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ABSTRACT: The pathogenicity of the fungus, Metarhizium anisopliae, commonly referred to as the green muscardine fungus, has been
demonstrated against numerous insect species inhabiting various habitats. Laboratory experiments were carried out to investigate the impact
of naturally derived adjuvants on the growth and spore characteristics of M. anisopliae. The natural polysaccharide (guar gum, gum acacia
and carboxymethyl cellulose), vegetable oil (groundnut and cottonseed oil) and a synthetic adjuvant were used in the study at three distinct
concentrations: 0.05%, 0.1%, and 0.2% v/v or w/v. Among the various adjuvants tested, both gum acacia and guar gum at concentrations
of 0.1% and 0.2% were observed to have a positive impact on the growth of the fungus, resulting in enhanced radial mycelial growth,
conidiospore production, surface area coverage, and conidiospore germination. Conversely, this fundamental study highlights the detrimental
effects of synthetic adjuvants on the growth and spore characteristics of M. anisopliae.
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INTRODUCTION wide variety of insects, its ease of production using simple
substrates, and its favourable compatibility in both soil and
shelf life (Patil et al., 2012). However, these microbes can
lose their viability under unfavourable conditions such as

Entomopathogens are regarded as environmentally
friendly substitutes for pesticides in managing crop pests,
gaining importance in light of the growing focus on
environmental conservation and the promotion of sustainable
agricultural practices. Due to their eco-friendliness and
bio-persistence, these entomopathogens are preferred to
kill insects at various life cycle stages (Gul et al., 2014).
Entomopathogenic fungi play a significant role in sustainable
Integrated Pest Management (IPM) for biological plant
protection (Sinha et al., 2016). The fungus Metarhizium
anisopliae (Metsch.) Sorokin, also known as the green
muscardine fungus is a microbial biopesticide classified
under Order: Hypocreales, Family: Clavicipitaceae (Lovett
et al., 2019). Isolates of the entomopathogenic fungus M.

temperature, humidity, and ultraviolet radiation, which affect
the lifespan of conidia. (Raypuria ef al., 2019).

Adding appropriate adjuvants can enhance the shelf-life
and performance of formulations, serving as UV protectants,
wetting agents, adhesives, or nutrients that support the
growth and viability of the fungus (Patil & Jadhav, 2016). The
application of adjuvants along with the entomopathogenic
fungi can provide protection and stimulate the establishment
of the biocontrol agent on the host surface. Utilizing a
combination of these applications has the potential to enhance

anisopliae have been observed to demonstrate pathogenicity ~ control effectiveness by decreasing the quantity applied,
against over 200 species of insect pests (Portilla & Torres, mitigating environmental pollution risks and preventing the
2010). It represents a significant category of bio-agents that build-up of pest resistance (Usha et al., 2014). Typically,
form associations with insects residing in diverse habitats, vegetable oils, naturally occurring polysaccharides like
including freshwater, soil surfaces, and aerial locations carboxymethyl cellulose and synthetic additives are employed
(Joshi et al., 2018). The remarkable characteristics of this as enhancers to improve the efficacy of bio-formulations under
microbial agent have generated a great deal of interest. field conditions. However, these additives play a crucial role
These characteristics include its pathogenicity towards a in promoting growth, spore production, and viability. Seed
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pelleting with gum arabic-encapsulated biocontrol bacteria
was found effective against clubroot disease (Abdukareem et
al., 2023). Yet, fundamental research into the investigation of
new adjuvants derived from natural sources and their impact
on the growth and spore characteristics of entomopathogenic
fungi is limited. Therefore, an attempt was made to elucidate
the effect of various adjuvants of natural origin on vegetative
growth and spore attributes of the entomopathogenic fungus
M. anisopliae.

MATERIALS AND METHODS

Fungal culture

The pure culture of the entomopathogenic fungus M.
anisopliae (Isolate AAUBC Mal5) collected from the culture
repository of AICRP on Biological Control of Crop Pests,
AAU, Anand was used in the study. The fungus was grown
and maintained on Potato Dextrose Agar (PDA) in Petri
dishes. The conidial suspension was prepared by scrapping
the fungal mat using a brush and suspended in distilled water.
The prepared suspension was vortexed for 2 min and filtered
using a sterile muslin cloth. The conidial concentration was
adjusted to 10® conidia/mL using Neubauer’s chamber.

Adjuvants

The natural polysaccharide (Guar gum, Gum acacia
and Carboxymethyl Cellulose (CMC); Himedia, Mumbai,
India), vegetable oil (Groundnut and Cottonseed oil;
Arcogul, Gujarat, India, and a synthetic adjuvant (Non-ionic,
silicone-based spreader containing polydimethylsiloxane as
a key ingredient (57%); Agreo solutions, Mumbai, India)
were used in the study. Before use, all the adjuvants were
sterilized at 160°C for 2 h in a hot air oven. The details of
adjuvants and their attributes are presented in Table 1. In
laboratory assays, these adjuvants were evaluated at three
distinct concentrations: 0.05%, 0.1%, and 0.2% v/v or w/v.
This selection was based on the typical recommendation
to use adjuvants at a concentration of 0.1% when applying
formulations in field conditions.

Table 1. List of various adjuvants along with their highlighted properties

Effect of different adjuvants on M. anisopliae mycelial
growth, conidiospore production and surface area

The effect of adjuvants on mycelial growth was assessed
by following the protocol of Mwamburi ef al. (2015). Petri
dishes containing 20 mL PDA were amended with adjuvants
at three varying concentrations (0.05%, 0.1%, and 0.2%
v/v or w/v). Each dish received inoculation with a 5 mm
diameter mycelial-agar plug obtained from the edge of a
6-day-old culture. Petri dishes were then placed in incubation
at 26+2°C for 12 days. On the 12% day of incubation, radial
growth was measured as the average perpendicular growth
minus the diameter of the mycelial agar plug (5 mm).

To assess the effect of adjuvants on the spore production,
after 12 days of incubation, the spores of individual plates
will be harvested using a sterile conical flask containing 20 ml
0.05% Tween 80 solution. The central ten discs (5 mm) from
each test will be drawn and placed in the tween solution. The
conical flasks will be vortexed for 30 seconds to extract the
spores from the disc. The extracted spores will be quantified
using a Neubauer haemocytometer (Akbar ef al., 2012).

Surface area coverage was assessed following the
methodology outlined by Patil and Jadhav (2016), with
some modifications. The adjuvants, at the concentrations
previously specified, were incorporated into 100 ml of Potato
Dextrose Broth (PDB) in 250 ml capacity conical flasks.
Each flask was then inoculated with 1 ml of spore suspension
(108 conidia/mL) and placed in incubation at 26+2°C for 12
days. On the 12" day of incubation, surface area coverage
was determined following the procedure described by Ritika
et al. (2019).

Effect of different adjuvants on M. anisopliae conidiospore
germination

The agar slide technique outlined by Dhar et al. (2016)
was followed to assess the effect of adjuvants on conidiospore
germination efficiency. The three glass slides were positioned

SI. No. Adjuvants Property References
1 Gum acacia Adhesive Rahman and Dutta (2023)
2 Guar gum Thickening agent Tahmouzi et al. (2023)
3 Carboxymethyl cellulose (CMC) Sticker, stabilizer, thickener Petlamul ef al. (2017)
4 Groundnut oil Adhesive, encoater and nutrient Jyothi et al. (2014)
5 Cottonseed oil Adhesive He et al. (2014)
6 Synthetic adjuvant (Non-ionic, silicone-based Penetration, and adhesion, reduce the Bhuiyan ef al. (2024)

spreader containing polydimethylsiloxane) tension of spray droplets
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inside a Petri dish that was lined with blotting paper and
subsequently subjected to sterilization. With a micropipette,
a fine layer of liquefied PDA medium was uniformly applied
onto each of the glass slides. Following this, for the slides
coated with the media, 100 pul of conidial suspension obtained
from Petri plates amended with adjuvants as outlined in the
section describing the effect of different adjuvants on M.
anisopliae mycelial growth, conidiospore production and
surface area, was evenly distributed. The inoculated slides
were positioned back in Petri dishes and the blotting paper
lining of the dish was moistened using sterilized water. The
Petri dishes were incubated at 26+2°C. At 24 and 48 h after
incubation, the slides were examined under a phase-contrast
microscope (40X magnification) to document the count of
conidial germination. Approximately 300 conidia were
assessed per replicate in each treatment, and the percentage
of conidiospore germination was then calculated.

Statistical analysis

The obtained data was subjected to one-way ANOVA
using SPSS v21.0. The means were compared by Duncan’s
Multiple Range Test (DMRT) (p=0.05).

RESULTS AND DISCUSSION

Radial mycelial growth

All the different adjuvants at three different
concentrations showed significant effects on the radial
mycelial growth of M. anisopliae. Maximum radial growth
was observed in media supplemented with gum acacia @
0.2%, 0.1% and guar gum @ 0.2% with 74.63+1.65 mm,
72.97+0.49 mm and 72.50+0.08 mm, respectively (Table 2).
These were found statistically equivalent to each other. An
increase in the concentrations of these adjuvants resulted in
more radial growth of the fungus. Among the oil adjuvants,
groundnut oil was more efficient than cottonseed oil in
improving the radial growth of M. anisopliae. All adjuvants
enhanced the radial growth of M. anisopliae as compared to
control (without adjuvants). Whereas in the case of media
supplemented with synthetic adjuvant, there was a significant
inhibition in the radial mycelial growth. An increase in the
concentration of synthetic adjuvant resulted in a significant
reduction in the radial mycelial growth of M. anisopliae.
Kumar et al. (2008) recorded that groundnut oil led to radial
growth of 25 mm of M. anisopliae.

Conidiospore/spore production

The conidiospore production by M. anisopliae grown on
media containing different concentrations of adjuvants had
significant differences. The highest spore yield was recorded
in gum acacia at both 0.2% (4.2x10% conidia/ml) and 0.1%
(3.2x10% conidia/ml), as well as guar gum @ 0.2% (3.3x10%
conidia/ml) and 0.1% (2.8x10® conidia/ml), however, there

270

was no substantial difference observed between them,
indicating that they were statistically equivalent. The oil
adjuvants exhibited differing levels of conidia production.
The highest counts were observed with groundnut oil, both
at 0.2% (2.4x108 conidia/ml) and 0.1% (1.8x10® conidia/ml)
concentrations. Conversely, in the case of cottonseed oil,
the highest spore yield (1.9x10® conidia/ml) was recorded
at 0.2%, followed by 0.1% (1.6x10® conidia/ml) (Table 2).
However, there were no significant differences between
these yields, indicating they were comparable. The synthetic
adjuvant exhibited the lowest conidiospore production. As
the concentration of the synthetic adjuvant increased, there
was a notable and statistically significant decrease observed
in the conidiospore production by M. anisopliae.

Band et al. (2023) recorded a mean spore count of
7.65x10% spores/ml when M. anisopliae was grown on
media containing CMC and 9.30x10% spores/ml when
grown in groundnut oil. Kumar et al. (2008) recorded a
mean spore yield of 1.44x107 spores/ml when M. anisopliae
was grown in media containing groundnut oil. Chin et
al. (2022) observed that CMC and gum acacia applied to
seeds, successfully retain high percentages of spores on the
seed surface (78.54-84.93%), a reflection of high coating
efficiency. 1.5% w:v carboxymethylcellulose and 25.0 % w:v
gum Arabic indicated better compatibility with 7. asperellum
as more viable spores were entrapped on seed surfaces
compared to control. Prakash et al. (2015) observed that
spores of M. anisopliae formulated in groundnut oil caused
a mortality of 76.66% against Spodoptera litura. Cottonseed
oil formulated with Metarhizium flavoviridae against desert
locust (Schistocerca gregaria) showed a significant increase
in the infectivity of insects, even at low humidity and high
temperatures. (Bateman ef al., 1993).

Surface area

The growth of M. anisopliae in the media supplemented
with different concentrations of various adjuvants was
recorded as the surface area covered. The observations
on surface area were taken at 12 days after inoculation.
The surface covered by M. anisopliae ranged from
28.02+0.61% to 98.08+0.50%. The surface area covered by
all the treatments was statistically significant over control
(without adjuvants) except for the media supplemented
with synthetic adjuvant. The surface areca was exhibited by
media augmented with groundnut oil @ 0.2%, cottonseed oil
@ 0.2%, gum acacia @ 0.2% and 0.1%, guar gum @ 0.2%
covering significantly highest surface area of 98.08+0.5%,
98.08+0.5%, 98.03+0.29%, 95.13+0.51%, and 95.01+0.19%,
respectively, but these were at statistically at par with each
other. Whereas, M. anisopliae with synthetic adjuvant @
0.2% recorded the lowest surface area (28.024+0.61%). So,
from these results, we can conclude that the natural adjuvants
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with a higher concentration supported the maximum growth
of M. anisopliae (Table 2).

Gum acacia is a high molecular weight polysaccharide,
which may have enhanced the growth of fungus to cover
more surface area. Similarly, guar gum is a galactomannan
polysaccharide containing galactose and mannose, which
helps in promoting the vegetative growth of fungus. Raypuria
et al. (2019) researched the interaction between various
adjuvants and found that CMC caused the least inhibition of
surface area. Moreover, a higher CMC concentration of 0.5%
promoted the greatest extent of surface growth. The enhanced
fungal growth at elevated CMC levels was linked to the
potential for M. anisopliae to secrete cellulolytic enzymes
in the presence of CMC. These enzymes play a crucial role
in the natural breakdown of materials into carbon, a vital
process for the proliferation of microorganisms, as outlined
by Betty ef al. (2013). Out of the two oil adjuvants, groundnut

oil was better than cottonseed oil in providing better surface
area coverage.

Conidial germination

The mean conidial germination percentage of M.
anisopliae grown in different concentrations of adjuvants
at 24 and 48 h after incubation is presented in Table
3. Significant variations in conidial germination were
observed among treatments employing different adjuvants
(Figures 1 and 2). Conidial germination exhibited more
pronounced differences at 24 h of incubation compared
to 48 h. The various adjuvants significantly affected the
conidial germination of M. anisopliae as compared to the
control (without adjuvant), except for the M. anisopliae
grown on media incorporated with synthetic adjuvant. M.
anisopliae grown on media containing gum acacia and guar
gum, showed the highest conidial germination values after
24 h of incubation. CMC, groundnut oil and cottonseed oil

Table 3. The effect of adjuvants on conidial germination of M. anisopliae

Concentration Germination (%)
Treatment
(%o) 24h 48 h
0.05 94.86+1.54*abe 100+£0.00*2
Gum acacia 0.1 97.63+£1.53* 100+0.00*
0.2 98.14+1.29° 100+0.00°
0.05 91.93+1.78:0ed 100+0.00?
Guar gum 0.1 96.03+£2.02° 100+0.00?
0.2 97.70+1.28° 100+0.00°
0.05 88.39+1.220cde 98.66:1.86"
CMC 0.1 94.07+1.33% 99.98+0.05°
0.2 95.08+0.51% 100+0.00°
0.05 88.11+1.63¢ 99.42+1.14
Groundnut oil 0.1 92.45+1.29:0cd 99.52+0.74*
0.2 94.35+0.88 99.75+0.41°
0.05 77.93+1.65¢ 98.78+0.33?
Cottonseed oil 0.1 80.65+1.531% 99.56+0.61*
0.2 85.88£0.79%f 99.86:£0.23°
0.05 37.76+1.37" 63.40+0.83°
Synthetic adjuvant 0.1 33.22+1.81M 60.90+0.79*
0.2 29.16+1.77 43.87+0.89¢
Control

- 83.28+0.78¢f 98.54+1.04°

(M. anisopliae)

S. Em=+ 2.04 2.18
CD (P=0.05) 5.77 6.19

Note: * values represent means + standard deviation of four replicates. Treatment means with letters in common are not sig-
nificant by Duncan’s New Multiple Range Test at a 5% level of significance
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also registered high germination values after 24 h. It was
observed that at 24 h after incubation, all adjuvants showed
enhanced conidial germination in M. anisopliae as compared
to control (without adjuvants) (83.28+0.78%), except for
synthetic additive, which inhibited the germination of
conidia with germination of 37.76+1.37%, 33.22+1.81%
and 29.16+1.77%, respectively, at a concentration of 0.05%,
0.1% and 0.2% respectively. At 48 h, all the treatments
showed germination values between 98.66 and 100% except
for the synthetic adjuvant.

Metarhizium anisopliae showed the highest germination
when growth media was supplemented with natural
polysaccharides like gum acacia, guar gum, and CMC.
Our results are similar to the findings of Flores-Villarreal

et al. (2023) in which Hirustella citriformis formulated in
media incorporated with gum acacia led to more than 90%
germination 24 h after incubation. Among oil adjuvants,
groundnut oil showed the highest germination. These results
were similar to the findings of Alves e al. (1998), where
M. anisopliae formulated in groundnut oil led to a mean
germination percentage of 94.98+% at 24 h after incubation
and 99.41+% germination at 48 h after incubation. Higher
concentrations of synthetic adjuvant caused a significant
reduction in the conidial germination. Alves et al. (2002),
reported the adverse effects of chemical spreaders on the
conidial viability of M. anisopliae without a good recovery.
Boyette et al. (1996) also concluded that chemical adjuvants
lowered the germination at concentrations higher than 0.1%.

Figure 1. Germination of conidia harvested from the medium supplemented with gum acacia was observed at 4 h after incubation.

Figure 2. Germination of conidia harvested from the medium supplemented with synthetic adjuvant was observed at 4 h after incubation.
Note: Arrow indicates germinated conidia
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Table 2. The effect of adjuvants on growth, conidiospore production and surface area of M. anisopliae

Radial mycelial

Conidiospore produc-

Treatment Concentration (%) growth tion (No. of conidia/ Surface area (%)
(mm) ml)
7.10%*fe
0.05 70.75+0.08 %> (1.2x10%) 91.42+0.99%*¢
. 7.51 e
Gum acacia 0.1 72.97+0.49% (3.2x10%) 95.13+0.51®*
0.2 74.63+1.65* (472')632)8) 98.03+0.29*
6.98¢
0.05 68.42+0.074t (9.5x107) 90.73+£0.41¢
7.45%4
Guar gum 0.1 70.32+0.03¢ (2.8x10%) 93.64+0.50
ab
0.2 72.50+0.06% (37;2103) 95.01+0.19®
gh
0.05 66.75+1.02% (8663307) 77.81+1.81¢
7.31¢
CMC 0.1 68.26+0.06°2 (2.0x10%) 82.87+1.38¢
bede
0.2 70.22+0.19<% (2723103) 90.50+0.61¢
6.93¢
0.05 66.41+0.10% (8.4x107) 90.3940.27¢
. 7.284f
Groundnut oil 0.1 68.81£0.45%" (1.8x10°%) 92.43+0.10%
bede
0.2 70.38+0.15¢% (2723103) 98.08+0.50*
h
0.05 66.35+0.08¢ (768'2(1)07) 90.28+0.25¢
Cottonseed oil 0.1 67.62+0.04% 723 92.43+0.10%
: D (1.6x10%) g
7.30df
defg a
0.2 68.37+0.06 (1.9x10%) 98.08+0.50
0.05 36.25+1.50 451 35.60+0.13¢
: o (3.2x10%) DU
. . . 423
Synthetic adjuvant 0.1 28.25+1.99 (1.7x10% 31.78+0.30"
3.98k .
k i
0.2 24.5+1.91 (9.5x10°) 28.02+0.61
Control ) 40.91+ 1.20" 6.839" 5241.23"
(M. anisopliae) (7.7x107)
S. Em=+ 0.72 0.06 1.24
CD (P=0.05) 2.04 0.17 3.51

Note: **Figures are log transformed values, whereas those in the parentheses are retransformed values. Treatment means with
letters in common are not significant by Duncan’s New Multiple Range Test at 5% level of significance

* Values represent means =+ standard deviation of four replicates
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CONCLUSION

This research explored the impact of various naturally
derived adjuvants on both vegetative and spore characteristics
of the entomopathogenic fungus, M. anisopliae. 1t was
found that all the adjuvants tested had a positive effect,
enhancing mycelial growth, conidiospore production,
surface area, and conidial germination. The study has
showed the detrimental effects of synthetic adjuvants and
the present results forms a base for further investigations
into the utilization and optimization of natural adjuvants,
particularly gum acacia and guar gum, for the development
of growth medium, bioformulations refinement, and spray
applications. By doing so, it aims to enhance the efficiency of
microbial biopesticides, thereby promoting sustainable pest
management and facilitating the development of sustainable
production systems.
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