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Abstract: The current study involved isolating two types of fungi associated
with mosquito larvae: Aedes aegypti and Culex molestus, which have not
previously been recorded in larval infestations. These fungi were used as
biological control agents various developmental stages of mosquitoes Culex
molestus and Aedes aegypti over different time periods (24, 48, 72, 120 hours).
The fungi Lagenidium giganteum and Beauveria bassiana were isolated from
naturally infected mosquito larvae and identified in the laboratory. In the pupal
stage, the LCso values were (7.411 x 109, 7.373 x 10¢) spore/ml for Lagenidium
giganteum in Aedes aegypti and Culex molestus, respectively, after 72 hours of
treatment. While the LCso values for Beauveria bassiana were (9.473 x 106,9.371
x 10°) spore/ml for the two mosquito species after the same time period. This
indicates the superiority of Lagenidium giganteum in achieving higher mortality
rates compared to Beauveria bassiana. Regarding adults, female mosquitoes
exhibited greater resistance compared to males. Additionally, males and females
of Culex molestus were more sensitive to the fungal suspensions than to Aedes
aegypti. LCso values for females of Aedes aegypti and Culex molestus were (9.108
x 106) and (6.159 x 106) spore/ml, respectively, after 72 hours.

Keywords: Culex Molestus <Aedes Aegyptic Beauveria Bassiana, Lagenidium
Giganteum.
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INTRODUCTION

Mosquitoes

(Family: Culicidae) pose a

perspectives due to their role in transmitting various
diseases such as anemia, itching, allergies, and
general nuisance. Culex molestus is unique because it

significant threat to global health as they are efficient
vectors of major infectious agents [1, 2]. The
mosquito genera of medical importance are
Anopheles, Culex, and Aedes, which are the most
efficient pathogen vectors of the class of Arthropods
[3,4], carry pathogens (parasites, filarial worms, and
arboviruses) which are responsible for at least 17%
of all human and animal diseases [5, 6].

Mosquitoes are major disease vectors found
on all continents except Antarctica. They are
significant from both medical and economic

can mate in confined spaces without the need to fly in
swarms, a phenomenon known as "Steno gamy."
Additionally, females are capable of laying their first
batch of eggs without a blood meal, a condition
referred to as Autogeny [7].

Researchers have been interested in
mosquito control for a long time, with chemical
control methods being the most effective in reducing
mosquito populations and their associated problems
globally. However, the use of synthetic pesticides has
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caused significant environmental damage, including
air, water, and soil pollution, which leads to changes
in the quality of these wvital environmental
components. Additionally, targeted insects have
rapidly adapted to toxic substances, developing
resistance to them [8]. Various plant extracts and
insect growth regulators have also been used for
mosquito control, but these methods have not
achieved the desired results due to the mosquitoes'
ability to adapt and develop resistance.
Consequently, researchers have been exploring
alternative methods. Pathogenic fungi are considered
significant biological control agents due to their
widespread presence in nature, low cost, and high
specificity against particular pests [9]. Thus,
attention has turned to using fungal suspensions for
insect control as a safer alternative to synthetic
pesticides, given that these fungi can be toxic, anti-
feeding, or inhibitory to insects [10].

Among these fungi are those belonging to the
genera Beauveria and Lagenidium. Some of these
fungi can infect mosquitoes under suitable conditions
for spore development. Lagenidium giganteum, an
Oomycete fungus, parasitizes many mosquito larvae
of the genera Culex and Anopheles. Infection occurs
through fungal spores from the digestive tract and
body wall of the host. The pathogenic stage of this
fungus is the biflagellate swimming spore.

Beauveria bassiana, an Ascomycete fungus, is
known for its pathogenicity in insects. It has been
noted for its effects on whiteflies (Bemisia sp.) and
scale insects [11]. Considering the medical
importance of mosquitoes, the aim of this study to
isolate fungi from naturally infected larvae of Culex
molestus and Aedes aegypti and evaluate their
effectiveness as alternatives to chemical pesticides.
The study included:

1. Isolation and Identification some
Pathogenic Fungi: Isolate and identify
pathogenic fungi from the larvae of Culex
molestus and Aedes aegypti in local
environments and various areas in Al-
Diwaniyah city. This involved preparing
suitable media for isolation in the laboratory,
cultivating and propagating the fungi, and
calculating the percentage of occurrence of
the isolated fungi.

2. Fungal Growth Evaluation: Cultivate the
fungi on various growth media over different
time periods to determine the optimal
duration for growth.

3. Effectiveness of Fungal Suspensions:
Assess the impact of different concentrations
of fungal suspensions on the mortality rates
of various life stages (egg, larva, pupa, adult)
of Culex molestus and Aedes aegypti.

MATERIALS AND METHODS

Isolation and Identification of Fungi Associated
with Mosquito Larvae

To isolate pathogenic fungi, infected and
dead mosquito larvae showing signs of fungal
infection (e.g., discoloration and fungal mycelium on
the larval body) were used. The larvae were sterilized
by immersion in 70% ethanol for 10 seconds, then
transferred to 5% sodium hypochlorite solution for 2
minutes, and finally washed by distilled water, then
placed on filter paper, then transferred with sterile
tweezers to plastic Petri dishes containing media for
fungal isolation. The dishes were incubated at 25 *
2°C for 7 days [12].

To purify the isolated fungi, a 0.5 cm disk
from the edge of the growing fungal colony was
transferred with a sterile cork borer to the center of
a Petri dish containing solid media. The dishes were
incubated under the same conditions for 7 days.
Fungal identification was performed microscopically
by placing a small part from the fungal growth on a
glass slide with a drop of sterile distilled water,
covering it with a coverslip, and examining it under a
light microscope. Fungi were identified using
taxonomic keys [13, 14].

Establishment of Permanent Cultures of C
Molestus and A. Aegypti

Different developmental stages of larvae
from both mosquito species were collected from
water drainage sites in Al-Diwaniyah province using
a long-handled scoop. They were placed in plastic
bottles with lids and transported to the laboratory.
Then placed in plastic containers (30 x 15 cm) filled
with dechlorinated water and fed with ground mouse
food composed of (wheat, corn, protein and, rice) in a
1:1:1:0.25 ratio, with 2 grams per container. The
containers were covered with mesh fabric.

To establish a permanent, pure culture,
newly emerged pupae of C. molestus were transferred
using a wide-mouthed pipette to plastic containers,
which were then placed in a cube-shaped cage (50 cm
per side) covered with mesh fabric. Inside the cages,
Petri dishes with cotton saturated with a 10% sugar
solution were placed. To obtain egg rafts, the method
of [15], was followed. Female mosquitoes were fed
with pigeon blood three days after emergence. Their
wings were clipped, legs were tied, and they were
placed over the rearing cage overnight. A small water
container was placed in the cage for egg laying. Eggs
were transferred with a small brush to new water
containers with larval food and monitored until adult
emergence, taking care to avoid spoilage by changing
the water every three days. This process was
repeated until the third generation.
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To ensure sufficient numbers of each stage,
enough eggs were isolated to obtain 15t larval stage.
For the second, third, and fourth larval stages,
adequate numbers of larvae from the preceding stage

were isolated and placed individually in rearing tubes
to be monitored until they molted to the desired stage
for testing.

Pupae stge

Larval stage

Picture 1: Swamps from mosquito culture were collected

Preparation of Fungal Suspensions of
L.Giganteum and B.Bassiana

The fungal suspension for each fungus was
prepared by adding 5 ml of sterile distilled water to a
14-day-old fungal culture on PDA medium in 9 cm
Petri dishes. Tween-80 was added at a concentration
0f 0.01% as a surfactant. Spores were harvested using
a sterile glass rod, and the suspension was mixed
using a magnetic stirrer for 10 minutes. The contents
were filtered by funnel with a sterile cheesecloth, and
an additional 5 ml from distilled water was added to
ensure complete filtration of the fungal spores. The
filtrate, totaling 10 ml, was collected in a glass flask
and considered the stock suspension [16].

To count the spores, 1 ml from the filtrate
was placed on a hemocytometer slide to estimate the
number of spores per unit volume. The spores was
averaged, and the result was multiplied by 1x104 to

obtain the spore count per ml. The concentrations
were:

» Lagenidium giganteum: 3 x 106 spores/ml

» Beauveria bassiana: 2 x 106 spores/ml

To prepare lower concentrations, the following
formula was used [17]:
» Volume (ml) of stock suspension=Desired con
centration/Basic suspension concentration.

The result was multiplied by the volume of suspension.
Thus, the concentrations were prepared as:
» Lagenidium giganteum: 3 x 105,3 x 104, 3 x
103, 3 x 102 spores/ml
» Beauveria bassiana:
103, 2 x 102 spores/ml

2x105 2% 104 2 x
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Study of the Effects of Different Fungal
Suspension Concentration on Mortality Rates of
Aedes Aegypti and Culex Molestus Life Stages
Effect on Egg Mortality Rates

Egg rafts, 24 hours old, were collected from
C. molestus or individual eggs from A. aegypti (100
eggs per replicate) and placed in plastic containers
which contain 100 ml of each concentration from
fungal suspensions. The eggs were also sprayed with
the same concentration of fungal suspension from a
height of 15 cm to ensure exposure. Control
treatments were sprayed with sterile distilled water
only. Containers were incubated at 25 * 2°C, and egg
mortality rates were recorded until hatching [18].

Effect on Larval Mortality Rates

Forty larvae from each larval stage were
placed in containers, three contain100 ml of each
concentration of the tested fungal suspensions, and
one containing distilled water (control). Treated
larvae were transferred to glass containers by
distilled water and fed with 10 mg of larval food. The
containers were incubated at 25 * 2°C with a 14/10-
hour light/dark cycle. Mortality rates were recorded
at 24, 72, and 120-hours post-treatment [19].

Effect on Pupal Mortality Rates

Pupae of C.molestus and A.aegypti were
isolated from fourth-stage larvae, and the same
procedure was followed as for larvae, exceptno larval
food was added. Containers were covered with mesh
fabric to prevent adult emergence. Mortality rates
were recorded at 24, 48, and 72 hours [20].

The Effect on the Mortality Percentages of the
Adults

Sufficient numbers of pupae from each
species were collected individually from the
permanent farm and placed in 10 ml tubes, which
were sealed with some cotton until they turned to
mature. Then, glass beakers with a capacity of 1 liter
each were prepared, and each contained a piece of
cotton soaked in a 10% sugar solution placed in a
small dish. Each beaker was sprayed with 5 ml of the
fungal suspensions using a manual sprayer from a
height of approximately 15 cm, while the control
treatment was sprayed with distilled water.
Afterward, 10 newly emerged adults from both male
and female of each species were transferred
separately into the treated beakers using a pipette.
This experiment was repeated three times for each
concentration and similarly for the control treatment.
Then incubated under the same conditions, and the
mortality percentage was recorded daily for (7) days
[21].

Statistical Analysis
Data were statistically analyzed by SPSS
software with a completely randomized design

(C.R.D) for factorial and single-factor experiments.
Percentage data were arcsine transformed and
means were compared using the Revised Least
Significant Difference (R.L.S.D) at a significance level
of (P < 0.05) [22]. Mortality percentages were
corrected using [23].

RESULTS AND DISCUSSION

Effect of Fungal Suspensions of Beauveria
Bassiana and Lagenidium Giganteum on the Mortality
Percentage of Aedes Aegypti and Culex Molestus Eggs.

Table (1) shows the results of the effect of
different concentrations of fungal suspensions of
Beauveria bassiana and Lagenidium giganteum on the
mortality percentages of Culex molestus and Aedes
aegypti eggs. It was observed that Lagenidium
giganteum outperformed Beauveria bassiana at all
concentrations. A positive correlation was noted
between the concentrations and the mortality
percentage, meaning that mortality increased with
higher concentrations.

Statistical analysis revealed significant
differences between the fungal suspension
concentrations, which is clearly reflected in the LCso
values. The LCso values for Lagenidium giganteum
suspension were (4.874 x 10, 4.484 x 10), while for
Beauveria bassiana suspension, the LCso values were
(6.094 x 10°, 5.566 x 10°) spores/ml. This indicates
that Aedes aegypti eggs were more sensitive to the
fungal suspension than Culex molestus eggs.

The ability of these fungi to penetrate the egg
shell is attributed to the combination of enzymatic
and mechanical activities, as they can secrete
protease, chitinase, and lipase enzymes, as well as
exert mechanical action [24, 25], reported that
exposure of whitefly eggs to Beauveria bassiana
suspension caused 81.1% mortality after seven days
of exposure. Similarly [26], confirmed that exposure
of Rhipicephalus annulatus tick eggs to Beauveria
bassiana at 1 x 101 spores/ml had no significant effect
on hatching percentage [27], observed that exposure
of Aedes aegypti eggs to Metarhizium anisopliae
spores at a concentration of 2.8x10% spores/ml
reduced the hatching percentage to 50% [28],
indicated that exposure of Cx. pipiens eggs to
Beauveria bassiana spores led to 100% mortality.[29]
showed that treatment of Cx. quinquefasciatus and An.
pulcharhimus eggs with Lagenidium lundbergii at
3x107 spores/ml resulted in 56% and 59.33%
mortality, respectively [30], reported that the
hatching percentage of Cx. pipiens eggs exposed to
Metarhizium anisopliae at 3x10® spores/ml
decreased to 40% [31], also observed a reduction in
the hatching percentage of Cx. quinquefasciatus eggs
by 59% when exposed to C. keratinophilum spores at
a concentration of 2x10° spores/ml. These results
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were consistent with [32], who found that exposure
of Cx. quinquefasciatus eggs to P. marneffei spores
resulted in an increased mortality rate with higher
concentrations, reaching 46.03% at 2x10* spores/ml.

This overall data emphasizes the potential
use of fungal suspensions as biocontrol agents to
manage mosquito populations by targeting their
eggs.

Table 1: LCso and LCoo Values for fungal suspensions against Culex molestus and Aedes aegypti eggs

LC A.aegypti C.molestus
L.giganteum B.bassiana L.giganteum B.bassiana
LCso value 4.874 x10° 6.094 x10¢ 4.484x10¢° 5.566x10°
Limits 95% 1.983 x 10¢- 3.754x106- 1.964x106- 2.633x106-
7.524x107 2.202x107 5.642x106 5.782x10¢
LCoo value 1.490 x 107 1.539x107 1.850x107 1.585x107
Limits 95% 8.538 x10¢- 9.138x106- 1.106x107- 9.742x106-
4.965 x107 5.977x107 6.170x107 5.997x107
X2 3.811 2.401 3.227 2.099
P value 0.149 0.301 0.199 0.350
Regression equation | Y=0.63+1.31 E-7*X | Y=-0.85+1.41E-7*X | Y=-0.41+9.31E-7*X | Y=-07+1.27E-7*X

Tables (2 and 3) illustrate the effect of
various concentrations of fungal suspensions being
investigated on the percentage mortality of the four
larval stages of A. aegypti and C. molestus mosquitoes.
The suspension of L. giganteum was found to be more
effective at all concentrations compared to B.
bassiana.

To measure the pathogenicity, LCso and LCoo
values were calculated, which are fundamental in
testing methods [33]. These values increase
proportionally with the progression of the larval
stage. Additionally, the P-value and regression
equation were calculated. The regression equation is
a statistical formula representing the relationship
between two variables and is used to estimate past
values and predict future values, helping to describe
the relationship between variables. The LCso values
for B. bassiana suspension were 1.165x106,
2.944x106,3.337x10%, and 4.561x10% spore/ml for A.
aegypti, while they were 5.241x106, 1.845x106,
1.868x10%, and 4.45x10¢ spore/ml for C.molestus
after 120 hours of treatment for L.giganteum
suspension, the LCsp values were 1.163x106,
2.880x10, 3.146x109, and 4.206x10°6 spore/ml for A.
aegypti, and 1.671x105, 7.1x105, 7.262x105, and
1.777x10% spore/ml for C.molestus after the same
time period.

Regarding sensitivity across larval stages,
LCso values confirmed that the first larval stage was
the most sensitive to the tested fungal suspensions
compared to the other stages, showing the lowest
LCso values. The A.aegypti mosquitoes were more
sensitive compared to C. molestus. This result is
consistent with [34], who found that first and second
instar larvae of Anopheles stephensi treated with
Chrysosporium evolceanui suspension had LCso values
of 1.1x103 and 1.4x103 spore/ml, respectively. The
results also align with [35], who reported LCso values
of 8x103, 3.9x107, 7.5x106, 6x107, and 5.1x105

spore/ml for fourth instar larvae of Culex pipiens
exposed to Metarhizium anisopliae at 24, 48, 72, and
96 hours. In another study [36], found an LCso value
of 3x10° spore/ml for third instar larvae of Culex
quinquefasciatus exposed to Penicillium citrinum
suspension at a concentration of 1x10¢ spore/ml
[37], found that for third instar larvae of Anopheles
stephensi and Culex quinquefasciatus treated with
Metarhizium anisopliae at a concentration of 1x106
spore/ml, the LCso values were 1x10% and 9.2x105
spore/ml, respectively [38], found that LCso values
for the four larval stages of Culex quinquefasciatus
treated with Beauveria bassiana were 3.58, 5.84, 6.95,
and 11.53 mg/], respectively. For third instar larvae
of Anopheles stephensi and Culex quinquefasciatus
treated with Fusarium oxysporum, the LCso values
were 109.24 and 320.30 mg/L, respectively, after 24
hours [39]. For Anopheles sp larvae exposed to
Trichoderma asperellum, the LCso value was 2.68x107
spore/ml [40].

The increase in mortality percentage with
increasing concentration is attributed to the higher
number of conidia, leading to a higher proportion of
developing conidia when attacking the host and
weakening the insect's immune system. Additionally,
the immune system of larvae can defend the body at
lower concentrations, but at higher concentrations,
the immune system may lose its effectiveness [41].
Statistical analysis has shown significant differences
in the corrected mortality percentages across the
four larval stages, with significant differences
observed between the two mosquito species. The
four larval stages of A. aegypti were more sensitive to
all fungal suspensions and concentrations compared
to C. molestus. The relationship between mortality
rates and larval stage age was found to be inverse,
possibly due to the incomplete immune system in the
early stages and the delicate body tissues, which
make it easier for the spores to penetrate [42]. The
variation in mortality rates among the studied fungi
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may be due to differences in their ability to produce
enzymes and toxins that affect the physiological
activities of insects, leading to their death [43, 44],
found that exposure of Culex quinquefasciatus larvae
to Beauveria bassianal00% mortality at 1x108
spore/ml and 97% mortality at1x107 spore/ml [31],
reported that mortality rates increased with higher
concentrations of the fungal suspension of C
keratinophilum for all four larval stages of Culex
quinquefasciatus, which is consistent with findings by
[45], who described the relationship between Aedes
aegypti larval stages and mortality rates. They found
that mortality decreased with age, with 100%
mortality in the first and second instar larvae and
40% in the third and fourth instars when treated with
L. chapmani suspension at a concentration of
3.65x105 spore/ml [46], found that for third and
fourth instar larvae of Anopheles stephensi and
Anopheles gambiae treated with Metarhizium
anisopliae suspension, mortality was lower in the
third and fourth instars compared to the first and
second instars for both mosquito species. Infected
insects may live 3 to 5 days due to spore germination
and fungal hyphae penetration through respiratory
openings, which causes larvae to suffocate as
respiratory openings become blocked. Additionally,
fungal growth in the larval midgut depletes nutrients,
and after 72 hours, fat tissues break down, potentially
leading to 100% larval mortality after 96 hours. Some
larvae die through molting as they fail to molt and
stay attached to the old cuticle [47, 48], added that
ingestion of spores by larvae is followed by toxin
secretion from the fungi, leading to blood poisoning.
The high mortality rates in early larval stages
compared to adults and late larval stages are
attributed to the incomplete defensive cells in early
larval stages, especially the first instar, and the
thinner cuticle. It might also be explained by chemical
and biological changes in the body wall, such as the
presence of toxic compounds that may prevent spore
germination in later stages [49].

The results of this study were similar to
those found by [50], who observed a significant effect

of the fungi M. anisopliae and B. bassiana on the
mortality rates of both complete and incomplete life
stages of Tribolium castaneum. The fungi’s ability to
adhere to the insect body, form germ tubes,
attachment organs, and the quantity of enzymes such
as chitinase, lipase, and protease produced played a
significant role in insect body degradation.

The study by [51], showed susceptibility in
Culex molestus strains to plant extracts and the
Mozkill insecticide after three generations. LCso
values were 0.72, 0.77, and 0.20 mg/ml for cold
water, boiled, and hexane extracts of ash plant,
respectively, and 1.05, 0.91, and 1.15 mg/ml for cold
water, boiled, and hexane extracts of eucalyptus. The
LCso value for Mozkill was 1.01 mg/ml, with the
strains showing greater sensitivity to ash plant
extracts compared to eucalyptus extracts and
Mozkill. Anopheles gambiae larvae (3rd and 4th
instar) were exposed to five different concentrations
of L. giganteum and L. ajelloi zoospores; 1000, 2000,
3000, 4000, and 5000 zoospores/mlL,
respectively,the larval mortality was recorded after
24, 48, 72, and 96 hours post-exposure, until all
larvae were dead. The results obtained showed that
L. giganteum was not pathogenic to Anopheles
gambiae larvae after 24 and 48 hours post-exposure
to all concentrations. Larval mortality was recorded
at 72 and 96 hours. The highest concentration 5000
zoospores/mL) of L. giganteum tested against
Anopheles gambiae larvae killed 68% of the exposed
larvae in 96 hours [52]. However, these results
differed slightly from those of [53], who found that
56% of A. gambiae larvae exposed to L. giganteum
zoospores were protected from death by the larval
immune defense [52, 53]. Both findings support the
fact that the pathogenicity of L. giganteum to A.
gambiae increases with zoospore concentration and
those different strains of the fungus may produce
different virulence and pathogenicity, the weak
pathogenicity of L. giganteum zoospores observed in
the study can also be attributed to their inability to
sometimes recognize late instars of otherwise
susceptible mosquito larvae.

Table 2: LCso and LCoo values for the bioassay of L. giganteum Suspensions in the four larval stages of C.
molestus and A. aegypti
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— 1 instar 2 instar 3 instar 4 instar 1 instar 2 instar 3 instar 4 instar
N =) N <« ~ =) N o| | &| © =) N o = =)
~ N N N~ Nl 8| N & I ] N
- - i - i - - i
o S ° ° S ° o | = ° ° S ° © © o | w © © . ° o | w o ° °
= o (=] (=] o (=] (=] o o o o (=] (=] (=] o o (=] (=] o o (=] o (=] o o
—_— — ~— ~— — i — — — — — - i — — — — — - i — i — i i
g x > > > > X X > > x| = Mol x| Xl o ] X x| x| X x| x| X
(=3 [\ ™ [N LN o [ee} n o} o N o} ™ [oe} — o N Rl o™ n [N © n D~
2 O O e} [ee] on [ee) [y [ Al o o (=) o N [ xQ O ~ [ o O 0~ [ >~
S| || =2 |08 | &l © = | =2 | 9| @ o]l I M| % N o @
— — ™ — — <+ o~ — ~ on — o~ < Ne} N — @ o o LN D~ — n —

© 2025: Global Academic Journal’s Research Consortium (GAJRC) 91




Majida Mohammad Abid Falhy, Glob Acad J Agri Biosci; Vol-7, Iss-5 (Sep-Oct, 2025): 86-99

m 0z1 90TXE00'C-90TXVZT'T (0TXZLT'T (0TXZ8S'T-90TXSEL'E LES'T 79’0 XxL-d8T'T+12°0-=A
m L 90TXZTE9-90TXSO0T'Y (0TX0€ES'T 0TXZ2E6'T-.0TX8ET'T €80 0990 X« L-ATET+L0-=A
L4 (OTXTLET-90IXVIES (0TX¥8SC | 0TX¥8¥'€-.0IXV96'T 7790 S2L0 X+8-45L'8+26'0-=A
m 02T | sO0TXE60'8-s0TXZIT9 90TX0¥S'6 | (0TXZSZT-.0TX¥8'L 2860 Z19°0 X« L-ASY'T+T°0-=A
m <L 90TXTZL'9-90TXE00Y (0TX0€8'T (OTXTEY'C-.0TX08Y'T VLLO 6.9°0 X+8-H10'T+¥S0-=A
m L4 s0TXZ¥6'6-901X206'8 (0TXLEE'Z | (O0TXTOSE-L0TXLLE'T 8L0'T €890 Xx8-42S9°6+L8°0-=A
lm m 0z1 v0TX0¥EE-96L8T 901X908'6 | (0TX08Z'T-901X9%8'L 0890 ZIL0 XxL-HET+PSE-=A
N m L 90TXZSET-90TXETB'C (OTXELY'T (O0TXTS6'T-90TXLEES 20L0 7040 X+8-HZ'T+L¥'0-=A
L4 90TXT¥8'6-90IXT00°L L0TX012C 0T¥902€€-.01X0€0°E 0450 ZSL0 Xx8-49'6+8°0-=A
= 0z1 sOTXE6'T-s0TXZE'T 901XS86 (OTXTET'T-90TXET'8 L0S'T TLV'0 X«L-dLTT+20°0-=A
m L 90TX2CL'€E-90TXV10'C (0TXE6S'T (0TXTEOC-0TXVPT'T 9LE0 6280 Xx8-468'6+62°0-=A
L4 90TX229'L-90TXSTCY (0TXS9L'T (OTXETY'C-L0IXTETT 6670 6LL0 XxL-AST'T+CL0-=A
m 0z1 90TXVTES-90IXVLE'E (OTIXVITT (0TX28%'1-.01XZE0'T S99'1 SEVO0 XxL-dEET+CE0-=A
@
m L 90TXET0'6-90TXZTL'S (01X¥20'C | (0IXVT0€-.0IXVIO'T 6670 6LL0 XxL-dC0'T+SL°0-=A
L4 (0TX6TET-90TXLZY'6 (0TXL0S'C | (O0TXETTE-L0TXPILT 92L0 9690 X8 -456+E0°T-=A
M 0z1 90TX289'7-901XV10°C (0TXZ8T'T (0TXELET-90IX TTL'E 9€0'T 9650 X« L-HETT+LT 0-=A
S
” L 90TXVZ1'6-901XTZ8'S (0TX9LEC | (O0TXLTV'E-.0TXZ8L'T 6580 1590 Xx8-4G1'8+29°0-=A
.Wu L4 (0TXZYT'T-901XTV6'8 (0TXP8S9°C | (0TXZT6'€-.0TXEVT'T 7790 SZL0 Xx8-49L'8+¥6'0-=A
m m 0zZ1 90TXVL6'6-90TXVTL9 (0TX9CT'T (OTXTLET-90IXIVL'6 720’1 6650 XxL-HETT+T'0-=A
12
m <L 90TX¥19'S-901X8ZT°€ (0TX9€CT (0TXZL6'T-.0TXETO'T 44t Zvs0 Xx8-HEV'T+9°0-=A
L4 0TX20L'T-90TXZLE'6 (0TX9LY'E | (O0TXTTES-L0TXTLT'C 520 1880 Xx8-4€C'9+58°0-=A
m 0z1 90TXZYL'T-9o0IXTET'T 901XS26'8 | 0TXZ60'T-901XS08'9 LIS'T 8970 XxL-HETT+LT0-=A
=
- <L 90TXZSET-90TXETB'T (OTXELY'T L0TXZS6'T-90TXLEE' 2040 040 Xx8HCT+LY'0-=A
L4 (OTXLEST-LOTXVCT'T (O0TXTTI0Y (OTXTET'SLO0TXTLT'E LESO S9L°0 XxL-456'7+99°0-=A
71 %S6 SHWI] anyea 067 %S6 SHWI] ZX anea 4 uonenba uoissaidoy

in the Larval Stages of C. molestus

ion

Suspens

ana

LCso and LCoo values for the bioassay of B. bass

Table 3

m 0z1 90TXST'Y 90TX2ZT'E
@
m L 90TXET6'8 | L0TX¥T86-90TXECT L
L4 (0TXS97'T (OTXT6EZ-90IXTZE6
m ozt 90TX898'T | 90TXEELC90TXCZET'T
@
.nm L 90TX969'9 | 90TXZ69°L-90TXECT'S
m L4 LOTXV97'T (OTXZL8C-L0TXLET'T
m m 0zt 90TXS¥8'T | 90TXTETZ-90TXZIT'6
@
m L 90TX886'S | 90TXEET 6-90TXCCL'E
L4 90TX29€'6 | (0TXEET'S-90TXCZLL'T
.m 0zt sOIXTYZ'S | 90TX90T €-90TXLSY'C
m L 90TXSE6'C | sO0TX9S8'S-90TX¥¥S'T
.W L4 (0TXL0Z'T | (0TX¥VET-90TXCTIT'E
M 5| o0zt 90TXT9SY | 90TXEBB'S-90TXBIE'E
<| |2
..m m L 90IX2¥Z'6 | (0TXLETT-90TXETT'L
® L4 (0TX9LY'T | (0TXZ89°T-0TT9LTC'T
.m 0z1 90TXLEE'E | 90TXS8T¥-90TXBST'C
@
m L 90TX08%'8 | (0TX9€0T-90TXIZT L
.W..., L4 (0TXSLY'T | (0TX68ET-90TX¥ZE6
m M 0z1 90IXV¥6'C | 90TXLV6'C-90TX89L'T
m L O0TXVOT'T | (0TX¥2L9-.0TX0C6'E
L4 0TXV9Y'T | (O0TXTTI9T-90TX¥ZL'6
m 0z1 90TXS9T'T | 90TXTVET-sOTXTIE8
@
m L 90TXSYEY | (0TXETZ'8-sOTXCEE'T
L4 0TXSZY'T 0TXZET'T-v0IXIVC'E
J1 an[ea 05y %S6 SHWI]

92

© 2025: Global Academic Journal’s Research Consortium (GAJRC)



Majida Mohammad Abid Falhy, Glob Acad J Agri Biosci; Vol-7, Iss-5 (Sep-Oct, 2025): 86-99

%) A.aegypti C.molestus
= 1 instar 2 instar 3 instar 4 instar 1 instar 2 instar 3 instar 4 instar
N | o %] a| o =) N =) N | o -« o | = N o | | & =)
NN N8N N N ~ N N ~ | S N N | N Q N N
- - - - - - e -
S S S S S S o o o o~ o~ o~ ~ S © ~ ~ S S S S S S S
% (=) (=) (=) (=) (=) (=) [} [} [} [} [} [} o (=) (=) o o (=) o o o o o o
— i i i i i i i i i i i i i ) ) i i ) ! i i ! A i
< XX | x| x| X > > > > > > > x| o= > > b > > > > > >
> [N < N Ne) < mn D~ [} [e)} < [ee] [} [N < (=) [22] [e)} [oe] O O mn < (o)} <
o N — (=) n [ee] (o)} i i N [ee] O (=] n [ee] < [ < < mn — on < [ o))
S — < < N Rel ~ wn N el @ < wn a < wn =~ @ N N a N ~ — <
—_ (9] i i on i i o o i o o i [\l — [ee) i i Al on i i on o [\l
S S S S S S o~ o~ o~ o~ o~ o~ ~ S S ~ ~ S S ~ ~ N N ~
(=) (=) (=) (=) (=) (=) o o o o o o o (=) (=) o o (=) o (=) (=) o o (=)
i i i i i i i i i i i i i i i i i i i i i i i i
> > > > > >< > > > < > > > > > > > > > > > > > >
< o o (=] i i (=) N i [ee] N N N mn mn o o™ N O N o o~ Aan <
O\O N — O D~ < (<)) o < mn N D~ N ¥ [ee] o™ O ol o~ N [22] O N mn —
n ~a x I & wn & — — N ° — N ~ N R N — Q < ~ - @ N ™
(o)) \? — i < i i (a2} o o < o N o™ [\l O N N i < [N} [N} < [3e] o™
n 1n o < o o o o o o ~ < < o < < < < < N o < N < N
bl (=] (=) (=) (=) (=) (=) [} [} [} o [} [} o (=) (=) o o (=) (=) o o (=) (=) o
E — i i i i i i i i — i i i i i i i i i i i i i —
Sl X x| x| x| x| = > > > < > > > x| > > b > > > > > <
o | N < i N N < i i < mn i mn i [ee] N [ee] (22 N N < i ! ~
N =) o~ n ~ 2] o I [5e) — @ ~N N o~ [oN ~ =N IN [30) o~ ~N in) N N
«® < & < < Ay e ~ < — S N A x wn ~ N N N A N N o %)
o™ [e)) <+ i (o)) o~ < o o2} D~ i O o o o~ o™ [ee] o™ — Ne) i mn D~ —
o o [ [eN] N [ee] [N [ee] D~ (e} D~ — o O [32) [32) (=) i ! N D~ mn [32) o i
X | ||| @2 )| < Q| | 9| o] N N o [ 9 | 1 N Q[ Q| m b e <
(=) (=) (=) (=) (=) — o o i o o o o o o o o (=) o o o o o o
<) < D~ [ee] N (=) [ee] [N} N [ee) [ee) (= N <)} [«))] < < < O N O N mn — <
= (=) o~ (=) mn i D~ mn mn o N (=) [N} i N Ne) (=) O on n i N Ne) on i
= ~ Ne} ) ® N} n o)) [N < © o) Ne) [N 3N 3N ~ \e) © ] o)) ~ ~ ~ @
> o o o o o o o o o o o o o o o o o o (=] o o (=] (=] o
-9
Xl x| x| x| x| X > > > > > > > x| > > > o > > > > > >
o * * * * * * * * * * * * * * * * * * * * * * * *
SISl S]R]2I%RISS]RI %R RRI 2|
Elw|w|m|w|m|m 22 23 m m 22 22 I m | om 23 23 &) m 22 22 m m 23
= — ~N n ~N n N [32) O — D~ [e9) ™ n [32) o) N < < N [32) o ~N ~N n
o | - Rel < ™ — < o o ™ - ™ N ~ A — — < -~ e < N ~ \p x
[5) + — — D~ + — [e} + — [e] [e] i + i + + i — D~ i i o) i D~
= = + + + O + + ee) + + + + o) + @ ~ + + + + + + + +
) (o) D~ o~ mn o~ o (9] O o D~ D~ mn [ee] @ (=] < N < n (o)) o on (o)) mn
7 S wn b < S N AR ' < AR ~ wn ) < S S o - < o N \p x ™M
a i S S — i 1= — ol = — = = I S n I = S — = 1= i S S
= > 1 1 1 > 1 Il Il Il Il Il > 1l > > Il 1l 1 1l 1l 1 1 1l
g > > > > > > > > > > > > > > > > > >
-4

Bioassay of L. Giganteum and B. Bassiana
Suspensions on Pupae of A. Aegypti and C.
Molestus

Table (4) shows the impact of various
concentrations of B. bassiana and L. giganteum
suspensions on the pupae of A aegypti and C.
molestus. The results indicate a positive correlation
between concentration and mortality rates, as well as
between exposure duration and mortality rates.

For L. giganteum, the lowest mortality rates
were (7.69%, 10.52%, 13.15%) for A. aegypti pupae
and (10%, 10.25%, 20.51%) for C. molestus pupae at
the 3x102 spore/ml. The highest mortality rates were
(15.83%, 21.05%, 28.94%) for A. aegypti pupae and
(17.5%, 23.07%, 33.33%) for C. molestus pupae at
3x105spore/ml. Similarly, the highest mortality rates
for B.bassiana were 10.52%, 15.87%, 23.68% for A.
aegypti pupae and (15.38%, 23.07%, 25.64%) for C.
molestus pupae at the highest concentration of 2x105
spore/ml after 24, 48, and 72 hours. These results
were statistically supported by significant differences
between treatments and mosquito species. A. aegypti
pupae were more sensitive to fungal suspensions
than to C molestus pupae. The LCso values for A.

aegypti and C. molestus pupae were (7.411x106,
7.373x106) spore/ml and (9.473x106, 9.371x10°¢)
spore/ml, respectively, when exposed to L.
giganteum and B bassiana suspensions after 72 hours
(Table 4).

The reduced effect of the fungal suspension
on pupae is attributed to the cuticle, which is more
rigid than in the larval stages due to the higher chitin
levels just before adult emergence. This cuticle layer
reduces the penetration of pathogenic fungal spores.
Additionally, pupae require a shorter period to
transform into adults, allowing them to escape the
fungal effects [54, 55], observed a 96% mortality rate
in Culex pipiens pupae when exposed to Beauveria
bassiana at 5x10¢ spore/ml. [56] found mortality
rates ranging from 63% to 88% in Culex pipiens pupae
when exposed to E. culicis suspension [57], reported
a 74% mortality rate in Anopheles stephensi pupae
after 3 days of treatment with Metarhizium anisopliae
suspension. The effect of C. keratinophilum
suspension on Culex quinquefasciatus pupae caused
50% mortality after three days of treatment [31, 32],
found a 47%mortality rate in Culex quinquefasciatus
pupae when exposed to Penicillium marnifei
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tissues of the pupa, which prevents successful
emergence or causes the insect to die within the

suspension at 2x10* spore/ml. In other studies,
testing the effect of Beauveria bassiana on Culex

pupal case, leading to failed emergence. This finding
is consistent with [58], reported when treating Culex

quinquefasciatus pupae with Metarhizium anisopliae

suspension.

quinquefasciatus pupae, the LCso value was found to

be 9.04x105 spore/ml after one day of treatment [38].
The cause of mortality in pupae is attributed to fungal
infection leading to the depletion of the internal

in the pupal stage of A. aegypti and C. molestus.

on
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Table (5,6) shows the effects of different
concentrations of L. giganteum and B. bassiana fungal
suspensions on adult mosquitoes of A. aegypti and C.
molestus. The mortality rates for females of both
mosquito species were 65% and 67.5% for 3 x105
spore/ml of L. giganteum and 60% and 65%
respectively for males and females of both species at
the same concentration. The lowest mortality rates
were observed at the lower concentration 3 x102
spore/ml, which were 40% and 45% for males and
37.5% and 42.5% for females. For B. bassiana, the
highest mortality rates were at 2 x105 spore/ml with
52.5% and 57.5% and 47.5% and 55% for males and
females of both mosquito species, respectively. The
lowest mortality rates at the lower concentration
2x102 spore/ml were 30% and 35% for males and
27.5% and 40% for females. No mortality was
observed in the control treatment.

Moreover, the table indicates a positive
relationship between the concentrations of fungal
suspensions and both mortality rates and exposure
duration. Mortality rates increased for all adults with
longer exposure times. Statistical analysis showed
crucial differences in adult mortality based on the
concentrations used and also significant differences
based on gender, with females showing greater
resistance than males. A. aegypti were more sensitive
for fungal suspensions than to C. molestus, as evident
from the LCso values (Tables 5 and 6). The lowest LCso
values were 4.18 x 105 and 2.927 x 105 spore/ml for
males and 1.055 x 106 and 4.43 x 105 spore/ml for
females with L. giganteum. For B. bassiana, LCso
values were 2.315 x 106 and 1.435 x 106 spore/ml for
males and 3.375 x 10° and 2.042 x 106 spore/ml for
females after 168 hours.

The results are similar to [59], who reported
that exposure of Oc. soerrensis adults to T.
cylindrosporum fungal suspension at a concentration
of 5x105 spore/ml resulted in 50% mortality after
five days, increasing to 100% after nine days [60],
stated that the LT50 value was 1.9 days for An.
stephensi adults exposed to M. anisopliae at 1.6 x1010
spore/ml [61], found that the LT50 value was 3.5
days for An. gambiae adults exposed to B. bassiana
spores, while it was 3.49 days for the same mosquito
species exposed to M. anisopliae [62]. The LT50 value

was 4.1 days for Ae. aegypti females exposed to M.
anisopliae at 1.6x1010 spore/ml [63, 31], found that
using C. keratinophilum for controlling Cx.
quinquefasciatus resulted in 90% mortality for males
and 86.66% for females after five days.

Regarding other medical insect species [64],
found that male tsetse flies G. morsitans were more
sensitive to M. anisopliae and B. bassiana than
females. This contrasts with [65], who reported that
female tsetse flies were more sensitive to M.
anisopliae, with mortality rates of 98.8% for females
and 89.6% for males.

Three concentrations (1x108, 1x106,
1x104)spore/ml of the commercial fungal suspension
of B. bassiana were tested on different stages of the T.
castaneum insect. The results showed that the second
larval stage was more sensitive to the fungal spores
compared to the fifth larval stage and adults. At the
concentration of 1x108 spore/ml, the mortality rate
for the second larval stage was 97.5% after 15 days of
treatment. The average number of eggs laid by adults
treated with the fungal suspension of B. bassiana at
1x10% spore/ml was 40.0 eggs/female, compared to
98.1 eggs in the control treatment [66].

The mechanism of action of pathogenic fungi
against adults (males and females) is through contact.
After spraying the adult with the fungal suspension,
the fungus penetrates the insect's body wall and
enters the body cavity, where it starts attacking
various tissues and disrupting the insect's immune
system. The fungus continues to grow and reproduce
until the insect's body is filled with hyphal growths.
The fungus then sends conidiophores outward,
followed by the formation of fruiting bodies, leading
to the death of the insect [67].
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