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Abstract: The results of studying the effects of M. anisopiliae spores on mosquito, C. quinquefasciatus showed a 

biological effects represented by immature mortality. The mortality increased proportionally with the 

concentrations of fungal spores, which reached (at high concentration 2×10
11

 spores / ml), to 86.6, 56.6% in 

first and late instar larvae, respectively. An important to mention that cumulative death rate was significantly 

associated with the time, which reached to 56% at 7 day after treatment.  

 In addition, M. anisopiliae had a long period permanence in aquatic habitats; in which the residual 

effects stay 30 days in aquatic habitats after treatment at laboratory conditions. Interestingly, the long period 

exposure of fungal spores (30 minutes) to high heating (100 C
o
) does not affect the spore’s ability to kill 

mosquito.  

 Furthermore, the study revealed that the fungal spores preferentially infects mosquito’s head and 

syphon.   

 

I.     Introduction 
 For many years, we have enjoyed the benefits of using pesticides and is still the most efficient 

substance available and the substance of choice in the mosquito-control programs, such as Ultra-Low Volume 

(ULV) spraying,and contact pesticideswhich targeting adult mosquito’ssites. Thestrategiesthat targetthe 

immature stages at their breedingsites (i.e. aquaticenvironments) should be containing safe substances. 

Therefore,Biopesticide which include; insectgrowth regulators(IGR), plant extracts and microbial pest control 

agents (MPCA) such as Bacillus thuringiensisand Bacillus sphricus have been usedagainst immature stages of 

mosquitoes. It was found that the most common problem sarising from the use of pesticides (especially with 

mosquito control)include, the development of resistanceas well as the harmful side effects on non-target 

organisms (people, animals, soil, water, etc.), which in turn leads to the emergence of scary mosquitoes(1; 2; 3). 

Ithas been noted that fungi like thefast-killing viruses in which have the ability of changing and varying in host 

specialization with species and within the isolates of the same species. It is worth mentioning that the 

Hyphomyceteshavea broad host range compared to Entomophthorales, which are usually havehigh host 

specialization (4).Insect fungal pathogens have beenexploredas agents of biological control in many researches 

since the seventies, and there are examples of commercial products are available despite being limited. 

 However, the use of fungi like other microbial factors has become known to be use din way ssimilar to 

conventional insecticides (i.e.,without the need to secondary recycling in the environment).For instance, 

Beauveria bassiana (MycotrolO)is provided to seed sprouts in the indoor nursery before they are planted in the 

field,this practiceis very effectivein the fight againstDiamond-BackMoth (DBM). AtUnited States in the 

openfieldpractices, B. bassiana, was substantially reducethe abundance of 

DBMlarvaandwhenoverlappedwithBacillus thuringiensis(Bt) had foughtthreepestsfrom Lepidoptera ( 5). And 

this technique reduced the number of Bt uses and thus contributed to resistance management 

 It has been foundthatfromthoseinsectpathogens;Lagenidium giganteum, Metarhizium  anisopliae, 

Tolypocladium sp, Culicinomyces and Bacillus sp have a highefficiencyinintegrated mosquitoes 

managementalsofound thatsuch thingsinterestingfor beingcharacterized cheap and high virulence 

especiallywhenisolated frominfectedinsects(6, 7, 8, 9). 

 This study was conductedfor the aim of usingmicrobial control agent (M. anisopliae) againstimmature 

stagesofC. quinquefasciatus mosquito in its breeding sitesto find outthe efficiency ofM. anisopliae,by 

testingdifferent  concentrationsfromdrysporesof the fungus, to find outdurationthatthefungusremainseffective,the 

impact ofsome environmental factorsin efficiency of thefungus,method ofimpactandthe reason forthe death 

oftreated mosquito. 

 

 

 

 

II.      Materials and methods 
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Collection and diagnosis of mosquitoes 

 Mosquitoes larvae of C. quinquefasciatus wascollected andbred from identified isolates in themedical 

and veterinaryInsectsLaboratoryin the College ofAgriculture/ Baghdad university which diagnosedinDepartment 

of Plant Protection laboratoriesusingdiagnostickeys (10)and specialistsin the classification ofinsects. 

 

Fungi:  

 The fungal strain that used in this study were commercially available ofMetarhizium anisopliae Strain 

F52 (®Met52)  

 

The effects of different concentrations of the fungus in the larval stage of M. quinquefaschiatus 

 Bioassays wereused to determine the effects of different concentrations of  M. anisopliae in early and 

late instar of C. quinquefasciatus larvae, these were done by exposing tenlarval isolatesto 5ml of fungus 

concentration at different concentrations (2 × 10
11

, 2 × 10
9
, 2 × 10

7
 Spore/ ml). Each fungus concentration (5ml) 

was poured in sterile petri dishes(60 mm × 15 mm)with 45 ml tap water.The tap water was leaved 24 hours to 

get rid of chlorine. For a period of week, the dishes were monitoring every day to isolate and account the dead 

larvae, taking into account to check the water level in each petri dishes to avoid losing water due to evaporation. 

The larvawere examined under an optical microscope. It should be mention that only water were used in control 

group.Each treatment and control groups included three replicates 

 

Duration of fungal effectivity in the aquatic environment: 

  The purpose of this bioassay to determine if there was a difference in the effect of the fungus 

persistence period in the aquatic environment after treatment to kill larval stages. It has been assumed that no 

significant difference in death between different periods of persistence,that means the once treatment will be 

sufficient to combat instead of re-treatment. As the continuation and long existence of an effective fungus in the 

larval environment is crucial to not hesitate to field application.The bioassay was done in three periods, at1, 15 

and 30 day after treatment.Tenlarvae of first instar used in this treatmenttreated with fungal concentration of10
11

 

Spore / ml of water. The larvae exposed to fungal spore as mentioned above andonly water usedin control 

treatment. Each treatment with three replicates. The death was accounteddaily for 7 days after larval exposed to 

fungus. The experiment conducted in temperature and relative humidity of laboratory. 

 

Effect of high wet-bulb temperatureonthe efficiency of fungal spore 

 To determine the effect of wet-bulb temperature on spore efficiency in aquatic environment,  tubes 

containing spores with screw caps weretransferred to water bath (Chem-Index/ USA), Three different 

temperature were used to treat fungal spore (30ºC, 50ºC, 100 ºC). We assumed that the relative humidity is 

100%.  

 

III.    Physiological effects: 
Mode of action and cause of death: 

 To determine the mode of toxic action (i.e., whether the cause of death involves the direct toxic effects 

of fungi or to another reasons);the bioassay was conducted by treating tenearly instar larvae with 10
11

 spore/ ml 

of fungus. The dead larvae then washed with ethyl alcohol to eliminate the remaining spores and microbes on 

their surface; afterwards they incubated at 37ºC for seven days to allow the fungus to grow.Then, the larvae 

were examined under a microscope to observe the fungal growth (i.e., to determine if the death was due to 

fungal growth blocked the spiracles of larval syphon or by mycotoxins). 

 

Statistical analysis 

 Experiments designed according to the complete randomization and use Least Significant Difference 

(LSD)to compare means by using the statistical program SPSS. 

 

IV.      Result and discussion 
Table 1: Dead percentage of different instar of C.quinquefasciatus after exposed to different 

concentration of M. anisopliae 
Concentration (spore/ ml) Early instar Late instar 

cotrol 0 0 

2×107 26.6 15 

2×109 50 30 

2×1011 86.6 56.6 

LSD 12.153 12.144 
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 The table (1) revealed, that the death rates in early and late larval instars of C.quinquefasciatus 

significantly increased with concentration, reached to 26.6% and 15% in early and late instar respectively at 

concentration 2× 10
7
, while it reached to 86.6% and 56.6% inearly and late instar at 2× 10

11
, respectively. 

Although,it can be difficult to compare the present results with other results of various researches, however, the 

present study is in accordance with the report of Daoust et al. 1982 (11) and Roberts 1982 (6), whichindicate 

that death rates of C. pipiens to different concentrations of M. anisopliae was increased or decreased depending 

on fungal concentration. 

 

Table 2 the percentage of early larval instar death of mosquito in aquatic environment 
concentration Periods ( day after treatment) 

1 day 15 day 20 day 

0 6.6 2.6 13.6 

2×1011 56.6 60 60 

t-test 8.66 8 8 

 

 Theearly larval instar groups were placed in petri-dishes (for 7 days) treated with 2×10
11

of M. 

anisopliae spores (the more effective concentration on mosquito larvae) at different intervals (1, 10 ,20 day).It 

has been shown that no significant difference (P<0.01) in death ratio among larvae for all treatments in aquatic 

environment (table 2).Whereas it showed significant differences over the control group, this indicatethat one-

time treatment with fungal spores was sufficient to achieve a significant larval death as a compared with control 

which, in turn, it support the hypothesis that our studybased upon; spraying fields for once is enough to achieve 

effective and long-term control in aquatic environments.   

 

Table 3 Percentage cumulative mortality of larvae of the early stages of C. quinquefasciatusafter 7 days of 

exposure to M.anisopliae 
Concentration 

Spore/ml 

Time (day) LSD 

2 4 6 7 

control 0 0 0 0 - 

2×107 0 8 20 26.6 1.23 

2×109 0 22 40 50 2.31 

2×1011 0 32 52 56.6 3.1 

LSD - 1.86 2.32 3.4  

 

 From the result that obtained from table 3, we conclude that percentage cumulative mortality 

significantly increases in direct proportion to the passage of time, which reached 57% at the 7
th

 day after 

treatment. It is worth mentioning that death did not occur in the first 2 days after treatment.Allen  et al (1995) 

(12)stated that fungal growth presented two phases: first, a lag phase (3 days) and then a rapid growth phase (> 3 

days), where after 5 days fungi become more abundant. This lag may be due to the slower colonization speed 

when starting from spores vs. vegetative mycelium .This result is agree well withthat obtained by Clark et 

al.(1968) (13), which stated that the fungal the development of spores take about 2-3 days post treatment to kill 

the larvae treated with M. anisopliae. 

 

Table (4) Impact ofwet-bulb temperature onM. anisopliae 
Temperature  Death% 

30 56.6 

50 50 

100 36.6 

LSD 22.08 

 

 It was shown that a significant differences among death rates according to wet-bulb temperature. 

Ranged from 56.6% to 36.6 % at 30 C
o
and 100 C

o
   , respectively (table 4).This result seems to be in general 

agreement with the results obtained by Zimmermann (1982) (14), when he referred, that M. anisopliae spores 

did not kill by the high temperature with presence of high relative humidity. On another hand, results varied 

with Rangel et al (2005) (15) when they showed that fungus spores was killed with high dry heat. This study 

indicates spores of M. anisopliae resistance to high wet temperature (relative humidity about 100%) for along 

two hours, that’s means M.anisopliae can be used to control immature stage of C. quinquefasciatus in high 

temperature habitats. The difference betweenresults may be due to different methodologies of research, amount 

of spores exposed to heat, fungal isolates and methods of fungal heating. If we take into account,Zimmermann 

(1982)(14) heated the spores by boiling water bath while the other used oven.  
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 Interestingly, our resultsfound that fungal infection confining on syphon (perispiracular valves) 

andmouthparts, which form a typical mycelial growth, making the primary cause of the death, is due to larval 

suffocation, however the fungal growth was observed more in Syphon than the mouthparts. This result is 

consistent with Meranpuri and Khachoatourians (1991) (16), which revealed that that spores germination 

consisted the entire larva's body and is focused on the basis on the back of the body and head.  

 In addition, it has been found that the fungus remains constant in perispiracular valves even after 

washing with alcoholbecause of the folds in the lobes. In similar study, but with Beauvaria bassiani were found 

that germ tube penetrated perispiracular valves. The mycelium growth inside the siphon and after four day, the 

siphon appeared full of with mycelium (12). Researcher did not refer to exact cause of death because of 

mechanical damage occurred before death. Finally, cause of death may be due to mechanical damage because of 

block respiratory radical and tracheal system that cause suffocation or to produce toxicant inside treated larvae. 
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