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the isolates of entomopathogenic fungus Table 1. Characteristics of
Name of fungi Isolate code Collection place
B. bassiana IRAN 441C Saravan
M. anisopliae  DEMI D01 Saravan
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Table 2: Protein percentage values in different treatments of whey, yeast extract and extracts of larvae.

Protein source  Concentration (ml / liter) Protein percentage

10 2.8
Whey 20 5.6
30 8.4
10 4.7
Yeast extract 20 9.4
30 14.1
10 5.2
Extract of larvae 20 10.4
30 15.6
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Table 3. The amounts of vitamins in different treatments supplement the base medium
Treatment Types of vitamins The amount of vitamin in the treatment

A 300 IU
D3 200 IU
B1 1 mg
per thousand 2 B2 0.5 mg
B3 Smg
B6 0.6 mg
B12 1 mcg
A 600 IU
D3 400 IU
B1 2 mg
per thousand 4 B2 1 mg
B3 10 mg
B6 1.2 mg
B12 2 mcg
A 900 IU
D3 600 IU
B1 3 mg
6per thousand B2 -5 mg\
B3 15 mg
B6 1.8 mg
B12 3 mcg
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Table 4. Results of analysis of variance of differences between the traits of Chlamydospore of B. bassiana and M. anisopliae in
different treatments
. . M. anisopliae B. bassiana
Treatments Characteristics Ms Cv Ms Cv
Chlamydospore concentration ~ **1.436 0.59 1.169** 3,54
Protein Supplements germination percentage 18.013** 0.59 42.568**  1.09
wet weight  0.677**  0.08  3.274*%* 272
dry weight  1.522** 222  1.595*%* 5.595
Chlamydospore concentration ~ 1.082**  3.06 0.746**  3.89
Vitamins Supplements germination percentage  1.044** 035 0.012%*  0.62
wet weight  0.062**  0.87  0.625%*  3.66
dry weight  0.822** 227 1.503**  5.29
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Fig. 1- Comparison of mean chlamydospore concentration, germination percentage, wet weight and dry weight of B. bassiana
and M. anisopliae in different protein supplementation treatments
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Fig. 2. Comparison of mean chlamydospore concentration, germination percentage, wet weight and dry weight of B. bassiana

and M. anisopliae in different multivitamin supplementation treatments.

MQJJJ‘)—:JJ} cu_v‘;ﬂ\_vl_,} Loy ‘)M;Jg%mdeL m.:;w da=He ¥ t}i&)bﬁ)}lﬂuw

sl oy 2 s Wl N chale b wlu g Jse oS 53 M. anisopliae s B. bassiana sz,

g_.?q

g)'ijjyt) el L;9J~2A rt;- osle d)) .l}-b 6')'@6.1.:5}5 J)&udﬁcﬂﬁsjwcwmxjﬂblﬁ J\:in u._{bls

B. s M. anisopliae sz, 1, 1, s bl Sgysba .l o5 ol el mle S Ll s s oS

el 03l Al 58l dals 4 el Aoy MY 5\ 8/ bassiana




...Qlj:;-;)u.ﬁdu@u,\.:“;uua}'uﬂuwu_”@,;)ﬁ Sl oo Dl Gl oy 1135 5 OLdD

LGS Jpame kS 5 CoaS 85 I 5 e S 0liS el Sl et ld 5 g bl L1
w03 asn ol s elad 2 1y mle 56 55 a5 Lol i (685 ealasdl 250 aadsl esle O35 A5 gl
B. bassiana 3 M. anisopliae ;i M sl @slasl LS VL S e Ol 9,80 J S ele sl A
S5 fanme 5o Zudls dalit 1y e i 58 olaBl B Sl e SkS 5 CeS S (230 e
4 Cond doys VA 5 VE /0 B. bassiana s M. anisopliae L;LAGJG Sl e ialy gelasl L Lyl &
el onls Al dalis

M. anisopliae s B. bassiana S )l log b il i S Ole ys oS sl Ol ass gl ol
e Bl J ol Lol sy LaphleT bl Lt s S Sl Olpe 3 UL oS lassls
LAGJG Ol A el &S sl Ol Cu Oeomed Sy CuiS e Df A 3 B. bassiana 3| s M. anisopliae
g sline by Hse s s e sl oS b co

Gl ol o3 OS5 (F o Slidod 50 g bl S U5 Gl ol e Jasms Sl eslinad
ol ol eslanal L3 5 05y 0 calie polas (gl il C't“‘ | Metarhizium flavoviridae g gy I 5
Stephan et al. ) Sl sdal s 3l 5 o Ssodes (Gl 3lpe b b A i e bolsus 5l 5 o i
ol oS S e s Dl i W il Sales o Slides b G ) mls (1997
dos 5 (Fyeas Sl 655 L)l opl polle CUS WS sy e SE LS el sy (6 Ry s S oA
Sl 5 B ULl Y S 5168k gl 8 0T (6 S e Sl Al o s
Shelton et al., Goettel, 1992  Daoust & Roberts, 1982 (Aizawa, 1971) 5 S L= |, ol e Ol Ol
S ol 033 OLES Slidond 13 55 03 bty 2B sl 5 s A Ol & WS 28 Jas g 55 3 (1998
s, B. bassiana ¢ )5 Jie Ol gieas ol SIS 5t 5 zob S slew Olgee 5 &L ol sl 5 s & o106 s
Wl 03,5 sl e 5 S Ao pa Ve ssd s andls 1) ol sl i pAS s 5 D3 g DS L
Gl 03 305 3wl Chilo auricillus s5, o 5 S 0 do s AV/O T Sz S o L5 sla sl &S J= s
5 andls s el SSlol oS ko s o Sonler Dol s s 50 sl a5 (Pousti, 1994)
ST WIS 3 by et el ks @, 3 S5 Sy kS lome 3 O S
il gon ($letnd Wy 55 oS Sl FILges oo oo ol e o i J gl iS5l oslixe] Entomophthoralean
Grao S AE) Eae oS5 L b s f e o5 0353 b s palS eld oS5 5s Al e 50 S S el 6
St el 005 o3lizal 35 58 o o A3 Ve ey JUSY (S T e o laas 5SS el L A
SIS Gl dadsd gl s 5l (6w 3l [Sie oS ol 4 E. aulive 7B MW slp lawss (S,
.(Freimoser et al., 2003) > S s o oS ;.j Ao s Sl el gl Aoy sla

Ol ysds 33 5S35 &y oL 5l Entomphthora virulent S jlas G)G ogsl W gl cuiS o o S lia
i8S amme pl 53 el 0l STES 05550 e Ol e OLS 4l 310 Ly e 31 s o jlias 5 op S b
(Latge et al., 2004) Zuils sdo s Ve Ady i S W g

0" _Lactal bumin

Yoy



(1£¥-100) ATAA Jlo ¥ oyl ) als ol i Dl meass aslla

syl M0 3 Slda g S (VU Sl molae s JI 8 03555 4 B bassiana e sl A5
3RS D 33 S Sl sl el S8 Ao 0 5 Aoy S KNOy  lels (glassle Las B. bassiana
A3 0 5l eslizad Qe sl 3503 U mbe eas 51 bl (slaesssl b Olie 5 58 2 oS g £ 5 O35
S 5 Al 53 gl M0y 10° e 4 1y 5 s 2Dl e Bl bassiana Ay 53 p S wie Ol seas 55,80
s A5 Ol S o3 0 0 Sl eslizd 3 b 5l bl e 4) bty ) et sloez sl pl 40 g sl
S8 W5l 55,80 VL sk sl jasen s SO 03550 3,008 Ll on jte s 53 sl 2¢ 107,
3 e osbas 5 odd o)y S o bl Bld Sl il sl glakasee ol ol sl Siess Ll s
Chong-Rodriguez et al., ) ol sdd 3 m0 Loy s snad 6l 1 VA ol oy sl a4y 0 S ae Cd 0 55,80
.2011.

Reference

Aizawa, K. 1971. Strain improvement and preservation of virulence of pathogens. Pp. 655-699. In:
H. D. Burges and N. W. Hussey (eds.), Microbial Control of Insects and mites. Academic
Press, New York.

Akbar, W., Lord, J. C., Nechols, R. J. and Loughin, T. M. 2005. Efficacy of Beauveria
bassiana for red flour beetle when applied with plant essential oils or in mineral oil and
organosilicone carriers. Journal of Economic Entomology, 98(3): 683-688.

Askary, H. 2001. Possibility of using super absorbent polymers in fungi mass production.
Proceeding of 3th chemical congress. Azad Univ. Tehran.

Bartlett, M. C.,, and Jaronski, S. T. 1988. Mass production of entomogenous fungi for biological
control of insects. Pp. 61-85. In: M. N. Burge (ed.), Fungi in Biological control System.
Manchester University Press, UK, 269p.

Bidochka, M. J., Pfeifer, T. A. and Khachatourians, G. G. 1987. Development of the
entomopathogeneic fungus Beauveria bassiana in liquid cultures. Mycopathologia, 99: 77-83.

Broome, J. R. 1974. Microbial control of the imported fire ant, Solenopsis richteri (Forel)
(Hymenoptera: Formicidae). M. Sc. thesis, Mississippi State University, Starkville.

Burges, H. D. 1998. Formulation of mycoinsecticides. Pp. 131-185. In: H. D. Burges (ed.),
Formulation of Microbial Biopesticides. Kluwer Academic Publishes, Dordrecht.

Clark, T. B., Kellen, W., Fukuda, T. and Lindegren, J. E. 1968. Ficld and laboratory studies on
the pathogenicity of the fungus Beauveria bassiana to three genera of mosquitoes. Journal of
Invertebrate Pathology, 11: 1-7.

Chong-Rodriguez, M. J., Maldonado-Blanco, M. G., Hernandez-Escareiio, J. J., Galan-Wong,
L. J. and Sandoval-Coronado, C. F. 2011. Study of Beauveria bassiana growth, blastospore
yield, desiccation tolerance, viability and toxic activity using different liquid media. African
ournal of Biotechnology. 10 (30), 5736-5742.

Clarkson, J. M. and Charnley, A. K. 1996. New insights into the mechanisms of fungal
pathogenesis in insects. Trends in Microbiology, 4: 199-203.

Daoust, R. A. and Roberts, D. W. 1982. Virulence of natural and insect- passaged strains of
Metarhizium anisopliae to mosquito larvae. Journal of Invertebrate Pathology, 40: 107-117.

Freimoser, F.vM., Grundschober, A., Tuor, U. and Aebi, M. 2003. Regulation of hyphal growth
and sporulation of the insect pathogenic fungus Entomophthora thripidum in vitro. FEMS
Microbiology Letter. 222 (2), 281-287.

Ghazavi, M. 2003. Study on Iranian isolates of Beauveria basiana and its mode action on
Locusta migratoria . Ph. D. Thesis for Agricultural Entomology. Tehran University, 171 pp.

Yoy



el i S sl Sbag B L) Glayartlis  bagmely s 5 55 S JaSe DI ) 0305 Olada)

Goettel, M. S. 1992. Fungal agents for biocontrol, In: C. J. Lomer and C. Prior (eds.), Biological
control of locusts and grasshoppers. Proceeding of a workshop held at international Institute of
Tropical Agricalture Cotonou, Republic of Benin, CAB International UK.

Inglis, G. D., Goettel, M. S., Butt, T. M.and Strasser, H. 2001. Use of hyphomycetous fungi for
managing biocontrol agents. Pp. 23-69. In: T. M. Butt, C. Jackson and N. Magan (eds.), Fungi
as Biocontrol Agents. CABI Publishing, Wallingford, UK.

Jaronski, S. T., Axtell, R. C., Fagan, S. M. and Domnas, A. J. 1983. In vitro production of
zoospores by Lagenidium giganteum (Oomycetes: Lagenidiales) from solid media. Journal of
Invertebrate Pathology. 41, 305-309.

Jenkins, N. E. and Goettel, M. S. 1997. Methods for mass- production of microbial control agents
of grasshoppers and locusts. Memoirs of the Entomological Society of Canada, 171: 37-48.
Jenkins, N. E., Heviefo, G., Langewald, J., Cherry A. J. and Lomer, C. J. 1998. Development
of mass production technology for aerial conidia for us e as mycopesticides. Biocontrol News

and Information, 19(1): 21N-31N.

Latge, J. P.,, Hall, R. A., Cabrera, R. 1. and kerwin, J. C. 1986. Liquid fermentation of
entomogenous fungi. Pp. 603- 606. In Samson. R. A. , J . M. Vlak. And D. peters. (eds.).
Fimdamentals and Applied Aspects of Inrertebrate pathology. Foundation the International
Colloquium on Invertebrate Pathology. Wageningen. The Netherlands.

Latge, J. P., Soper, R. S. and Madore, C. D. 2004. Media suitable for industrial production of
Entomophthora virulenta zygospores. Biotechnology Bioengineering. 19 (9), 1269-1284.

Li, Z., Lin, J., Ma, J., Wu, D. and Zhang, Y. 2008. Influence of different drying temperatures for
solid substrate after fermentation on conidia characteristics of the entomopathogenic fungus
Beauveria bassiana. Wei Sheng Wu Xue Bao 48 (7), 887-892.

Pousti, I., 1994. Comparative histology and histotechnique. Tehran University, 3th edition, 520p.

Roberts, D. W. and Yendol, W. J. 1971. Use of fungi for microbial control of insects. Pp.125-
149. In: H. D. Burges and N. W. Hussey (eds.), Microbial Control of Insects and Mites.
Academic Press, New York.

Shelton, A. M., Vandenberg, J. D., Ramos, M. and Wilsey, W. T. 1998. Efficacy and
persistence of Beauveria bassiana and other fungi for control of diamondback moth on cabbage
seedlings. Journal of Entomological Science, 33: 142-151.

Siwach, P., and Jaipal, S. 2004. Evaluation of industrial wastes for the mass production of
Beauveria bassiana and their effects against Chilo auricillus. Annals of Plant Protection
Sciences, 12(1): 193-195.

Stephan, D. and Zimmermann, G. 1997. Mass production of Metarhizium flavoviride in
submerged culture using waste products. p. 227-229, In: S. Krall, R. Peveling, D. Ba Diallo
(eds.), New Strategies in Locust Control. Birkhduser Verlag, Basel.

Yot



Journal of Entomological Research Islamic Azad University, Arak Branch

ISSN 2008-4668
Volume 11, Issue 2, pages: 143-155 htip:/jjer.iau-arakac.ir

Effect of Protein and Vitamins Supplements on Growth Indices of
entomopathogenic fungi Beauveria bassiana and Metarhizium anisopliae
at blastospore proliferation stage

M. latifiyan”, B. rad’

1- Respectively Associate Professor and Lecturer Date palm and tropical fruits research center

Abstract.

The success of any raw material used in the industrial and mass production of
entomopathogenic fungi depends on the extent to which it can provide the optimum food
requirement for the fungus. The biological control strategy using entomopathogenic fungi like B.
bassiana and M. anisopliae can only be useful if practical and economic methods of mass
multiplication are available. In this study, the effects of Protein and Vitamins Supplements on
chlamydospores production of these two fungi were investigated. The results of this study showed
that different treatments of Protein and Vitamins Supplements in complete liquid culture for
chlamydespore cycle of B. bassiana and M. anisopliae fungi in terms of production spores,
germination percentage, wet weight and dry weight difference Significant at 1% probability level.
The highest concentration of chlamydosporum, germination percentage, wet weight and dry weight
of B. bassiana and M. anisopliae were whey protein supplement and multivitamin at a
concentration of 6 ml / liter. Also, the results of this study showed that these two species of
pathogenic fungus can be replicated with good performance of sugarcane by products and maintain
the germination capacity of chlamydospores.
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