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ABSTRACT Efficacy of fungal metabolites of Chrysosporium tropicum was evaluated against Culex quinqu{as-
ciatus latvae in the laboratory to determine their larvicidal activity at 6 concentrations, with i mortality range of l0-
957o. Efficacy of C. tropicum was analyzed by probit analysis procedures. The LC.n (concentration reinar tl 5ovo of
the population) values were 38.9,63.7,79.O, and 122.6 p"llm\ for the lst, 2nd,3rd, and 4th instars, respectively. -Ihe
LC, values were 79.5' 95.6, 136.9, and 174.5 pllml against the lst-, 2nd-,3rd-, and 4th-stage larvai respectively.
Lethal concentrations of fungal metabolites were significantly different among the 4 instars. Th-e lst-stage larvae were
most susceptible, whereas 4th instars were least susceptible to C. tropicum metabolites. The larvicidal potential of C.
tropicum metabolites warrants fleld rials against various species of mosquitoes.
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INTRODUCTION

Entomopathogenic fungi potentially are a target-
specific, cost-effective, and environmentally com-
patible means of controlling mosquitoes. Also, fun-
gi may be compatible with some existing chemical
larvicides (Orduz and Axtell l99l). Lagenidium gi-
ganteum Couch (Oomycetes: Lagenidiales) is a
promising biological control agent of mosquito lar-
vae and the only fungal control agent approaching
operational use in mosquito control (Patel et al.
1990, Kerwin et al. 1994). Another Oomyceres fun-
gi, Leptolegma sp. and Crypticola clavuliftraHum-
ber et al. were found to be pathogenic against mos-
quitoes (Lord and Fukuda 1990, Frances 1991).
Among Deuteromycetes fungi, some species of the
gents Tolypocladium have shown their effective-
ness against mosquito larvae (Weiser 1991). In an
earlier study, Trichophyton aj elloi Yanbreuseghem
was found to infect Anopheles stephensi Liston and
Culex quinquefasciatus Say larvae (Mohanty and
Prakash 2OOO).

Fungal-derived products, pafiicularly extracellular
metabolites and fungal extracts, have been investigat-
ed to assess their mosquito larvicidal properties (Vi-
jayan and Balaraman 1991, Badran and Aly 1995).
Some of the isolated fungal entomotoxic agents, in-
cluding tolypin, beauvericin, and NK374200, have
provided effective toxicity against target mosquitoes
(Matha et al. 1988, Zizka and Weiser 1993, Morino
et al. 1995). Recently, the larvicidal activity of Chry-
sosporium tropicum Carmichael metabolites against
Anopheles stephensi larvae in the laboratory (Priyan-
ka et al. 2OOl) has been examined. The present study
was undertaken to evaluate the bioefficacy of fungal
metabolites of Chrysosporium tropicum against C-r.
quinquefasciatus.

rAuthor to whom correspondence and reprint requests
should be addressed.

MATERIALS AND METHODS

Colonies of C. tropicum were isolated from the
soil, using sheep hair as bait. Sterilized sheep hair
was moistened with deionized water and placed in
petri dishes containing soil. At 27 1- 2oC, relative
humidity of 90 + 5Vo and a daily photoperiod of
14:lO h (L:D), fungal colonies appeared within l0-
15 days (Priyanka et al. 20Ol). The Mycology Di-
vision of the Botany Department of Dayalbagh Ed-
ucational Institute verified the fungus as Chrysos-
porium tropicum. Fungal colonies were transferred
with a sterilized inoculating needle to 250-ml con-
ical flasks, containing 100 ml of autoclaved Rich-
ard's broth. In the laboratory, C. tropicum was
maintained at 27 + 2oC in Richard's broth. After
75 -r 2 days of incubation, culture filtrates were
obtained by filtering the fungal culture broth
through Whatman no. I filter paper. The filtrate was
used to examine the larvicidal activities of C. tro-
picum.

Larvae of Cx. quinquefasciatus were maintained
under laboratory conditions at 25 r- 2'C and a pho-
toperiod of 14:10 h (L:D). Larvae were placed in
containers (60 X 40 X 20 cm) containing microbe-
free deionized water with conductance of 1.0
pmho.

Toxicity of the C. tropicum metabolites was test-
ed against lst, 2nd, 3rd, and 4th instars of Cx. quin-
quefasciatus at 25 + 2'C. Different test concentra-
tions of 100 ml were prepared by adding the fungal
filtrate to water in 250-ml beakers. Bioassays were
conducted separately for all 4 instars at 6 selected
test concentrations of fungal metabolites covering
the mortality range of lO-95% (Thble 1). To tesr
the larvicidal activity of C. tropicun metabolites,
20 larvae of each stage were separately exposed to
100 ml of test concentrations and were not fed dur-
ing the experiment. Similarly, controls were run to
test the natural mortality, except respective concen-
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Fig. 1. Comparison of LC.o and LCno values of fungal metabolites for the lst, 2nd, 3td, and 4th instats of Culex

quinquefosciatus.

trations of culture medium were used instead of
fungal filtrate. Mortality was scored after 24 h of
exposure. The experiments were replicated thrice to
validate results.

Efficacy of C. tropicum against Cx. quinquefas-

ciatus larvae was analyzed by probit analysis (Frn-

ney 1971). The concentrations producing 50 and
gOVo mortality in larvae (LCro and LCno, respective-
ly) were calculated with their fiducial limits at 957o
confidence level. The relationship between probit
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Fig.2. Probit regression lines depicting relation between probit of kill and log concentration of Chrysosporium

tropicum metabolites for all larval stages of Culex quinquefasciatus.
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Thble l. Six concentrations of Chrysosporium tropicum
metabolites used against Culex quinquefasciatus larvae.
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Observed lethal concentrations have shown the
degree of susceptibility to fungal metabolites
among the four larval stages of Cx. quinquefoscia_
lus in the order of instar I ) instar II > initar III
> instar IV. However, larvae of Cx. quinquefascia_
tus appear to be less susceptible than those of
Anopheles stephensi Liston (priyanka et al. 2O0l).

In the present study, C. tropicum metabolites
have provided a promising larvicidal potential
against early larval instars of Cx. quinquefasciatus.
These laboratory results suggest that field trials
should be carried out to determine the efficacy of
these fungal metaboli tes under more narural con-
ditions.

ACKNOWLEDGMENTS

We are grateful to S. S. Bhojwani, Director, Day-
albagh Educational Institute, for providing labora-
tory facilities. We also thank J. N. Srivastava for
his help in fungal identification. All India Council
for Technical Education provided financial support
through a grant to Soam Prakash (2|2lBiotechnol-
ogyl1998). Priyanka thankfully acknowledges the
M. C. R. E. I., Agra for granting the research schol-
arship.

R.EFERENCES CITED

Abbott WS. 1925. A method of computing the effective-
ness of an insecticide. J Econ Entomol 18:265-267.

Badran RAM, Aly MZY. 1995. Studies on the mycotic
inhabitants of Culex pipiens collected from fresh water
ponds in Egypt. Mycopathologia 132:105-110.

Finney DJ. 1971 . Probit Analysis. 3rd edition. Cambridge,
UK: Cambridge Univ. Press.

Frances SP 1991. Pathogenicity, host range and temper-
ature tolerance of Crypticokt clavulifera (Oomycetes:
Lagenidiales) in the laboratory. J Am Mosq Control As-
soc 7:5O4-5O6.

Kerwin JL, Dritz DA, Washino RK. I 994. Pilot scale pro-
duction and application in wildlife ponds of l-agenidium
giganteum (Oomycetes: Lagenidiales). J Am Mosq Con-
trol Assoc 10:451-455.

Lord JC, Fukuda T 1990. A Leptolegnia (Saprolegniales)
pathogenic for mosquito larvae. J Invertebr Pathol 55:
130-132.

Matha V Weiser J, Olejnicek J. 1988. The effect of tolyprn
in Tolypocladium niveum crude extract against mos<;ur-

20.0 23.3 30.0
46.7 65.0 66.7
s3.3 60.0 70.0
80.0 103.3 1r1.7

50.0 60.0
72.5 82.5
95.0 98.3

t23 .O 150.0

90.0
110 .0
136.7
193.3

and log concentration was established as probit
equations and probit regression lines were drawn
for each of the larval stages. The larval mortality
was corrected to natural mortality recorded in con_
golf, if any, using Abbott's formula (Abbort 1925).
Differences between observed and expected mor_
tality were tested by Chi-square test at a 95Vo con_
fidence level (Finney 1971). To compare the lethat
concentrations of fungal metabolites among 4 lar_
val stages of Cx. quinquefasciatus, the analysis of
variance F test (ANOVA F test) was used.

RESULTS AND DISCUSSION

The soil fungus C. tropicum showed larvicidal
activity against all larval stages of Cx. quinquefas-
ciatus, and the fungus appeared to be keratinophil-
ic. Toxicity of C. tropicun metabolites is shown in
Table 2 and Fig. 1. The LCrn and LCrn values (Table
2) were lower for the I st instars than for the other
3 instars, whereas these values were hisher for the
4th instar than for the orhers. The AN6VA F tesr
established a significant difference (F : 3.61 I df :
3,2O; P < O.O5) in lethal concentrations among 4
instars of Cx. quinquefasciatus.

Calculated 12 values at 4 df were 0.82, 3.39,
4.77, and I.52 for the 1st, 2nd, 3rd, and 4th instars,
respectively. All these values of 1, were lower than
the critical value of 12 at the 0.05 significance level.
Therefore, the results from the Chi-square test were
not statistically significant at the 95Vo confTdence
level, which suggested that there was no significant
difference between expected and observed data.
Small values of 1, confirmed the adequate repre-
sentation of probit regression lines (Fig. 2) for the
experimental data.

l s t  Y : - 1 . 5 5 3 + 4 . 1 2 2 x

2nd Y: -8.O91 + 7.257x

3 r d  Y : - 5 . 1 9 4 + 5 . 3 7 2 x

4 t h  Y : - 1 2 . 4 5 8 + 8 . 3 5 9 " x

Table 2. I-ethal concentrations of Chrysosporium tropicum metabolities with their fiducial limits (in parentheses) at
957o confidence level against 4 larval instars of Cutex quinquefasciatus.

Instar probit equation LC.u (pVml) LC* (pVml)

38.9
t33.3-4s.sl

63.7
[57.6-68.9]

79.0
t70.6-89.41

r22.6
lt2r.8-124.r1

79.5
163.9-116.21

9s.6
[85.4-l  18.3]

136.9
1105.7-186.31

174.5
[156.2-211.s1
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