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ABSTRACT

This study evaluated the effect of adjuvants viz. glycerol, boric acid, carboxy methyl cellulose (CMC) 
and Tween-80 on the growth of Metarhizium rileyi (Farlow) Kepler, Rehner and Humber isolates. Their 
virulence against Spodoptera litura (F.) larvae has also been assessed. The isolates were observed to exhibit 
maximum surface area coverage and biomass with glycerol @ 5% and CMC @ 0.5%. Further, NIPHM 
isolate of M. rileyi supplemented with mixture of adjuvants- glycerol @ 5% and CMC @ 0.5% when 
evaluated against S. litura larvae gave maximum mortality (63.33%) and increase over control (without 
adjuvants- 2.69%). This study demonstrates the possible role of adjuvants in enhancing the growth of M. 
rileyi and its virulence against S. litura.
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Entomopathogenic biocontrol agents are ecofriendly 
alternatives to pesticides for managing crop pests. With 
the increasing emphasis on environmental protection 
and sustainable agriculture, biopesticides have become 
essential alternatives (Dhakal and Singh 2019). 
Entomopathogenic fungi for biological plant protection 
has an important role in sustainable IPM (Sinha et al., 
2016). The fungus Metarhizium rileyi (Farlow) Kepler, 
Rehner and Humber, formerly known as Nomuraea 
rileyi (Kepler et al., 2014) is an entomopathogenic 
fungus that infects several important pests of crops 
including many noctuids. However, microbes lose 
their viability under unfavourable conditions like 
temperature, humidity and ultraviolet radiations 
(Raypuria et al., 2019). The shelf-life and performance 
of formulations can be improved by adding suitable 
adjuvants that may act as UV protectants, wetting 
agents, adhesives or nutrients which can be beneficial 
for the growth and viability of the fungus (Patil and 
Jadhav, 2016). The application of adjuvants can provide 
protection and stimulate the establishment of antagonist 
on the host surface (Guijarro et al., 2018). There is a 
need for basic research on the standardization of suitable 
adjuvants for the development of myco-formulations 
(Ritika et al., 2019). Metarhizium rileyi has a lot of 
potential as a promising entomopathogen. There is a 
need for detailed studies to understand and develop 
economic production and formulation techniques to 
elevate the status of this fungus in pest control (Fronza 

et al., 2017). Hence, the present study to evaluate the 
effect of few adjuvants on the growth of M. rileyi and 
its efficacy against S. litura. 

MATERIALS AND METHODS

Two M. rileyi isolates viz. MTCC4254 and 
MTCC10395 procured from the Institute of Microbial 
Technology (IMTECH), Chandigarh, India and one 
isolate procured from National Institute of Plant Health 
Management, Hyderabad, India (NIPHM isolate) were 
used. These isolates were grown and maintained on 
Sabouraud maltose agar with yeast extract (SMAY) 
(mycological peptone 1%, maltose 4%, agar 2%, yeast 
extract 1% and chloramphenicol 0.5%), and refrigerated 
till further use. The conidial suspensions were prepared 
by scraping the fungal mat and suspending it in 100 ml 
distilled water. The conidial suspension was vortexed 
for 5 min to produce a uniform suspension and filtered 
through a muslin cloth. The fungal suspension was 
quantified to 108 conidia/ml using a haemocytometer. 
Adjuvants at concentrations viz. glycerol (1%, 2%, 5%), 
carboxymethyl cellulose (CMC) (0.1%, 0.2%, 0.5%), 
tween-80 (0.1%, 0.2%, 0.5%) and boric acid (1%, 2%, 
5%) were sterilized in hot air oven at 160°C for 1 hr 
and added individually to optimum concentration (1x 
108 cfu/ ml) of M. rileyi and incubated at 25± 2°C. One 
ml of this formulated suspension was then added to 
100 ml Sabouraud maltose broth (SMB) and incubated 
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at 25± 2°C for 10 days following the methodology of 
Patil and Jadhav (2016). The surface area coverage was 
recorded according to Ritika et al. (2019) on 7th day after 
inoculation (DAI) and the fungal biomass was recorded 
10 days after inoculation. There were ten treatments 
with three replicates each.

For bioassay studies, Spodoptera litura larvae 
and eggs were collected from cabbage and reared in 
the laboratory on cabbage leaves placed in glass jars 
covered with muslin cloth at ambient environmental 
conditions (25± 2°C). The food was changed daily. 
Conidial suspension was prepared by individually 
supplementing three M. rileyi formulations @ 1x 108 

cfu/ ml with a mixture of adjuvants (glycerol @5% 
+ CMC @0.5%). Laboratory bioefficacy study was 
carried out against 2nd instar larvae of S. litura by leaf-
dip method according to Devi et al. (2003). Leaves 
were dipped in this supplemented conidial suspension, 
and larvae were released on to the treated leaves kept 
in plastic containers. Each replication consisted of 20 
larvae, and there were six replications. Fresh untreated 
leaves were provided daily. The control larvae were 
kept on leaves treated with M. rileyi alone (without 
adjuvants). The cumulative % mortality and increase in 
mortality over control (M. rileyi without adjuvants) was 
recorded 5, 7 and 10 days after treatment (DAT). The 
dead larvae were transferred to petri plates containing 
moist paper to confirm the cause of death. The data were 
subjected to one-way ANOVA in SPSS 16.0. Means 
were compared by Tukey’s post-hoc test (p=0.05). 

RESULTS AND DISCUSSION

Growth of M. rileyi isolates on media supplemented 
individually with adjuvants was recorded as surface area 
covered and biomass produced; surface area covered 
was recorded at 7th day after inoculation (Table 1). In M. 
rileyi (NIPHM isolate), growth in media supplemented 
with adjuvants ranged from 35.0 to 98.33%, and surface 
area covered were statistically significant over control 
(without adjuvants) except for treatment supplemented 
with boric acid; in this isolate, glycerol @ 5% (98.33%) 
gave maximum surface growth and at par with glycerol 
@ 2% (95.0%); glycerol and CMC supported the 
maximum growth on all days of observation.  Biomass 
observed after 10 days of treatment revealed that M. 
rileyi NIPHM isolate produced  maximum biomass 
(1.50 g/ 100ml) in media supplemented with glycerol 
@5%; this was  followed by CMC @ 0.5% (0.95 g/ 
100ml); and the least (0.48 g/100ml) was in media 
supplemented with boric acid @ 5%. All isolates of 
M. rileyi recorded maximum surface area and biomass 
in media supplemented with a higher concentration 
of glycerol (5%) and CMC (0.5%). These results are 
similar to those obtained by Patil and Jadhav (2016) who 
evaluated various chemicals and oils, and combinations 
thereof, as adjuvants with N. rileyi; maximum biomass 
was on CMC @ 0.5% followed by glycerol @2%. The 
maximum surface area and biomass of M. anisopliae 
were observed with glycerol @ 10% by Boruah et al. 
(2015); Raypuria et al., (2019) studied its compatibility 
with various adjuvants and observed minimum growth 

Table 1. Effect of adjuvants on growth of M. rileyi isolates

Treatments Concentration
(%)

NIPHM MTCC 4254 MTCC 10395
Surface 
area at  
7 DAI 

Biomass 
at  

10 DAI

Surface 
area at  
7 DAI

Biomass 
at  

10 DAI

Surface 
area at  
7 DAI

Biomass 
at  

10 DAI
M. rileyi+ Glycerol 1 93.33ba 0.78dcb 75.00ba 0.79cb 86.67a 0.70ba

2 95.00a 0.90cb 88.33a 0.81cb 91.67a 0.77a

5 98.33a 1.50a 93.33a 0.99a 95.00a 0.82a

M. rileyi+ CMC 0.1 80.00cba 0.68ed 86.67a 0.70dc 88.33a 0.67ba

0.2 90.00ba 0.77dcb 91.67a 0.72dcb 90.00a 0.71ba

0.5 93.33ba 0.95b 93.33a 0.88ba 93.33a 0.76a

M. rileyi+ Tween 80 0.1 51.67ed 0.57fe 50.00dcb 0.56ed 31.67b 0.37d

0.2 66.67dc 0.64fed 60.00cb 0.60ed 33.33b 0.55cb

0.5 75.00cb 0.71ed 75.00ba 0.65dc 45.00b 0.70ba

M. rileyi+ 
Boric Acid

1 50.00ed 0.74edc 50.00dcb 0.69dc 41.67b 0.67ba

2 40.00e 0.69ed 43.33dc 0.64dc 31.67b 0.66ba

5 35.00e 0.48f 38.33dc 0.55ed 30.00b 0.46dc

M. rileyi (Control*) - 46.67e 0.47f 30.00d 0.45e 40.00b 0.44dc

*M. rileyi without adjuvant; DAI= Days after inoculation; Mean value followed by same letter (a, b, c, d, e) in vertical column not significantly 
different (Tukey’s post hoc test, p=0.05)
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inhibition with CMC, also a higher concentration of 
CMC (0.5%) supported maximum radial growth and 
highest spore load. The growth of the fungus on higher 
concentration of CMC was attributed to the possible 
release of cellulolytic enzymes by M. anisopliae on 
CMC, which are necessary in the natural biodegradation 
to carbon and are therefore, essential for growth of 
microorganisms (Betty et al., 2013). The properties 
of CMC as an adjuvant include sticker, binder and 
stabilizer, while glycerol acts as humectant, carrier and 
osmotic protectant (Raypuria et al., 2019).

Babu et al. (2014) conducted compatibility 
studies of M. anisopliae with pesticides, insecticides 
and botanicals and reported that boric acid had a 
detrimental effect on growth of all fungal isolates. 
Boric acid inhibited fungal growth in P. variotii and 
Trichoderma strains (Ang et al., 2011). Surfactants 
reduce the surface tension of aqueous solutions by 
wetting of surfaces. However, the antifungal activity 
of surfactants depends on the length of the alkyl chain 
(Jackson et al., 2009). Various types of adjuvants that 
can improve spore adhesion or provide protection from 
adverse environmental conditions are often necessary 
to improve the performance of a biocontrol agent. 
However, some adjuvants can also be toxic to certain 
fungi (Wyss et al., 2004). 

Against 2nd instar larvae of S. litura, after 5 days 
of treatment (DAT), the cumulative % mortality was 
not significantly different among isolates (Table 2); 
after 7 DAT, maximum mortality was observed with 
M. rileyi NIPHM (46.67%) followed by MTCC 4254 
(40.00%); and maximum mortality (63.33%) was in M. 
rileyi NIPHM followed by MTCC 4254 (58.33%) at 10 
DAT; though not statistically significant, an increase in 
mortality over control (M. rileyi without adjuvants) was 

observed in all isolates. The increase in mortality over 
control in M. rileyi NIPHM, MTCC 4254 and MTCC 
10395 isolates was observed to be 3.71%, 4.35% and 
5.01% at 7 DAT and 2.69%, 2.94% and 3.85% at 10 
DAT respectively. Boruah et al. (2015), evaluated the 
efficacy of bioformulation of M. anisopliae against 
cowpea aphid under pot and field conditions. They 
observed mortality of 30.16% when supplemented 
with glycerol @ 10%; 50.00% when supplemented 
with sunflower oil @ 0.5 %; and up to 80.00% when 
supplemented with both glycerol @ 10% + sunflower oil 
@ 0.5% after thirty days of spraying. It was suggested 
that the addition of adjuvants and oils reduced conidial 
desiccation and increased the efficacy. Williams et al. 
(2000) studied the potential of different adjuvants for 
increasing the virulence of Verticillium lecanii and 
observed an additive improvement in infection with 
glycerol. Glycerol is a polyhydric alcohol that plays 
an important role in fungal growth when humidity 
fluctuates (Jennings 1995). 

The production of hydrolytic enzymes by the 
microorganism is one of the mechanisms involved 
in biocontrol. The type of nutrients and their amount 
in the formulation must allow sufficient production 
of these hydrolytic enzymes (Stack et al., 1988). The 
increase in mortality observed in present study when 
supplemented with adjuvants, though not statistically 
significant, might be due to an increased level of 
hydrolytic enzymes secreted by the fungus in presence 
of these adjuvants that act as nutrients, adhesives, etc. 
Kim et al. (2010) described the role of certain adjuvants 
in promoting the aphicidal activity of Beauveria 
bassiana enzyme precipitate. It is concluded from the 
present study that media supplemented with glycerol 
(@ 5%) and CMC (@ 0.5%) improved growth of M. 

Table 2. Mortality of S. litura larvae by M. rileyi supplemented with adjuvants

Treatments

% mortality
5 DAT 7 DAT 10 DAT

Control* With
Adjuvants**

% 
increase  

over 
control

Control* With
Adjuvants**

% 
increase 

over 
control

Control* With
Adjuvants**

% 
increase 

over 
control

M. rileyi 
NIPHM

30.00
(33.02)

31.66 5.53 45.00
(42.10)

46.67 3.71 61.67
(51.78)

63.33
(52.77)

2.69

M. rileyi 
MTCC 4254

26.67
(31.05)

28.33 6.22 38.33
(38.17)

40.00 4.35 56.67
(48.84)

58.33
(49.81)

2.94

M. rileyi 
MTCC 10395

26.67
(30.98)

26.67 0 33.33
(35.20)

35.00 5.01 43.33
(41.14)

45.00
(42.10)

3.85

CD (5%) 8.96 NS 9.69 NS 6.90 7.26
Critical difference (CD), p= 0.05;  DAT= days after treatment; *M. rileyi formulation without adjuvants; **M. rileyi supplemented with 
CMC @ 0.5% + glycerol @ 5%; Values in parenthesis arc sine transformed values.
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rileyi. Further field studies in understanding the role 
of adjuvants in virulence can lead to development 
of newer methods of production and application of 
mycoformulations.
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