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ABSTRACT
Scanning electron microscopy (SEM) allowed to observe B. bassiana and M.
anisopliae adhesion and penetration structure on A. ipsilon larvaetreated with
the Lc50 of the fungus, B. bassiana revealed adhesion and penetration structures
in the infected larvae. Growth of the fungus on the infected larvae and signs of
hyphal penetration of insect cuticle as well as proliferation of the cuticle were
also appeared. On the other hand, the fungus, M. anisopliaeas declared by SEM
showed a dense network together and caused the green spores on the insect
cuticle. Also, SEM allowed observing the spores and hyphae of the fungus in
the body cavity of infected larvae. Scanning electron microscopy is convenient
tools to observe the mode of action of entomopathogenic fungi and to observe
how they are able to colonize and infect the host.

INTRODUCTION

The greasy cut worm, Agrotisipsilon (Lepidoptera-Noctuidae) is widely
distributed all over the world, particularly in moderate and subtropicalcountries
of the northern and southern hemispheres (Kononenko, 2003). The greasy cut
worm causes damage to vegetables, cucurbitaceous and industrial crops. The
greatest damage is caused to cotton, essential-oil cultures, maize, tobacco,
sunflower, tomatoes, sugar beet and potato. The pest can strongly harm
vegetables, and also damage seedlings of tree species (pine, maple, and
nut).This pest has solitary habits. They commonly feed on seedlings at ground
level, cutting off the stem and sometimes dragging the plants into their burrows.
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Entomopathogenic fungi that infect insects have received considerable
attention by scientists for their potential for biological control of pests. Some
pathogenicfungi have restricted hostranges while other fungal species have a
wide hostrange for example, Beauveria bassiana and Metarhizium anisopliae.
Many researchers have focused on the selection of virulent strains for target
pests and their development as biological control agents. (Thorne and Lord
2004; Angel-sahagumetat.; 2005, Lohmeyer and Miller 2006; Quesada-Moraga
et al. 2006; Kivan 2007; Ameret al. 2008; Godonouet al. 2009 and Amora et
al.,2010).

Penetration through the host cuticle is the mode of entry for most
entomopathogenicfungi. During fungal infection, the first step prior to
penetration is the adhesion of fungi to the host cuticle (Holder and
Keyhani2005; Puchetaet al., 2006,Changjin Dong et al., 2009 and Weimin Liu
et al., 2009).

The present study aimed to investigate the efficacy of twoentomopath-
ogenic fungiBeauveriabassiana and Metarhiziumanisopliae and their histop-
athological effect using scanning electron microscopy (SEM)against the greasy
cutworm, A.ipsilon.

MATERIALS AND METHODS

1- Rearing technique:

The greasy cutworm strain used in the present study was taken from
natural control laboratory at the National Center for Radiation Research and
Technology, (NCRRT), Nasr City, Cairo, Egypt. Reared bean leaves,
Ricinuscommunis for larval feeding under laboratory constant conditions at (22
± 2˚C and 65 ± 5% relative humidity) and away from any intentional chemical
pressure. Laboratory tests revealed its susceptibility.

2-Entomopathogenic fungi used:

Entomopathogenic fungi used in the present study were
Beauveriabassiana and Metarhiziumanisopliae. The first fungus was isolated
from the red palm weevil, Rhynchophorusferruginens in Ismailiya governorate,
while the second one was isolated from the white fly Bemisiatabaci in Sharkia
governorate (Ibrahim, 2006).

3-Conidiospores production:

Conidia obtained from fungal cultures of B. bassianaand M. anisopliae
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were grown at 25ºC, in dark, on sabouraud dextrose agar (SDA), consisted of
peptone 10g/L, glucose 20g/L, & agar-agar 20g/L., (constant volume of 15 ml)
in standard Petri-dishes (90 mm diameter). Conidia were harvested from 15
days old plates by scraping into sterile Tween-80 (polyoxyethylene-
sorbitanmonooleate; 1ml/L). The suspension was vortexed for 2 min and
agitated for 1.5 h on a flask shaker (Griffen and George Ltd.) at room
temperature before filtering through four layers of sterile muslin. The conidial
concentration of the resulting stock suspension was estimated using an
improved Neubauer bright line hemocytometer (Reichart) under a Leitz Dialu
x20 EB microscope (400 x magnifications). A series of dilutions were made to
give range concentrations of 106, 107, 108 and 109 spores/ml. Suspensions were
held overnight on ice at 4ºC and then routinely checked for conidial germination
prior to use in bioassays as described by Yeo et al., (2003).

Preparation of tissue samples for scanning electron microscopi examination:

To determine the over growth of B. bassiana and M. anisopliae on the
dead insect resulted from the treatments of 2nd (instarlarvae which fed on castor
leaves treated with the Lc50 (2×108spore∕ml)of tested entomopathogenic fungi
(B. bassiana and M. anisopliae)inculated with treated straw for 9 days,
transferred to petri dishes, lined with moist filter paper, maintened at 25±1°C
and 70±10% relative humidity for 7 days. The insects were fixed by
glutheraldhyde 2.5% by serial dehydration of ethanol using automatic tissue
processor (Leica EMTP).Secondlythe samples drying using Co2 critical point
drier (Tousimis – Audosadri- 815).Then coated by gold sputter coater (SPI-
Module).Finally the samples exanimate by scanning electron microscopy (JEOL
–JSM- LV) using high vacuum mode at the Regional center of Mycology and
Biotechnology, Cairo. Egypt.

RESULTS AND DISCUSSION

1-Scanning electron microscopy ofentomopathogenicfungi,B. bassianaon
A. ipsilonlarvae:

Fig. (1) Illustrated the growth of B. bassiana on the dead A. ipsilon
larvae treated with the Lc50 (2×108spore∕ml)after 7, 10, 13 and 16 days. The
growth was indicated by white spores. The mycelium started to grow after 7
days from death of infected larvae, then the insect cadaver was covered by
mycelium after 10 days. The formation and discharge of spores were found after
13 and 16 days; respectively.
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Fig. (1): Over growth of Lc50entomopathogenic fungi, B. bassianaon A.
ipsilonlarvae. (x = 40)

Scanning electron microscopy (SEM) of A. ipsilon larvae treated with
the Lc50 of the fungus, B. bassiana clearly revealed adhesion and penetration
structures in the infected larvae (Figs. 2&3). Signs of fungus growth on the
larvae were found 9 days after death (Fig. 3). Moreover, signs of hyphal
penetration of the insect cuticle as well as proliferation of the cuticle were also
apparent (Fig. 4). The spores filled the body cavity of the infected larvae after 7
days from death (Fig. 5).

However, white clusters of B. Bassiana mycelim were detected to grow
on pupae resulted from the larvae treated with the Lc50 of the fungus after 14
days from death (Figs. 6&7)

Fig.(2):Scanning electron microscopy of 4th instar larvae of A. ipsilon infected with
the fungus,B. bassiana. hyphae(hy)(× = 70)
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Fig.(3): Scanning electron micrograph of B. bassianamycilium growing on the
integumentof infected A. ipsilonlarvaafter 9 days from death.conidia (co) and

hyphae (hy)(× = 750)

Fig.(4): Scanning electron micrograph showing the cuticle proliferation(cu-pro) as
a result of hyphal pentration of B. bassianainto theintegument of infectedA. ipsilon

larva after 11 daysfrom death.(× = 400)
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Fig.(5): Scanning electron micrograph into the body cavity of infected A. ipsilon
larva after 7 daysfrom death of infected larva byB. bassiana.( arrows indicate

spores (s) and hyphae (hy)( × = 450).

Fig. (6): Scanning electron microscopy (SEM) A. ipsilonpupa resulted from the 2nd

instar larvae treated with theLc50 ofB. bassiana . (arrows indicate mycelium
clumps (my.c) ( × = 18).
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Fig.(7): Scanning electron micrograph of B. bassianamycelium growing on A.
ipsilonpupa resulted fromthe 2nd instar larvae treated with theLc50 of

fungus.(arrows indicate mycelium clumps(my.c))  ( × = 220).

2-Scanning electron microscopy ofentomopathogenic fungi, M. anisopliae
on A. ipsilonlarvae:-

On the other hand, the growth of M. anisopliae on the cadaver of larval-
pupal intermediate resulted from the 2nd instar larvae treated with the
Lc50(1.9×108spore∕ml) of the fungus is shown in Fig. (8), the fungus growth was
characterized by green spores which were formed on cadaver insect after 15
days from larval death.

The fine morphology of hyphae and conidial clumps of M. anisopliae as
decleared by SEM is shown in Figs. (9&10). The fungal hyphae become dense
network together and cause the green spores on the insect cuticle after 15 days
from death. The first signs of fungus growth on the larvae were found 7 days
from death. Meanwhile, the spores and hyphae of the fungus were seen in the
body cavity of larvae after 8 days from dead Fig. (11).
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Fig. (8): Larval– pupal intermediateof A. ipsilon parasitized by the fungusM.
anisopliae. (x = 40)

Fig.(9):SEM of the fungus, M. anisopliae (general view) showing dense network
mycelium growing on the cuticle of A. ipsilon larvae after 15 days from

deathresulted from the 2nd instar larvae treated with the
Lc50 of the fungus (×= 700)
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Fig.(10): Close – up of M. anisopliae mycelium showing the dense cover.arrows
indicate conidia (co) and hyphae (hy)(×= 800)

Fig.(11)Scanning electron micrograph of the interior of A. ipsilonlarva after 8 days
from death as a result of treatment with the Lc50 of M. anisopliae (arrows indicate

spores (s) and hyphae (hy) (×= 350)

Beauveriabassiana and Metarhiziumanisopliae are naturally fungi that
are found in the soil of most fields. These fungi are entomopathogenic which
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causing disease to insects, and killing them. Fungal infection begins when
conidia (asexual spores, the seeds of a fungus) attach to insect’s cuticle, the
spores germinate and penetrate the insect’s skin and enter the host (Figs.2&3)
.Once the fungus penetrates the host; it produces toxins that overcome the insect
immune system. Thereafter, the hyphae penetrate through the cuticle to the
outside and cause white (B. bassiana) or green (M. anisopliae)sporulation on
the insect’s body (Figs.1&8).

SEM allowed to observeB. bassianaand M. anisopliaeadhesion and
penetration structure on A. ipsilon larvae. SEM of A. ipsilon larvae treated with
the Lc50 of the fungus, B. bassianarevealed adhesion and penetration structures
in the infected larvae. Growth of the fungus on the infected larvae and signs of
hyphal penetration of insect cuticle as well as proliferation of the cuticle were
also appearing. On the other hand, the fungus, M. anisopliaeas decleared by
SEM showed a dense network together and cause the green spores on the insect
cuticle. Also, SEM allowed observing the spores and hyphae of the fungus in
the body cavity of infected larvae.

These observations  agree with the SEM observations of Asensioet al.
(2005) for B.bassiana growing on the red scale insect of plams
(Phoenicocococcusmarlatti) and they are in consistent with the following
suggestions:

Infection of insects by fungus, M. anisopliae also requires adhesion,
penetration into the host (St Leger, 1993) and establishment of the pathogen in
the host (Charnley, 1989; Sampson et al., 1988). Pentration through the host
cuticle is the mode of entry for most entomopathogenic fungi (Charnley, 1984).
During fungal infection, the first stepprior to penetration – is the adhesion of
fungi to the host cuticle (Boucias and Pendland, 1991). Fragues (1984)
suggested adhesion to occur at three successive stages: (1) adsorptionof the
fungi propagules to the cuticular surface; (2) adhesion of the interface between
propagules and epicuticle; (3) fungi germination and development at the insect
cuticular surface, until appresoria are developed to start the penetration stage.

In conclution, the results obtained in these experiments establish the
pathogencity of entomopathogenic fungi, B. bassiana and M. anisopliaeon
larvae of A.ipsilon as biological control agent. Bilogical control with pathogenic
fungi is promising alternative to chemical control against the
lepidopterouspestes.



Ahlam Gabarty.et al., J. Rad. Res. Appl. Sci., Vol. 5, No. 2(2012) 11

REFERENCES

1. Amer, M.M.; T.T. El-sayed; H.K. Bakheit; S.A. Mostafa and Yasmin A.
El-sayed (2008): Pathogenicity and genetic variability of five
entomopathogenicfungi against Spodopteralittoralis. Res. J. Agric. and
Biol. Science, 4(5): 354-367.

2. Amora, S. S.  A. ; Bevilaquaa C. M. L.; Feij F.M. C. ; Pereira R. H.
M.A.; Alves N. D.; Freire F. A. M.; Kamimura M. T.; Oliveira D. M.
and Lima E. L. (2010) :The effects of the fungus Metarhiziumanisopliae
var. acridum on different stages of Lutzomyialongipalpis (Diptera:
Psychodidae) ActaTropica (113) 214–220.

3. Angel -Sahagùn, C. A.; A. Lezama-Guierrèz; J. Molina-ochoa; E.
Galindo-velasco; M. Lopez-Edwards; O. Rebolledo-Dominguez; C.
Cruz-vazquez; W. P. Reyes-Velazquez;S. R. Skoda and J. E. Foster
(2005): Susceptibility of biological stages of the horn fly,
Haematobioirritans to entomopathogenic fungi (Hyhphomycetes). J. of
Insect Science, Issn: 1536-.2442.

4. Asensioa, L.; Lopez-Llorcaa L.V. and Lo´pez-Jime´nezb J.A. (2005): Use
of light, scanning electron microscopy and bioassays to evaluate
parasitism by entomopathogenic fungi of the red scale insect of palms
(PhoenicococcusmarlattiCkll., 1899) Micron (36) 169–175.

5. Boucias, D. G. and  Pendland,   J. C. (1991) : In fungal cell wall and
immune response. Berlin: Springer; p.303–16.

6. Changjin Dong; Jiamin Zhang; Hai Huang; Wuguo Chen and Yuanyang
Hu (2009): Pathogenicity of anew China variety of
Metarhiziumanisopliae (M. anisopliae var. Dcjhyium) to subterranean
termite Odontotermesformosanus. Microbio. Rese. 164, 27—35.

7. Charnley, A. K. (1984): Physiological Aspects of Destructive
Pathogenesis by Fungi. CambridgeUniversityPress; p.229–70.

8. Charnley, A. K. (1989):. The Biotechnology of Fungi for Improving Plant
Growth. London: Cambridge University; p.85–125.

9. Fargues, J. (1984): Adhesion of the fungal spore to the insect cuticle in
relation to pathogenicity. In: Roberts, D.W., Aist, J.R. (Eds.). Infection
Processes of Fungi.The Rockefeller Foundation, New York, pp. 90-110.

10. Godonou,  I.; James B.; Atcha-Ahowe,´ C.; Vodouhe` S.; Kooyman, C.;
Ahanche´de,´ A. and Korie, S. (2009): Potential of Beauveriabassiana
and Metarhiziumanisopliae isolates from Benin to control



Ahlam Gabarty.et al., J. Rad. Res. Appl. Sci., Vol. 5, No. 2(2012)12

Plutellaxylostella L. (Lepidoptera: Plutellidae) . Crop Protection 28:
220–224.

11. Holder, J. D. and Keyhani, O. N. (2005): Adhesion of the
entomopathogenicfungus Beauveria (Cordyceps) Bassianato Substrat.
Appl. Environ. Microb.,( 71) 5260-2266.

12. Ibrahim, A.A. (2006): Action of certain microbes on cotton leaf worm.
Ph.D. Thesis, Faculty of Science, Al-Azhar University, 171 pp.

13. Kivan, M. (2007): Pathogenicity of entomopathogenic fungi,
Beauveriabassiana and Metarhiziumanisopliaevaranisoplia
(Deuteromycotina: Hyphomycetes) against Eurygasterintegriceps
(Heteroptera: Scutelleridae). Entomologiageneralis. 30 (1): 63-69.

14. Kononenko, V.S. (2003):Noctuidae. In: Ler P.A., ed. Keys to the insects
of the Russian Far East. V. 5(4). Trichoptera and Lepidoptera.
Vladivostok: Dal.nauka. 688 p. (In Russian)

15. Lohmeyer, K.H. and Miller, J.A. (2006): Pathogenicity of three
formulations of entomopathogenic fungi for control of adult
Haematobia irritant (Diptera: Muscidae).J. of Economic Entomology,
99(6): 1943-1947.

16. Mallary, Frank, B. (1944): Pathological technique. Philadelphia:
W.B.saunders.

17. Pucheta, D. M.; Macias, Antonio Flores; Navarro, Silvia Rodriguez and
de la Torre, Mayra (2006): Mechanism of action of entomopathogenic
fungi . Microbiology (156), 2164-2171.

18. Quesada-Moraga, E.; Ruiz-Garcia, A. and Santiago-Alvarez, C. (2006):
Laboratory evaluation of entomopathogenic fungi Baeuveriabassiana
and Metarhiziumanisopliae against pupal and adults of Ceratitiscapitata
(Dipter: Tephritidae). J. Economic Entomology. 99(6): 1955-1966.

19. Sampson, R. A; Evans, H. C. and Latge, J. P., (1988): Atlas of
EntomopathogenicFungi. Berlin: Springer.

20. St. Leger R. J., (1993): Biology and mechanisms ofinvasion of
deuteromycete fungal pathogens. Parasites and Pathogens of Insects,
Press vol.2. NewYork: Academic Press; p.211–29.

21. Thorne - James, E. and Lord, Jeffrey, C. (2004): Control of sawtoothed
grain beetles (Coleopter: Silvanidae) in stored oats by using
entomopathogenic fungus in conjunction with seed resistance.J. of



Ahlam Gabarty.et al., J. Rad. Res. Appl. Sci., Vol. 5, No. 2(2012) 13

Economic Ent., 97(5); 1765- 1771.

22. Yeo, H.; Pell, J.K.; Alderson, P.G.; Clark, S.J. and Pye, B.J. (2003):
Laboratory evaluation of temperature effects on the germination and
growth of entomopathogenic fungi and on their pathogenicity to two
aphid species.Pest Management Science 59, 156-165.



المؤتمر الدولي الثالثالمؤتمر الدولي الثالث
إلشعاعیة وتطبیقاتھاإلشعاعیة وتطبیقاتھاللعلوم اللعلوم ا

مصر-الغردقة –٢٠١٢نوفمبر ١٦–١٢

على حشرة الدودة التأثیر الممرض لفطرى 
القارضة

أحالم ـ ٤أحمد عدلى إبراھیمـ٣عبد الوھابعفافـ ٢ھدایة اهللا محمود سالمـ ١محمد عبد الحى فودة
٥جبرتى

 ¤

̃ ¤–.

إلتصاق وإختراق فطرى أجرى ھذا البحث بھدف دراسة
٧٢(الممییتة ودة القارضة الناتجة من العذارى الذكور المشععة بالجرعة نصفحشرة الدلتركیب یرقات

تم إجراء تجربة لدراسة الیرقات المعاملة بفطر .بإستخدام  المیكروسكوب اإللكترونى الماسح ) جراى 
إختراق ونمو للفطر على  ،بواسطة المیكروسكوب األلكترونى الماسح فلوحظ إلتصاق

ولكن بدراسة .المعاملةالمصاحبة بنمو للھیفات على جدار الیرقات یرقات المعاملة مع ظھور الكوندیاتال
المیكروسكوب الماسح لوحظ ظھورودراسة التغیرات بواسطةالیرقات المعاملة بفطر

یف الداخلى ونمو الفطر على شكل شبكة ذات لون أخضر زیتونى عالوة على ذلك تم دراسة التجو
. للحشرة ومالحظة وجود جراثیم  ونمو واضح للھیفات الثانویة داخل األنسجة الداخلیة

وبناء على ذلك یعتبر المیكروسكوب اإللكترونى الماسح من األدوات الفعالة لدراسة ومالحظة 
.إختراق الفطریات الممرضة وقدرتھا على إحداث المرض والتكاثر داخل العائل


