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ABSTRACT

Fungal species are useful for medical and agriculture purpose as a bio- control agent. In aquatic environments, temperature,
salinity and organic pollution are the important factors. The objective of the current project was to investigate the possibilities
of controlling the mosquito population using fungal cultures. to investigate the possibilities of controlling the mosquito
population using fungal cultures. In the view of rampant increase in the incidence of dengue fever transmitted through
mosquitoes it is absolutely essential to control the mosquito population. There are different species of mosquitoes of which
dengue virus is transmitted by the Aedes aegypti, found in habitats like stagnant clear waters, backyards which are common in
urban areas. In the present work water samples were collected from in and around Mumbai, the water samples were examined
for its nutritional status by analyzing them physically, chemically and biologically. The fungal cultures obtained from water
samples were predominantly Aspergillus niger, Aspergillus terreus, and Penicillium, Trichoderma, Curvularia, Sprolegmia
and Achlya. As per the results it was observed that the Curvularia was the most effective on the larvae as the mortality rate was
100%. The death of the larvae could be possibly due to the organic acids produced by the fungi. Microscopic observation of the
larvae shows the growth of the fungi on larvae ultimately killing it. This is the most effective bio-control.
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1. INTRODUCTION

Fungi belong to the second-largest group of organisms next to insects encompassing the most diverse organisms with a global
estimate of 1.5 million species This conservative estimate is based on plant-fungus ratio (1:6 in temperate region) considering
existence 2 of 250,000 plant species. This ratio has been predicted be up to 1:33 in tropics. Currently the number of known fungi is
about 100,000 (6.6%) indicating gaps in our knowledge on fungal resources especially in tropics. The recommendations made for
assessment of biodiversity of plants and animals are also applicable to fungi. Although significant proportion of fungi is yet to be
discovered, they are important in ecological processes especially the nutrient turnover and energy flow.

The acquisition of knowledge concerning proper control of mosquitoes and mosquito borne diseases requires that studies be made
of the biology, physiology, anatomy, genetics, taxonomy and ecology of the insect. Aedes aegypti, a vector of dengue, is widely
distributed in the tropical and subtropical zones. About two-thirds of the world's population lives in areas infested with dengue
vectors, mainly A. aegypti. Dengue viruses infect over 100 million people every year. Possibilities to reduce dengue incidence are
studied world-wide. Vector control is one of the options, as interruption of transmission of dengue parasites is clearly the most
effective disease control strategy. In laboratories, mosquito colonies are needed in order to conduct studies on vector biology,
vector-parasite interactions, insecticide susceptibility, vaccine studies etc.

The life cycle of Aedes Aegypti includes four stages egg, larva, pupa and adult mosquito; it takes 8 to 10 days for complete
metamorphosis. Adult mosquito has black and white markings on body. Larvae rest 45 degree from the surface of water. They are
commonly found in containers with clean water. They prefer dark place. (Plate 8) All living organisms needs water, world’s most
precious resource, every day the energy you depend, the cotton you wear, the food you eat from fresh water habitats. More than
10% of all known animals and about 50% animals of fish species the massive role water plays for people and nature. Less than 1%
of the world’s water id fresh and accessible. Fresh water species decline 76% between 1970 and 2010. Representing a sharper
decline than that measured in either terrestrial or marine biomes. Since 1900 more than 50% types of wet lands are disappeared.
There are such fungal species which is useful for medical and agriculture purpose as a bio- control agent. In aquatic environments,
temperature, salinity and organic pollution are the important factors.
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2. OBJECTIVE
2.1 Primary Objective
To observe effect of filamentous Fungi on mosquito larvae.

2.2 Secondary Objective

e To screen species of fungi available for bio-control of mosquito larvae.

e To screen fungi as bio-control agents could be better option compared alternative expensive methods which are traditionally
used by government.

¢ Examine the nutritional status of water samples, observing micro flora and micro fauna in water sample.

o Culturing and isolation of fungi.

3. MATERIALS AND METHODS

3.1 Sample Collection

Samples were collected from 3 different areas out of which one is polluted, second is from lake and the third one is fresh water.
These water samples are collected from 3 sites, sample 1 from Rural area, sample 2 from Suburban area, sample 3 from Urban
area. These samples were collected in plastic container and stored at room temperature. (Plate 1) The mosquito larvae were
collected from stagnant water near the forest, in plastic container which was covered with cloth to maintain aeration. They were
appropriately stored for conducting bio-control experiment.

Collected water samples analyzed for following parameters. Physical parameters: Colour, Turbidity and Odour. Chemical
parameters: pH, Total Hardness, Nitrates, Chlorides, Dissolved Oxygen (D.O), Biological Oxygen Demand (BOD), Chemical
Oxygen Demand (COD), Biological parameters: qualitative analyses of planktons (zooplankton and phytoplankton). Qualitative
analysis of elements in the water samples were carried out by ICP AES method at 1T Bombay.

3.2 Culture methods

Water samples were cultured for growth of fungus in PDA (Potato Dextrose Agar), 500ml of media - 100 grams of Potato, 10 grams
of Dextrose, 10 grams of Agar and 50mg of Ampicillin (to prevent growth of bacteria) were used. Petri dishes were rinsed with
absolute alcohol and then autoclaved. After inoculation of water samples the plates were incubated for 7 days. The fungal cultures
were isolated for pure culture, after getting pure culture all the cultures were maintained in slants and kept in fridge for
preservation. PD Broth cultures were prepared from pure culture and incubated for 20 days. The culture filtrates were then
examined for physical and chemical properties. (Plate 4 & 5)

3.3 Bait technique

Wheat and sesame seeds were taken in small quantity and autoclaved then aseptically transferred into petri dish containing
different water samples. The seeds were observed for fungal growth under stereo zoom microscope, then transfer to a sterile PDA
plates. The fungi were isolated and stored as master slants. (Plate 6)

3.4 Extraction of aflatoxins from culture filtrates

Using Whatman No.1 filter paper, filters the medium through Buchner funnel. Extract culture filtrate with equal volume of
chloroform. Pool the chloroform extract and concentrate to dryness in water bath. Add chloroform for Chromatographic
separation. Spot 25uL of the extract onto TLC plates coated with silica gel- HR 250 and develop the plate in acetone: chloroform
(12:88, v/v). The plates were visualized under UV light short and long wave length.

3.5 Bio Assay

(a) Spore Suspension: 20 days spore suspension centrifuged at 2500rpm at 10 mins. In a set of test tubes 5 ml of sterile water,
mosquito larvae and 2ml of spore suspension added. The test tubes were kept for 7 days observation. (Plate 9)

(b) Culture Filtrate: Six Selected isolated fungal cultures were grown in PD broth. The cultures were filtered using Whatman No. 1
filter paper. Culture filtrates were used for the bio assay

A set of 6 test tubes containing 5ml of water and mosquito larvae and 2ml of culture filtrateof each fungal isolates were kept for 7

days of observation. (Plate 9). Time activity for larval movement was observed for 1 minute per sample. In this experiment the

objective was to find out how many flicks appears per minute and how many times they come towards the surface.

4. OBSERVATION AND RESULT
A study was conducted to investigate that fungi can be use a bio-control against mosquito larvae. 3 different water samples were
taken. Physical and Chemical characteristics were analyzed. Physical characteristic colour, odour and turbidity were determined.
Sample 1 showed greyish brown colour with no specific odour and 2.08NTU turbidity. Sample 2 showed greenish brown colour
with no specific odour and 2.04NTU turbidity Sample 3 showed brownish colour with no specific odour and 2.12NTU turbidity
(Table 1).

Table 1: Physical Characteristics

Sample Color Odor Turbidity
1 Greyish brown Not specific 2.08 NTU
2 Greenish Brown Not specific 2.04 NTU
3 Brownish Not specific 2.12 NTU

4.1 Chemical characteristic
pH, dissolved oxygen, chemical oxygen demand, total hardness, nitrates and nitrites using standard analytical methods (Table 2).
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Table 2: Chemical Tests

Tests Sample 1 Sample 2 Sample 3
pH 7.5 6.5 7
Dissolved Oz 3.02 mg/l 3.52 mgl/l 8.15 mg/Il
COD 126 mg/l 297 mg/l 113 mg/Il
HARDNESS 110 mg/I 120 mg/I 20.04 mg/I
NOs-N 130.6 pg atoms/lit 12.24 pg atoms/lit 4.08 pg atoms/lit
NO2-N 240.81 pg atoms/lit 24.48 g atoms/lit 12.24 pg atoms/lit

In sample 1 it was observed to have pH 7.5, Dissolved oxygen 3.02mg/l, chemical oxygen demand 126mg/l, total hardness
110mg/l, nitrate 130.61g atoms/lit, nitrite 240.81pugatoms/lit.

In sample 2 it was observed to have pH 6.5, Dissolved oxygen 3.52mg/l, chemical oxygen demand 297mg/l, total hardness
120mg/l, nitrate 12.24pg atoms/lit, nitrite 24.48ug atoms/lit.

In sample 3 it was observed to have pH 7, Dissolved oxygen 8.15mg/l, chemical oxygen demand 113mg/l, total hardness
20.04mg/l, nitrate 4.08ug atoms/lit, nitrite 12.24ug atoms/lit.

The qualitative elemental analysis by ICP AES. Water samples were observed to contain B, Ba, Ca, Cl, Fe, Hg, K, Li, Mg, Mn, Na,
S, Si, Srand Zn. Of the total elements present in samples lithium was found in sample 1 and mercury were found in all the 3 samples
as a heavy metal. (Table 3).

Table 3: Total Elements Present in the Samples

FUNGI SAMPLE 1 SAMPLE 2 SAMPLE 3
Aspergillius nigar v v v
Aspergillius terreus v - -
Penicillium - v -
Trichoderma v - -
Curvularia v - -
Achlya - v -

In water samples micro-fauna and micro-flora found are Protozoans having species Paramecium, Trachelomonas,
Chlamydomonas, Phagus, Euglena and Peranema, Bacteria of species Closeterium and Cyanobacteria, Algae of species
Spirulina, Staurastum, Hymenamonas and Chlorella, Diatoms of Suriella, Mesimmopedia, Scenedesmus, Pediastrum, Micractinum,
Stylonychia, Microcystis and Ankistrodesmu. (Plate 2 & 3)

In the three water samples the fungi were observed. Observations of the fungi were done on the basis of their colony characteristics
and microscopic characteristics under light microscope. The fungi were identified using standard flora and manuals. The pure
cultures were stored as master slants and digital images

Aspergillus niger, Aspergillus terreus, and Penicillium, Trichoderma, Curvularia, Sprolegmia and Achlya were observed in the
cultures of water sample and bait technique. In water sample 1 Aspergillus niger, Aspergillus terreus, Trichoderma and Curvularia
were observed. In water sample 2 Aspergillus niger, Penicillium, and Achlya were observed. In the water sample 3 Aspergillus
niger was observed. (Table 4).

Table 4: Myco Diversity

ELEMENTS SAMPLE 1 SAMPLE 2 SAMPLE 3
Boron v v v
Barium v 4 v
Calcium 4 4 v
Chlorine 4 v v
Iron 4 v v
Mercury v v v
Potassium v v v

Lithium 4 - -

Magnesium v v 4
Manganese 4 4 v
Sodium v v v
Sulphur 4 v v
Silicon v v v
Strontium v v v
zZinc 4 v v

It was observed that the only aflatoxin found is ochratoxin in Trichoderma.
To check the effect of fungal cultures on the mosquito larvae, the fungi were tested on the third instar larvae of Aedes aegypti
mosquito.
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The life cycle of Aedes Aegypti includes four stages egg, larva, pupa and adult mosquito, it takes 8 to 10 days for complete
metamorphosis. Adult mosquito has black and white markings on body. Larvae moves under the water and frequently surfaces for
respiration. They rest at a 45 degree angle from the surface of water. They are commonly found in containers with clean water.
They prefer dark place.

There are three larval stages in mosquito namely 15t instar, an instar and 3rd instar depending

on the growth of the larvae to the maximum size.

Aspergillus niger (1), A. niger (2), A. niger (3), Aspergillus terreus, Penicillium, Trichoderma and Curvularia were selected for
Bio-control experiment. (Plate 4)

The observation of larvae on each day on the basis of movement of the larvae to the surface of water and the speed of movement
under water. (Table 5)

There was gradual reduction of the movement of larvae leading to death of the larvae.

The microscopic observation of dead mosquito larvae showed the presence of fungi inside and around the body of larvae.

Table 5: Flicks and Movement Towards Surface Per Minute.

Test Tubes Flicks per minute Surface per minute
Control 81/min 1/min
Spore suspensions 43/min 2/min
Culture filtrate 52/min 3/min

Chart Title

Control Spore suspnsion Culture filtrate

¥ Flicks per minute ™ Surface per minute

Fig. 1: Flicks and Movement towards Surface per Minute

Table 6: Percent Mortality of Mosquito Larvae Day Wise
Spore suspension Culture filtrate
Day 4 | Day 6 Day 4 Day 6

% MORTALITY
SPECIES Day 2
A.terreus - -
A.niger (1) - 25% - - - - - -
A.niger (2) - - -
A.niger (3)
Curvularia
Penicillium
Trichoderma

Day 8 | Day 2

100% - - -

75% - - - - - - -

Mortality rate of mosquito larvae was analyzed to check the reaction of each species of fungus in two different ways, one in spore
suspension and the other one in their culture filtrate. Highest percentage of mortality was observed in both spore suspension and
culture filtrate of Curvularia on day 2 which is 100% while Aspergillus terreus showed 0% percentage of mortality in all spore
suspension and culture filtrate, while Aspergillus niger (1) showed 25% mortality rate in spore suspension on day 4, Aspergillus
niger (2) showed 0% mortality rate in both spore suspension and culture filtrate, Aspergillus niger (3) showed 50% mortality rate
in both spore suspension and culture filtrate on day 8, Penicillium showed 50% mortality rate in both spore suspension and
culture filtrate on day 8 and Trichoderma showed 75% mortality rate in spore suspension on day 2. (Table 6)

5. DISCUSSION AND CONCLUSION

The objective of the current project was to investigate the possibilities of controlling the mosquito population using fungal
cultures. In the view of rampant increase in the incidence of dengue fever transmitted through mosquitoes it is absolutely essential
to control the mosquito population. There are different species of mosquitoes of which dengue virus is transmitted by the Aedes
aegypti, found in habitats like stagnant clear waters, backyards which are common in urban areas. In the present work water
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samples were collected from in and around Mumbai, the water samples were examined for its nutritional status by analyzing them
physically, chemically and biologically. In the three samples that were tested it was observed the pH was 6.5 to 7, all the elements
necessary for a living organism were present. In sample collected from rural area, that was near the residential area Lithium and
Mercury were detected. Whereas sub-urban lake and water from urban area did not show any trace of heavy metals. These
conditions are suitable for various planktonic organisms. This was evident by the phytoplanktons and zooplanktons found in
different the water samples. The fungal cultures obtained from water samples were predominantly Aspergillus niger, Aspergillus
terreus, and Penicillium, Trichoderma, Curvularia, Sprolegmia and Achlya. The cultures were isolated and stored as pure master
slants. Of the isolated cultures Aspergillus niger (1), A. niger (2), A. niger (3), Aspergillus terreus, Penicillium, Trichoderma and
Curvularia were selected for investigating the biocontrol abilities against the larvae of Aedes aegypti. The larvae were treated with
the spore suspension and culture filtrate of these fungal cultures. As per the results it was observed that the Curvularia was the
most effective on the larvae as the mortality rate was 100%. This was followed by Trichoderma that showed mortality rate as
75%, Aspergillus niger (3) 50%, Penicillium 50%, Aspergillus niger (1) 25% and no effect in culture filtrate and spore suspension
of Aspergillus niger (2) and Aspergillus terreus. The death of the larvae could be possibly due to the organic acids produced by the
fungi. Microscopic observation of the larvae shows the growth of the fungi on larvae ultimately killing it. This is the most effective
bio-control. (Plate 10)
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