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ABSTRACT: The selection of suitable media with respect to growth and sporulation of entomopathogenic
fungi is an obligatory precondition for their large scale mass production and field application henceforth. In
tandem with this, laboratory experiments were conducted to demonstrate the efficacy of using different liquid
and solid media for the mass multiplication and estimation of conidial count of entomopathogenic fungal
isolates of B. bassiana and M. anisopliae for the management of walnut weevil, Alcidodes porrectirostris
Marshall. The results of mass culturing on liquid media tested, indicated that highest conidial count per unit
area after inoculation was obtained for Bb-BH2 isolate (32.02 × 104 conidia/cm2) followed by Bb-BH1 (31.08 ×
104 conidia/cm2) on Potato-dextrose agar (PDA) medium compared to Sabouraud dextrose agar (SDA)and
Oat-meal agar (OMA) media. In case of solid media evaluated, maximum sporulation of Bb-BH2 was
recorded on rice grains (6.62 × 106spore/g) while as in Ma-PO1 isolate, maximum sporulation was recorded
on wheat grains (4.36 × 106 spore/g). These results propose rationale basis for sound conidia production for
laboratory and commercial use for the management of walnut weevil, Alcidodes porrectirostris.
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INTRODUCTION

The walnut weevil, Alcidodes porrectirostris Marshall
has become a major pest of walnut, Juglans regia over
the years especially in the Jammu region of Jammu and
Kashmir, where it has stimulated a considerable yield
loss (Guroo et al., 2021). The major portion of damage
to the fruit (kernel) is caused by the cryptic stage
(larvae) of this pest which renders the use of
insecticides quite unproductive. The use of suitable
entomopathogenic fungi under such circumstances
offers an effective alternative to utilize them for the
control of such pests as they have the ability to manage
the concealed pests and perpetuate on their own. The
use of insect pathogenic fungi is quite safe,
environmentally pure and non-accumulating (Edde
2012). These entomopathogenic fungi infect the host
insect both by direct treatment and by transmission of
inoculum from treated insects or cadavers to untreated
insects through the production of new spores (Quesada-
Moraga et al., 2004). Several valuable findings on the
use of entomopathogenic fungi as an effective control
strategy against various insect pests have been
documented by various scientists with special reference
to coleopteran insect pests (Francardi et al., 2012;
Kavallieratos et al., 2006; Sun et al., 2016; Ozdemir et
al., 2020). Among these entomopathogenic fungi

Beauveria bassiana and Metarhizium anisopliae offer
the promising potential as bioncontrol agents against
several weevils (Batta et al., 2004). These fungi grow
naturally in soils throughout the world and, as
parasitoids, are capable of causing disease in various
insects. Among the microbial biopesticides,
entomopathogenic fungi are the second-highest selling,
accounting for around 9% of all microbial biopesticides
sold globally (Glare et al., 2012). Over the years these
fungi have been mass produced and made marketable
by growing them on various types of solid and liquid
media. However, optimum conidia production depends
not only on the type of isolate used but also on selection
of appropriate media (Kamp and Bidochka 2002) for
mass multiplication of these entomopathogenic fungi
which determines  their measurable pathogenicity
((McCoy et al., 1975). This is because the type of
growth medium used affects conidial/spore production
of these entomopathogenic fungi that forms the basis of
their field application. There is no general factor that
stimulates sporulation in these fungi (Marchant 1984).
However, the nutritional constituents coupled with the
amount of accessible nutrients can have a reflective
effect on culture growth, spolulation and morphology in
entomopathogenic fungi. Keeping the above facts in
view, the present study was conducted in this direction
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to assess different economical and easily accessible
substrates viz. Potato-dextrose agar (PDA), Sabouraud
dextrose agar (SDA) and Oat-meal agar (OMA) as
liquid media and rice, wheat and oats as non-synthetic
solid media for mass multiplication of B. bassiana and
M. anisopliae isolates for the management of walnut
weevil, Alcidodes porrectirostris Marshall.

MATERIAL AND METHODS

The present study was conducted in the Biological
control laboratory, Division of Entomology, SKUAST-
Jammu. The isolates of Beauveria bassiana and
Metarhizium anisopliae used were isolated from
naturally infected larvae of walnut weevil, Alcidodes
porrectirostris and soil.

A. Liquid media mass production of fungal isolates
Three different culture media with their respective
compositions viz., Potato-dextrose agar (PDA) medium
(peeled potato 200 g + dextrose 20 g + agar-agar 20 g),
Sabouraud dextrose agar (SDA) medium (dextrose 40 g
+ peptone 10 g + agar-agar 20 g), and Oat-meal agar
(OMA) medium (rolled oats 30g + agar-agar 20) were
prepared as per standard procedure. The entire media
were autoclaved for 20 minutes at 15 lbs pressure and
poured in Petri-plates separately and a disc of 5mm of
different isolates of Beauveria bassiana and
Metarhizium anisopliae from the stock culture were
aseptically transferred into the different media. The
inoculated plates were incubated at 25±1°C, 85–90%
(R.H.) and photophase of 12 hours for 12 days.

B. Conidia production and radial growth of B. bassiana
and M. anisopliae.
Observations were recorded on the number of days
required for the sporulation of the isolates on different
media. The radial growth in cm was recorded on 3rd, 6th,
and 9th days after inoculation (DAI).The surface
colonies were measured by using two diameters (cm) of
fungus for calculating radial growth (cm/day). A 1-cm
diameter plug was taken exactly halfway between the
centre and edge of the colony of each isolate and then
suspended in 0.3 % Tween 80 solution in sterile
distilled water to ensure maximum conidial harvesting.
The suspensions were vortexed for 3 minutes to
produce a homogenous suspension. The suspensions
were filtered through several layers of cheese cloth to
remove mycelia and debris. Subsequently, the spore
concentrations were determined using a
haemocytometer, and the spore amount per unit area
was calculated (Kamp and Bidochka 2002).

C. Solid media mass production of fungal isolates
Non-synthetic solid media viz. rice, wheat and oats
were used for estimating the sporulation of B. bassiana
and M. anisopliae at 25±1°C. Purified 500 grams of
each grain type were washed and soaked in water
overnight except rice which were soaked for 3-4h prior
to starting of experiments. The excess water was
drained by pouring and shade drying for half an hour to

further remove the surplus moisture. The grains were
packed separately in 500 ml conical flask, with cotton
plug and auto calved at 15 psi for 20 minutes. After
cooling, 1 ml of the spore suspension of isolates of B.
bassiana and M. anisopliae were inoculated into each
conical flask under laminar flow chamber followed by
incubation in BOD incubator at 25±1°C for 20 days.
Four replications were maintained for each grain type.
In order to avoid stomping, after 5 days of inoculation,
the flasks were shaken robustly to separate the grain
and to break the mycelial mat. After 20 days of
incubation, 10 g homogenous grain sample drawn from
each replicate of consistently sporulating flasks was
transferred to 100 ml sterilized distilled water
containing 0.3 % Tween 80 solution in 250 ml conical
flasks. The flasks were shaken in mechanical shaker for
10 minutes. The suspensions were filtered through
double layered cheese cloth to remove mycelia and
debris. Counting of spores was made using a
haemocytometer and a binocular microscope at 400x
magnification and expressed as conidia per gram (g).

D. Statistical analysis
Data was statistically analysed by using the SPSS
version 16.0 and further subjected to post hoc tests for
comparison of means.

RESULTS AND DISCUSSION

Differential conidial count of selected isolates of B.
bassiana and M. anisopliae using potato-dextrose agar
(PDA), Sabouraud dextrose agar (SDA), and Oat-meal
agar (OMA) media is presented in Table 1. Among the
different substrates evaluated, highest conidial count
after inoculation (32.02 × 104 conidia/cm2) was
obtained for Bb-BH2 isolate, followed by Bb-BH1
(31.08 × 104 conidia/cm2), Ma-PO1 (28.52 × 104

conidia/cm2) and Ma-PO2 isolate (20.31 × 104

conidia/cm2) on PDA medium, respectively. Significant
differences were observed in the conidial count on
different media (PDA, F = 34.321, df=3, P=0.000;
SDA, F = 29.432, df=3, P=0.000; OMA, F = 26.523,
df=3, P=0.000).The variation in sporulation and conidia
production of entomopathogenic fungi may be due to
the fungal isolate (Kamp and Bidochka 2002) and
nutritional composition of the media and carbon:
nitrogen ratio (Shah et al., 2005). For example, a high
conidia production and radial growth rate was reported
when B. bassiana B14841 (37.10 mm/ day) was
cultured on Czapeck Dox agar (CDA) which may be
due to sodium nitrate and minerals which are needed
for the growth of this fungi (Altomare et al., 1999).
Similarly highest radial growth of 50.50 mm/day was
reported when B. bassiana was grown on a basal
medium mixed with sodium nitrate (Sabbour et al.,
2011). To single out a particular medium for best
conidial production of entomopathogenic fungi is a
matter of long debate.
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Table 1: Spore counts of Beauveria bassiana and Metarrhizium anisopliae fungi using different liquid media.

Media Bb-BH1
(x104 spores/cm2 )

Bb-BH2
(x104 spores/cm2 )

Ma-PO1
(x104 spores/cm2 )

Ma-PO2
(x104 spores/cm2 )

PDA 31.08±3.73c 32.02±0.02c 28.52±0.52c 20.31±0.22b
SDA 28.31±1.28b 30.11±2.23c 24.11±1.23b 17.8± 0.32a

Oat meal 21.18±0.43a 23.32±0.22b 17.52±0.12a 15.31±2.22a
Mean ± SE followed by different letters within the same column and same isolates are significantly different at p ˂ 0.05 level.

Some researchers believe that PDA is the best medium
for culture of fungi (Zhang et al., 2001) While as others
have reported Sabouraud dextrose agar (SDA) as a best
medium for M. anisopliae and B. bassiana (Hallsworth
et al., 1996) multiplication. The spore dimensions
measured using a phase contrast research microscope
revealed that aerial conidia size of Bb-BH1 and Bb-
BH2 isolates showed considerable variability with
spore mean sizes ranging from 2.49 to 2.51 µm and
from 2.38 to 2.40 µm for Ma-PO2 and Ma-PO1 isolates
(Table 2) respectively. No relation could be
demonstrated between the morphological traits (spore
size and radial growth) and pathogenicity of B.
bassiana and M. anisopliae isolates to A.
porrectirostris. These results are in agreement with the
findings of Talaei-Hassanloui et al., (2006) who did not
find any correlation between morphological traits
(growth rate, spore size and germination rate) and
pathogenicity of B. bassiana against Leptinotarsa
decemilneata and Plutella xylostella.
Methods for commercial production of conidia are
usually done on solid substrates that consist of cereal
grains such as rice or other starch-based substrate. All
the solid media substrates used in the present study

ensured good growth of different isolates used (Table
3). Maximum sporulation was recorded on rice grains
in case of Bb-BH2 (6.62 × 106spore/g) while as in Ma-
PO1, maximum sporulation was recorded on wheat
grains (4.36 × 106spore/g). Significant differences were
observed in the conidial count on different media (Rice,
F = 21.234, df = 3, P=0.000; Wheat, F = 19.512, df=3,
P=0.000; Oats, F = 17.320, df = 3, P=0.000). On the
whole, rice and wheat grains provided significantly
more sporulation in case of Bb-BH2 and Ma-
PO1respectively, compared to oats. The ability of B.
bassiana and M. anisopliae isolates to grow and
sporulate on artificial media is one of the main
advantages in the commercial development of these
fungi. Methods of mass production of these
entomopathogenic fungi using different cereal grains
such as rice or other starch based substrates have been
employed globally (Goettel and Roberts 1992). Our
results are in agreement with findings of Sharma et al.
(2002) who reported maximum sporulation of B.
bassiana isolate Bb-1 and Bb-2 (9.7 × 107 and 7.56 ×
107 conidia/ g) on rice grains followed by sorghum and
maize.

Table 2: Growth rate and sporulation of different entomopathogenic fungal isolates.

Strain
Colony diameter (cm) Sporulation

time(days)
Spore size (μm) Spore shape

3 days 6 days 9 days
Bb-BH1 2.0a 3.6b 6.6c 3a 2.49 ±0.02a Round
Bb-BH2 2.5b 4.8b 7.2c 3a 2.51±0.01a Oval
Ma-PO1 2.0a 3.6bc 5.8b 4b 2.40± 0.05b Ellipsoidal
Ma-PO2 2.2b 3.7bc 5.5b 4b 2.38 ±0.01b Ellipsoidal

Mean ± SE followed by different letters within the same column and same isolates are significantly different at p ˂ 0.05 level.

Table 3: Sporulation of different isolates of Beauveria bassiana and Metarhizium anisopliae on locally
available solid media.

Media
Bb-BH1

(x106spores/g)
Bb-BH2

(x106spores/g)
Ma-PO1

(x106spores/g)
Ma-PO2

(x106spores/g)
Rice 6.02 ±0.45a 6.62 ±0.25a 3.22 ±0.15a 2.35 ±0.25a

Wheat 4.75±0.20b 5.20±0.50b 4.36 ±0.17b 4.05 ±0.17b
Oats 4.12±0.20c 4.27±0.70c 3.96 ±0.25b 2.96 ±0.25a

Mean ± SE followed by different letters within the same column and same isolates are significantly different at p ˂ 0.05 level.

CONCLUSIONS

There were two findings in this study. First, growth and
sporulation of B. bassiana and M. anisopliae isolates is
affected by different liquid and solid substrate culture
conditions. Second, among the liquid media tested,
PDA medium ensured the maximum growth and
sporulation while as among the solid media, maximum
hyphal growth and conidial count of B. bassiana
occurred on rice grains and that of M. anisopliae
isolates, it occurred on wheat grains. These media
should therefore be used for the mass multiplication of

these isolates for managing A. porrectirostris when
used under field conditions.
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