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ABSTRACT: A survey to reveal naturally occurring entomopatmig fungi on coccinellids in the East
Mediterranean region of Turkey was conducted in4280d 2005Beauveria andPaecilomyces species were found
as pathogens of coccinellids. Fungal infection lévean overwintering site of coccinellids was sfgrantly higher
than those in the other locations. The pathogsniaft eight entomopathogenic fungi belonging to $pedP.
farinosus, P. fumosoroseus, B. bassiana, Lecanicillium lecanii and Metarhizium anisopliag) commonly considered
as microbial control agents was investigated ag&inscinella septempunctata. The experiment was conducted by
treating the adults with an appropriate conidiapmnsion of 10conidia mi* for a period of 10 seconds. The
mortality was significantly higher in all the trea¢nts comparing with the control unit. Overall nadity within 8
days after set of experiment varied between 2718 and there were statistically significant diffeces amongst
the effects of the tested fungi. The study showed fungal diseases are natural mortality factorsdccinellid
populations. Furthermore, it was demonstratedribabnly naturally occurring fungal pathogens ofaaellids but
also tested other entomopathogenic fungi isolatedn fnon-coccinellid insect species were pathogeaic.
semptempunctata.
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Entomopatojen FunguslarinCoccinella septempunctata L. (Col.: Coccinellidae)’ya Patojenisiteleri ve
Coccinellidlerin Fungal Hastaliklari Uzerine Bir Sirvey

OZET: Coccinellidlerin dgal hastalik etmeni olan entomopatojen funguslairlemek tizere 2004-2005 yillarinda
Turkiye'nin Dogu Akdeniz bdélgesinde bir sirvey yuritulghir. Coccinellidlerin patojenleri olaraBeauveria ve
Paecilomyces tirleri saptanmstir. Bir kislak bolgesindeki enfeksiyon diizeyigdr lokasyonlardan énemli derecede
yuksek bulunmgtur. Yaygin olarak mikrobiyal miicadele etmeni okamde alinan sekiz entomopatojen fungusun
(P. farinosus, P. fumosoroseus, B. bassiana, Lecanicillium lecanii ve Metarhizium anisopliae) Coccinella
septempunctata’ya patojeniteleri de test edilgtir. Deneme erginlerin P&konidispor mi* yogunlugundaki uygun
konidispor siispansiyonuna 10 saniye siireyle mamakibmasi ile gercekkdirilmistir. Tim uygulamalardaki 6lim
oranlari kontrol Unitesindekinden 6nemli derecetksgk ¢ikmytir. Sekiz gin igerisindeki 6lim orani % 27 ile %
51 arasinda gercekimis olup test edilen funguslarin etkileri arasindaatistiksel olarak 6nemli farkhliklar
bulunmytur. Calsma fungus hastaliklarinin coccinellid populasyonida dgal 6lum faktorleri oldgunu
gostermektedir. Buna ilaveten, sonuglar, sadegadmgoérinen coccinellid patojeni funguslarigidayni zamanda
coccinellid olmayan gier bocek turlerinden izole edilmiolan ve ¢cakmada test edilen gér entomopatojen
funguslarin d&C. septempunctata’ya pataojenik oldgunu géstermektedir.

Anahtar Kelimeler: Deuteromycotina, Hyphomycetes, bdcek patolojiskrabiyal miicadele, dgal disman

INTRODUCTION Deuteromycotina have rather wide range of hosts fro

Besides pest resistance related problems, evenany insect orders, including natural enemies {gngf
growing concerns about ecological and human healgh., 2001).
risks related with chemical insecticides contriloute Coccinellids are widely distributed and considered
increase interest in alternative pest managemea$ important natural enemies of pest insects in
strategies to conventional insecticides. This ideki biological control and integrated pest management
consideration of entomopathogenic fungi as altéreat programmes as they prey on a range of pests imgudi
control agents against many pest insects in bio&dgi aphids, scale insects, mealy bugs, spider mites and
control and integrated pest management programméarvae of some species of Thysanoptera, Lepidoptera
Entomopathogenic fungi are used against pest imseeind Coleoptera (Hodek and Honék, 1996). Since it is
and considerable research is directed to developafen not uncommon for coccinellids to coexist with tetege
new microbial control agents (Inglis et al., 2000hese pest insects, some researches included or focused o
biopesticides are required to be compatible wittura pathogenicity tests against coccinellid species to
enemies as well as presenting minimal risk to thevaluate the risk of using potential fungi as micab
environment and human health. Although someontrol agents. In such studieBeauveria bassiana
entomopathogenic fungi are known to have narrow hofals.) Vuill. was generally found to be pathogetic
ranges, especially some of those belonging tBoccinella septempunctata L. at various levels (Cagan
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and Uhlik, 1999; Haseeb and Murad, 1997a,b; Manjulaicroscope for identification. Yates correction for
and Padmavathamma, 1996). Kiselek (1975), howeveontinuity (Zar, 1996) was used to calculate chiesg
reported that a tested strain Bfbassiana was safe to values to perform pairwise chi-square tests in otde
C. septempunctata. Beauveria species were also assess the differences in prevalence between toilec
encountered commonly onC. septempunctata sites. Uludaz is an overwintering site in
(Cartwright et al., 1982; Ceryngier, 2000; GrigorovKahramanmarg therefore data from this site was
1983) along with infections bRPaecilomyces farinosus treated separately.
(Holm ex S.F. Gray) Brown & Smith in a less extend
(Ceryngier, 2000) in natural coccinellid populagon Organisms
Furthermore, there are several reports on pathoigeni Paecilomyces farinosus, P. fumosoroseus (Wize)
of entomopathogenic fungi to other coccinellid segc Brown & Smith, Lecanicillium lecanii (Zimm.) Zare &
(Ashouri et al., 2003; Bastidas, 1996; Ginsberglet W. Gams isolatefeauveria bassiana, isolate no: 1151,
2002; James and Lighthart, 1994; Pavlyushin, 199&nd Metarhizium anisopliae (Metschnikoff) Sorokin,
Pell and Vandenberg, 2002; Peveling and Demba,;19930late no: 3329, were provided by Dr R. HUMBER,
Poprawski et al., 1998). anisopliae, isolate no: FI 23, was provided by R.
In this study, a survey was conducted to revedILNER and B. bassiana, isolate no: 215, was
naturally occurring entomopathogenic fungi ormprovided by Dr. M. S. Dayer. The fungi were cultdire
coccinellids in the East Mediterranean region ofkBy on PDA in an incubator at 24%2 in darkness. Adults
in 2004-2005, and the pathogenicity of severadf C. septempunctata were brought into laboratory from
entomopathogenic  fungus  species, commonlgne location in Kahramanmarand the insect cultures
considered as microbial control agents, was alstede were kept in a climate controlled room (26€2 60+5%

againstCoccinella septempunctata. RH and 8/16 photoperiod) until they are used. Itssec
with abnormalities were removed, and during theckbe
MATERIALS and METHODS before further use, disease symptoms were not teetec

on the remaining insects. Insects for the test were

Isolation of Natually Occurring Fungal chosen amongst these insects without any bias.
Pathogens of Coccinellids

Adult coccinellids were collected from mainly  Pathogenicity Test of The Fungi to C.
cultivated fields in KahramanmaraOsmaniye, Mersin septempunctata
and Adana in Turkey in 2004-2005. Insects suspected  Once the fungi completely sporulated, four weeks
be infected were placed in small vials individuaiiy after inoculation, conidia in each petri dish were
field. They were surface sterilized by dipping intocollected in 5 ml of 0.1% sterile Tween 80. Theidat
ethanol and sodium hypochlorite solution and serilsuspensions were passed through two layers ofesteri
distiled water (Lacey and Brooks, 1997) upon theimuslin to remove any agar pieces and hyphae fr@am th
arrival to laboratory prior to being placed in hdity conidial suspensions. Their concentrations were
chambers. Additional collected insects were plaited determined by three counts of conidia on Thoma
large plastic containers and returned into labeyato counting slides under a phase-contrast microscdape a
Either hand collection or sweeping methods weré0X magnification. All the conidial suspensions &er
employed depending on the plantation. All collectediluted so that the same concentration ofcthidia mi
insects were kept in a climate controlled room @G * was reached for all the suspensions. These stispens
60+5% RH and 8/16 photoperiod). Coccinellids werevere kept at +% overnight before using for the
fed by providing aphids and honey solution and kbdc pathogenicity tests.
daily to detect any symptoms of fungal diseasegvior For each fungus, 20 adult coccinellids were dipped
weeks. Those exhibiting any symptoms were alsimbgether into an appropriate conidial suspensionlfb
surface sterilized and taken into humidity chambsess seconds. Insects treated with 0.1% sterile Tween 80
described above unless fungal growth had alreadpmposed the control unit of the experiment. Theyen
started. Sealed petri dishes lined with wet bigtfyi@per placed in a petri dish lined with wet blotting pager
were employed as humidity chambers. 24 hours before moving to the insect -culturing

Once the outgrowth of any fungi was detected oconditions. Thereafter, the insects were checkely da
insects, the seal of the humidity chambers wer@nd mortality was recorded. Dead insects were
removed to encourage sporulation. Fungi were furthéransferred into humidity chambers to monitor any
studied after the sporulation occurred. First, th&ngal out-growth as previously described for detec
cadavers invaded by common saprophytic fungf naturally occurring fungal diseases of coccidsll
(Penicillium spp., Mucorales spp., Aspergillus spp., The experiment was repeated three times. The dveral
etc.) were eliminated from further studies. Fungitbe percentage mortality  within  eight days afte
other cadavers were isolated and cultured on potateatment was subjected to ANOVA following arcsine
dextrose agar (PDA) in petri dishes in an incubatior transformation (Zar, 1996) by using Minitab statist
24+2°C in darkness. The sporulation structures of theoftware. The differences amongst the treatments we
fungi were examined under a phase-contrast light
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determined by subjecting the data to Tukey multiple
comparisons test.

Table 1. Mortality of collected coccinellid adulésd the incidence of insects that died due to
diseases caused by entomopathogenic fungi

. Number of examined Incidence of Death followed by
Place of collection ; ; .
insects mortality mycosis (%)*
Kahramanmara 2780 392 2.66 a
Adana 70 4 0.00
Osmaniye 114 23 0.88 a
Mersin 270 28 0.00
Uludaz 2207 172 3.08b
Overall 5441 619 2.63

*Different letters indicate statistically signifinadifference according to Pairwise chi-squarestest
with Yates correction for continuity, P<0.05

RESULTS Kahramanmara(X?=26.88) and Osmaniye (% 11.38)
while there was not a significant difference betwéee

Naturally Occurring Fungal Diseases of incidences in these two cities%@.74, P<0.05).
Coccinellids

Majority of the collected coccinellid adults were Effects of Tested Fungi orC. septempunctata
identified asC. septempunctata. Other common species  Screening test of eight entomopathogenic fungal
wereAdonia variegata (Goeze) andC. undecimpunctata isolates againstC. septempunctata adults resulted in
(L). The insects died and supported the growth ofarious mortality levels ranging from 27.41 to 538
entomopathogenic fungi under laboratory conditiondepending on fungus species and isolates. ANOVA tes
were all found to beC. septempunctata. Although revealed statistically significant differences amsinthe
fungal growth was noticed on most of the cadaverteatments (F=40.13; P<0.05; sd=8.26). All the fung
fungi grew were generally one of common saprophytiapplied gave a significantly higher mortality th#re
fungi such adenicillium spp., Mucorales Aspergillus  control unit (Table 2) and there was not any insect
spp. Those died due to an entomopathogenic fungwhich an entomopathogenic fungus grew in the céntro
were found to be killed as a result of mycosis edus unit. The data shows intra-specific differencesivieen
mostly byBeauveria sp. and rarely bfPaecilomyces sp.  the isolates of botR. farinosus andB. bassiana as well
The identification was made according to Humbeas inter-specific differences amongst the testedds
(Humber, 1997). The incidence was the highest ispecies (Table 2). High pathogenicity was not only
Uludaz, an overwintering site @. septempunctata in  expressed by naturally occurring pathogen spedes (
Kahramanmara while none of the insects collectedbassana and P. farinosus) reported on C.
from Adana and Mersin, two cities by theseptempunctata, but L. lecanii and M. anisopliae were
Mediterranean Sea, developed mycosis due to amiso equally pathogenic. However, all the fungalates
entomopathogenic fungi (Table 1). According towere poor in sporulation on the host insect (T&hle
pairwise chi-square tests, the prevalence in Uludaz
significantly higher (P<0.001) than those in

Table 2. Pathogenicity of tested entomopathogeni@if to adults ofCoccinella septempunctata in controlled

conditions.
—— .
Entomopathogenic fungus Original host species 'Ei?teafl)'% %) igg;lrjrlzggf
Paecilomyces farinosus (ARSEF-4045)Hapalus sp. 27.41+3.88¢c 4
Beauveria bassiana (ARSEF-1151)  Deliaradicum 48.89+1.11 ad 3
Lecanicilliumlecanii (ARSEF-5132) D. radicum 50.93+3.28 a 5
P. fumosoroseus (ARSEF-3458) Trialeurodes vaporariorum 39.49 + 0.51 bde 2
Metarhizium anisopliae (ARSEF-3329)Popillia japonica 47.61 £ 1.32 ade 7
P. farinosus (ARSEF-4010) Agrotis segetum 49.02 £ 0.98 ad 4
M. anisopliae (CSIRO-F1-23) Aeneolamia albofasciatat 38.33+0.83 be 11
B. bassiana (HRI-215) Isolated from “Boverin”by E.A. Grula 36.94+1.94Db 2
Control 13.47+1.20f 0

*Different letters indicate a statistically sigmifint difference according to Tukey multiple compani test, P<0.05.
Values are average of three replicates (n=20).
*Number of insects in three replicates
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DISCUSSION and CONCLUSION success to develop an actual mycosis on each host

Although the infection level was not very high,sthi species. The fungi tested in this study developedkw
study shows that fungal diseas@&eguveria spp. and mycosis on the insect cadavers.
Paecilomyces spp.) are natural mortality factors in  This study shows that coccinellids can suffer from
coccinellid populations in the region covered. $ami fungal diseases in nature, and fungi from spedias t
natural fungal infections were also reported prasip were not encountered in nature can also infectldlhd
in other countries (Cartwright et al., 1982; Cerngng them at various levels. The experiment was carigd
2000; Grigorov, 1977, 1983; Iperti, 1986; Lipa &t a in a worst case scenario and reflects speciallgrktory
1975). As it was the case in the results presemteg, a host range, therefore, further tests under conditihat
common finding is that fungal diseases of coccidell mimic natural conditions are needed for better
are caused mostly bBeauveria species (Cartwright et understanding of the risk of entomopathogenic fungi
al., 1982; Ceryngier, 2000; Ghazavi et al., 2005;. septempunctata. Both this study and previous
Grigorov, 1977, 1983; Iperti, 1986; Lipa et al.,769 researches also show that pathogenicity of
and sometimes byPaecilomyces species (Ceryngier, entomopathogenic fungi to coccinellids depends on
2000). Furthermore, this study revealed that penad fungal isolate and host species as well as othetoria
of fungal infections was significantly higher in ansuch as climate and application procedure. Thezefar
overwintering site (Uludaz) than those in the othethe selection of an entomopathogenic fungal iscdata
locations. Ceryngier (Ceryngier, 2000) also fouhd t microbial agent against pest insects, tests revgdlie
incidence to be higher in an owervintering site ireffects of considered pathogens against naturahiese
Poland. High population level of coccinellids inshould be conducted for each isolate to each cklate
overwintering sites with higher humidity level andnatural enemy species.
relatively lower temperature could favour the
entomopathogenic fungi for survival and spread. ACKNOWLEDGMENTS

The fungi tested again&t septempunctata adults in This study was a part of a project (TOGTAG-3251)
this study caused significantly higher mortalityfunded by TUBTAK (The Scientific and Technological
comparing with the control unit. Therefore, all $be Research Council of Turkey), TOVAG (Agriculture,
fungal isolates can be considered pathogenicCito Forestry and Veterinary Research Grant Committee).
septempunctata at various levels.B. bassiana was Thanks to Dr. R. Humber for providing fungal cuttar
previously reported to be pathogenic to this predatfrom ARSEF (Agricultural Research Service Colleatio
species in several studies (Cagan and Uhlik, 1998f Entomopathogenic Fungal Cultures, United States
Haseeb and Murad, 1997a,b; Manjula andepartment of Agriculture) and to Dr. R. Milner for
Padmavathamma, 1996). The present study alpooviding the fungal culture from CSIRO
demonstrated the pathogenic featurdofarinosus, P. (Commonwealth Scientific and Industrial Research
fumosoroseus, L. lecanii and M. anisopliae againstC.  Organization). Further thanks to C. BENGand A.
septempunctata and their effects on the host was noADIN for their assistance.
less than that of thd&eauveria isolates tested here.
Other coccinellid species were previously foundo#® REFERENCES
susceptible to these fungal specieslippadomia Ashouri, A., Arzanian, N. and Askary, H. 2003.

convergens Guerin was found to be susceptible Mo Interactions ofVerticillium lecanii (Zimm.) Viegas
anisopliae (Ginsberg et al, 2002; James and Lighthart, and Adonia variegata (Col.. Coccinellidae),
1994); Cycloneda limbifer Casey toP. fumosoroseus pathogen and predator of aphids. Colloque
(Pavlyushin, 1996);Adonia variegata to L. lecanii international tomate sous abri, protection integree
(Ashouri et al.,, 2003); anderangium parcesetosum agriculture biologique, Avignon, France, pp. 158-

Sicard toP. fumosoroseus (Poprawski et al., 1998). 162.

Even though our findings and previous researchdastidas, L.H. 1996. Effect of some insecticides on
indicate that coccinellid predators could be dt dae to beneficial arthropods and populationsTaigosodes
use of fungi as microbial control agents, some orizcolus (Muir) on rice crop. Arroz, 45: 9-17.
conflicting results by other studies showed thaCagan, L. and Uhlik, V. 1999. Pathogenicity of
entomopathogenic fungal strains non-pathogenic to Beauveria bassiana strains isolated fromOstrinia

these natural enemies can also be found (Bastidas, nubilalis Hbn. (Lepidoptera: Pyralidae) to original

Kiselek, 1975; Pell and Vandenberg, 2002; Peveling host larvae and to ladybirds (Coleoptera:

and Demba, 1997). Coccinellidae). Plant Protection Science, 35: 108-
It is worth noticing that despite the fact that 112.

septempunctata  can be infected by several Cartwright, B., Eikenbary, R.D. and Angalet, G.W.

entomopathogenic fungal species, oBlybassiana, B. 1982. Parasitism byPerilitus coccinellae (Hym.:

brogniartii (Saccardo) Petch afl farinosus have been Braconidae) of indigenous coccinellid hosts and the

encountered in natural populations both in this and introduced Coccinella septempunctata (Col.:
previous studies. This may be explained by diffeesn Coccinellidae), with notes on winter mortality.
amongst entomopathogenic fungi in terms of their Entomophaga, 27: 237-243.



KSU Fen ve Muhendislik Dergisi, 11(1), 2008 122 KSU Journ&Szience and Engineering, 11(1), 2008

Ceryngier, P. 2000. Owerwintering o€occinella Kiselek, E.V. 1975. The effect of biopreperations o
septempunctata  (Coleoptera: Coccinellidae) at  insect enemies. Zashchita Rastenii 12: 23.
different altitudes in the Karkonosze Mts, SWLacey, L.A. and Brooks, W.M. 1997. Initial handling
Poland. European Journal of Entomology, 97: 323- and diagnosis of diseased insects. (Biological
328. Techniques: Manual of Techniques in Insect
Ghazavi, M., Zangeneh, S. and Abaii, M. 2005. New Pathology, Academic Press, London: Ed. Lacey,
records of some entomopathogenic fungi from Iran. L.A.) 1-15.

Rostaniha, 6: 119-129. Lipa, J.J., Pruszynski, S. and Bartkowski, J. 191t
Ginsberg, H.S., Lebrun, R.A., Heyer, K. and Zhioka, parasites and survival of the lady bird beetles
2002. Potential nontarget effects ®fetarhizium (Coccinellidae) during winter. Acta Parasitolojica

anisopliae (Deuteromycetes) used for biological Polonica, 23: 453-461.

control of ticks (Acari: Ixodidae). Environmental Manjula, K. and Padmavathamma, K. 1996. Effect of

Entomology, 311191-1196. microbial insecticides on the control dflaruca
Grigorov, S. 1977. Biological characteristics o tiwo- testulalis and on the predators of redgram pest

spotted ladybirdAdalia bipunctata L. (Coleoptera, complex. Entomon, 21: 269-271.

Coccinellidae). Rasteniev’Dni Nauki, 14: 132-141. Pavlyushin, V.A. 1996. Effect of entomopathogenic
Grigorov, S. 1983. Parasites, predators and diseafse ~ fungi on entomophagous arthropods. Bulletin

species of the family Coccinellidae. Rasteniev'Dni OILB/SROP, 19: 247-249.

Nauki, 20: 113-121. Pell, J.K. and Vandenberg, J.D. 2002. Interactions
Haseeb, M. and Murad, H. 1997a. Pathogenicity ef th among the aphid Diuraphis noxia, the

entomogenous fungueauveria bassiana (Bals.) entomopathogenic fungus  Paecilomyces

Vuill. to insect predators. International Pest Coht fomosoroseus and the coccinellid Hippodamia

40: 50-51. convergens. Biocontrol Science and Technology, 12:

Haseeb, M. and Murad, H. 1997b. Susceptibilityhef t 217-224.
predator, Coccinella septempunctata to the Peveling, R. and Demba, S.A. 1997. Virulence of the

entomogenous fungueauveria bassiana. Annals entomopathogenic funguMetarhiziium flavoviride

of Plant Protection Sciences, 5: 188-219. Gams and Rozsypal and toxicity of diflubenzuron,
Hodek, |. and Honék, A. 1996. Ecology of fenitrothion-esfenvalerate and profenofos-

Coccinellidae, Kluwer, The Netherlands. 464pp. cypermethrin to nontarget arthropods in Mauritania.
Humber, R.A. 1997. Fungi: Identification. (Biologic Archives of Environmental Contamination and

Techniques: Manual of Techniques in Insect Toxicology, 32: 69-79.

Pathology, Academic Press, London: Ed. Laceyoprawski, T.J., Legaspi, J.C. and Parker, P.E8.199
L.A.) 153-185. Influence of entomopathogenic fungi &rangium
Inglis, G.D., Goettel, M.S., Butt, T.M. and Strasgd. parcesetosum (Coleoptera: Coccinellidae), an

2001. Use of Hyphomycetous fungi for managing important predator of whiteflies (Homoptera:
insect pests. (Fungi As Biocontrol Agents: Progress Aleyrodidae). Environmental Entomology, 27: 785-
Problems and Potential, CABI Publising, Bristol:  795.
Eds. Butt T.M., Jackson, C. and Magan, N.) 23-69. Zar, J.H. 1996. Biostatistical Analysis, 3rd ederice-
Iperti, G. 1986. Ecobiology of aphidophagous HalllInt., Inc., ISBN: 013086398X, USA, 662s.
coccinellids: their migrations. Colloques de L’Inra
36: 107-120.
James, R.R. and Lighthart, B. 1994. Susceptibifitthe
convergent lady beetle (Coleoptera: Coccinellidae)
to four entomogenous fungi. Environmental
Entomology, 23: 190-192.



