 11.76 and 17.14 with
1 x 10°, 107, 10° and 10° concentrations of B. bassiana, respectively. At
temperature 30°C, survived larval percentages were 0.0, 18.67, 31.33 and
54.00, pupation percentages were 0.00, 0.00, 21.28 and 34.57 and the
emergence percentages were 0.00, 0.00, 10.0 and 14.29 with 1 x 10%, 107,
10° and 10° concentrations of B. bassiana, respectively. Flactuations in
fungal virulent effect were observed with changes in temperature regimes,
the previous biological aspects (survived larvae, pupation and emergence
percentage) differed from one degree of temperature to anotheri. e., 18°C
showed higher reduction in PTM. viability than 21°C. That was due to the
unsuitable degree for the larval instar itself, as mentioned by El-Sinary, 1995
who stated that the longest average of PTM iarval period of 30.9 days was
scored at 19°C against 11.3 days at 31°C. Also Mariy et al., 1999 mentioned
that the larval duration of PTM was 35.41 days at 15°C and 7.85 days at
35°C. The biclogical aspects percentages gradually decreased to reach
maximum reduction with 27 and 30°C. These findings were in agreements
with Busoli et al., 1989 who stated that the suitable temperature regimes for
B. bassiana was 28+3°C and also were confirmed with Dayer (1993) who
mentioned that environmental factors (variable temperatures) may account
for variation because the growth, sporulation and enzymatic activities of
fungal isolates were greatly affected by these factors. They also in agreement
with results obtained by Yasuda et al., (1997) and Martin et al., (2000).

The pathogenicity of B. bassiana on different biological aspects of
PTM fourth larval instar under five different relative humidity degrees (50, 60,
70, 80 and 90%) was expressed in table (2), which showed that different R.H
% played an important role in this experiment. Obtained data showed that
biological aspects (percentages of survived larvae, pupation and emergence)
of PTM fourth larval instar decreased as the relative humidity degree
increased. Also, when the concentrations of B. bassiana increased the
previous biological aspects decreased. Concentrations of 1 X 10® and 107
were completely lethal to larvae of PTM at 90% R.H, no resulted pupae at the
same R.H. degree with 1 x 10%, 10" and 10° concentrations of the fungi and
no emerged adults were obtained at 80% R.H. with the four different
concentra- tions. The lowest effect of the fungi pathogenicity was obtained at
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50% R.H. in all PTM biological parameters followed by 60 and 70% R.H.,
Relative humidity 80 and 90% gave the highest pathogenic effect of fungi B.
bassiana. The highest concentra- tion of the fungi (1 x 10’) gave the best
results, as it registered 50.67, 43.33, 20.67, 15.33 and 0.00 percentages of
survived larvae with 50, 60, 70, 80 and 90% R.H, respectively. Percentages
of pupation were 55.33, 45.33, 38.00, 20.67 and 0.00 with 50, 60, 70, 80 and
90% R.H., respectively at fungi concentration of 1x10. High reduction in
emergence percentage which make the pathogenic role of the fungi B.
bassiana succeeded in reducing PTM current generations, (with 1 x 10°
Conc.) it scored 15.38, 11.11, 0.00, 0.00 and 0.00 with 50, 60, 70, 80 and
90% R.H. respectively. These findings were confirmed with those obtained by
Anderson et al, (1988), when B. bassiana gave 98 and 64% mortality to the
3™ and 4" larval instars of Leptinotarsa decemlineata when held at relative
humidity greater than 90%. Similar results were obtained by Busoli et al.,
(1989), Yasuda et al., (1997) ; Geden et al., ; Vandenberg et al,( 1998) and
Devi, (2001).

Average larval mortality was recorded and calculated (Table, 3)
after 24, 48, 72, 96, 120 and 144, 168 and 192 hrs for each treatment (Larval
mortality was corrected by Abbotts formula). From data represented in table
(3) it could be clearly noticed that there was a positive relation between the
fungus B. bassiana concentra- tions and the larval mortality, i.g. The mortality
increased when the concentration increased. The two highest concentrations
have highly significant pathogenic effect on the 4™ instar larvae, after 72 hrs
mortality percentage was 59.32 and reached 80.00 at 96 hrs with 1 x 10°
concentration and it was 46.67 at 72 hrs and reached 76.67 at 96 hrs with 107
concentration.

It was aiso noticed that when the concentration increased the time
(hrs) for larval mortality decreased, e. g. it required 96, 96, 120, 144 and 120
hrs for the time (hrs) required to score percentages of larval mortality of
8167, 76.67, 69.33, 39.33 and 3.33 for 1 x 10°, 10’, 10° (fungal
concentrations) and control (no treatment), respectively. These findings were
in harmony with those found by Brinkman et al., (1997) ; Zurek and Keddie,
(2000) and Devi et al, (2001). Combined effect between B. bassiana (4
concentrations) and gamma irradiation (40, 80 and 120 Gy) were also
represented in table (3). It could be concluded that gamma irradiation
significantly increased the effect of B. bassiana, so the mortality percentages
increased especially with higher concentrations of fungus and higher doses of
gamma rays. Larval mortality recorded 100.0 with 80 and 120 Gy after 96 and
120 hrs with 1 x 10° and 107 concentrations of the fungus, respectively. The
time required to reach complete 4™ larval instar mortality increased when
gamma irradiation dose increased, this was in agreement with El-Sinary,
1995 who mentioned that gamma rays treatments caused longer larval
duration than untreated larvae. It was clearly noticed that larval mortality in
most treatments began after 48 hrs except with 1 x 10° and 107 of fungus
concentration when combined with gamma radiation (40, 80 and 120 Gy).
This was explained by Ramlee et al, 1996 who stated that at 48 hrs after
inoculation, fungal hyphae penetrated the integument inside the trachea and
via the nuclei of epidermal cells. Fungal hyphae infiltrated the fat bodies
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underlying the integument. At 72 h after inoculation, the fat tissues were
damaged by progressive colonization with hyphae. Subsequently, the hyphae
invaded the muscle tissue, neural tissues, germ cavities, Malpighian tubules,
gut musculature and epithelial cells and finally colonized the gut lumen.
Between 96 and 120 hrs post-inoculation, all internal organs were heavily
colonized with hyphae, and the infected insects were already dead. Twenty-
four hours after death, whitish mycelia begin to emerge from the cuticle of the
dead body.

From the previous results it could be concluded that the fungus B.
bassiana could be an effective agent to reduce the risk of PTM attack and
could be safetly applied to control this pestin storage as a good bioagent,
with understanding of the environmental requirements of fungal isolation.
Combination with gamma irradiation to potato tubers increase the virulent
effect of fungus B. bassiana. Additional studies are needed to determine the
pathogenicity of B. bassiana on PTM in field conditions.
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