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Abstract

The entomopathogenic Beauveria spp. were acquired from insect cadavers and soil rhizosphere of cotton, groundnut, and cas-
tor. Among Beauveria, five spp. derived from infected insects, eight Beauveria found from soil, and one strain of Beauveria
bassiana collected from MTCC 9544. Beauveria were characterized for morphology and cuticle-degrading enzyme activity
associated with virulence against Bemisia tabaci. The colony morphology, conidial arrangement, size, and shape confirmed
all isolates as Beauveria. The chitinase (EC 3.2.1.14) and lipase (EC 3.1.1.3) activities were observed the highest in Beauveria
JAU2, while higher protease (EC 3.4.21.4) activity found in JAU4 followed by JAU2 at 240 h. The bio-efficacy of Beauveria
(1x107 conidia.ml™!) illustrated that potent JAU2 was examined with the highest % mortality and corrected mortality of
B. tabaci at 144 h followed by JAU1. The LCy, and LCsywere determined from potent (JAU1 and JAU2) and weak (JAU6),
and it was found the lowest in JAU2. The most potent Beauveria JAU2, isolated from insect cadaver (Harmivora armigera),
was illustrated higher virulence than other isolates. The Beauveria JAU2 were recognized as Beauveria bassiana based on
the shape of conidia and size (2.00 to 2.09 um dia) as examined in SEM. Study insight into recognition of potent Beauveria
bassiana JAU?2 was linked with cuticle-degrading enzyme activity for insecticidal action. The JAU2 isolate established the

most positive correlation (P ;: 0.864) between chitinase activity and corrected mortality of insect.
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Introduction

The chemical pesticides are used as conventional prac-
tices, and it continued to increase over the years to augment
higher food productions, which caused adverse action and
also deteriorated the environment. Side effects of chemically
synthesized pesticides lead to an alternate pest management
approach which is eco-friendly as well as sustainable for
crop production. Of the various microbial entomopathogens
including protozoans, bacteria, viruses, fungi, and nema-
todes reported, but only some were studied scientifically for
their utility. A careful assessment of beneficial pathogen may
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lead to exploiting effective microbial-based biocontrol pro-
grams (Lacey et al. 2015). The major insect can be grouped
as soil-inhabiting insects, sucking pest, foliage-feeding
insects, insects that damage flowers and emergent parts, and
those that transmit the virus (Wightman and Whitford 1982).

The whitefly (Bemisia tabaci) species are major agri-
cultural pests for various vegetables, ornamental, and field
crops. These pests damage important crop production by
a feed nutrition from plants, reducing the produce quality
and transmitting viruses which cause viral diseases. Man-
agement practices of sucking pest rely on using chemical
pesticides which resulted to develop resistance against
insect pathogens and again made a problem in many crop-
ping systems (Sadeh et al. 2017; Ellsworth and Martinez-
carillo 2001). It also drew the attention of entomologists
to develop economically viable, environmental-friendly,
and sustainable management practices. Among such eco-
friendly approaches, entomopathogenic fungi form played
the most essential components which are being employed
to control noxious sucking pests of ecosystem (Feng et al.
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2004). Entomopathogenic fungi specifically kill insects and
other arthropods. These fungi are not harmful to plants and
somewhat non-hazardous to animals and humans (Asi et al.
2010). However, further studies on risks of infections in ani-
mals and humans are reported by Luangsa-Ard et al. (2011).
Despite the fact that insect infected through fungus can be
normally recognized in nature and pest control observed
as epizootics. However, pest mortality due to fungal infec-
tion through natural way occurred rarely or at earlier stage
to stop pest cycle and prevent economic losses. Therefore,
application of potent antagonist (entomopathogenic fungi)
to control the pest is a requisite for biological control of
insect and pest.

Beauveria bassiana, one of the biological control agents,
is a common entomopathogenic fungus from family Cordy-
cipitaceae. This family is widely known for the production
of lethal secondary metabolites and includes different fun-
gal species which include endophytes as well as insect and
plant pathogens (Zimmermann et al. 2013). Applications of
these fungi were reported for reduction of the population
of whiteflies and thrips in key crops such as cotton, brin-
jal, cucumbers, chrysanthemums, roses, and carnations. B.
bassiana caused epizootic infections and played important
roles in the innate control of insect populations (Ebani and
Mancianti 2021). The pathogen B. bassiana was used against
agricultural insect pests of a large host range (Vey et al.
2001). The B. bassiana is broadly utilized as a mycoinsec-
ticide to control various pests and as a biological alternate
approach to chemical insecticides. The key benefits for the
microbial controller are their capacity to multiply, stick with
the environment, and continued to suppress the insect pest
populations. Exploiting this benefit, however, is appropriate
with the need to resolve the risks to non-target organisms of
mass releasing this fungus. Beauveria bassiana with genetic
recombination among strains is not available for usage in
agriculture, and this recombination could result in altered
virulence and host range (Boopathi et al. 2015).

The production of cuticle-degrading enzymes has been
proposed as an important attribute determining the virulence
of the entomopathogenic fungi towards their hosts because
fungi encounter the insect cuticle by producing a wide
range of extracellular enzymes (Pedrini et al., 2007). These
enzymes involved in the breakdown of protein, chitin, and
lipids, which are the principal components of the insect’s
cuticle (Koo et al., 2008; Pelizza et al., 2020). Extracellular
enzymes including protease, chitinase, and lipase secretion
by entomopathogenic fungi may be involved in the degra-
dation of cuticular polymers during pathogenesis, assisting
in the penetration of the insect exoskeleton and providing
nutrients for fungal growth (Samuels et al., 2011; Petrisor
and Stoian, 2017).

The aim of the study was to isolate entomopathogenic
B. bassiana strains from various sources (soil and insect
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cadaver) and characterize them for morphological and
microscopic observations. Parasitic evolution of Beauveria
strains gave the idea about potent entomopathogenic activ-
ity, which may be applied as IPM strategies. The objectives
of the study were to (1) isolate B. bassiana by culturing
fungi from soil and infected insects collected from the field;
(2) characterize the B. bassiana isolates, viz., micro-mor-
phology; and (3) compare the virulence of representative B.
bassiana isolates against B. tabaci. It provided information
of potential for indigenous Beauveria fungal strain to utilize
for biocontrol of B. tabaci and may exhibit helpful strategies
for their exploitation in the field.

Materials and methods
Isolation of Beauveria from infected insects

The cadavers of the insect, viz., H. armigera and crops
rhizospheric soil, were collected from the isolation of Beau-
veria fungi on specific media. The samples of cadavers of
the insect were firstly sterilized with 4% sodium hypochlo-
rite followed by rinsing with sterile D/W for few times and
then were transferred to Sabouraud dextrose agar (SDA) sup-
plemented with antibiotics and kept up to 5 days followed
by sub-culturing to obtain and purify the targeted fungi. The
macro- and microscopic observations were taken including
morphological parameters of conidia and mycelium (Rakh
etal. 2011).

Soil (Oe and Oa horizons) were sampled from five ran-
domly chosen field of Junagadh Agricultural University
under crop rhizosphere such as cotton, groundnut, and castor.
Each sampling soil was collected in 10-cm depth and placed
together as subsamples in one plastic bag. Soil samples were
diluted (1:100) in a sterile D/W followed by plated on SDA
media to consider the frequency of entomopathogenic fungi
found in samples. SDA plates were prepared with a 10 mg.
17! antibiotic solution. The macro- and micro-characteristics
of all fungal growth were examined ( Domsch et al. 2007)
to confirm the fungal colony as Beauveria (Tuininga et al.
2009).

Morphological, microscopic, and molecular
characterizations of entomopathogenic fungi

All Beauveria isolates from various sources were observed
for morphological and microscopic characteristics like col-
ony color, reverse color, mycelial form, mycelial color, and
shape of conidia and conidial walls under the light micro-
scope (El Kichaoui et al. 2017). Macro- and microscopic
examination of isolated fungi were observed on media. All
isolates were incubated for 14 days in darkness at 25 °C,
and then pigmentation of the colony was recorded as colony
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color (El Kichaoui et al. 2017). For mounting of fungi, the
fungal mycelia were taken on a glass slide. Then a drop
of dye (lactophenol cotton blue) was put on the mycelia,
and the slide was covered with a cover slip. The slides were
examined in the microscope, using the proper microscopic
technique (Campbell et al. 1983). Morphological character-
istics were spore shape, and its arrangement are recorded
from 14-day-old colonies by using lactophenol cotton blue
(0.01% w/v) staining. Fungal spore and spore-bearing struc-
tures were mounted on a clean slide followed by lactophenol
cotton blue staining and observed under light microscope.
The spore’s arrangement and its shape were observed in
100 x and SEM. The isolates JAU1 and JAU2 were identified
by using B. bassiana—specific probe pBb22 primer P1 (5'-
AAGCTTCGACATGGTCTG-3') — P3 (5'-GGAGGTGGT
GAGGTTCTGTT-3') pair (Hegedus and Khachatourians
1996; Dhar et al. 2019).

Production of cuticle-degrading enzymes
from entomopathogenic fungi

Enzyme extract was prepared by inoculating Beauve-
ria in synthetic medium containing 1.0 g KH2PO4, 0.5 g
K2HPO4, 0.5 g MgS04, 0.2 g FeSO4.7H20, 1.56 ¢
MnClI2.4H20, 0.02 g NaMOO4, 3.34 g ZnS0O4.7H20,
0.02 g CuS04.5H20, 0.48 g NaCl, dextrose (2%), yeast
extract (1%), casein (1%), and chitin (1%) in 1 L D/W as
a production media as described by Vyas and Deshpande
(1989). The broth flasks were inoculated with 107 spores.
ml~! of Beauveria isolates under study and incubated for
144 h in orbital shaker (120 rpm) at 28 °C.

The protease (EC 3.4.21.4) assay was done using casein
as a substrate (Charney and Tomarelli, 1947). The reaction
system contained 100 ul of 0.1% (w/v) of casein and 100 pl
of culture supernatants. Free amino acids were released by
protease which was measured by using Ninhydrin method
(Lee and Takahashi, 1966). The activity of protease was
expressed as mM.mg ™! protein. The absorbance (OD) was
measured at 530 nm (Malik and Singh 1980). Chitinase (EC
3.2.1.14) assay was done by the method given by Boller and
Mauch (1988). The reaction mixture comprises 500 ul of
0.5% chitin in 10 mM sodium acetate buffer, pH 5.2, and
500 pl of culture supernatants, which were incubated for 1 h
at 50 °C. The formation of sugar N-acetyl-D-glucosamine
was determined by the DMAB method, and the activity of
chitinase was expressed as pM.mg-1 protein (Reissig et
al. 1955). The assay of lipase (EC 3.1.1.3) activity was
done according to Nahar et al. (2004), and gum-acacia and
olive oil were used as substrate. The substrate mixture was
made up of an equal proportion of gum arabic (50 ml, 10%
w/v) and olive oil (50 ml). The reaction mixture consisted
of 2 ml phosphate buffer (50 mM, pH 6.8), crude enzyme
extract (1 ml), and substrate emulsion (5 ml). The reaction

mixture was incubated at 37 °C for 1 h with constant agita-
tion, and 4 ml of acetone—ethanol (1:1) containing 0.09%
phenolphthalein indicator was used as reaction terminator.
The activity of lipase was assayed with fatty acid titration
released with sodium hydroxide (50 mM). The activity was
expressed as the total of enzyme-released fatty acids (1 mol)
per min.

Bio-efficacy of potent Beauveria isolate for their
parasitic activity

Preparation of conidial suspension

The fungal isolates, first, were grown in SDA medium for
10-14 days in flasks, and aqueous spore suspensions of
various spore concentrations were prepared using sterile
D/W. The conidia were harvested by scrapping and were
suspended in sterile aqueous 0.1% Tween 80 solution. A
suspension was quantified in a Neubauer chamber according
to Zafar et al. (2016). A suspension containing 10conidia.
ml~! was prepared by using serial dilutions. Sterile aqueous
Tween 80 (0.1%) solution was used as control solution. The
conidial suspension was vortex for 5 min to produce uniform
conidial suspension. The viability of conidia was evaluated
according to studies reported by Javed et al. (2019).

Laboratory bioassay

The field-collected whiteflies (B. tabaci) were used for the
assessment of the bio-efficacy of different Beauveria iso-
lates under laboratory condition. The influences of different
isolates of B. bassiana on percent mortality of whiteflies
were studied under laboratory condition with three replica-
tions. The collected whiteflies were released in Petri plates
containing cotton leaves. Each treatment was replicated
three times. In each treatment, the numbers of whiteflies
released were 30. The suspension contains 107 conidia.ml™!
sprayed on the whiteflies. The mortality of each B. tabaci
was recorded from the first day to the seventh day after spray.
Further, Beauveria has been isolated from the dead white-
flies and characterized for efficacy. The data on % mortality
were subjected to statistical analysis to draw the inference.
The percent mortality was calculated as described by Javed
et al. (2019) and Abbott (1925).

Determination of LC, and LC,, values of Beauveria

The cotton leaves were taken and surface sterilized by rins-
ing them in sodium hypochlorite (0.2%) for 3 min and then
rinsed three times with distilled water. Then, the leaves
were dried under a fan. The amount of Beauveria ranging
from 10° to 10° conidia.ml~! was prepared in laminar air-
flow. Then the fan dried leaves of cotton were dipped (leaf
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dip method) in respective concentrations, as such 5 sets of
treated leaves were pre-arranged and put on Petri plates to
use it for subsequent investigation against the whiteflies.
An average of 30 whiteflies were released using a sterile
hairbrush on the respective treated leaf. The respective
concentrations were also sprayed over the whiteflies. The
number of dead whiteflies was recorded daily for 7 days.
The fungal infection was confirmed by observing the devel-
opment of mycosis with the help of a microscope, and the
mode of action of fungus was studied. The same experi-
ment was performed with all five Beauveria isolates which
were screened by their bio-efficacy, and the number of dead
whiteflies was recorded daily in the respective experiment up
to 7 days after treatment. During each experiment, a control
set with untreated leaves of cotton was also maintained, and
daily observations on whiteflies mortality were taken. Data
generated on whiteflies mortality by bioassay of whiteflies
were used to determine LCs, and LCy, values (Bugti et al.
2018). The potent Beauveria isolate was recognized at the
species level based on colony characteristics and conidial
shape and size (SEM morphology) (Afandhi et al. 2012;
Imoulan et al. 2017).

Data analysis

The experiment on insect mortality and enzyme assay was
conducted in three replications, and statistical analysis was
carried out using a completely randomized design (Fisher
and Yates, 1948). The critical differences were determined
to distinguish the level of significance at 0.05% among treat-
ments (isolates). The correlation between corrected mortal-
ity and cuticle-degrading enzymes were examined to identify
precise enzyme for insect mortality (SPSS software). Prior
to correlation analysis, the Tukey’s HSD (honestly signifi-
cant difference) test was carried out for pairwise significance
comparisons between mortality and enzyme activity. The
F-statistic analysis indicated the significance (p value) of
the observed Q-statistic. The Tukey’s HSD results suggested
significant differences (p <0.01) between mortality percent
and enzymes—protease (Q =35.82), chitinase (Q=36.07),
and lipase (Q=35.58). The LCs, and LC,, of potent, moder-
ate, and weak isolates were determined using Probit analy-
sis, and values were calculated based on Finney’s method
(Finney and Stevens, 1948).

Results and discussion
Isolation of Beauveria from infected insects
The cadavers of insects and soil samples were collected from

different fields of Junagadh region to the laboratory, and
the fungi were isolated on SDA medium fortified with 1%
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yeast extract. The result showed that a total of five Beauveria
isolates were isolated from infected insects and designated
as JAUI, JAU2, JAU3, JAU4, and JAUS. However, a total
of eight Beauveria isolates were isolated from different
soil which was collected from the soil of cotton, ground-
nut, and castor field and designated as JAU6, JAU7, JAUS,
JAU9, JAU10, JAU11, JAU12, and JAU13. The standard
strain of Beauveria collected from MTCC (JAU14) was also
included in study (Table 1). Total fourteen isolates derived
from different sources were recognized as Beauveria based
on their microscopic examination and colony characteristics
(Table S1 and Fig. 1).

Morphological, microscopic, and molecular
characterizations of entomopathogenic fungi

The conidiophores of Beauveria appeared in compact to
nearly stomatic patches, mononematous, conidiogenous
cells with phialides in whorls, often arranged in a candle
like fashion, clavate to cylindrical and conidia were single
celled, hyaline, smooth walled and produced in slimy heads.
Morphologically, all the isolates exhibited typical Beauve-
ria characteristics. All isolates showed white colony color
except JAU1 and JAU14 isolate which was cream and off
white, respectively (Fig. 1). Reverse colony color of JAUI,
JAU2, JAU4, JAUS, JAU7, JAU9, JAU10, and JAU12
showed pale yellow. JAU3, JAU6, JAU11, and JAU14 iso-
lates showed light yellow reverse colony color, and two iso-
lates JAUS and JAU13 showed white color on SDA medium
(Table S1).

Morphological characters of all isolates revealed differ-
ences with respect to hyphal and conidial characters except
in size of conidia under observation in light microscope and
SEM. All Beauveria isolates were identified according to
the conidium morphology. There was variation in conidial

Table 1 Sources of Beauveria isolates used in the study

Sr.no  Identification no Sources Insect/crop
1 Beauveria JAU1 Insect cadaver ~ Harmivora armigera
2 Beauveria JAU2 Insect cadaver  H. armigera
3 Beauveria JAU3 Insect cadaver  H. armigera
4 Beauveria JAU4 Insect cadaver  H. armigera
5 Beauveria JAUS Insect cadaver  H. armigera
6 Beauveria JAU6 Soil Cotton

7 Beauveria JAU7 Soil Cotton

8 Beauveria JAU8 Soil Cotton

9 Beauveria JAU9 Soil Cotton

10 Beauveria JAU10  Soil Groundnut
11 Beauveria JAU11  Soil Groundnut
12 Beauveria JAU12  Soil Castor

13 Beauveria JAU13  Soil Castor

14 Beauveria JAU14 ~ MTCC 4495 -
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Growth on Lacto phenol stained Growth on Lacto phenol stained
SDA mycelia SDA mycelia

Fig. 1 Colony studies of Beauveria isolates on SDA media with light microscopy
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shape and pigmentation between the isolates. The results
showed that all Beauveria isolates show white mycelial and
conidial color with different shape of conidia such as glo-
bose, ellipsoidal, globose to flask-shaped, and subglobose.
Mycelial form of all isolates shows different form such as
cushion-like, funiculose, granular-pulverulent, and aerial
mycelium. However, all isolates exhibited significant varia-
tion in the number of days for sporulation. These macro- and
micro-morphological characteristics of all isolates were in
line with the result of the previous research (Afandhi et al.
2012; Imoulan et al. 2017).

Castillo et al. (2012) isolate B. bassiana in the soil of
plantation area and infected insect. B. bassiana was identi-
fied according to the conidium morphology. These pheno-
typic characters in colony morphology were in line with the
result of the previous research by Afandhi et al. (2012). The
colony of B. bassiana showed yellowish white or opaquely
white color. The hypha is shaped like floss in cotton where
it characterized B. bassiana which is categorized in class of
Hyphomycetes. The shape of colony B. bassiana was round
which was correlated with the apical growth of the colony
where the colony grew in all directions. The morphological
analysis of our study was supported by the result of Humber
(2005) which describes that Beauveria isolates showed colo-
nies with white and flat at first, then expanded to some stage,
and appeared ochroleucous and powdery at last when they
generated conidia, when the bottom of the culture media was
colorless (Kulu et al. 2015; Gurlek et al. 2018).

Production of cuticle-degrading enzymes
from entomopathogenic fungi

Data on activity of protease (EC 3.4.21.4) revealed that
the highest activity were found in JAU4 (0.484 uM.ml™")
followed by JAU2 (0.483 uM.ml™"), while the lowest spe-
cific activity was recorded by JAU6 (0.328 uM.ml~!) in
the SDA culture medium (Fig. 2). The result of the spe-
cific activity of chitinase (EC 3.2.1.14) enzyme is shown
in Fig. 2. In vitro chitinase activity was found the highest
(0.107 uM.m1™") in JAU2 followed by JAU1 (0.102 pM.
ml~!) and JAU4 (0.100 uM.ml~!). Chitinase activity was
significantly reduced to 0.052 uM.ml~! in JAU6. Data on
lipase (EC 3.1.1.3) activity revealed that the highest activity
in JAU2 (0.80 uM.min~") was followed by JAU1 (0.77 uM.
min~"), while the lowest activity was recorded by JAU6
(0.60 uM.min~") in the culture medium (Fig. 2). The cor-
relation between % corrected mortality of insect B. tabaci
and cuticle-degrading enzymes (chitinase, protease, and
lipase) demonstrated a significant positive relationship.
Results indicated that % corrected mortality was signifi-
cantly (p =0.01) positively correlated with chitinase (0.864)
followed by lipase (0.7662) and protease (0.765) enzymes.
The B. bassiana JAU2 isolate illustrated the highest activity
of chitinase followed by lipase and hence JAU2 might be a
potent isolate for insecticidal activity.

Insect contain many protein compounds (Hunsley and
Burnett 1970). It, therefore, was expected that Beauveria
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Fig.2 In vitro production of cuticle-degrading enzymes in synthetic medium at 240 h with corrected % mortality at 144 h. (S.Em. +, standard
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synthesized proteases which may act on insect. High pro-
tease production during 8th to 9th days of culture is compa-
rable with the observations by Dhar and Kaur (2010), dem-
onstrating high protease activity on 9th day of culture in B.
bassiana. The time for maximum protease production does
not necessarily depend upon the media constituents. Pelizza
et al. (2012) reported chitinase activity in nine isolates of M.
anisopliae and 28 isolates of B. bassiana, and activity was
elevated in potent fungal strains correlating with mortality
of Tropidacris collaris Stoll pest. Our data are supported
by Dhawan and Joshi (2017) who reported the mean lipase
activities of various isolates of B. bassiana. The maximum
activity of lipase was recorded in B. bassiana MTCC 4495
(1.36 U/ml) followed by B. bassiana MTCC 2028 (1.11
U/ml). The maximum lipase activity was recorded on the
sixth day (1.64 U/ml), and the minimum lipase activity was
recorded on the second day (0.61 U/ml) of incubation.

Bio-efficacy of potent Beauveria isolate for their
parasitic activity

Parasitic activity of Beauveria isolates against test pest B.
tabaci

The formulation of Beauveria was evaluated at
1x 10”conidia.ml™! against B. tabaci in laboratory. Mortality

in the B. tabaci occurred in the 48 h of treatment (Table 2)
and gradually increased until it reached above 50% in the
168 h after treatment. The highest percent of mortality was
observed at 144 h which was shown in JAU2 (72.27%) fol-
lowed by JAU1 (63.98%). The percent mortality was above
25% in all Beauveria isolate in 96 h from treatment except
two isolates which was JAU6 and JAU1 1. That means JAU2
was highly affected B. fabaci population followed by JAU1
and then other Beauveria isolates. All isolates show clear
infection of different Beauveria isolates, but their infection
shows different rates such as infection which starts on the
second day of treatment, but some isolates show fast growth
of Beauveria on B. tabaci, and some isolates show slow
growth of fungi on B. tabaci (Fig. 3).

Above 70% mortality was recorded from 144 h after
treatment in only one isolate including JAU2 which was
72.27. The maximum mortality was 72.27% recorded in
JAU?2 followed by JAU1 which was 63.98%, and the lowest
% mortality was recorded in JAU6 which was 36.42% from
144 h after treatment. Similarly corrected % mortality was
the highest in JAU2 (70.29%) followed by JAU1 (61.41%)
and least in JAU6 which was 31.88% (Table 2). Thus, on the
basis of % mortality, JAU2 was recorded as a potent isolate
followed by JAU1 and JAU14 observed as moderate parasitic
activity, whereas JAU6 was recorded as the least effective

Table 2 Mortality and corrected percent mortality of B. tabaci individuals treated with different Beauveria isolates contain 1x 107 conidia.ml.™!

Beauveria isolates % mortality of B. tabaci

Corrected mortality % of B. tabaci

48 h 96 h 144 h 48 h 96 h 144 h
JAU1 7.26 (15.48) 37.40 (37.68) 63.98 (53.13) 7.26 (15.48) 35.24 (36.39) 61.41 (51.60)
JAU2 14.26 (22.17) 42.69 (40.79) 72.27 (58.23) 14.26 (22.17) 40.71 (39.63) 70.29 (56.98)
JAU3 9.16 (17.62) 26.27 (30.83) 52.75 (46.58) 9.16 (17.62) 23.73 (29.15) 49.38 (44.64)
JAU4 11.12 (19.48) 30.99 (33.83) 52.59 (46.48) 6.36 (14.58) 40.37 (39.44) 51.12 (44.43)
JAUS 8.50 (16.92) 28.76 (32.41) 44.14 (41.63) 8.50 (16.92) 26.30 (30.83) 40.15 (39.31)
JAU6 6.61 (14.56) 23.20 (28.79) 36.42 (37.11) 6.61 (14.56) 19.51 (26.15) 31.88 (34.37)
JAU7 6.97 (15.30) 28.53(32.27) 49.14 (44.51) 6.97 (15.30) 26.06 (30.68) 45.51 (42.42)
JAUB 7.42 (15.80) 28.39 (32.20) 50.73 (45.42) 7.42 (15.80) 25.92 (30.60) 47.21 (43.40)
JAU9 9.34 (17.78) 25.96 (30.62) 47.75 (43.71) 9.34 (17.78) 23.40 (28.92) 44.02 (41.56)
JAU10 8.30 (16.73) 30.42 (33.45) 55.04 (47.89) 8.30 (16.73) 28.02 (31.94) 51.83 (46.05)
JAU11 5.61 (13.67) 22.20 (28.06) 39.59 (38.99) 5.61 (13.67) 20.55 (26.95) 35.28 (36.44)
JAU12 8.00 (16.37) 29.04 (32.60) 45.05 (42.16) 8.00 (16.37) 26.59 (31.03) 41.12 (39.88)
JAU13 8.79 (17.23) 37.18 (37.55) 56.07 (48.50) 8.79 (17.23) 35.02 (36.25) 52.93 (46.69)
JAU14 6.36 (14.58) 42.35 (40.60) 61.57 (51.69) 11.12 (19.48) 28.61 (32.34) 49.20 (44.54)
Untreated control 0.00 (0.00) 3.33 (10.51) 6.67 (14.97) 0.00 (0.00) 3.33 (10.51) 6.67 (14.96)
S.Em. + 0.91 0.93 0.79 0.906 0.986 0.842
C.D.at5% 2.62 2.69 227 2.61 2.84 2.43
CV 10.07 5.02 3.09 10.07 5.56 3.46

Values represent means of three replicates

Values in parentheses represent arc sine transformations
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Fig.3 Bio-efficacy of fourteen
Beauveria isolates shows infec-
tion on B. tabaci under mini
light microscopy

144 h
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Fig.3 (continued)
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isolate. SEM image of B. fabaci indicated clear infection of
Beauveria JAU 2 as compared to control (Fig. 4).

Determination of LC;, and LCy, values of Beauveria

Two best isolates JAU1 and JAU2 and two moderate isolates
JAU4 and JAU14 as well as one least parasitic isolate JAU6
were used for determination of LCs, and LCy, value to deter-
mine the concentration of formulation required to control 50
and 90% whiteflies in the test. According to Probit analysis,
results showed that the lowest LCs, value was recorded in
JAU2 isolate which was 0.043 x 10° conidia.ml™! as com-
pared to JAU1 isolate which was 0.19 x 10° conidia.ml™! as
well as JAU14 and JAU4 isolates showing 423.6x 10° and
1817.1 x 10° conidia.ml™!, respectively, but the highest LCs,
was 4522.8 x 10° conidia.ml™" which was recorded in JAU6
isolate. Similarly LCy, was lowest in JAU2 (0.05x 10"
conidia.ml™!) followed by JAU1 (0.12x 10'* conidia.m1™}),
JAU14 (8.3% 10" conidia.ml™!), and JAU4 (31.8x 10"
conidia.ml™!), whereas the highest is JAU6 (144.7 x 10'4
conidia.ml™"). Results interpreted that the lowest LCs,
and LCy, value of JAU2 showed highly virulent isolate as
compared to other isolates, and the highest LCs, and LCy,
was showed least virulent isolates as compared to others
(Table 3). The potent isolates JAU1 and JAU2 were found
yellowish white and white in colony, respectively. JAU1 and
JAU2 have the surface raised curved and bowl shape with
conidial shape globose and round, respectively. The SEM
images showed that the conidial size of JAU1 was found in

Signal A= SE1
Mag= 185X

Date 24 Oct 2019
Time 11:45:11

200 ym EHT = 5.00 kv
}_ s WD=95mm

the range of 1.90 to 2.01 um dia. and that of JAU2 was found
with 2.0-2.09 um dia. The potent Beauveria strains JAU1
and JAU2 were recognized as B. bassiana based on colony
characteristics and SEM morphology (Table 4) (Afandhi
et al. 2012; Imoulan et al. 2017). In addition, the two potent
isolates JAU1 and JAU 2 were characterized using probe-
specific primer amplification, and DNA fragment was ampli-
fied with the size of 522 bp. The PCR product was observed
near the 524 bp size, and it confirmed B. bassiana (Table 4)
(Hegedus and Khachatourians 1996; Dhar et al. 2019).
Bio-efficacy of Beauveria was studied under lab condition
which shows above 50% mortality and LCs, values of B.
tabaci. Similar results were observed by Shams et al. (2011)
which LCy, values on day 9 post-treatment of Beauveria
were 3.17x 10° and 6.0° x 107 conidia.ml™" for C. macula-
tus and S. granarius, respectively. These results were also

Table 3 LCs, and LCy, for B. tabaci 168 h after exposure to Beauve-
ria isolates

Isolate LCs, (conidia. LCy, 95% CL  Slop (+SE)
ml.} (conidia.ml.!)

JAUL 0.19%x10. 0.12x10."*  547-8.04 0.15+0.188

JAU2  0.04x10° 0.05x10."*  4.87-8.83 0.14+0.283

JAU4 1.81x10.8 3.18x10.1°  3.74-6.22 0.20+0.244

JAU6 4.52%x10.8 1.15x10.'°  4.19-7.06 0.17+0.250

JAU14 4.24%x10. 8.30x10.1*  4.19-7.06 0.18+0.287

LC lethal concentration, CL confidence limit

Sigral A= SE1
Mag= 29X

Date 17 et 2018
Time 11:25:41

200 pm EHT = 500KV
8. wo=e0mm

Fig.4 SEM image showing infection of Beauveria on B. tabaci. A B. tabaci without any treatment; B B. tabaci infected with B. bassiana JAU2

at 144 h after treatment
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Dutw 2 New 2018
T {24746

Sl A e 501

SigrlA= 501
Mage B12KX Vg 504KX

Duiu 20 0ct 2018 2 EHT =1600KV
ZE1SY)
T ATATA2 H WD = 85mm

Colour- Yellowish white
Surface- Raised, curved

Colour- White
Surface-Bowl shape

Shape- Globose
Size- 1.90-2.01 pm dia.

Shape- Round
Size- 2.00-2.09 pm dia.

Identified as B. bassiana JAU1

Identified as B. bassiana JAU2

Table 4 Recognition of Beauveria
Beauveria as B. bassiana isolate
based on SEM morphology, SEM
conidial size and molecular
characterization
2um EHT=1600KY
H WO = 80mm
Colony
Conidial
characteristics
Identification
Reference
Molecular
identification

Both the strains identified as B. bassiana with reference to conidial
size and shape (Afandhi et al. 2012; Imoulan et al. 2017)

(M: 100 bp marker, 1: JAU1 and 2: JAU2)

The isolates JAU1 and JAU2 were identified by using B. bassiana-
specific probe pBb22 primer P1 (5'-AAGCTTCGACATGGTCTG-3")
— P3 (5-GGAGGTGGTGAGGTTCTGTT-3") pair (Hegedus and
Khachatourians 1996; Dhar et al. 2019). DNA fragment was amplified
with size of 522 bp and it confirmed B. bassiana.

supported by different scientists who reported that Beauve-
ria showed good pathogenicity to B. tabaci and mortalities
observed above 50% when exposed to Beauveria (Zafar et al.
2016; Bugti et al. 2018).

The current study showed the effectiveness of Beauve-
ria strains against B. tabaci. The study showed that Beau-
veria is effective for the control of B. tabaci on cotton
crops at different concentrations. The fungi causing patho-
genicity in insects were observed for mortality of insect
pests and allowed them as biocontrol means (Sain et al.
2019; Akmal et al. 2013) or effectively developed for the
biological control of several insect pests, which include
B. tabaci also (Shah and Pell 2003; Faria and Wraight
2007). The B. bassiana virulence potential against target
B. tabaci populations is different for different isolates and
also varies from isolate to isolate. The B. tabaci can have

different susceptibility ratio to different isolate (Blanford
et al. 2005; Sevim et al. 2012). Similarly, the isolates of
B. bassiana were reported to be virulent against B. tabaci
(71-86% mortality; eight days), with LCs, values ranging
from three to four DAI with 10’conidia.ml™' (Mascarin
2013). Obtained results showed that there was a variable
response of the Beauveria isolates to insect mortality. The
mortality of B. tabaci with B. bassiana increased with
spore concentration of conidial suspensions and time
exposure (Wraight et al. 2007). Ansari et al. (2011) illus-
trated that insect mortality was depend on concentration
of fungal conidia and time exposure.

The insect gut and crop soil rhizosphere were targeted
to isolate entomopathogenic fungi—Beauveria. A total of
14 isolates were derived from different rhizosphere includ-
ing one standard MTCC strain. The Beauveria isolates were

@ Springer



2030

Parasitology Research (2022) 121:2019-2031

characterized with macro- and micro-morphological obser-
vations. The colony of Beauveria was found mostly intact
and white in color. The mycelia form and shape of conidia
were found diverse for each of isolated Beauveria. The
cuticle-degrading enzyme (protease, chitinase, and lipase)
activities of Beauveria isolates indicated that the highest
activity of all three enzymes was found in JAU2 followed
by JAU1 for chitinase and lipase and JAU4 for protease
activities. The parasitic activity of 14 strains illustrated that
Beauveria JAU2 strain was found with the highest percent
of mortality and corrected mortality against B. tabaci fol-
lowed by JAU1. The mortality incidence was correlated to
cuticle-degrading enzyme activity mainly lipase and chi-
tinase. The lowest LCs, and LC,, values of potent Beauveria
JAU2 found were 0.043 x 10° and 0.05 x 10'4, respectively.
The potent JAU2 were identified as B. bassiana based on
colony characteristics and SEM morphology. The associa-
tion between enzyme activity and parasitism of Beauveria
on sucking pest was established which may be useful for the
recognition of enzyme-based potent Beauveria isolates for
insecticidal activity.
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