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ABSTRACT

The fight against pests of fruit crops remains eisally chemical. Currently, we realized that itshharmful
effects on the environment and on humans. A newpgetive of biological control through the use afldgical agents
such as fungi gives promising results. In the labmy, we tested the insecticidal activity of faloses of the conidial
suspension oPenicillium roqueforti (class of Eurotiomycetes) on the third larval stadCeratitis capitata. The results
reveal that the rate of larval mortality increaaéter 24 hours of inoculation up to 21.25% at tbeedd4 (5.1Dspores /
ml). Similarly, the rate of larvae transformed inpae has reached 77.5% with dose d3 f4pes / ml). The rate of
malformed pupae, increases to 71.25% for the highee represented by d4 (5’$pores / ml). The adult emergence rate
of C. capitata decreases with increasing dose to be canceleddibsEhis rate decreases for adults formed fromakar
placed in the soil contaminated wikh roqueforti to 12.5% at the dose d2 (3,2.°Kpores / ml). We conclude that this

biological test showed th& roqueforti presents a biopesticidal potential against laarakpupae of.capitata.
KEYWORDS: Ceratitis Capitata, Penicillium Roqueforti, larvae, pupae, biopesticide

INTRODUCTION

The Mediterranean fruit fleratitis capitata (Wied.) (Diptera: Tephritidae), is one of the mimsportant pests of
fruit. It is a polyphagous insect that causes heomic losses (Lux et., 2003). It is the main obstacle to production
and export of fruits. It has a wide distributionthre Mediterranean from where the name of the Megihean fruit fly
(Lekchiri, 1982; Nunez, 1987). In Algeria, espelgiah Kabylia, the medfly causes much damage tit frrops (Sadoudi
Ali Ahmed etal., 2012) because the climate associated with bastat cultural factors offer favourable conditioos fits
development. The damages of this fruit fly areved types: on the one hand, those due to the bftésntale caused by
nesting attempts which give the fruit a bad appeagaOn the other hand, the damages due to theelavikiich cause fruit
rot and result in mold in particuld@Penicillium digitatum (Cayol etal., 1994).

Several control methods are recommended agairssp#st but the fight remains essentially chemieabpde the

adverse effects of organophosphate pesticideseimskct itself which develops resistance.

The Autocide fight, also called the sterile insiecthnique (SIT), allowed the eradication of thistga some areas
such as California and Southern Mexico (Riba ety$il989; Arevalo-Galarza et Follet, 2011). Thesmeauthors found
that the treatment of infested fruit pap&@eaxica papaya by the SMDD technique makes ethanol vapor higetldl to the

larvae and adults of the fruit fly, when the insestre exposed to low doses. Similarly, they predudewer pupae.
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Current researches have used biological contrdliditg the use of microorganisms such as entomopattic
fungi as an alternative to chemical fight agai@sicapitata. Metarhizium anisopliae, with its asexual reproduction is a
fungus that has been the subject of many biologioatrol trials against the Mediterranean fruit flihis is related to its
infestation mode (Meyling and Eilenberg, 2007) éimel insect’s toxicity mechanisms (Clarkson and Glegy, 1996). It
was demonstrated that the penetration of spordssvaiith the degree of contamination and the thesknof the cuticle
(Brooks etal., 2004).

Biopesticides, which are soluble crude extractsdpced from the fermentation of pathogenic fuviganisopliae
andBauveria sp, are considered as promising insecticides forctirrol of the Mediterranean fruit fly (Lopez andd0z,
2003; Dimbi etal., 2009; Amora eél., 2009; Ortiz-Urquiza edl., 2010 a). Several of these biopesticides interfidethe
control of fruit fly were extracted frofetarhizium ( Butt etal., 1994; El Akhdar and Houda, 2009; Ortiz-Urquizalet
2009; Molina etal., 2010; Ortiz-Urquiza eal., 2010 b; Ortiz-Urquiza dl., 2010a). These products are characterized by
the presence of toxins called destruxins secreyatlib fungus (Vey edl., 2001).

It is in this context that this study is registere@ith aims to evaluate the biopesticidal effectaotconidial

suspension dPenicillium roqueforti onC. capitata larvae and pupae and highlight its entomopaticggn

P. roqueforti is an ascomycete fungus saprophyte widespreaatimen Its main industrial use is the production of
blue cheese like “Roquefort”, “Fourme d'Ambert”,Itie Auvergne” etc. (Moreau, 1980). It is the maause for the
maturation of cheeses in which it operates throuih proteolytic and especially lipolytic enzymes
(Assenat, 1967; Gripon & Berger, 1972).

Enzyme production b¥. roqueforti varies depending on culturating conditions (Stejlaetal., 1980). It's an

interesting fungus, mainly because of its variausstrates on which it develops and also for mettgsothat may develop.

MATERIAL AND METHODS

Animal material
The third larval stage df. capitata are recovered from infested fruit from differentivards of Kabylia (Algeria).
Isolation of Pinicillium Roqueforti

We put the roquefort in a pasteurized transpawarinjwhich we can observe it and provide it withter to keep
it wet. This jar is placed in a drying oven in cdetp darkness at a temperature of 20 ° C. After tveeks we have
noticed the rapid development of the fungus onsilméace of all the cheese which we sampled andeskeed the Potato

Dextrose Agar (PDA) maintenance medium.
Maintenance of the mycelium and transplanting

After solidification of the PDA culture medium ire®i dishesP. roqueforti was seeded from previously prepared
cultures of 8 days.

In order to multiply the mold cultures, we madevreamples of inoculums rings implants of 1cm dianethich
we planted on two medium Potato Dextrose Agar (P&#j Rapper Complete (RC).

Determination of the average sporulation’s intensit of the fungus in both culture media
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The intensity of sporulation is estimated after &ysl of incubation on both PDA and RC environments.
Three washers inoculum of 1 cm diameter are reméreed the edge of each culture medium. The sp@asi surface is
scraped aseptically using a metal spatula, whiclputen 1 ml of distilled water. An agitation dugr? minutes makes it
possible to release the spores of the conidiophiréhe end of agitation, we added 9 ml of distlliewater to achieve a
dilution of 10 * followed by homogenization of the tubes for 3 mé@su After counting using a cell Malassez, we
determined the number of spores / ml in the staitition for each medium. The latter is considersdhe reference

concentration in the biological treatment of larvae
Treatment of the third larval stage by the conidialsuspension at various concentrations (spores / ml)

In Petri dishes of 9 cm diameter, the larvae of thied stage of the fruit fly (20 larvae / Palish ) are sprayed
with a 10 ml spray conidial suspension at differesmcentrations : d1 (2 x 90d2 (3.2 x 1), d3 (4 x 16) and d4 (5 x
10°spores / ml) with 4 repetitions for each conceitratA control is performed in parallel, sprayedtwi0 ml of distilled
water. To assess the effect of the fungus on theda we calculated the rate of larval mortalitye trate of larvae

trasformed into pupae, the pupae malformed ratal@edmergence rate of the adult of the fruit #guiting from pupae.

On the other hand, we put the third larval stag€.afapitata in plastic trays of 13 x 10 x 23 cm containingrd c
of soil from the orchard where we recovered inféstait (20 larvae / tray). We sprayed soil of eacimtainer with 10 ml
of each conidial suspension (d1, d2, d3 and d4) witeplicates for each concentration. The tragspéaced in a dark and
wet environment. We recall that the larvae areoihiiced into the contaminated soils after allowimg fungus to incubate

in soil for 8 days.

A control is performed in parallel and under thensaconditions by spraying the soil with distilleater. After 10
days we calculated the rate of emergence. Pupashwiid not give adults are transferred into Pagiés containing a wet
filter paper to observe possible development ofiregfis on their cuticle and determine if they awmdlyeattacked byP.

roqueforti.

The results are analyzed by the software R. Whemaliy was verified by the Shapiro- wilk test wencluct an

analysis of variance. In the contrary case we stibchour results to the Kruskal -Wallis test.

RESULTS

Rate of Larval Mortality

From the results shown in Figure 1, we notice thatlarvae mortality o€. capitata is 5% for the control (dO).
This mortality increases with the number of spdrethe conidial suspension to reach a maximum o&t21.25% to d4

dose (5 x 1%pores / ml).

The analysis of variance at 5% shows that the lanatality rate differs significantly depending ¢ime doses
used (P = 0.0117 *). Newman and Keuls test classod4 in the group (a) and dO and d1 in the group (
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Figure 1: Mortality rate of the third larval stage of C. Capitata according
to conidial suspension oP. roqueforti after 24 hours of treatment.

Larvae rate transformed into pupae.

According to the results shown in Figure (2), 96%control larvae (dO) are transformed into pupéiera48
hours. At the dose d2 , we obtained 85% of pupam freated larvae. This rate decreases to 77.5tBe atose d3 which is

of the order of 4 x 18 spores / ml.

The Kruskal -Wallis test shows a significant diéfece in the rate of pupae transformed into lareaeraing the
different doses (p -value = 0.03249).

100

4 9]
b a b h

80 A
60
40 A
20 A
D a T T

do dil d2 d3 d4

Doses (spores x 10 8/ml)

larvae rate transformed
into pupae (%)

Figure 2: Rate of the third larval stage ofC. Capitata transformed into pupae after 48
hours of treatment with different doses of the comlial suspension of. roqueforti

Malformed pupae rate

According to the results presented in Figure 3,cietrol has not malformed pupae. On the contrduey,pupae
malformed rate increases by increasing the numbepares in the conidial suspension. At the dosevlith is of2 x
10°spores / ml, we recorded a malformed pupae ra&bofit 5%. This rate increases to 71.25% at the désehich is of
the order of 5 x 1Bpores / ml.

The Kruskal -Wallis test shows a significant difface in rate of malformed pupae according to tlfieréint

doses of the conidial suspension (p -value = 0.06R7
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Figure 3: Malformed pupae rate ofC. capitata according to doses of conidial
suspension oP. roqueforti after 48 hours of treatment

Adult emergence rate of the medfly resulting from teated larvae

According to the results presented in Figure 4 cthvérol has a maximum emergence rate of about 8@vever
this rate decreases by increasing the number @éspo the conidial suspension. At the dose d3egend an emergence
rate of 4.95 %. This rate vanishes at the dosetddhws of the order of 5 x £8pores / ml.

The Kruskal -Wallis test shows a significant diface of emergence rates according to the diffedeses (p -
value = 0.001584).
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Figure 4: Adult emergence rate fromC. capitata pupae treated with
conidial suspension oP. roqueforti.

Adult emergence rate ofC. capitata in the soil contaminated with the conidial suspermsn of P. roqueforti

According to the results presented in Figure 5,dtwetrol has a maximum rate of adult emergence%2Ehis

rate decreases by increasing the number of spbfesroqueforti. At the dose d2 which is 3.2 x €pores / ml, we record
arise of 12.5 %.

The Kruskal -Wallis test shows a significant raté emergence according to different used doses
(p -value = 0.0218).
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Figure 5: Adult emergence rate ofC. capitata from pupae placed in a contaminated
soil according to the different doses of the conidl suspension oP. roqueforti

DISCUSSION

The results show a decrease in larval mortality maned with the control. We recorded a larval mastabte of

21.25% at a dose of 5 x £8pores / ml against 5 % for the control after 2drh@f treatment.

Similarly, the result shows a decrease in the nurabbealthy pupae from larvae treated with codidisspension
of P. roqueforti after 48 hours. Thus we obtained 77.5% of hegitiyae whith the dose 4 x $&pores / ml against 95%
of healthy pupae in the control. In addition, wesetyed a high number of malformed pupae by incngassie doses. in
fact we recorded, 71.25% of pupae malformed adthee of 5 x 1Dspores / ml contrariwise the control presented only

healthy pupae. The sporeskfroqueforti therefore exert an insecticidal effect on larvaé pupae o€. capitata.

Our results are in accordance with those of Bodagiand Soltani (2011) which showed the larvicadaivity of
the entomopathogenic fungl. anisopliae ( Metsch ) against the fourth larval stagefcapitata. The accumulated
percentage of mortality after 7 days of inoculatisas 26.13 % for the lower dose of about 6,5gbres / ml and
increased to 89.05 % for the higher dose represdnte52.18spores / ml.

According to Gallo etl., (2002) the third larval stage leave the fruitpigpate in the soil. At this stage, they
become vulnerable before entomopathogenic fungiiéBaz etal., 2000; Bissoli, 2004).

Our results are also in accordance with those s$di (2004) who found thédl. anisopliae caused mortality of
66, 5% of larvae of. capitata. In the other hand, they do not agree with thddeimalva etal., (2006) who reported that

the conidia oM. anisopliae do not affect larva survival in the soil withwithout fungus.

Studies have shown that the toxicity of the funiyusanisopliae ( Metsch ), used in the fight against fourth stage
larvae and adults @. capitata, is due to the selective action of enzymes sedtayehe fungus itself act on the compound
of the insect cuticle and facilitates the penetratf the hyphae through the cuticule (Buttlet 1994; Ekesi eal., 2003;
Yee and Lacey, 2005).

Nguyen etal., (2008) reported a high larval mortality of tlifehf stage of the Lepidoptetdelicoverpa armigera (
Noctuidae), by the contamination of three entomopgénic fungiM. anisopliae, Paecilomyces fumosoroseus, Beauveria

bassiana with a dose of 1 x TGconidia / ml for each of fungal species.
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Our results are in line with those of Ribaakt (1984) who found that strains bf. anisopliae andP. citrinum
have been very aggressive against larva€ubéx pipiens, Aedes aegypti and Anopheles stephenis. They manifest their

insecticidal effect is through toxin, either by @oizing the hemocoel.

The same author notes that the strainB.afitrinum kill mosquito larvae without multiply in the hogirobably
through a process toxemic. In contrary, Rober867) showed tha¥l. anisopliae attack larvae by respiratory siphon. That
is why this germ kills more mosquitoes when appliedhe surface of the water. But indeed, if lanaae placed in

conidial suspensions of high concentration’ €ires / ml) the fungus can kill it before colonigithe hemocoel.

Laboratory studies have showed thMatanisopliae is pathogenic to eggs €. capitata (Caslilho, 2000), larvae
(Gutierrez etl., 2000) and adults (Graciaait, 1984, 1985; Dimbi edl., 2003; Boudjlidae and Soltani, 2011).

We observed a decrease in the rate of emergeribe icase of larvae treated only with conidigPofoqueforti
where the rate of emergence vanishes at a dosex a3 spores / ml against control who has 80%. Similarlhe case
where the larvae are placed in contaminated dudl, @mergence rate decreases up to 12.5% agairstt@lcwhich

represents 80% emergence.

Our results are in line with those of Dinalvaakt (2006) who obtained an emergence rate of 44r@fb medfly
larvae treated witM. anisopliae against a control who has given 87% of adults. kthey treated the fruit fly pupae with

the same fungus, they got 22.3% of adults emenged pupae treated against 89.5% for the control.

Similarly, our results corroborate those of Ekesile (2003) who found a decrease of adult emergemteeaf the

medfly compared to the control, after inoculatidrsppores oM. anisopliae in soil.

The decrease in the rate of emergence of adulitiresfrom larvae treated withB. roqueforti could be due to the

effect of the fungus on the larva before pupation.

According Ferron edl., (1975) the larvae were probably contaminated wfithres at pupation; these had already

sprouted and started the infectious process thabléhe death of the nymph.

Quentela etl., (1994) shown that the soil sprayed with congbaution ofM. anisopliae andB. bassiana, control
30% to 50% larval mortality dthalcodermus bimaculatus (Fiedler). Conidia have a significant effect omkh@mergence

compared with their effect on the larvae.

According Mochi etal., (2006) toxic synthesized by. anisopliae interfere especially with the emergence of

adults rather than the larval mortality.

According Castilho (2000), these results may b&émfced by environmental conditions such as husniditd
temperature which affect the spore germination. Tiffeuence of climatic conditions on insect mycogias been
mentioned many times (Macleodatt, 1966; Moor, 1973; Riba et., 1984; Mochi etl., 2006; Hassan, 2014).

Ferron efal., (1975) report that the relative humidity is atsften mentioned as a key factor in the succesbeof
infection. They accepted, generally, that the pgdimic fungi spores can germinate in the presenca whter film or

water-saturated atmosphere.

Riba etal., (1984) find that a few hours of exposure to relatiumidity between 10 and 90% significantly reduce
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the activity of entomopathogenic hyphomycetes. Thilus germination of conidia d&. bassiana does not exceed 20% if
they were placed 25 days at 30% of humidity. Initait, the duration of the pathogenesisBofbassiana against corn
borer larvae is increased about 3 days when tlagivelhumidity decreases from 100 to 30%. Undesdéheonditions the

fungus can not sporulate on the surface of cuticles

If M. anisopliae is placed less than 90% humidity, it loses infattiagainst eggs of the corn borer. Moreover, an
exposure of from one day to the humidity below 9i8%ufficient to reduce by 85% the number of edigcled by this
fungus.

According to our results, we noticed that after tleath of the fruit fly pupaeR. roqueforti continues its
development saprophytically and colonize differgsgues. After complete invasion of the dead péygher development
of P. roqueforti is conditioned by ambient moisture. Therefore, pue the pupae that did not give adults in Petrheéss
containing a wet filter paper in order to have higimidity. The mycelium after having again get tigb the cuticule, but

this time from the inside outwards, grows on swfacform conidiophores.

According Prasertphon and Tanada (1968), the emiathogen could be conserved as chlamydosporeséAs t
fungus multiplies on or inside the dead pupae, aveconsider that each pupae killed by the fungaspstential source of
infection likely to maintain the pathogen inoculuintom one generation to the next or from one yearatother.
According Ferron (1977), it is possible to infeqiest population by artificial dispersing an inagual multiplied laboratory

regardless of the relative humidity values of ttraasphere.
CONCLUSION

We conclude thaP. roqueforti affects significantly the survival of third larvatage ofC. capitata. It would be
interesting in the future to determine by whichqass this pathogenicity is done. Is that only bytipiying itself in the
host asP. citrinum or secreting toxins or both mechanisms at the sane® Likewise, is it aM. anisopliae attacking the

larvae through the respiratory siphon?

We also retain tha®. roqueforti affect pupation decreasing the larvae rates toam&fd into pupae and increasing
the number of malformed pupae.

This is possible thanks to its enzymatic mecharésm different secreted toxins, which degrades tiodem
cuticles pupae of the Mediterranean fruit fly. Thilirectly, it affects the rate of emergence Iué flies in both cases

(with or without soil).

We got a decreased rate of emergence from controlhé two previous cases (with or without soil).

The emergence rate is zero in the fourth doseX& spores / ml).

P. roqueforti therefore affects the last phase of the cycldvefmedfly as the adult emergence phase. This fungus
used extensively in the food industry especiallyhi@ cheese dairy, is appears as an interestimgnepathogenic fungus
in biological control against. capitata.
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