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Abstract
The present study aimed at isolating Metarhizium anisopliae (Metschnikoff)

Sorokin from mosquitoes larvae cadavers and propagating it invitro to be used
as biocontrol agent against Anopheles stephensi and Culex quinquefasciatus
(Diptera:Culicidae).

The results showed the followings:

1- M. anisopliae was isolated from Cx. quinquefasciatus larvae cadavers for

the first time in Irag and succefully propagated on (SDAY)media.



2- -The different concentration of fungal suspension have affected the life

stages of An. stephensi and Cx. quinquefasciatus . The mortality
percentages of eggs were 28% and 26% at the concentration of 2x?10
spore/ml and increased to 60.33% and 58.66% at the concentration of
2x>10 spore/ml for both species respectively . The values of LCso of eggs
were 2x*310 and 2x*%10 for the two mentioned species.The first larval
instars have showed highest mortality rate reached 100% and 93.33% when
treated with 2x°10 spore/ml while 60% of them were dead at concentration
of 2x210 spore /ml for both species . Besides there was an inverse
correlation between the age of larval instars and the mortality rate . The
LCso of 1%, 2", 3™ and 4™ larval instars of An. stephensi were equal to
2x1810, 2x1910, 2x2310 and 2x2°10 respectively while these values were
2x1910, 2x210, 2x%*%10 and 2x2%10 for the successive larval instars of Cx.
quinquefasciatus . 50% and 46.66% of the pupae of the two mentioned
species were dead when exposed to 2x°10 spore /ml. The relationship
between fungal suspension concentration and rate of adult mortality took
the same trend, and the treatment with highest concentration caused ahigh
adult mortality,i.e 100% ,96.66%, 93.33% and 90% for adult males and
females of the two species at 168 hours, while the lowest mortality
percentages were 66.66% ,56.66%, 56.66% and 50% when treated with
2x%10 spore/ml at the same time, indicating that the males of both species
were more readiness than females to the fungal suspensions.That was
supported by calculating LCso which were equal to 2x710 and 2x*!10 for
males and females of the first species while these values were 2x*910 and
2x2310 for males and females of the second species.

-The relationship between secondary metebolites concentrations and
percentage of mortality of larvae and adult of the two species were

positive. All first larval instars of An. stephensi were dead and 96.66% of



the second species when treated with concentration 100% at 72 hours. And
the mortality rate decreased to 66.66% and 60% for the same larval instars
and for the two mentioned species at concentration 25% at the same
period. Besides the secondary metabolites of the fungal were more
effective on 1°* larval instars than the fourth instars as shown from the
values of LCso which were equal to 18.9%, 20.6%, 22.90%, 27.01% for the 1
,second, third and fourth larval instars of the first species while that values
were 20.02%, 21.01%, 27.20% and 27.64% for larval instars of the second
species . As for adults the results revealed that highest mortality was 100%
for adults of An. stephensi and 96.66% for Cx. quinquefasciatus at
aconcentration of 100% while the lowest rate of mortality were 70% and
60% at aconcentration of 25% for the two mentioned species . The values of
LCsowere 16.57% and 20.8% for the two species respectively.

-The temperature had aclear effect on the effectiveness of fungal
suspension where mortality of 3" larval instars was increased to 86.66% at
30c® and decreased to 30% at 10c° .

PH values have affected the fungal suspension effectiveness when the third
larval instar of Cx. quinquefasciatus were treated they dead at a rate of
86.66% at PH=6 while lowest mortality was 50% at PH=10 while all instars
were alive at control treatment .

The results showed that there was inverse correlation between NaCl
concentration and the fungal effectiveness. The highest rate of mortality
was 83.33% at Oppt and 36% at 6ppt.

The Fungicides carbendazim inhibited the fungal growth totally while the
insecticides chlorpyrifos and malathion caused 64.3% and 47.05% inhibition

rate respectively.



Introduction 4eaiall
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Db Gadd sale Vo v e ST Ciliay Cus Anopheles osiall (e sac 1530 Lelasy all L Sl
Culex (as= Leiny AU (Filariasis) Lol elay | allall 8450 JS8lagalla o sala e
Av e ST S Gadd ke ), Y gl s dlaa) (ke VYo e ST cilas Gus quinquefasciatus
s ol shall candl Jie o s il il jeY) e Sizad (WHO,2007) cssaad) Dha o seal s 12l
. (Verma and Prakash, 2010) Aedes aegyptiu=s= lediy Al dlul)
Jiesagae JSLde el () (ool Ay 5 oy i gl 4 LS AnilSall e slaie ) )
= o sand) Ly 5l 5 8 4 gaall elae 1 8 Aald) ol 53l 5 4 el colagaall s il
3ol () AlaYL Al duy i g iVl daa e clauall o815 bl Jualas
Jila Ala 3 jraily il 33w Jia g (fialill ada Les ) (Loc and Chi,2005) zlay) cadl<s
Lol LS5V 5 530 31 5 Aipme 481 Agnl g (o8 (mnamdily Ui i) 4 sonl A4Sl g 5
Ll (e Sl Al claaaly L6 jlie Ay sl elae ) dum daglia gl 8 48Y15 508 e
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SO an ) 2 shidl el Siag Lee s AV Al (31 5k ae Lpalail g ) Jasall
3 W sale lalas (Entomopathogenic fungi) <ol dall dca jeal) cily yhadll jany cuiis, il
Lagenidium giganteum (Couch) _—héll Jia (ya s =ll 4 sa 6 jall A S8l Jlae
Crypticola L. caudata (deBary) sLeptolegnia chapmanii (Seymour)s
(Class: Coelomomyces spp.s clavulifera (Humber) (Class:Oomycetes)
sE. muscae (Cohn) s Entomophthora culicis(Braun) s Chytridiomycetes)
Beauveria bassiana s Conidiobolus (Class:Zygomycetes) coronatus(Const.)

s Culicinomyces clavisporus (Couch) sB.tenella (Delacroix) s (Balsamo)



s Paecilomyces farinosus (Holm) s Tolypocladium cylindrosporum (Gams)
(Scholte et Verticillium lecanii (Class: Hyphomycetes) (Zimmermaun)
.al.,2004)
alabidl iy hadll (10 Metarhizium anisopliae (Metschnikoff) Sorokin il axc
Calide e le 63 Y0 v e I Jadis Ciiliaall (g ausl 5 526 53 5 Facultative parasite Ll
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al, 1993; Alves et al.,2002)
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Dbl da )l e iy (e i gall (a8 Auan ¥ e T e Leie a5 JS (0S5 Gl JSG e
(2 A Sl 3 sall e (33 Lgia )5Sl ARl ) Laasy Alusi 400de e i o) jae ) J s
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Crand 3 G gadl dailSe 3 Aiesl) Cland) (e suie )il Crardind Eua Aa8KA) gl 8
ade Blhyy iyl dadlSe 8 axdiing J5Y) Gpand ) G ged) dadlSe 6 daddiiuadl oyl
Ddiad g Allad ST 30 58S 0 S5 W 5 Chlorpyrifos, Temephos, malathion Ji Larvicidal
Leale (3lhay 5 Ll AadlSe 8 aniivnd S andl) el 3ilasS AadlSa zali s (Y Y] 2 sanll
ol . (Landis and Olsen,1989) naled s resmethrin , Pyrethrum Jie adulticidal
ol 3a¥) e Sl AadlSe o o)) oSaall (e S Clapal) Caliaal DEadl 5 JiaY) alasiu)
Leiaa ) 35 ol e OIS G yeda Jo hang Al elld (K1 &l el (e B g5 Ledass 3l
) CadlSs a5y ) sUaill Gy ol e Slad Ailual Clagiall ol pial) e gl Lgia s o) jlaialy
Clilaiall g5 e e 53 ) 0 A it 3 4l WHO (1975) ) s S 5 aaeall agas | lagaal
Oe el Al Ao glie ld Jrdlly ol gl (e Baae gl Laay dpdall dral) @il
g1l ¢ sana g lo i 00 e ST Jiaass 23 43l ) Subra (1983) JLal 85 | LibuesSl Cilasdl
4 sumnd) Slagall (e 22e1 L i Culicinae sl ¢ 556 (e e 5519 5 Anophlelinae &l 5=
C Y Gt A () 3aY1 (e el dage CDBL o £ ) 551 o0 ST
A gl) Aablsal) Yor_Y

Jsdall gm0 3 ) Jiaal) e sas) 5 A5y sl 331kl cul yfial) e 5 ylay il aas
alasil jualal) i gl 8 A0 o)) e glial) geal o Jaudiiy CBY) Al a3 )il Y
ALl Claadl 5l Aadiall Al o) gally aaaiidll (33 )l (e Sterile insects dadall & yiall
Al 5 (VAo ap M) ol pdiall 8 gy sall afiall Calantul 8 LalS da il aladind GllAS .
Jsmanl Congs 48Y) (e a5 & 53l ST ol il (o pui Al 0 Sterile hybrids dagie Gilaa
) 8 s puiall dadli o) 8Y ) anadi g gill dadls (il g il By sk e ) Aaiie 3,00 e
Gasb e sl (V49Y sl dadie 15583 ) Las Fasie 5 dnad T2l ) daie 33,0 05% o) Ll
e Jsanll sl A8 5 yuad a3 (gl (pe b S dlae G il L83 jexie oLl
) A (gl 18 (Blhay a5 (e s Ly Sl 5 Lo )3allS Glus) (al jeb bl delia 93 (i g2
(VAAE e p) Tl Lelaa Jay g Auliaal 2 a0 G pall 5 juidiall e oy by (o Jaf e
Insect growth regulators 4 ydall gaill cilaliia aladiuly dadlsal) ¥o .Y

Y] Cabing o 5 lay il 308 ) e 5 N Qo) (e By ydia Cilaae Leily (o
2> 5. (Amalraj et al.,1988) L= sl slai ddle dllad jedat LaS | (il ja) J8 1 g3 g 4y pliall
Juvenile hormone analogs Luall (5w 8 i & 4 pdall saill Glalaia (e (e 5 Sllia



Ania V) 8 e g3 e NS5 5 <0e Ol ) (g5 Al 5 OV e ae Jalaky 53
Methoprene s Fenoxycarb Jis dvada ye (oS8 daiiall (ia gll o) LS 4y Sl 6) 3
ClSN 3alas aiar 3 Chitin synthesis inhibitors il gt cUadic sa JAY1 ¢ il
(Mulla,1991)AC-291898 s (Dimilin) diflubenzuron Jis sl aca s dddee aday 431 LS

Jlarinsl Jaiiii g 24y gaad) AadlSal) ¢ _W_Y
Predators <bw_sdal) -3

dlay) -

Fin 4 gual) Al Jlae (o (i sl 8 5 e (o208 ) A yidall ellan] Cradiiul
Gambusia affinis , Cyprinus carpio , Ctenopharyngodou idella, &%) g1 )
Oreochromis niloticus niloticus, Clarias gariepinus, Poecilia reticulata
(Chapman et al.,1972; Mackay,1995; (carps and minnows) Cyprinids g=a=s
il y Aa8Se 4 Gambusia affinis @llewl cuadiul 3l 21l 45 Ghosh et al.,2005)
L0939l ae) (sl

&l _pdal) i

Toxorhynchites ua sell Sl 5 Jadi s (2 saall s yidall ol piad) (3330 £ 50 a5
Gl e s AY g Y e sdai A (Subfamily: Toxorhynchitinag) 4k sl 3 say (53
(Sub order: 4ui) 0. Clile )l by, o) WS (Chapman et al.,1972) (sl
(sub order: 4xi,5 Libellula depressa s Sympetrum striolatum Ji« Anisoptera)
Enallagma cyathigerum s Ischnura elegans s Coenagrion puella Ji« Zygoptera)
<l of (Onyeka,1983; Jeffries,1988) Lwasxdl il didle Ayl 446 <ld () &
Hydroporus sp.s Dytiscus marginalis s Agabus bipustulatus (bs 8 y g
<E ) 4w yide (Family: Haliplidae) Peltodytes sp. 435 (Family: Dytiscidae)
(= (Order: Hemiptera) Notonecta undulata 3 s 323 5 (Onyeka, 1983 )= sl
oan dlia ol LS| (Blaustein,1998) sasll e S skl i )l degall il idal)
toa g sl G gaadl G ol g SWal 8 s 68 AN e gal) Clally e s Al Ailal) &l sl
Microvelia a5 (family: Reduviidae) Emesopsi streiti (s _iéall Gl Jie ()

Tachydromia 3_ds (s sl WS (Family: Vellidae) Paravelia myersi s cavicola



An. plumbeus 4aasm clall dAsial¥) 49 45, o« (Family:Empididae)
. (Service,1967)
okl ¢

Sl Gl 38 Jas 1 Ea i pad) lally e godall 3 il Jsa AL L o lllia
(Medlock and Snow, 2008) Hirundo rustica s sl s Apus apus dabu s (s g2l

Entomopathogenic Nematode < sdall dua jaall dilafll ¢laal) -¥

s Hydromermis churchiliensis Jie 4c saaall 038 o gl any cuis
Culicimermis s Romanomermis culicivorax s Octomyomermis muspratti
iail<s 3 Ll (Nematoda: Mermithidae) Empidomermis cozii s schakhovii
. (Petersen and chapman,1979; Poinar,1975;1979) L= s
Entomopathogenic micro-organism < jdall 4 jeall 4y jgaal) sla¥) -¥

Jae b le s SV o)y, il pdall dalisa (al el &y jeaall clal) Calide Cas
Bacillus LS W jedl dals Ldleninl i dle 3,8 jedai il i a dga i o) dadlKl)
gl Al Sl g el Wl | gl Sy 4884l Bacillus sphaericus s thuringensis
Cytoplasmic s Nucleopolyhedrosis s Adenonucleovirusis s Iridoviruses
gl el 5 il AadlSa A leatind) 38 Entomopox viruses s polyhedrosis viruses
. (Yadav, 2009)

ol YL Y e 5 e @l 3| Lalad Alladll i jaall cilisaal) e <l jladll aai
JS8 8 e Lea | S () o LAY 5 el sk (8 il phadll o aladlial aey ol 5 Ly i 4y il
(Khetan,2001; Naturalis-0 s Mycotrol 5 Laginex Jie 3 s (28 45 )lad &l yiantig
e Gl pdall i jaall Cly Hhadll ¢ 5955 ALY ) da 8 J) ) Lia g Scholte et al.,2004)
Al il Hhadll s Zygomycota il il pladll s 4 Ay skl ASLedl) e G Ay

A ailill sl Hhadll A5 5 Basidomycota A—u phll <l yhadll 25 Ascomycota

. (Samson et al.,1988) Deuteromycota
ASCOMYCOta dpusll iy jhail) A £

Class: Sordariomycetes —iia Leatl (1o s Cilinal sae 4wl iy i) 4 aiad
Tagad) Ol il amy o o 5 AGTY) Pyrenomycetes 4z s )l < yhadlly lales oy (S s
Lo 85 JSE0 4.8 ) 50 (perithecia) A e plosal Jals L)l ) gl L calisd g wlinl o

e bae Lulial s < order: Hypocreales s & <aiall 138 ) 3 5a3 Al i ) a8l e



Lo 3l —wiall ) hll s Anamorph Jb —iadU) ) shall e @ plall A jadll il Hhadl)

. (Y-Yds») - Telomorphdu

(Sung et al.,2007) Hypocreales 4y 8 degall (lial) 5 <llall 1 (Y-2)d s0a

- Family: Family: : Family
Clavicipitaceae Cordycipitaceae Ophiocordycipitaceae
.
Hypocrella,
Netacordyceps, Ophiocordyceps,
Telomorphs _ Cordyceps
Regiocrella, Elaphocordyceps
Torrubiella
) Haptocillium,
) Beauveria, _
Ascherosonia, _ Harposporium,
o Engyodontium, _
Metarhizium, _ Hirsutella,
_ Isaria, )
Paecilomyces, o Hymenostible,
Anamorphs _ Lecanicillium, o
Pochonia, ] Paraisaria,
_ Maliannaea,
Rotiferophthora, _ _ Sorosporella,
o Microhilum, _ _
Verticillium o Syngliocladium,
Simplicillium _
Tolypocladium

Metarhizium anisopliae kil Y-£-¥
Cibatl) 1) _£Y
M5 YAYA ole Metschnikoff sl dlall saM. anisopliae il caia e J5) ()

. M. anisopliae = Sorokin alll slew) YAAY sle 85 Entomophthora anisopliae stes)



Anisopliae austriaca slwiia e Soal J 32 43Y M. anisopliae — kil des Gl 3
. (Cloyd,1999)

Cayad il Deuteromycota 4 e Hyphomycetes «iia (e il ylaill 13a Caila

sl Capnaill Lol | oial) HSH dolee g 1aa30 ol 3Y Imperfect fungi damdlil) iy jadlly
: (Sung et al.,2007) 4 sls Lo sgd yhaill

Kingdom: Fungi

Subkingdom: Dikarya

Phylum: Ascomycota

Class: Sordariomycetes

Order: Hypocreales

Family: Clavicipitaceae

Genus: Metarhizium

Species: anisopliae (Metschn.) Sorokin

M. sM. album o Metarhizium osiall (e s a0 Lel 5l (1935) petch —iaa s 2
8 LS Lilliaa s Metarhizium oiall g3 ) (Y4 +9) Holley il LS brunneum
(Y-2 Jsaalh)

(Holley,2009) Leiilias s Metarhizium gsiadl ¢ 5l 1(Y-2) Js2a

Cavadll gl &

oY ddlaia gy &l yiall e g 53 Yoo (e JSlcuay [ M. anisopliae )

Schistocerca piceifrons , Locusta migratoria , Austracris guttulosa M. acridium Y




(Orthoptera: Acrididae)

(Orthoptera:Pyrgomorphidae) Zonocerus elegans

Recilia dorsalis , Nephotettix virescens , Cofana spectra
] ) M. album
(Homoptera:Cicadellidae)

(Acari: Ixodidae) Boophilus

(Coleoptera: Cerambycidae) Anoplophora glabripennis

(Coleoptera:Curculionidae) Sitona lineatus , Otiorhynchus sulcatus
, (Coleoptera:Elateridae) Agriotes,

,(Diptera:Culicidae) Ochlerotatus triseriatus , Aedes crinifer M. brunneum
Solenopsis invicta ,(Homoptera:Delphacidae) Nilaparvata lugens

Coptotermes formosanus, (Hymenoptera:formicidae)

(Lepidoptera: Bombyx mori , (Isoptera:Rhinotermitidae)

(Lepidoptera:Pyralidae) Galleria mellonella , Bombycidae)

, (Coleoptera:Curculionidae) Otiorhynchus sulcatus o
o ) o M. flavoviride
(Orthoptera:Acrididae) Chortoicetes terminifera

, (Coleoptera: Scarabaeidae) Adoryphorus o
) - M. frigidum
(Isoptera:Rhinotermitidae) Coptotermes lacteus

, (Lepidoptera:Pyralidae) Pyrausta machaeralis M. globosum

,(Coleoptera:Curculionidae) Myllocercus discolor
, (Lepidoptera: Bombycidae) Bombyx mori M. guizhouense

(Orthoptera:Acrididae) Pseudosphingouotus savignyi

, (Coleoptera: Scarabaeidae) Dermolepidae albohirtum M. lepidiotae

(Coleoptera: Scarabaeidae) Oryctes , Anoplognathus M. majus

(Coleoptera:Chrysomelidae) Zygogramma bicolorata
,(Coleoptera:Curculionidae) Diaprepes abbreviata M.pingshaense

(Isoptera:Rhinotermitidae) Coptotermes lacteus

, (Coleoptera:Cerambycidae) Dectes texanus
, (Coleoptera:Tenebrionidae) Tribolium castaneum M. robertsii

M. anisopliag kil cliwa Y-V _£.¥
il Capay i) calidal Lal yal a5 3 51l il s e M. anisopliae kil aay
058 Green muscardine disease Lt < al 531 o235 (Driver et al.,2000) Lale
Yoo e 0l 138 ) (Freimoser et al.,2003) sl o5 cld Leatdh il <l ) sad)



g daglie dale alenisie pailady Hhill 13 juchy (Cloyd,1999) & sl laY) e Lo s
Ll Y1 e aaal gl o gaty ey LaS 4 yuiad) il il 8 Adle SO G 3 aga
Ciai Sy pda el 5 aall HLESYL Sliey LS (Roberts, 1970) & sgas ddais 5 Leliall 4 3l
Baa) s A (e LAY Ayl 8 L La) A0S G (iiliaall il 8 ia Al e g )
.(Khetan,2001) L a3 4alsi 4584 5 (Latch and Falloon,1976; Rath,1992)
hadll dalaal ) Yoy -

O 5<E 3) o) Baga g Apaial Ay yhad ¢ g0 Al se M. anisopliae il bay) duaas
Y1 sl el Lla) Jadi s (Humber,1997) Lyl
Spore attachment to host cisaally £ gl glail) V-¥-Y_£.¥

S5 50 Graaily () g @l Cirimall £ 5l diadle (oo Dbl Al sl ¢
& sl (e IS0 dpa Al Cliall Al il Sy il Glail¥) ddee ol 5, 4l i jad 3l
Agias Cligis  Gle s sing Al Lidle o5 clallda IS hadll 138 &1 500 o 31 3 p8a)) (S5
Al Sl 3 58l 5 o Lall A SIS 3 5l Lol ) ddaliss gy Chcaall JS5 580 Jadi 15 G a5 S
. (Boucias et al.,1988)
Germination and Penetration of cuticle JsisS! (3) 330 g culady) Y-¥-y_£_Y

0 030 sl Germ tube (e sSad) sVl (i sSi s ¢ sall il Ciasgy Als yall o34 B
Sl Jazall Bac Lisay 3 pdial) S5 68 (3 5585 53 (Appresorium) Sbaily) guac 4tiles
Protease , chitinase, lipase, esterase, Jea-i g <8 oS a adasall il 31
Gt Ly 448 clelu A Suasdds jall o | (Freimoser et al.,2003) phosphatase,
0585 b g M) BBl pall Gl py Jiedgss st Lay ) g A s Jalse Ganal Bae Jal g2y
55 Cany SIS A8V aaina ety eyl g Amsl 5 A ) s s 3 (8 gl g i) e 5,08 £ Y
Ibrahim et al., J-ils, (Moorhouse et al.,1994) i kil Lla¥) culanl Lyl 4 ol )
e i & sl il #lad ol s DB %69A 45k ) ) 2Uiss M. anisopliae &) o (1999)
(Dillon and Charley,1990; araell dala ) &5 dall 5 251380 3 gall £aS o Sliad | ,5€ ll
. St.leger et al., 1991)
Growth and proliferation within host ixaall Jala Sl g gall) ¥_¥_1_£_Y

saills oy s (5 sanl) sl ) JRay |3 sl S5 5 G EA) &5 L) ¢ sall et aeg
5 ¢ (ENtz,1985) iaall e i) Aalai¥) (o il (8 Ll AU e seall) aaing
Jaly ladll S A Lt ge Al byndiall il ol seall Cal il 5 pdall ana Ciygad Jala kil



e yiall ¢ V) ol e A shadll o gaual) 8 Aais gl olaall ol all el 5 oy gl
Vilcinskas et al., S35 (Zacharuk,1971) =S| 4e yw Jilad) 53 5 (blastospores)
el ae caill e 40N 4l 3 destruxins S i M. anisopliae ké of (1997a)
sa¥) Gl skl () a5 S el s ol (James et al., (1993) Jldl LS | Capiaall dpe L)

anaall g Al

Re-emergence from the host and <isaal) ¢ §15Y) ¢ p&i 3ale) £-F- V¢ Y

conidiation
Cacaall g 2z 4 shadll b gdd) gaii g s yhadll el s Cailind dadlall 4l Ca gyl cons

i b Allad A0 lliad ) A paall il pladl) (o LS Aaall 5 jdiall prhaas e < jaxivee
shlaal s pdall Gy Sl el 51 UbeY) ) m Ll Aaba g gl 5 IS5y -l ¢ 5Y)
(Hajek and Lesbs b5 2ad 5 LWl 5 5o Tag canlial) Caaadlly 15391 Gulad i 5 dalud)
. st. leger, 1994)
M. anisopliae kil Lgaith Al agacd) £-Y-£-¥

Aa8lSall Jlae 8 Loge 1550 5258 A5 Al 2y il LpcadV1 i) i) p duaall ladll 34 ey
gobdll Joall J sl paldiual e adde J pasll o3 Cus viridoxXing S e Jeadi s A 5 jall
Jié e 4aiwdl colletochin s colletotrichin oS el Jaal 4lie oS 30 ga 5 5 SA Hladll
axis (Gupta et al.,1993) Colletotrichum nicotianae <lill (i jeddl
Aldridge (Y419) o) . Leptinotarsa decemlineata o) A eludial MmuS viridoxins
Gld pay 5 sSaall Hhadll (e (4 ki & saw) cytochalasing «S e Jie o« Jsl e Turner and
e 150 s8I S all (5l 5 S el 13gd Lealiily ) Cayad ) il sl (g el lllin o
(Vilcinskas et <l sl anll L3A jliml g 4, slall daald) ddae 35805 SY) Jagd (55
Canaall e liall Alaiuny) lee ae Jalaill 8 ol g 150 GlS el o3¢ ol 5 al.,1997a,b)
L Al Swainsonine << » M. anisopliae kil s WS | 4 kil lay) A
DS ladll L e Sl Al LS el aal e 5 . (Charnley,2003) a-mannosidasecs s
Al (e S Cua cyclic peptide dedlal) cilagl) Alile ) 5 g0 g3 destruxing «S o s
(Kodaria, 1961; Suzuki et al.,1970; Suzuki and hydroxyl acid s 4wl sl
Tamura,1972; Pais et al.,1981; Gupta et al., 1989; Wahlman and
. Davidson,1993; Chen etal.,1995; Yeh et al.,1996; Jegorov et al.,1998)
e Laal Je 4l LS (Amiri-Besheli et al.,2000) Japiill (5 adll saill ol cpau jicadll e
S yall 138 e cpe 55 Ol s (Krasnoff et al.,1996) Achersonia sp. <l _diall (a jeall il



(Bains and Tewari,1987) Alternaria brassicae & lké &6 ilalus g
Ophiosphaerella herpotricha s (Springer et al.,1984) Trichothecium roseum.s
Jadi GaeS jiwall Lpagdall il e aaall @llia s (Venkatsubbaiah et al.,1994)
o o) (Kawazu et al.,1993) Bursephalocids s (Engstrom et al.,1975) Roseotoxin
goally ) Lloae DG 1) Cund Aaia¥) 38 Clallyy daial) &din Gl 8 (s indl)
(Kodaira,1961; Roberts,1966b; Samuels et al.,1988) 4L ;<3 (aus yivall (e 43l
8aa 8 eamdle Gl Jile L8 L Gas oAl @il g GanS il ) LS
Syl Gl e 8 L WS (James et al., 1993) Schistocerca gregaria
(Sloman and Manduca sexta s_dal 4uwl¥l 4 aall 2l e ecdysteroid
A yall @l A any Jas ) LS (Samueles,1998) Lld <y 3isi s Reynolds,1993)
ic ya pa auall J2l 8 5l auall 7 s Al alle a5 o ol draagl) sl LA 8
Blsill b (pile g 81 pandy dAddall lye S o Cllaysall jseka Jie (S jiuall (e &kl
G e paS J Sl Y el il 2 i, (Quiot et al.,1985;Dumas et al.,1996)
8smar o) gl Lo S il &3 M. anisopliaekdll o Y e 50 dau )
4 yhadl) & Gl da¥) il il Jaad &S o) | (Roberts,1966a; Jegorov et al.,1989)4xuk
et G Aaal jeY) (b Abasl ol sall 038 5 e s (4 il kil Abead) @l dall
(Suzuki J8 = M. anisopliae kil Abas Bombyx mori & sés A B (oS yiwall o j
& ouS 1550 g5 Sl Hhadll (e il protease sl b ¢lld e Slad s et al.,1971)
zoasls, s da aaSprotease ~ xSl Kucera (1980,1981) (o0 Cua 4y saal) dnilsal)
LAl daalll ddae hafyy A JSuel 02 G S a1 L fiald) el

. (G. mellonella Charnley,2003) 5_s1 (Phagocytosis)

4a ¢ jal) AaBlSal) A& jhdl) jga0-1_¢_Y
Sl Gia | A dall Gl AsilKe & am e de M. anisopliae kil Jexil
Sl Haied eladin ol G dlle S ) ol Lkl 1 o ) Metchnikoff (1880)
Conotrachelus ¢sall 4gS8 cludn e 5l & S, - Cleonus punctiventris



Cosmopolites sall du s dn8lSa 3 shill Jaaind LS (Tedders et al.,1982) nenuphar
Musca 4djull 4Ll clally @i, @ ekl WS (Kaaya et al.,1993)) sordidus
(Barson et al.,1994;Renn et _hill 138 ¢ oY Loy 23 xie ddle aulua domestica L.
Langewald S35 (Bateman,1997) al_sall e 3 jlasall jladll Jaaial Ly 541 45 al.,1999)
ALl e bl YUY s e am Luss 0490 L) e s o) all oS of et al., (1999)
5 Amblyomma variegatum Jie A (e suie glgl dadlSa A il 13 Jesiul g
Hyalomma s (Kaaya and Hassan, 2000) Rhipicephalus appendiculatus
o dlle GlSa ladll cu WS (Gindin et al.,2002) Boophilus annulatus s excavatum
Castillo et al., <slals, (Ekesi et al.,2002) lebs ) ool calise i 4gSall 403 &) i)
LS | Ceratitis capitata 4L %) ++ by &l daws Y ol <3 ldl (b (2000)
S yanive 3 Varroa destructor ala AsilSe i Sl il alaaiul ) cbul all < Ll
(Lambert,2003) &/ 530 o jaill (e alal €27 2a3 Letiad alall @Dl G Cilia g Cum Jusall s
(Geng sl du 25 Ll 5 (Brooks et al.,2004) Psoroptes ovis dlall 8 cojall als g
Nilaparvata gl caball cul 386 e JS D 1,0 sl dul ol a8 laall o ) et al.,2004)
oy o Ay sl cilud il s i 5 Sogatella furcifera sbeand) <l <l 386 5 Jugens
oo S B Ale @SSl ) el hill 13 Haematobia irritans (hornfly) o dll b
Jeaill Ausw (myad of LS (Angel-Sahagun et al.,2005) <lalldls (s laalls i sull
YoY A 950+ vl oDl A ) sl Lkl 13¢] Rhynchophorus ferrugineus s sesl
(Dayakar and Ergolis merione le 3 hawdl & Jesivl s (Gindin et al.,2006) aulsd
Fadla) Jad AadlSe b Al ) a8 Lkl Briggs et al.,(2006) Jesind LS Kanaujia, 2006)
eai S Maconellicoccus hirsutus 383 il il < ekl WS Bovicola bovis
(Ujjan and Shahzad,2007) ,sSaall skl ¢ 53 Lguiay o 2ie 4le Al phaidll Jralas
Sitophilus granarius gl ()lae Augw dadlle A Lagale lalad Hhdll s (38alaS
M. kil i Maketon et al.,(2008) Wl al 4wl )3 caaca s (Khashaveh et al.,2008)
Amrasca biguttula ohall G sl <l VY, YY) clia s 1D daus cans anisopliae
A4Sl L0 clalld ddle @By i e hadll o) Mahmoud (2009) S3 WS biguttula
Oryctes ¢l amy eluiia 4adle 3 hill Jewiul WS | Bactrocera oleae ¢si)
&= M. anisopliae shill (e &Y je & @l je WS | (Moslim et al.,2009) rhinoceros
shill ekl LS (Ahmed et al.,2009) LisilSa b cilaxiul s Coptotermes heimi 5 s



(Hoe et Coptotermes curvignathus< s 3l Jeas cunal il i j¥) 5 pdial dlle Gl yal

al.,2009)
Aadlcall 8 M. anisopliaesaill 3ol 3 Abal) ;b Jal gl Glany 5L Y6 Y
Aza 5 )

sl B2 aall s dagall Joal sall e A slall 5 o s el G5 A sha sl 5 5l ) ds s aa
il 3l i da o o AV ENtz (1985) S5 288 <l jdall i jpeall iy pladll Ll
zll gh sy, sl e Yo 52 YY CulS SDA s e £ 51z 5 4y shaill L gl
Dimbi et iy . Al s el s o 3sd sl allda 28l ae d& Ciga ¢ 52Y)
A e Lai) g cond Cariaall 5 pdadll dia gl g e i Y B ) jall da 0 o) () &l (2004)
8k el g gl (8 Jlie W) 33 pall A pa 325 o gy A Capadll la) 3y dadl)
o e IS5y gaii ) pdiall dim jaal) iy phadll (any Gl s el A Al Wl L Ay g
(Brown,1988) A I 00 7 5153 pH. e sei M. anisopliae_ké ol s pH (e gl 5 52
V e J8 pH A e sl e il kil 4416 o Bartlett and Jaronski (1988) sl
Jia il slall pai Lo PH ¢ el o (f a5 il e linall 2L 1y sl g5 5a (355
oy haill £ 530 Ll 5 4 Hhaill b gl sai Ao da glall 8l bl jall ¢ el LeS, Ly 5yl
sl Leptolegnia chapmanii shill sei of Lord et al.,(1988) il st | < jiall da yaall
zWl of I (Pelizza et al.,2007) Laa¥ LS | e 530 lawsgll 3 NaCl 328 5 53l 3 Ll
3ailly 45 jlae NaCl e 4lall 580530 1,805 3 055 L. chapmanii _dsdll Ji ¢e <l sanal
< M. anisopliae hdl i<y s Ao Si55 Al g AV Adball je Jal g2l Ga g (5 puadll
ol ads il phdll e L il 85 Sl ool Calias 3 A shesS Cila i) Jlasiul
Al il land) ST LS Chlorpyrifosg ~8all sl of ) Mohamed et al.,(1987)
oS Unis 55T Malathion < sl sue s <l seadl 055 5 (5 il saill dyass &y 5iiaall
kil o3l saislad dgand) s sie WS Oxamyl s Carabamates<! yial) s Ll <l sad)
4. M. anisopliae kil JwlS Ly canid Benomyl <l yhaill s Ll | ) sl z Ll
. M. anisopliae kil seil by s Diflubenzuron Jie &y dall seill cilada jelsd ol s



gl il jd La yaall iy adliVo Y g
Beauveria il camay Cua | <l pdall da yaal) il yladll (e el (o el <l ol
(Clark et Anopheles albimanus s Culex pipiens s Culex tarsalis == bassiana
Ochlerotatus clalu ol Lowe and  Kennel (1972) -S3L«<«al.,1968)
Conidiobolus coronatus kil 4 ll=all Cx. quinquefasciatus s taeniorhynchus
kil o McCray et al., (1973) 25 LS Aalaall (o il V I3 @) A 3 Talin 51 il
Jexiul WS Culex 5 Aedes <l y e JS19%) + + B ) 25 Lagenidium giganteum
Lilall ) ydial) o) 531 e ) ) Gy gl Ul ) AadlSa 8 Coelomomyces (sis
o all Llle 5 Culicidae oo sxdl idile ¢ Lol 5l Jaiip dnia Al 45 ) ) 255 A
Simuliidae 2s¥) SLMI 2dile 5 Chironomidae &)+ e (e yll Alile 5 Psychodidae
Entomophthora  _k-ll (e JS o (Chapman,1974) Tabanidae J—all s ddile
. (Roberts,1974)4xukll & Cx. pipiens u=sx cuai E. destruens sconglomerata
(Sweeny i sl il ddle B as s Culicinomyces clavisporus hill of LS
80 ds¥ e 3 Tolypocladium cylindrosporum Lkéll Jasiul WS and Panter,1977)
sl A adlSa 814VY ole L) @llS & Ochlerotatus — sierrensis g s—= o—
)b Pythium Lhdl o ¢ 5l dlaaall of Nuakumnsana (1985) S35 . (Soares,1982)
s Cx. quinquefasciatus s Ae. Simpsoni s Ae. africanus 5 Ae aegypti u= s 3 Suall
bl Jasiul LS 95) o0 2 00 e can gl 3 B s ) ol An. gambiae s Cx. tigripes
Leptolegnia  _kills An . culicifacies u=s2: (= 3= 3 Leptolegnia caudata
vas—adli_sdlKa & Ochlerotatus triseriatus ©—3 » ;— chapmanii
(Seymour,1984;Bisht et al.,1996)

SJand) gl kg 3l gall ¥
An. stephensi s Cx. quinquefasciatus (sia g dxaildll & ) Jall 2lae) ¢ 1-¥
Al goal) Aailaa b olaall iy s ST ) e J Y1 & gill 0 Aalisal) ) sk Caras
(B Criagy i) ) ldi g elae b Al S8 8 Cmaia g5 ) A AL gl 48 jra Aol
) e A sSall A aaall () yadl) ddgle 4l il 5ISI e JlA elay cila(Y OX Y0 )ASELOL (al gal
o JSlal e ¥ lade (4,00 V) 1)) Ay (gl Dol Adaiall g o) jaaall 3,00



s g dgaihhde ) je Ao Jganll (a yaly | Jsll Gilaly gl sa Y] caglae 5 <l ) A bl
Ay ol ol N A il day ye 5l el 3 Cx. quinquefasciatus duis sed daall 5 ))axl)
ol Jalay Gy Il (el Calie a0 +) Axbia Jpda JSAN (xS a8 e f
Ayl caadl planl) Gl sE e Jgaanlly | 041+ (S Jplaay Laadia Uikl g a3 (5 i Gkl
Ldlan aa Ao Lg 530 (e alal S0l 2y (2 el &0 e Eua Mehdi and Mohsen (1989)
A Al (el (358 Cum s s ) Gl g alalia (35 oy | Gladl s jaall dakaie (e Ledy ) & 550
Al gy sl i | () aua o Sae () 5S4 i ele o Ul aill) Jalay a5 LS Jall) J sk
s s LS ) sela Jia Lgiaglia i il el2e e 4 la 5 30a sle ()5l ) 6 ppia 5LS
Gl Jeadl ) seds (i ARy phall ) S 138 L) 433 JS elall dias o ) Gl J s (e
Lpalill pliad 8 o sSiedl 4y 8 (e il Cimas 38 A, Stephensi duda sed dailly Ll
Angaall Ao Ll 8 @3 5 A gall Aaa s ilad il dalal) Aaall a8 aiall DL A
B> EUPURW-PE JCHEN PRI g ES OO PRCHI YN [ SV N B P JCF L RN - QUM N O
Maef Crman el gur s elimn o 5l Linial Cal a5t 5 mhand) e e le 53300 gae 5 ) gy Lo s 5
JsAl laly Caplae Aa dl) dn i 5 S8 8 G 5 5 Aspirator Adadlil) ddalu g Clallll (e 208
CEl daall s Leiln 550 Anliia o Lew paldll A il (a3 cillal Cum | piiaal) ) il g
) (e 5l MK il 58 dlae] a3 Cx. quinquefasciatus o szl 4 yi 4y b 8 e S
, 3l 2 Abu-alhab, 1968 ) dsyiaill maliall 8 53 ) sl dgyiatll Cildcall Cauay § Gapill
Al dralas / (o ) Clall 308/ (ulae ¢lae 5 siSal ae Lusall JUELYL Ailain¥) Q5 5 (Yo s
. Anopheles stephensi s Culex quinquefasciatus gl U 5 (el a
Oy AdlS dlae ) e a8 el g o) jaall Hsag st JS e ALK Slac YT Rigd (1a jal
Ao aill Leie JS Lan 088 ol 115 N 5 LN ) shall el J s A skl e J gaall i gl
O L) ya 5 (530 58 A il Canlil L Lgaca g 4fans (31 ) glall B yy (g0 AIS dlae§ J ay lli
AN e e sl ST 4y jaill o sllaall ) ghall Led a5 5 =Sl
4 3l Blagd) ; 2 -
B _madl) Aadiy ac dall &y g bl \Si oy V-2-¥
Sabouraud dextrose agar supplemented with yeast extract (SDAY)
(Goettel and Inglis,1997)
© Cye da sl 13 Callsy

10 g Peptone SECTI



40g Dextrose BB S

29 Yeast extract S

15g Agar B

A (st B adaall i) clall e il A L o sall laaS) Conny Sl 038 ad
V0 3adl Tadl /23 10 ek s VYY) B ) ja Aa puria gall Jleandanigll ate g Ja YV ue e dlas
&5 5/aake Yoo lsiay Chloramphenicol cs sl sicaall 4] Cancal a3 2 o Jass gl) & 53 o3 428
ataa J8G Al o g yhadl) pailly (SLaY) condl 13 aay liaid el yig Lk Alan )l a
Sabouraud Dextrose Broth s Jasial LS, bl V3ad 2 Y 4 Y0 3 ) ja da 0 Ciican
(Goettel JSY) Zélaa) ¢ s (K15 4ndi (SDAY) dass s i 5Sa (3 o Sall 5 hadll USY (SDB)
.and Inglis, 1997)
Selective media for M. anisopliae shkills aldd) 5 LiaY) gl ¢ ¥-2-3
(Tajick Ghanbary et al;2009)
D Oe a1 ()5S

0.5g KH2PO4 (a5 el 3l o sauliall i @

0.5g K2HPO4 &5 ) dpalal o sauli ) i o o

0.5g Peptone SECTI
0.5g MgSO4 o spmirall Gl < o
10g Dextrose D3 Sy e
0.5¢g Yeast extract bl LadA o
20g Agar B

(1-2-%) 5l & LS Lo gl) jpumni o3 38

M. anisopliae Jkill Jje <l ghad : 3-¥
Cadaver 4l o ged) il aan ; 1-3-7

Lilide a8 g0 (o aall G pall sl e uSal Sl 8l 48 )l kY Calide Cures
Aladl) il il e il Cilial) Ciand 5 17 5 a6 S5 L) A3 jally 5 dlsilad)
e ssdle | paa¥ ol ) el ) sl )l o5l sty b e Jaiad 885 ladlly
(Lacey and Brooks ; 2007)4& il awa e (5 phdll Jjall Ja sod saalia



i a8 65 ) v el 0 Ve (U5l JsaS 8l yei Casie g Al 5 dliaall il ) 4]
e D sy i e plire haie clay Clud o5 GiRAY BA (1,0 0) 4 g3 suall D) IS guila J slae
oalall s LiaY) bl e A sla (5 Bkl () adas aile Aol go il g | e e S5 (39
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