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ABSTRACT: The entomopathogenic fungus, Verticillilllll /ecallii (Zimm.) Viegas was evaluated in the 
laboratory for its safety to natural enemies of cabbage aphid, TricllogrulIIl1Iu chi/Ollis Ishii and two species 
of silkworms using different formulations and inoculation methods. The fungus was not pathogenic to 
Chrysoper/a carllea (Stephens), Coccillella septempllllctata (Linnaeus), E/Jisyrplllls baiteatlls (De Geer) and 
Sumia cyllthia ricilli (Boisduval), but was found to be pathogenic to BOlllbyx lIlori (Linnaells). Aphid 
mummification and Diaeretiella rupae adult emergence were significantly affected by the fungus. 
Parasitism, adult emergence and adult longevity of Trichogrllllllllll c11ilollis were affected by fungal 
treatments. The adverse effects of the fungus on all insects tested were less than 25 percent. Our results 
suggest that J~ lecallii is compatible with natural enemies of cabbage aphid and T. c/lilollis and is harmless 
to silk" orm, therefore can be used for integrated management of cabbage aphid. 
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INTRODUCTION 

Biopestieides arc inherently different from 
conventional pesticides \vith fundamentally different 
modes of action and lower risk of adverse effects from 
their use (Geetha and Rabindra, 2001 ). Once a commercial 
mycoinsecticide formulation has been developed, it must 
meet specific safety criteria before it can be registered. 
marketed and distributed (Lockwood. 1993). Fungi within 
the class Hyphomycetes are generally considered to 
have much wider host ranges than Entolllophthoraies 
fungi (Goettel and inglis. 1997) and may infect both target 
pest species and their inscct natural enemies (Roy and 
Pell, 2000). Ilowcyer. although many species of thcse 
fungi have been recorded from numerous different insect 
orders. isolates or strains within a species <Ire frequently 
only \'iruknt to a few arthropod species (Fcng et (11 .. 
1994). The impact of ellto1llopathogens upon arthropod 
natural encmics. specially the predaceous coccincllids, 

is poody understood and scarcely has been studied 
(Cottrell and Shapiro, 2003). In order to protect 
invertebrate biocontrol agents of insect pests, the 
possible adverse dTects of insect fungal pathogens 011 

these organisms must be considered (Laird c[ al., 1990). 
Roy and Pell (2000) demonstrated that although 
Verticil/iulII !ecanii has been reported from a number of 
insects and mite hosts, in glasshouse trials. target
derived isolates against aphids and whitefly did not infect 
TetrallYc!lUs urticae (red spider mite), Phyloseillfw 
pcrsilllifis (spider mite predator) or Ellcarcia formosa 
(whitefly parasitoid). Askary and Brodeur (1999) 
indicated that I: Icc([nif is pathogenic to the aphid 
parasitoid. Aphidills lIigripes. but only when aphid 
popUlations arc he~l\'ily intCcted by the tllllgUS. Similarly. 
Poeci/oll1l'ccs/i/ll/(lsorOSClis infects the aphid parasitoid. 
Aphclillus as\'chis. but only at high pathogen doscs and 
at high humidity (Lacey cI al .. 19(7). 1() cnsurc 111:1"i111\1111 

safety to inn:'rtebrate non-target or)!:lnisllls, fUIl)!a\ 



conlrol <lcenls must not become just a replacement for 
chemical insecticides, but should l;e integrated with other 
control strategies (Fuxa, 19X7). 

In a previous study (Derakhshan et til., 20(6), V.l- 7 
isolale of I: /c{"(lIIii was found 10 be the most virulent 
isolate to H. hrassictlt'. III this sludy we have evaluated 
Ihe saklv or the fUl1gus to nalllral enemies of cabbage 
aphid an'd li-id/(Jgr(/lJIllio chi/ollis which are lIsed as 
parasitoids ill cahhage fields to cOl1lrol other pes Is of 
l'ahhagc alld two species of si Ik worllls. 

i\L\TEI{IALS ANI> lVlETHODS 

I.aboratorv bioassay studies wilh V. 1-7 isolate of v: 
1('('(lItii \\'ere conducted to study its infectivity to (lUI' 

natural enemies or cabbage aphid, I'i:::., ('/lIysopcr/a 

('(1I'1I('t! (SlI:phens) (NclIropll:ra: Chrysopidae), 
('o('cin('l/a scp{('fIIl)({IICfata Lillllaells (Coleoptera: 
<. 'occillellidae J. Epi.n'f'p/ws hal/callis (Dc Geer), (Dipteru: 
Syrphidae) and nil/ere/iella ra/1({(' (M. Intosh) 
(Ilymelloptera: Braconidae), all egg parasite 
Ji'ichogri/II/llla ('Iii/Ollis Ishii (Ilymelloprera: 
TriclHlgralllll1atidae) and two species or silkworms 
llaml'ly. 1l11IIlK'ITY silkworm (llolllhl'.\· mori (Lillnaeus) 
(l.epidoptera: BOlllbycidae» and Eri silkworm (.",'{fll1ia 

cmlliia ricin; (Boisduvul) (Lcpidoptera: Saturni idae), A II 
tests wcrc conducted by using a spore concentration of 
Ix I ()~ spores/1ll1 ( I x 10' CFU/g in case of talc powder). 

Effect ofthl' fungus on C. carllea 

The test was carried out with six different methods 
or inoculations: 

1- Dipping C carllea larvae in talc formulation (dip 
larva method) . 

2- Dipping C. carnea larvae in oil in water emulsion 
fi)J'lllulatiol1 (I % kerosene,O,OS(/() Tween 80), 

J- Dipping C. C(lrllea larvae in spore sllspension 
only, 

4- i\ lIowing C carllea larvae to crawl on dried spore 
sllspension (Dry film method), 

5- Spraying spore suspension on host aphid (B. 
brassical! ), 

6- Dipping C. carnea larvae III O.OY% Tween-80 
solution only as control. 

The eggs of C. carl/ea were taken from mass 
production unit of PDBe. Each egg was transferred to 
individual house of plastic louvers. The bottom and the 

134 

top surhlce of the louvers \\ere closed tightly llsing 
transparent acrylic sheet. The sides were locked with 
the usc of metal clips to avoid the escape of tile predator. 
The eggs were allowed to hatch and third instar larvae 
were used for pathogenicity tests. The larvae were fed 
\vith fresh mixture of cabbage aphid nymphs till pupation. 
Each treatment was replicated three times, and each 
repl ication consisted of 10 larvae. Observations on larval 
mortality, pupation, adult emergence and mycosis were 
recorded. 

Effect of the fungus 011 C. scptcmplll1tatll and E. 
ba/teatll.· .. 

The treatments and bioassay were conducted as 
described above except that instead of plastic louvers. 
plastic Petri-plates were used. Coccinellid and syrphid 
eggs were taken from mass production unit of POBC'. 
Each treatment was replicated three times and five larvae 
pCI' treatment were used. The larvae in each treatment 
were provided daily with fresh cabbage aphid nymphs 
ti II pupation, Observations on larva I mortal ity, pupation, 
adult emergence and mycosis were recorded. 

Effect ofthe fungus on parasitoid, D. rapac 

Effect of the fungus on parasitism and adult 
emergence of D. rapae were evaluated when either 
aphids werc first exposed to the parasitoid then treated 
with the fungus or aphids first treated with fungus and 
then exposed to the parasitoid. This experiment was 
conducted with 4 replications and for each replication 
two freshly mated female parasitoids were released for 
24 hours, Observations on mortality, mycosis, parasitism 
and adult emcrgence of aphid parasitoid were recorded. 
Per cent parasitism was calculated based on 
mummification of aphids. 

Effect ofthe fungus on T. Chi/Ollis 

Tricho cards (T chi/Ollis) and Corcyra eggs 
(Corcyra cepha/ollica) were obtained from mass 
production unit of PDSC. Fresh eggs ofC. cepiIa/onic(I 
were exposed to UV light for 20 minutes to kill the 
developing embryo and then glued over strips of cards 
(2.S x 10 cm) rf...1) 200/eard strips. Eaeh card strip was put in 
a test tube. The tubes were then plugged with cotton 
wads. A streak of honey (SO%) provided on the walls of 
tubes served as food tor parasitoids after emergence. 
Treatments had five such cards as five replicates. Two 
experiments were conducted, where in the first set of 
experiments, the Corcyra eggs were treated with the 
fungus before releasing the wasps and in another set of 
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experiments, the Corcyra eggs were treated with the 
fungus after one day of releasing the wasps. Newly 
emerged parasitoids of T chi/onis were released at the 
rate of 50 parasitoids per treatment for 24 hours. In case 
of second set of experiments, the tricho cards exposed 
to parasitoids for 24 hours were treated with fungal 
formulations. Treatments were given as follows: 

i) Dipping oftricho cards in talc powder suspension 
for 5 seconds and then the cards allowed to shade
dry and kept in test tubes. 

ii) Dipping the tricho cards in oil in water emulsion 
formulation (I % kerosene, 0.05% Tween 80) as 
mentioned above. 

iii) Dipping the tricho cards in spore suspension 

iv) Dry film method, spraying the spore suspension 
into test tubes and allowed them to shade-dry and 
releasing wasps in the test tubes for two hours 
and then transferring them to new tubes provided 
with Corcyra egg cards. 

v) Dipping the tricho cards in Tween-80 (0.05%) 
solution as control. 

Observations for first set of experiments were made 
on parasitism, parasitoid emergence and adult longevity, 
and for second set of experiments observations were 
recorded on parasitoid emergence and adult longevity. 

Effect of the fungus on silkworms 

To test the pathogenicity of this fungus on 
silkworms, two species of silkworms viz., Mulberry 
silkworm (B. mori) and Eri silkworm (s. cynthia ricini) 
were used. Silkworm larvae (third instar) used in the 
experiment were obtained from the Sericulture 
Department,UAS, Bangalore. The bioassay had 6 
treatments. For each treatment 3 replications and for each 
replication 10 larvae were used. The larvae were 
maintained in individual Petri-plates and enough mulberry 
and castor leaves as food were given twice a day. The 
treatments were as follows: 

i) Dipping larvae 111 suspension of talc powder 
formulation 

ii) Dipping larvae in suspension of oi I in water 
emulsion formulation (1 % kerosene + 0.05 % Tween-
80 solution) 

iii) Dipping larvae in spore suspension only 

iv) Allowing silkworm larvae to crawl on dried spore 
suspension 

v) Dipping leaves in spore suspension 

vi) Dipping larvae tI1 0.05% Tween-XU solution as 
control. 

Observations \"ere made 011 larval mortality. 
pupation. weight of pupa and adult emergence. 

RESULTSAND DISCUSSION 

Effect on C. Cllrlletl 

Larval mortality (10 to 16.67 'Yo). pupal period (9.JX 
to 10.4 day) and adult emergence (97.5 to 100.0 'Yt,) were 
not significantly different among the treatments (Table 
1). Larval period was signi1icantly aftected by treatments 
(P = 0.05). It was lowest in control treatment (9.65 days) 
and highest in oil in water formulation treatment (10'<) 

days). In none of the cases of larval mortality, mycosis 
occurred. Thus, V. I('c(lnii either as formulations or as 
unlixmulated spore sllspension did not have any harmful 
cnect on C. c(/rllea. Pavlyushin ( 1(96) reported that // 
lecat/ii, Bcmll'eria hassialla and P ./iIIllOS()/y)SClls had 
an entomocidal effect on larvae of C. ('UrlICU and ('. 
lIippollellsis. He concluded that larval mortality 
depended on the infection dosage. At a spore 
concentration of 5 x I <y' and 2.5 x 107 spores.iJlll, mortality 
of CllITsoperla spp. was 4 percent and at I x lOx spores/ 
ml mortality reached 2X percent. In Ollr study, highest 
larval mortality (16.67'%) was observed ill oil in wah.:r 
emulsion treatment (Table I). 

Effect on C. septemp"llcttltll 

There was no significant di fferellcc in larval 
mortality (11.11 to 15.53(Yo), larval period (8.50 10 9.26 
days), pupal period (5.66 to 6.33 day), pupal weight (18.00 
to 18.66 mg), and adult emergence (96.66 to 98.33) among 
the fungal treatments and control (Table 2). Although 
larval mortality was observed in all treatments, none of 
them was due to mycosis. This indicates that the mortality 
is not due to direct infection of the fungus. Cottrell and 
Shapiro (2003) reported that B. bassiana is pathogenic 
to two coccinellid species. They concluded that native 
species of lady beetle was more susceptible than exotic 
one to the fungus. Although coccinellids are susceptible 
to various entomopathogenic fungi (Cottrell and Shapiro, 
2003; Ceryngier and Hodek, 1996), in our study it was 
found that not only V. lecanii (isolate Y.1-7) is not 
pathogenic to this natural enemy but also has no 
significant adverse effect on its biological parameters 
(Table 2). 

Effect on E. balteatus 

Larval mortality (6.67 to 13.33%), larval period 
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Table I. Effect of V. lecallii on some biological parameters of C. caYllea (mean± SE) 

Treatment Larval mortality Larval period Pupal period Adult 
(%) (days) ( days) emergence (%) 

Larval dip Talc powder 13.33±3.33" 9. 77±O.29''' 9.2I±O.29" I 00. OO±O. OO' 

Larval dip in Oil in water emulsion J6.67±4.8J" 10.60±0.23" 9.04±O.2I" ] 00. OO±O. OO' 

Larval dip in Spore slIspension 13.33±3.33" 10.50±0AO"b 9. 16±O.39" 97.50±1.67" 

Dry film (Spore suspension) 13.33±3.33" 9.70±0.18h 8.86±O.30" 98.75±1.67" 

Treated aphid (Spore suspension) 13.33±3.65" 9.90±0.2Iah 9.24±O.28" 97.50±3.33" 

Control ( O.05%,Tween-80 solution) IO.00±3.33" 9.65±O.IS" 8.88±O.14" 98.75±1.67" 

Means followed by similar letters in a column are not significantly different at 5%. 

'Hable 2. Effect of r( lecllllii on some biological parameters of C. septempullctata (mean±SE) 

Trcatmcnts Larval Larval period Pupal period Pupal weight Adult 
mortality (%) (Jay) (day) (mg) emergence (0/,,) 

I.arval dip in Talc powder f'(ml1ulation IS.SS±2.22a 9.IO±O.6Ia S.67±O.33a I B.67±O.33a 9~U3± 1.67a 

Larval dip in Oil in water ellluision IJ.3J±O.OOa B.SO±O.63a S.~n±O.16a 18.33±O.33a 9B.33±1.67a 

Larval dip in Spore suspension IJ.33±O.OOa 9.26±O.S4a S.67±O.16a 18.00±O.S7a 9B.33±1.67a 

Dry film (Spore suspension) IS.5S±2.22 9.0S±O.SOa S.B3±O.16a 18.67±O.89a 9B.33±1.67a 

Treated aphid (Spore suspension) Il.II±2.22 9.00±O.53a 6.33±O.44a 18.33±O.33a 96.67±3.33a 

Control ( O.OS%Tween-80 solution) 11.11±2.22 9.16±O.OOa 5.67±O.16a 18.33±O.B9a 98.33± 1.67a 

Means followed by similar letters in a column are not significantly different at 5'%. 

Table 3. Effect of V. lecallii on some biological parameters of Episyrphus balteatus (mea n±S E) 

Treatments Larval Larval period Pupal period Pupal weight Adult 
mortality (%) (day) (day) ( mg) emergence (%) 

Larval dip in Talc powder formulation 13.33±6.67a 9.43±O.35a 9.28±O.22a 9.50±O.2Sa IOO.OO±O.OOa 

Larval dip in Oil in water emulsion 6.67±6.67a 9.57±O.35a 9.30±O.20a 9.67±1.17a IOO.OO±O.OOa 

Larval dip in Spore suspension 6.67±6.67a 9.77±O.17a 9.22±O.14a IO.OO±O.44a 9B.33± 1.6 7a 

Dry film 6.67±6.67a 9.65±O.ISa 9.00±O.29a 9.50±O.29a 9B.3J±I.67a 

Treated aphid 6.67±6.67a 9.60±O.20a 9.33±O.44a 9.~J±O.17a 96.67±3.33a 

Control ( O.05%Tween-BO solution) 6.67±6.67a 9.67±O.17a ~.77±O. 14a IO.I7±O.44a 9X.33±: 1.6 7a 

Means followed by similar letters in a column are not significantly difTen:nt al 5% •. 
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Table 4. Effect of J': lecallii on some biological parameters of D. rapae (mcan± SE) 

Treatment Mummification Parasitoid Aphid mortality Corn:ctcd aphid ('0,,) M).c()si" 
(,X,) emergence('Yo) (%) mortality ('~/" ) 

V. l('calli; 0.00 0.00 X7.S0± 1.44b ~5.S1 b 77.)I~).()Xa 

D. rapae 65.00±2.04a 78.94±1.51a T'.50±2.S0c 68.12c () ()() 

D. mpae + V lecanii 68.75±2.39a 56.21 ±3.47b 9).;.75±1.25a lJ8.5Sa 3().7 LLI .17L 

1< leconi; +D. rapae 4S.00±2.04b 61.81±5.59c 97.50±1.44a ')7. lOa SI.3Xi:2.6Xh 

Control 0.00 0.00 13.75± 1.2Sd 0.00 0.00 

( 0.05'/0 Tween-80 solution) 

Means followed by similar letters in a column are not significantly different at 5'Y". 

(9.43 to 9.77 days), pupal period (8.77 to 9.33 days), pupal 
weight (9.50 to 1 0.17 mg) and adult emergence (96.67 to 
100 %) were not affected by treatments (Table 3). Among 
larval cadavers. none showed mycosis. 

Effect on D. rapae 

The results of this experiment revealed that aphid 
mortality caused by combination of the fungus and 
parasitoid either first aphid treated by the fungus and 
then exposed to the parasitoid or vice versa were 
significantly higher than when these two biocontrol 
agents were used alone. Parasitoid emergence were 
significantly affected by the fungus. Emergence of the 
parasitoid was highest in parasitoid alone treatment and 
it was lowest in fungus + parasitoid treatment, 78.94 and 
61.81 % respectively. Per cent mycosis was maximum in 
fungus alone treatment and minimum in parasitoid + 
fungus treatment (Table 4). Most interactions between 
the parasitoid and entomopathogenic fungi have been 
recorded as being asymmetrical, favoring the pathogens 
(Brooks, 1993). Kim et al. (2005) indicated that combined 
use of both aphid parasitoid, Aphidius colemani, and V 
lecanii for integrated pest management of aphids is a 
viable control option, but fungal spore applications 
should as much as possible be timed to coincide with 
the later developmental stages of the parasitoid to 
conserve the parasitoids within the system. 

Effect on T. chi/ollis 

Two sets of experiments were conducted to test 
the impact of the fungus on T chi/Ollis. In the first 
experiment in which COr(l'ra eggs treated with the fungus 
were exposed to the parasitoid, per cent parasitism was 
affected by fungal treatments (P = 0.08). There was no 
significant difference among spore sllspension and dry-

fi 1m trcatments with control but other treatments 
decreased parasitism Crable 5). 

The parasitoid emergence was not atTected by dry
film treatment while ill other trealllH;nts sil!,ni {'icanl 
differences were seen. Similar trend was observe:1 in adult 
period. In second experiment. parasitoid emergence 
slightly decreased in fungal treatments compared to 
control (P = 0.0 I loS). In this experiment then; was 110 

significant difference among treatments in adult longevity 
(P=O.61). 

Effect on B. lIlori 

Larval mortality was not signilicantly alTected by 
treatments (P = 0.51). Maximum and minimum larval 
mortality of 13.99 and 5.99 percent were observed in oi I 
in water emulsion and dip leaf treatments, respectively. 
Highest and lowest reductions in weight gained were 
seen in oil in water and dip-leaftreaI1l1ents, 6.X5 lind l.en 
percent respectively (Table 6). Because maximum larval 
mortality (13.99'1<.) and reduction in weight gained (6.85';:;,) 
are less than 25 percent. the fungus can be considered 
as a harmless biopesticide to mulberry silk worm. 
M ukunthan (2004) reported that t\\lO isolates of 
Fusarium (GMI4 and GMI5) were not pathogenic to 
silkworm larvae. Indications are that, through careful 
selection of both pathogen and silkworm strains. it may 
be possible to use fungal control agents in the immediate 
vicinity of sericulture hlrms without endangcring the 
silkworms, 
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Effect on S. q'lltllia ricilli 

Weight gained (779 to 805.62 mg) and larval 
mortality (16.66 to 26.67 %)were not significantly affected 
by treatmcnts (P = 0.92 and 0.60, respectively) (Table 7). 
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Table 5. Effect of J~ lecallii on some biological parameters of T. chilollis (mean±SE) 

Treatment Corcyra eggs treated with fungus Parasitized eggs treated 
exposed to parasitoid with fungus 

Parasitism(%) Parasitoid Adult Emergence (%) Adult 
emergence (%) duration (day) duration (day) 

Talc fonnulation 74.75±0.77ab 93.13±0.73b 2.65±0.02ab 91.53±0.70ab 2.64±0.04a 

Oil in water emulsion 73.75±0.46b 89.67±Oo39c 2.60±0.04ab 89.85±Oo38c 2.48±0.20a J 
Dry film (Spore suspension) 74.88±0.43ab 94.83±0.41a 2.71±0.04a 92.73±0.40a 2.59±0.03a 

Spore suspension 75.75±0.25a 92.90±Oo39b 2.47±0.14b 90.56±0.54bc 2.55±0.05a 

Control 75.88±0.77a 95.07±0.733 2.80±0.02a 93.13+0.48a 2.69±0.02a 
( 0.05%lTwcen-80 solution) 

.,-- -

Me,1I1S followed by similar letters in a column are not significantly different at 5%. 

Table 6. Efleet of diffcrcnt formulations of I ~ lectlllii on some biological parameters of B. mori (mean± SE) 

Initial weight Cocoon Weight Reduction Larval Corrected 
Treatm~'nt weight(mg) gained(mg) in weight gained mortality mortality 

over control (%) (%) (%) 

I. Lm al dip III Talc pm\ der !(lrI11ulation I ~6.63± 1.04a 665.59±4.53b 478.87±4.89b 3.11 25.00±5.69a 9.99 

2. Lal"\ al dip III Oil III water emulsion 1~7.54:!:O.76a 655.02±4.22c 460,3 7±4.09c 6.85 28.33±3.19a 13.99 

-'. Lal"\ al dip Itl Spore slispension 1 88.58±:0.94a 666.27± I.05b 477.50± 1.17b 3.38 2303}tAo3Oa 7.99 

4. Dr: film (Spore ~llspel1siol1) I 87.0.hO.89a 667.31 ±4.3 7b 480.02±3.8I b 2.87 23.33±4.30a 7.99 

5. Leal Jlp (Spore Sll~Pl'I1Siol1) I ~~. 72±O.88a 674.5I±U2ab 48S.87±2.7Iab 1.70 21.67±3.19a 5.99 

6. COl1trol ( O.05°oT\\een-80 solution) 187.22± Io3Oa 682.1 0±3.6 1 a 494.24±3.40a 0.00 16.67±3.34a -

~1eans followeJ by similar letters in a column are not significantly different at 5%. 

Mycosis 
(%) 

68.75± 11.97a 

54.17±85.83a 

54.58±8.75a 

69.17±10.83a 

7.69±6.25b 

OLO.OOb 
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Table 7. Effect of different formulations of V. iecallii on some biological parameters of S. cynthia ricill; 
(mean±SE) 

Treatment Initial Cocoon Weight Reduction in Larval Corrected 
weight (mg) weight (mg) gained (mg) weight gained mortality mortality 

over control (%) (%) (,X}) 

I. Larval dip in Talc 84.40±1.34 885.23±26.35 800.83±27.66a 0.98 21.67±3.19a 4 
powder formulation 

2. Larval dip in Oil in 86.05±1.43 880.69±15.31 794.64±15.57a 1.66 26.67± 1.92a 10 
water emulsion 

3. Larval dip in 90.69±O.54 896.32± 1 0.78 805.62± 1 0.48a 0.30 18.33±1.67a 0 
Spore suspension 

4. Dry film (Spore 86.9S±O.95 895.05± 12.32 800.78±20.56a 0.90 I S.33± 1.6 7a 0 
suspension) 

5. Leaf dip (Spore 88.55±O.44 86S.62± 15.32 779.87±15.58a 3.49 16.66± 1.93a 0 
suspension) 

6. Control ( 0.05% 88.56±1.67 889.44±19.84 808.06± 1 1.59a 0.00 18.33±3.19a 0 
Tween-SO solution) 

Means followed by similar letters in a column are not significantly different at 5%. 

No mycosis among dead larvae was seen. Results ofthis 
experiment indicate that the fungus is not pathogenic to 
eri silkworm. Sitch and Jackson (1997) evaluated the 
pathogenicity of two species of V lecanii to non-target 
invertebrates and found that there was no evidence of 
infection in any of the 20 non-target invertebrates tested. 
Our results suggest that V /ccallii is compatible with the 
natural enemies of cabbage aphid and T chi/Ollis and is 
harmless to si Ikwoml, therefore can be used for integrated 
management of cabbage aphid. 
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