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ABSTRACT

Till date, malaria remains a major global problem, exacting an unacceptable toll on the health and economic
welfare of the world’s poorest communities. To overcome the problem, application of chemical insecticides,
has been in use for decades, but it has met with tremendous setbacks in the light of the development of
vector resistance and some attendant environmental hazards.In our study, we have focused on an ecofriendly
entomopathogenic fungus to know its efficacy to control mosquito larvae in field trial. To evaluate the
efficacy of the entomopathogenic fungus Beauveria bassiana (Balsamo) on malaria causing mosquitoes in the
field, outdoor trials were undertaken in Udaipur city. The entomopathogenic fungus Beauveria bassiana
(Balsamo) have demonstrated effectiveness against anopheline larvae in the laboratory. Laboratory reared
Anopheles stephensi (L.) second instar larvae were selected for field studies. The powdered form of fungus
mixed with CMC (Carboxy Methyl Cellulose) (5 g/kg) were obtained.  In the field bioassay, doses i.e., 1 g,
2.5 g and 5 g of fungal conidia were tested. The data clearly revealed the effectiveness of Beauveria bassiana
(Balsamo) in field conditions. The study demonstrated that the entomopathogenic fungus Beauveria bassiana
(Balsamo) caused high impact on the survival of Anopheles stephensi (L.) in outdoor trials, when formulated
in CMC (Carboxy Methyl Cellulose).
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Introduction

A deadly disease Malaria is caused by parasites that
are transmitted to individuals through the mosqui-
toes bites of infected female Anopheles. There were
an estimated 229 million malaria cases globally in
2019. In 2019 the estimated number of malaria
deaths stood at 4,09,000. Under 5 years’children
aged are the most susceptible group affected by
malaria. The WHO African Region carries an exces-
sively high share of the global malaria problem
(WHO, 2021). Firstly, a large number of cases are not

reported every year, so it is difficult making precise
estimations. Secondly, the world’s population is
growing, and it is growing at the greatest rate in
Africa, where the majority of malaria cases occur.
Even if the percentage of people with malaria de-
creases over time, due to health initiatives such as
distributing long-lasting insecticide treated bed nets,
free treatment etc. the total number of cases may still
increase. Another problem in the combat against
malaria is climate change. World’s patterns of tem-
perature and rainfall are changing, new areas be-
come vulnerable to malaria transmission, putting
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more people at threat. Apart from children, preg-
nant women are also very susceptible to malaria in-
fection. Malaria in pregnancy is a major public
health problem in endemic countries.  It is recur-
rently reported that primigravidae and secundi-
gravidae are the most at risk (Brabin, 1991), and
much of the works on the problem of malaria during
pregnancy has focused on women of these gravidi-
ties (Steketee et al., 1996). Approximately 25 million
pregnant women are at risk of Plasmodium falciparum
infection every year in Sub-Saharan Africa. Plasmo-
dium falciparum infections can cause severe maternal
anemia, low birth weight and prenatal mortality.
Low birth weight associated with malaria during
pregnancy is estimated to result in 100,000 infant
deaths in Africa every year (Desai et al., 2007).

In India, currently 80.5 percent of the population
of India lives in malaria risk zones. Of this, 4.2 per-
cent, 32.5 percent and 43.8 percent live in areas of
high, moderate and low risk to malaria respectively
(Dash et al., 2008). At present NVBDCP, (National
Vector Borne Diseases Control Programme) indicate
1.5–2 million confirmed cases and about 1,000
deaths annually (Kumar et al., 2007). During 2009,
total 2.7 million confirmed malaria cases (Micro-
scopically and Rapid Diagnostic Test (RDT)) and
3188 malaria deaths were reported in the Southeast
Asian Region where as estimated malaria cases were
around 26 -36 million and malaria deaths between
42300 – 77300.  The Plasmodium falciparum propor-
tion remained around 60.5 percent (including RDT
positives). Of these, the highest number (1,563,344)
of laboratories confirmed cases were reported from
India.

According to World malaria report 2019, an esti-
mated 228 million cases of malaria in 89 countries
and in 2018 malaria deaths were 405000. Most ma-
laria cases in 2018 were in African Region (93%),
trailed by South-East Asia Region with 3.4% of the
cases and Eastern Mediterranean Region with 2.1%.
South-East Asia Region, three countries India (58%),
Indonesia (30%) and Myanmar (10%) total for 98%
of the total reported cases in the region.  India rep-
resents 3% of the worldwide malaria problem
(WMR, 2019).

Occurrence of insecticide resistance in mosqui-
toes and other public health pests have been re-
ported (Waseem et al., 2011). Their residues in the
environment and effects on humans and nontarget
organism are major problems.

The goal of mosquito control in malaria should

be, to control mosquitoes in safe, efficient and cost-
effective manner and while doing so, prevent dam-
age to humans, animals, land and natural environ-
ment. This task can be successfully accomplished
through the integrated vector control approach
known as Integrated Vector Management.

In our study, a field experiment was conducted to
evaluate the efficacy of Beauveria bassiana (Balsamo),
an entamopathogenic fungus on larvae of malaria
causing mosquitoes.

Materials and Methods

To evaluate the efficacy of Beauveria bassiana
(Balsamo) in the field, experiment was conducted in
area of Udaipur. Malaria is prevalent in this region
and transmission occurs throughout the year. Field
study and toxicity of fungus were done according to
Bukhari et al., 2011.

Outdoor field bioassay was conducted in 15 plas-
tic containers (15.5cm in diameter) (Figure 1). Dry
soil from field was softened up by adding water.
The softened soil was placed at the bottom of each
plastic container to form a 2 cm thick layer. 500 ml of
tap water was then added to each plastic container.
The water level was 3 cm above soil level. Each plas-
tic container was placed in a larger tray that also
was filled with water to the top. The larger trays
were employed to prevent ants from accessing the
plastic container inside (Figure 2). Fifty second-in-
star Anopheles stephensi (L.) larvae, were added to
each container. The large trays, with the containers
inside, were arranged in three rows some distance
apart from each other.

Sets of three replicas of plastic containers contain-
ing 50 second instar larvae of Anopheles stephensi (L.)
each were taken for the study. In set one, different
selected doses i.e.,1g, 2.5g and 5g of 1×108 spores/g
of Beauveria bassiana (Balsamo) were applied in wa-
ter. The fungus was mixed with CMC (Carboxy
Methyl Cellulose) for sticking of fungal spores (for
field studies, dry formulation of Beauveria bassiana
(Balsamo) were used).

Another three plastic containers were provided
with 50 second instar larvae and 0.025 g, 0.0125 g
and 0.005 g of CMC (these doses were calculated
according to the amount of CMC mixed with fungal
preparations) to evaluate the effect of CMC on lar-
vae (Since dry preparation of Beauveria bassiana
(Balsamo) obtained contained 5 g CMC/Kg of fun-
gal spore powder.)
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Third set contained only 500 ml of water with 50
second instar larvae to serve as control.

Results

When different doses, i.e. 1,2.5 and 5 g of fungal
powder with a concentration of 1×108 conidia/g
were mixed in 500 ml of water and 50 second instar
larvae of Anopheles stephensi (L.) were kept till pupa-
tion (as per day larval mortality was not possible to
observe due to sand on the bottom of container),
12.67, 5.67 and 0.33 pupae emerged at 1, 2.5 and 5.0
g of 1×108 conidia/g after thirteen day respectively
as compared to 37.00 and 35.00 mean of larvae in
CMC and control sets respectively (Table 1a).

The ANOVA revealed highly significant differ-

ence in number of pupae emerged in different con-
centrations. For further analysis, Tukey’s Post Hoc
test was applied and the results were interesting.
The Post Hoc test revealed that control and CMC
group and, 2.5 and 5 g (group) were not significant
thus both formed a homogeneous group. Further
significant difference was observed in control and
all applied doses i.e., 1, 2.5 and 5.0 g of 1×108

conidia/g and CMC and Beauveria bassiana
(Balsamo) doses Table 1(b). Here it was also indi-
cated that CMC is not exerting any lethal effect on
Beauveria bassiana (Balsamo) spores. The Tukey’s test
also revealed significant difference between 1, 2.5
and 5.0 g of 1×108 conidia/g.

Fig. 1. Field experiment protocol
Fig A &B. 50 No. of second instar larvae placed in each

plastic containers containing B. bassiana fun-
gus, CMC and control treatment with 2 cm
soil layer and water 3 cm.

Fig. C. Later Small containers were covered by lids to
see adult emergence

Fig. 2. Field bioassay to assess efficacy of B. bassiana
against Anapheles stephensi (L.)

Fig A. Plastic containers without fungal dose i.e. control.
Fig B & C.  Formulated B. bassiana fungus conidia applied

on the water surface.
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Discussion

The entomopathogenic fungus Beauveria bassiana
(Balsamo) have demonstrated effectiveness against
anopheline larvae in the laboratory. However, uti-
lizing the fungi for the control of anopheline larvae
under field conditions relies on development of ef-
fective means of application as well as reducing
their sensitivity to U.V. radiation, high temperatures
and the inevitable contact with water.

To evaluate the efficacy of the entomopathogenic
fungus Beauveri abassiana (Balsamo) in the field, out-
door trials were undertaken in Udaipur city. Re-
cently, theoretical and experimental studies have
shown the potential of entomopathogenic fungi as
next-generation agents for the control of malaria
mosquitoes (Hancock, 2009; Hancock et al., 2008 and
Knols et al., 2010). However, most of the work has
focused on targeting adult mosquitoes but larval
control has a convincing history of malaria eradica-
tion and recent studies have also shown this ap-
proach to be highly effective (Killeen et al., 2002a,
Killeen et al., 2002b and Fillinger, 2009a). It is there-
fore, worthwhile to investigate the ability of
entomopathogenic fungi to control mosquito larvae
and the feasibility of their operational use.

Laboratory reared Anopheles stephensi (L.) second
instar larvae were selected for the field studies.
Pathogenicity of biological control agents in the field
is generally lower than that in the laboratory settings
(Becker and Rettich, 1994). So, in the field bioassay,
higher doses, i.e. 1 g, 2.5 g and 5 g of fungal conidia
were tested.

When 1g, 1.5 g and 2.5 g×1×108 conidia/g/kg
were tested against second instar larvae in field con-
ditions (dry formulations), the percent pupal emer-
gence was at par in control (35.00) and CMC
(Carboxy Methyl Cellulose) (37.00) which is, used as
adjuvant, whereas the fungal doses of 1 g, 1. 5 g and
2.5 g ×1×108 conidia/g/kg after thirteen days
brought about 12.67, 5.67 and 0.33 percent pupal
emergence respectively. The ‘F’ value was signifi-
cant (138.22) at 4.10 degree of freedom. The data
clearly revealed the effectiveness of Beauveria
bassiana (Balsamo) in field conditions.

Gutiérrez and Luna, (2008) have found that the
virulence of strains BbZ3 and BbZ4 of the
entomopathogenic fungus Beauveria bassiana was
determined by introducing infested cadavers of Gal-
leria mellonella L. through the orifices on the stem
pads of the nopal plant. Both stains of Beauveria
bassiana were highly pathogenic causing 100 percent
mortality in the larvae of Laniifera cyclades inside the
nopal cladodes in the greenhouse as well in the field.
BbZ3 was more virulent with a LT50 of 5.1 days in
the greenhouse and 6.4 days in the field, while the
LT50 of BbZ4 was 6 and 7.5 days, respectively. The
application of larval cadavers of G. mellonella in-
fested with the fungus B. bassiana was an effective
control strategy against larvae of Laniifera cyclades.

Since fungal preparation was formulated in pow-
der form by using CMC (Carboxy Methyl Cellulose)
powder. As dry preparation has been reported to be
effective against mosquito larvae. According to
Alves, (2002), most of the studies were carried out in
the laboratory and proved the application of dry

Table 1. Field study on Beauveria bassiana (Balsamo) against Anopheles mosquito fauna.
(a): Number of Pupa Emerged

Category N Mean SD F Df Result

Control 3 35.00 3.00 138.22 4.10 ***
CMC 3 37.00 4.00
1 g 3 12.67 2.08
2.5 g 3 5.67 1.15
5 g 3 0.33 0.58

(b): POST-HOC – TUKEY’S TEST

Control CMC 1 g 2.5 g  5 g

Control -
CMC NS -
1 g * * -
2.5 g * * * - -
5 g * * * NS -
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fungal conidia to be more effective than the applica-
tion of formulated conidia.

Formulations can have a considerable impact on
improving the efficacy of bio pesticides. An ideal
formulation aids the handling and application of the
bio pesticides, as well as increases the efficacy by
improving contact with the host and protecting the
active agent from environmental factors (Goettel,
2005). Considering the surface feeding behavior of
anopheline larvae, any formulation intended to in-
fect them should spread the fungal conidia over the
water surface (Merritt, 1992). The conidia should
spread uniformly, providing equal coverage, over
the entire treated area. In addition, conidia should
be prevented from germinating before host attach-
ment, and at least to some extent be protected from
environmental factors. Simultaneously, it should not
be toxic for the fungus. The at par result of control
(untreated) and CMC (35.00 and 37.00) further sup-
ported the use of CMC as good binder for dry for-
mulation of fungus. Further, the Tukey’s Post HOC
test results showed non – significant difference be-
tween CMC and control group, and 2.5g and 5g, as
mean number of pupae emerged in CMC and con-
trol group was 37.00 and 35.00, whereas in 2.5g and
5g was 5.67 and 0.33.

It was observed in other studies that under field
conditions the conidia are more likely to lose their
pathogenicity quickly due to exposure to high tem-
peratures and UV radiation. Hence, results in field
showed, how formulations can improve the ability
of entomopathogenic fungus conidia to spread over
a water surface as well as increase their persistence.
The study demonstrated that the entomopathogenic
fungus Beauveria bassiana (Balsamo) caused high
impact on the survival of Anopheles stephensi (L.) in
outdoor trials, when formulated in CMC (Carboxy
Methyl Cellulose).

Carboxy Methyl Cellulose (CMC) can be consid-
ered as a candidate carrier that not only facilitated
the application of conidia but also improved their
efficacy by providing maximum chance for contact
(spreading the conidia on the water surface) with
the larvae and increasing conidium persistence. The
fungal conidia readily suspend in CMC with a slight
agitation. So, the conidia can be conveniently mixed
in CMC on spot, which means that during transpor-
tation and storage only the bio – active agent would
have to be kept at low temperatures rather than the
whole mixture. This can reduce the cooling space
requirements as CMC itself is a stable product and

has no particular storage demands. In our experi-
ment, when only CMC was used at same dose level
of 1.0, 2.5 and 5 g per replicate of 500 ml of water,
the Percent pupal mortality was nearly same as that
of control that proved CMC to be a low toxicity car-
rier.

The mosquito controlling effects of the fungus not
only reduced larval density, but also stunted their
development. The fourth instar occupied a smaller
part than that in control group, and the proportion
of pupal stages was almost less than that of control.
This suggests that under the effects of the fungus,
larvae were sick or developed abnormally, and only
a small number of them could pupate. Some pupae
were observed dying from mycosis. As a result, the
adult number was even smaller.

Further, lower and higher doses revealed same
mortality level (2.5 and 5 g), showing that 2.5 g and
5 g of fungal dose gave non-significant difference
between them (Tukey Post -Hoc test). So, it can be
considered that for field experiments higher doses
can be replaced by lower doses for controlling
anopheline larval population.

Conclusion

Thus, the finding of new mosquito – killing microbe
is significant to mosquito integrated pest manage-
ment for some reasons, firstly, it helps to extend the
range of applicable agents to meet the needs of mos-
quito bio control under different ecological condi-
tions. Secondly, native agents could perform better
and thirdly, knowledge of this fungus may help en-
rich the pool of mosquito - killing genes for the pur-
pose of developing more effective and ideal agents
for controlling mosquitoes using genetic engineering
techniques. Hence to sum up source reduction can
be one of the important determining factors in ma-
laria control strategy. Many breeding sites of vector
are man-made and it does not make sense to keep
those aquatic habitats for producing malaria vector.
WHO (2004) also emphasized on source reduction
and said that ‘The main impact of environment
management (including source reduction) is to pre-
vent or minimize propagation (WHO 2004).

Acknowledgement

Maharana Pratap University of Technology, Mohan
Lal Sukhadia University Science College.



378 Eco. Env. & Cons. 28 (1) : 2022

References

Alves, S.B., Alves, L.F.A., Lopes, R.B., Pereira, R.M. and
Vieira, S.A. 2002. Potential of some
Metarhiziumanisopliae isolates for control of
Culexquinquefasciatus Dipt. Culicidae. Journal of Ap-
plied Entomology. 126: 504-509.

Brabin, B.J. 1991. The risks and severity of malaria in preg-
nant women. Applied field research in malaria re-
ports no. 1. World Health Organization, Geneva,
Switzerland.

Becker, N. and Rettich, F. 1994. Protocol for the introduc-
tion of new Bacillus thurigiensisisrealensis products
into the routine mosquito control program in Ger-
many. J Am Mosq Control Assoc. 10 (4): 527-533.

Bukhari, T., Takken, W. and Constantianus, J.M. and
Koenraadt, 2011. Development of Metarhizium
anisopliae and Beauveria bassiana formulation for con-
trol of malaria mosquito larvae. Parasites & Vectors.
4 : 23.

Dash, A, P., Valecha, N., Anvikar, A. R. and Kumar, A.
2008. Malaria in India: Challenges and opportuni-
ties. J. Biosci. 33: 583–592.

Desai, M., TerKuile, F. O., Nosten, F., McGready, R.,
Asamoa, K., Brabin, B. and Newman, R. D. 2007.
Epidemiology and burden of malaria in pregnancy.
Lancet Infect Dis. 7 (2): 93-104.

Fillinger, U., Ndenga, B., Githeko, A. and Lindsay, S. W.
2009a. Integrated malaria vector control with micro-
bial larvicides and insecticide-treated nets in west-
ern Kenya: A controlled trial. B World Health Organ.
87 (9): 655-665.

Goettel, M.S., Eilenberg, J., Glare, T., Lawrence, I.G.,
Kostas, I. and Sarjeet, S.G. 2005. Entomopathogenic
Fungi and their Role in Regulation of Insect Popu-
lations. Comprehensive Molecular Insect Science
Amsterdam: Elsevier. 361-406.

Gutiérrez, J.I. and Luna, M.P.E. 2008. Pathogenicity of
Beauveria bassiana (deuteromycotina: hyphomycetes)
against the white grub laniiferacyclades (lepi-
doptera: pyralidae) under field and greenhouse
conditions. Florida Entomologist. 91(4): 664-668.

Hancock, P. A., Thomas, M.B. and Godfray, H.C.J. 2008.
An age-structured model to evaluate the potential of

novel malaria-control interventions: A case study of
fungal biopesticide sprays. Proceedings of the Royal
Society B: Biological Sciences. 276 : 71-80.

Hancock, P.A. 2009. Combining fungal biopesticides and
insecticide-treated bednets to enhance malaria con-
trol. PLoS Computational Biology. 5 (10): 1000525.

Khan, H.A.A., Waseem, A., Khurram, S. and Shaalan, E.A.
2011. First report of field evolved resistance to agro-
chemicals in dengue mosquito, Aedesalbopictus
(Diptera: Culicidae), from Pakistan. Parasit Vectors.
4 : 146.

Killeen, G.F., Fillinger, U. and Knols, B.G.J. 2002b. Advan-
tages of larval control for African malaria vectors:
Low mobility and behavioural responsiveness of
immature mosquito stages allow high effective cov-
erage. Malar J. 1 (1): 8.

Killeen, G.F., Fillinger, U., Kiche, I., Gouagna, L.C. and
Knols, B.G. 2002a. Eradication of Anopheles
gambiaefrom Brazil: lessons for malaria control in
Africa? Lancet Infect Dis. 2(10) : 618-627.

Knols, B.G., Bukhari, T. and Farenhorst, M. 2010. Editorial.
Entomopathogenic fungi as the next-generation
control agents against malaria mosquitoes. Future
Microbiology. 5 : 339-341.

Kumar, A., Valecha, N., Jain, T., Aditya, and Dash. P. 2007.
Burden of Malaria in India: Retrospective and Pro-
spective View. Am J Trop Med Hyg. 77(6_Suppl): 69-
78.

Merritt, R.W., Dadd, R.H. and Walker, E.D. 1992. Feeding
behavior, natural food, and nutritional relationships
of larval mosquitoes. Ann Rev Entomol. 37 (1): 349-
374.

Steketee, R.W., Wirima, J.J., Hightower, A.W., Slutsker, L.,
Heymann, D.L. and Breman, J.G.  1996. The effect of
malaria and malaria prevention in pregnancy on
offspring birth weight, prematurity and intrauterine
growth retardation in rural Malawi. Am J Trop Med
Hyg. 55 (suppl) : 33–41.

WHO, 2021. Malaria, https://www.who.int/news-room/
fact-sheets/detail/malaria

WHO, 2004. Global strategic framework for integrated
vector management. (Geneva: World Health Orga-
nization).

World malaria report 2019. https://www.who.int/india/
health-topics/malaria


