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Abstract

Bernisia rabadd (Gennadius) (Hemiptera: Aleyrodidae) is a serious pest of cotton that inflicts huge economic losses.
Excessive use of chemical pesticides for its management causes environmental pollution and pesticide resisiance.
S bicassay methods and ten entomopathogenic fungal strains (EPFs) were evalualed to lind out the suitable
binassay method and the most virulent strain(s) for management of B labad under laboratory and polyhouse
condilions. The highest tendemess and survival period (= 30 days) of the leaves and increasing trend in nymphal
morality was recorded in a new modified polyhouse bicassay method (NMPBM). NMPBM was found to be effeclive,
simpler, and less labor intensive for evaluating large numbers of EFF strains. Twelve newly isolated EPF sirains were
characterized based on their morphological and molecular characteristics. The highest whitefly ryrmphal reortality (3t
107 conidia mi™") was recorded by Beauveria Bassicing (Bbk4511 (95.1%), Bb-1565 (899%), and Merarhizium ansandiae-
1299 (86.7%) at the seventh day post inoculation. However, the overall biceflicacy index was higher in Bb-1511 (78.1%),
Cordyeeps jovanica (C-102 (77.0%), and C-089 (75.4%) than other EPF strains. The: lowsest values of LG and LT, were
with (5-089 and Bb-4511. The field deployrmient of effective formulation of these most virulent EPF strains might be
helpiul for managing B. fabad populations and CLCuD incidence under insecticide resistance managsament progranis.
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Background

Whitefly Bemisia tabaci (Gennadius) (Hemiptera: Aleyr
odidae) is a polyphagous pest of more than 900 plant
species, and is able to transmit more than 110 plant vi
ruses worldwide (Jones 2003; Sadeh et al 2017). It
adapts to new host plants and diverse geographical re
gions easily. Its presence has now been reported from all
the continents, except Antarctic (Hsieh et al. 2006). It is
aleo a serious threat to cotton production, becaose it
caoses direct damage to the crop and transmits cotton
leaf curl disease (CLCuDy). The range of yield loss due to
CLCuD was reported to be from 814 to 854% in all
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northern cotton growing states of India (Monga 2014).
Until now, five whitefly outbreaks have been noticed in
cotton growing states in India. During 2015--2016, a se
vere whitefly outbreak was also experienced in the
northern cotton growing zone of India (Kranthi 2015).
Chemical control is the dominant management ap
proach for B. fabaei in diverse agricultural production sys
tems. Thirty-five insecticides, including six mixtures have
been registered so far for whitefly management in India,
even though it has developed resistance to more than 40
active ingredients of insecticides (Basit et al. 2013). Con-
sidering the economic impact and reduced susceptibility
to several insecticides, the use of environmentally friendly
and sustainable approaches for its control is under re
search, including integrated pest management (IPM) and
insecticide resistance management (IRM) stodies. Several
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studies indicated that more than 20 species of entomo
pathogenic fungi (EPF) can infect whiteflies (Scorsetti
et al. 2008). Beauveria bassiana (Bals-Criv.) Vuill, Cordy
ceps farinosa (Holmsk.) Fr. (formerly fsaria farinosa), and
Metarhizium anisopliae (Metschn.) Sorok. (Hypocreales:
Clavicipitaceae) are the potential EPF for 8. tabaci (Faria
and Wraight 2001; Lacey et al 2008). Although, consider
able studies were done in North America, Europe, and
North Eastern Asia (Faria and Wright 2001; Lacey et al.
2015), but in India, so far only Lecawicillivm lecamii R
Zare & W. Gams (Hypocreales: Clavicipitaceae) is avail
able for whitefly management out of 115 commercial
products registered and recommended for cotton pest
management in India (Anon. 2019).

The aim of this study was to evaluate the most effect
ive and virulent EPF strains, which can further be uti
lized to develop an eco-compatible and effective
bioformulation for reducing the whitefly populations
and CLCuD} incidence in the field through an IPM/IRM

program.

Materials and methods

Survey sites, sample collection, and isolation of fungal
pathogens

Field surveys were conducted in three upland cotton grow
ing states of North India from April to November 2016,
Whitefly samples (adults and nymphs) (Asia-11-1) showing
visible symptoms of fungal infection (20X hand lens) on cot:
ton, vegetables, and weeds were collected from Punjab, Ha
ryana, and Rajasthan states of India. Samples were surface
containing Sabourasd Dextrose Agar (Hi Media) media
amended with 0.2% yeast (SDYA), and streptomycin sulfate
(20 pg L "). Fresh fungal colonies were transferred to the
Petri-dishes containing fresh SDYA and incubated for 10
15 days at (282 °C)) in the dark. For transferring pure
culture, conidia were directly scraped from the surface of
the primary culture, using a sterile platinum loop.

Morphological characterization of EPF isolates

Pure cultures were identified, using identification keys and
relevant literature (Humber 2012). In addition to the iso

lates, collected through survey, fungal isolates were pur

chaszed from Microbial Type Culture Collection (MTCC),
Chandigarh (India}, National Agriculturally Important Mi

crobial Culture Collection Center (NAIMCC), Uttar Pra-
desh (India) and maintained on SDYA for further studies
(Table 1). All these EPF isolates were evaluated against
whitefly nymphs to find out the most virulent ones.

Molecular characterization of EPF isolates

The molecular characterization was done only for 12
newly isolated EPF. The extraction of DNA from each
strain was done, uvsing PowerLyzer® UltraClean®
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Table 1 frntomopathogenic fungal solates used in this study

Funcal Bolates Culture coflection acoession mo
Bernrvetia Besiong 4565 MILE 4565

Beorveria Baviono 4517 MICE 4511

Becitneerias Essiono 4543 ML 4543

Bernrveria bBesiong 6097 MITL 6097

Beorverio Baviono 4137 MICE 4121

Bewitreeric Easione GO9S ML BOAS

Metartlaurm anivoplioe 1299 MAICL F 1299

Beauveria Brevionag 403 MNARCL H 403

Becivmerics Eessiono 409 AL 409

Microbial DNA isolation Kit (MO BIO Laboratories,
Inc., USA). Approximately 550-600 bp internal tran-
scribed spacer (I'TS) region of all genomic DNA samples
were amplified, using universal primer forward (IT51)
5 -TCCGTAGGTGAACCTGCGG-'3 and reverse pri-
mer (IT34) 5-TCCTCOGCTTATTGATATGC-'S in a
thermocycler (Eppendorf-Master cycler, Nexus Gradient,
Germany) (White et al. 1990). The PCR reactions were
performed in a total volume of 25 pl, which contained
(2.5 pl of 10X) Tag polymerase buffer, (1.5 pl of 25 mM)
MgCly, (0.5 pl of 10 mM) dNTPs, (0.5 pl) of Tag poly-
merase, (18 pl) of double-distilled H,0, 10 pM of for
ward and reverse primer each, and (1 pl) of the rDNA
sample. The amplification of rDNA was done with an
initial denaturation at 94 "C for 4 min, 35 cydes of de-
naturation at 94 *C for 35 s, annealing at 57 *C for
1 min, extension at 72 °C for 3 min, and a final exten-
sion at 72 "C for 10 min, followed by a halt at 4 °C for
5 min. PCR products were separated in 1.5% agarose gel
stained with 0.5 peg ml ' ethidiom bromide. The ampli-
fied PCR products were then eluted, using Exo-SAP IT
PCR Cleanup (Affymetrix USB, US) and sequencing was
done through Eurcofins Genomics India Pvt Ltd. India.
The chromatogram quality of sequences was checked by
Applied Biosystems Sequence scanner v 10 software.
The contigs were formed by the CAP3 sequence assem-
bly program from respective forward and reverse se-
quences of isolates (Huang and Madan 1999), and
compared with the available database at the Mational
Center for Biotechnology Information {NCEl}) BLASTn

similarity search.

Rearing of whitefly and egqg laying

Whitefly adults (Asia-II-1 populations) were collected
from the research farm of ICAR- Central Institute for
Cotton Research-Regional Station (29" 32" 3617 N 75°
02" 188" E). They were released on potted cotton plants
(HS5-6 variety) in polyhouse (28 +2 "C and 70-80% rela-
tive humidity (RH)), under a diurnal day/night cycle of
16/8 h (Naveen et al. 2017). Whitefly adults’ population
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reached about 80-100/leaf after 1 month. For maintain
ing a fresh population of the whitefly adults, aseptically
grown l-month-old potted cotton plants were placed in
a polyhouse, at an interval of 15 days. For large-scale
bicassay tests, pots with pest free 30-day-old plants, with
5-6 primary leaves were placed near the infested plants
for 24 h. This procedure provided approximately 50-80
nymphsfleaf. The adults were gently removed from
infested plants and the pots were transferred to another
screen-house for 10 days, until nymphs reached the sec
ond instar (0.30-0.44 mm in length and 0.18-0.36 mm
in width) (Mascarin 2013). Subsequently, these plants
were used for screening of EPF strains.

Preparation of fungus inoculum

The EPF culmres were incubated on SDYA in sterilized
Petri-dishes for 12-15 days (28 £2 "C) in darkness. Co
nidia were harvested by flooding the media with a sterile
0.01% (v/v) Tween 20 (PEG-2) sorbitan monolaprate, Hi
Media), and stirring with a glass rod. The suspension
was vortexed for 2 min and filtered through double
layers of nylon cheesecloth. The suspension was vor
texed for 1 min before spray inoculation bicassay. In all
binassays, conidial concentration of 1 % 107 conidia ml '
was utilized. Before the onset of bicassay, the viability/
germination of conidia on SDYA medium was confirmed
(=95% with 24 h post inoculation at 28 + 2 *C), using
compound microscope (x 400 magnification).

Standardization of bioassay technigues

To start the EPF screening biaoassy, the in vitro bicassay
methods (leaf disc and detached leaf) were tried, but we
could not be able to perform the bioassay up to 7 days.
The problem of leaf survival was found for conducting
screening bioassay for a period of 7-10 days. Further,
the IRAC method no: 016 for evaluation of EPF against
the whitefly nymphs (IRAC 2009b) was tried, but it was
more labor and time consuming. Therefore, five labora
tory bipassay methods and a newly modified polyhouse
bicassay method (NMPBM) were compared for their
comparative effectiveness:

Leaf disc method

Fresh cotton leaf discs (20 mm diam.), containing 10-15
fresh nymphs [10 days after egg laying (DAE)|, were
used for bicassay (Mascarin 2013). Leaf-discs were
dipped into the freshly prepared conidial suspension
(1% 107 conidia ml '), separately and air dried. Discs
were placed upside down onto 0.2% plain water agar
medium in Petri plates, sealed with parafilm, and incu
bated at 28+ 2 "CC. In control treatment, leaf discs were
dipped into 0.02% Tween 20 solution. Each treatment
was replicated thrice having three Petri-dishes with three
discs each
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Detached leaf method A

In this methad, fully expanded excised leaves, containing
4050 frezsh nymphs/leaf (10 DAE), were used (Mascarin
2013). Excised leaves were dipped into a conidial suspen-
sion (1% 10" conidia ml ') individually and air dried.
Later, they were placed on to the 0.2% plain water agar
media in 100 mm breeding disc keeping the ventral sur

face up and incubated at 28 + 2 °CC. In control treatment,
leaves were dipped into {0.02% Tween 20 solution) and
air dried. Each treatment was replicated thrice. One rep

licate consisted of three breeding disc with one leaf
each.

Detached leaf method B

Fully expanded excised leaves along with peticles were
used (Cuthbertson et al. 2005; Eslamizadeh et al. 2015).
The cut peticles were dipped into 0.2% sucrose solution
in 5 ml plastic vial and sealed with parafilm. Subse
quently, 2 ml fresh EPF conidial suspension (1 = 1Y co-
nidia ml '} was applied to 40-45 nymphs on each leaf
with a commercal hand sprayer. Leaves were air dried
and placed with ventral surface up into breeding disc
lined with a double layer of moist filter paper. Three
replicates of each treatment were maintained at 282 °
C and 80+4% RH. One replicate comprised of three
breeding discs with one leaf each. In control treatment,
leaves were sprayed by 0L02% Tween 20 solution.

Detached leaf method C

Unlike detached leaf method B, a 15 ml glass vial sealed
with parafilm was used to support the excised leaf (IRAC
200%a, 2009c). Conidial suspension (1 x 10° conidia
ml ') was applied on each leaf with a hand sprayer and
air dried. Then treated leaf along with the glass vial was
placed in transparent plastic cups of (15 cm height) and
covered with muslin cloth. In control treatment, leaves
were sprayed by 0.02% Tween 20 solution. Each treat
ment comprised of three replications with three plastic
cups each.

Detached leaf method D

Potted cotton plants having fully expanded leaves with
405 fresh nymphs (10 DAE} on each leaf were utilized
in this method (IRAC 2009b). Two milliliter conidial
suspension per leaf (1 x 107 conidia ml ') was applied by
a hand sprayer. Marked leaves were air dried and de-
tached from each plant and placed on the 30x 30 x
10 cm size sterilized plastic trays, containing 0.2%
sucrose solution. To keep the leaves erect, an aluminum
mesh was placed at the middle of it In control treat-
ment, leaves were sprayed by 0.02% Tween 20 solution.
Three replications of each treatment with six leaves in
each were maintained.
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New modified polyhouse bioassay method

The IRAC susceptibility test methods series no: 016 sug-
gested to use potted cotton plant, on which leaves were
trimmed into a small rectangle (three leaf squares with
(4x6cm size each), using scissors. The plants were
placed within a ventilated holding cage (approx. 50x
50 % 50 cm) at (20 “C, 60% relative humidity and 16.8 h
lighting regime) (IRAC 2009b). The whitefly adults were
transferred to the cages (50-70 insects per leaf), using
an aspirator and left for 24 h for egg laying, after which
all the adults were removed from the cage. This IRAC
method seems to be labor intensive, time consuming,
and expensive too. Hence, in this new modified poly-
house bicassay method (NMPBM), we have slightly
modified [RAC 016, In NMPBM, aseptically gown
l-month-old potted cotton plants (4-5 fully expanded
leaves) were used. Potted plants: {without leaf trimming)
were kept inside a whitefly rearing polyhouse containing
whitefly infested plants (30-40 adults per leaf) for 24 h.
After egg laying, whitefly adults were removed gently
from plants, vusing air pressure of hand sprayer and
transferred aseptically in another polyhouse (at 33.7
267 "C Max. Mini Temp and 80.3-684% RH). Later, 10
DAE, the nymphs were marked on the underside of the
leaf by a water proof marker (30-40 nymphs per leaf).
Conidial suspension (1 = 107 conidia ml ') was applied
to nymphs by a hand sprayer at a volume of 10 ml/plant
(2 ml/leaf). Control leaves were sprayed by 0.02% Tween
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20 solution. Each treatment was replicated thrice and
each replicate consisted of three plants with three leaves
(Fig. 1)

All the detached leaf bicassays were carried out in the
laboratory at 28+ 2 “C with a 1&:8 h (L:D) photoperiod.
Four fungal coltures (MTCC-4121, MTCC-6095,
NAIMCC-403; NAIMCC-409) along with the control
were evaluated in all the methods for comparison. In all
bioassay methods, mortality of nymph and leaf survival
were recorded at 3, 5, and 7 days post inoculation (DAI),
asing a 20X hand lens. Nymphs were considered alive if
they were opaque or whitish green and shiny with eyes or
visible honeydew droplets appearing on the excretions.
They were considered dead if their bodies were
yellowish-brown matt and shriveled. Microscopic observa-
tions were carried out to confirm the fungal infections.
They were also placed onto the 0.2% plain water agar to
observe fungal growth.

Bioassays against whitefly nymphs

A total of ten EPF strains were evaluated for their com-
parative virulence against the I0-day-old B. tabaci
nymphs (second to third nymphal instars), using
NMPBM. Ten milliliter conidial suspension of each EPF
(1% 107 conidia ml ') was applied onto cotton plant
leaves (~ 2 mil/leaf) infested with 40-50 nymphs, using a
hand-held sprayer. Three replicates were maintained by
three plants each (three leaves/plant). Inoculated plants

Plants exposure for 12-24 hr for egg laying

'1;|

Dlsaryali o o moamality of iynphe; @ 3-58 7 DA

Flants transfer in another cage for 10 days

Spray with EPF spore suspenslons

W [

CCUSH d 0 sl

S *
#y . ‘
ol . B
AR P o

R

-

: Hmklrl_'g of healthy nymphs

Fig. 1 New modilied polybiouse bioassay method for soreening of virgence in entomopathogenic fungal solates against whitedly nymphs
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were kept in polyhouse at B0+ 4% RH and 28+ 2 “C.
Plants were provided by @rigation with 0L1%
nitrogen-phosphorous- potassium (NPK). Mortality rates
of whitefly nymphs were recorded at 3, 5, and 7 DAl in
different treatments and control. To select the most
virulent EPF isolates, the overall bicefficacy index (Bl)
was compared, osing the modified formula: BI=35 =
(mycelial growth)+ 15 x (sporulation 1x10° conidia
ml ') + 50 x (nymphal mortality at 7 DAI) (Sain et al
2017).

Concentration-mortality and time-mortality bioassay
Lethal concentrations (LCsy and LCyy) often most vira-
lent EPF sirains against whitefly nymphs were deter-
mined. The EPF solations having a series of
concentrations from (1 x 10" to 1x10* conidia ml lj
were prepared, using 0.05% Triton X-100. For each con-
centration, 50 nymphs were inoculated by applying the
fungal conidia suspension, following NMPBEM along with
water as a control. Mortality rate was recorded at 3, 5,
and 7 DAL The experiment was repeated twice on dif-
ferent occasions, each time with 50 nymphs for each
concentration and EPF strain.

Statistical analysis

Corrected Abbotts formula was used to correct the con-
trol mortality (Abbott 1925). The statistical analyses
were performed, wvsing the OP 5Stats (Sheoran et al
1998). Means were separated, using T test at the 5% level
of significance. The effect of different EPF strains on
nymphal mortality was analyzed, using one-way ANOVA
for complete randomized block design. The averages of
nymphal mortality percentages were compared by crit-
ical difference (CI3) value (P<0.05). The effect of in-
creasing conidial concentrations of the EPF strains on
the proportional number of mycosed whitefly nymphs
was analyzed, using a probit analysis of binomial propor-
tions, and the lethal concentrations for 50% mortality
(LC.;) and 90% mortality (LC,,) were calculated, includ-
ing their 95% fiducial limit (Finney 1952).

Results and discussion

Survey, collection, and identification of EPF

As a result of the field survey, a total of 12 representa-
tive EPF isolates were molecularly characterized out of
105 samples. Out of the 12 EPF isolates, six genus were
identified including three Aspergillus spp., three Fusar
ium spp.. two of each Cordyceps favanica, Penicillivm
oxalicum, and one of each Beawveria bassiawa, Emieri
cella sp. The identified sequences were submitted to the
NCEBl GenBank database (Table 2). In addition to the
newly isolated EPF strains, other EPF strains including
B. bassiama (MTCC-4567, -4511, -4543, -6097, -4121,
6095, NAIMCC-F-403, -409) and M. anisopliaes
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Table 2 Sequences of iDONA TT5 region of entomopathogenic
fungal isolates submitted to the NCBI GenBank

Orgamism Strain £ MBI Gemilank
acession number
Aspereliun oy CICH BSS D015 MG76735
Aspevgiliury quadiineoties CICR RS 0044 MOIP62 36
Aspergillue versioolor CICH RS D074 MGIFAI 2%
Beoneverio bt CICH BSS D093 MGI76239
Ermerigedln sp IR BhS 0064 MOLIP623F
Fsarrivarn eroesiforemie: CICH RS DOR3 MEI7E23T
Fumsriiarm sp. CICH BSS D035 MG76238
LPSITTEANTY SUErIer e CICR BSS 0033 M6 28
Cowohyreps javaorieg CICH R, DORT MGAFA232
Conthyreps vt CICH PSS 0102 MGI76734
Penicillivem oonliciarn IR BSS 0082 MOIA6230
Peric i caxaficum CICH Hsh DOARS MGI7A233

(NAIMCC-F-1299) procured from MTCC, NAIMCC
were used for the evaluation study (Table 1).

Standardization of bioassay technigues

The result of a comparative study of the bicassay
methods showed that the nymphal mortality by all four
EPF isolates were recorded in an increasing trend (up to
7 DAI), only under the NMPBEM, while in the other
methods the mortality trend was uneven (Fig. 2). The
highest leaf tenderness and survival period was recorded
in the NMPEM (>30 DAI) followed by detached leaf
methods C than those in other methods in which re-
duced turgidity of the leaves was recorded (Fig. 3).

For evaluating bioefficacy of EPF isolates against
whitefly eggs/nymphs and adults, several laboratory bio-
assay techniques have been used in previous studies;
however, leaf survival and tenderness; during bicassay
for up to 7-15 days in cotton, have been the major con-
cern for any successful bicassay, as the leaf survival and
turgidity/tenderness are considered to be one of crucial
factors for making leaf suitable for feeding and survival
of sucking pests. Five laboratory bicassay methods re-
ported in the past, and a new modified polyhouse bio-
assay method (NMPBM) were evaluated. Ibrahim et al.
(2011) and Malekan et al. (2015) used detached tomato
leaf for evaluating EPF isolates against Trialewrodes
vaporariorum and B. tabaci. The cut petiole was covered
by a small piece of cotton enriched by 2 ml NP solution,
and placed on a filter paper wetted with distilled water
in a Petri-dish. Mascarin (2013) evaluated EPF isolates
against B. tabaci, using detached bean leaf as well as a
leaf disc (3.8 cm diameter) up to 8 days on molten water
agar (1% w/v} in breeding discs. Similarly, Wraight et al.
(2000, 2007) used excised leaves of Hibiscus rosa-sinensis
L {Malvaceae) for evaluation of EPF isolates against
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silverleaf whitefly. The leaves were transferred to large
Petri-dishes, fitted with small reservoirs embedded in
water-saturated cotton to hold the leaf petiole. The
dishes were enclosed in plastic bags and placed in an in-
cubator up to 8-10 days. Cuthbertson et al. (2005) and
Eslamizadeh et al. (2015) also used 2-3-week-old excised
leaves of Cucwmis sativis L. for evaluating Paecilomyces
furmosorosens against B. tabaci. The leaves petioles were

embedded in the cotton wool. Likewise, in IRAC suscep
tibility test method no. 8, plastic cups with a hole on the
lower side to fit the leaf petiole into it were used for
chemical pesticide bioassay against whitefly. Cut petiole
was dipped into the outside water reservoir, and cups
were covered by muslin clothes (IRAC 2009a). IRAC
method no. 24 developed for evaluation of insecticides

against Aphis possypii on Gossypium hirsutum suggests
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whiltedly roomph bioassay usimg four EPEs onder six different biosessay metheds incheding leaf disc method (LOM), detached leal metheod A (DM
A, detached beal method 8 (DUM B, detached leall method O EM ©), detached leal oethod- D 0EM- LR, ancd. new miodiflied polvhouse bioassay
method (NMPHM) )

that cut leaf petiole should be inserted into the insecti-
cide filled glass vials through the small cut in the paraf
ilm (IRAC 2000c). After infestation, glass vial along with
infested leaf are placed into the inner center of a large
plastic container (17 cm diameter = & cm height), which

is coated with a thin layer of liquid Fluon using cotton
wool

In contrast to these previously reported methods, dur
ing the present study, cotton leaf discs and full leaf
placed onto the 0.2% agar (leaf disc method and
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detached leaf method A) were not found suitable, be.
cause the leaf associated saprophytes (fungi/bacteria)
began their growth on the media, leading to death of leaf
from the third day onwards. Similarly, the cotton leaves
remained healthy only up to 3-4 days, and subsequently
the leaves lost turgidity leading to nymphal starvation in
the detached leaf methods, where leaves were supported
by 5 ml, and/or 15 ml 0.2% sucrose solution (detached
leaf method B and C) and in a plastic tray method
(detached leaf method D). The bioassay could not be
performed up to 7 days in these leaf disc and detached
leaf methods, except NMPBM (Figs. 1, 2, and 3). In
NMPEM, leaf remained healthy, fresh without showing
any targidity change up to 30 DAL and nymphal mortal-
ity was recorded in an increasing trend up to 7 DAI
(217 to 81.6%). Fully expanded, intact, and undamaged
leaves in NMPBEM provided a support to natural survival
of the growing nymphs and to the fungal inoculum for
causing infection. Hence, NMPBM technique was found
to be more snitable and maintained leaf turgidity con-
sistently than other methods. Even, the IRAC soscepti-
bility test methods series no: 016 is almost similar to
NMPEM for maintaining the leaf turgidity. However,
this IRAC method seems to be more sophisticated, labor
intensive, and requires a considerable space and time,
because it is performed in cages that require consider-
ably more labor, time, and expenses for trimming the
leaves, using scissors, transferring the whitefly adults
into cages, using aspirators, and for maintaining the pot-
ted plants in ventilated holding cages. Due to this rea-
son, it may not be more suitable and easy for a
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large-scale evaluation of EPF isclates than NMPEM. Un-
like this method, NMPBM is easy, less time consuming,
and less labor intensive in terms of whitefly egg laying,
marking, and recording the nymphal observations dur-
ing the bioassay periods than those with others. The
health and survival of cotton leaf even up to 30 days
could further be utilized for evaluation of residual effect
of fungal inoculum/pesticides. Therefore, NMPBEM was
used for evaluating EPF strains against whitefly nymphs
(Fig. 1). Moreover, the IRAC method no: 016 was rec
ommended for evaluation of insecticides against the
whitefly eggs and nymphs (IRAC 2009b), while the
NMPBM can be used for screening of both EPF isolates
as well as chemical/botanical insecticides.

Evaluation of EPF isolates against whitefly nymphs

The results of the experiments conducted to evaluate
virulence of EPF isolates using NMPBM showed that the
significantly highest {CD at 5.04; £ < (0.05) nymphal mor
tality at 7 DAl was recorded in Bb-4511 (95.1%),
Bb-4565 (89.9%), and Ma-1299 (86.7%). Among ten EPF
isolates, the highest mycelial growth (CD 823 at P<
0.05) was recorded in Cj-089, Cj-102, and Fm-083 com-
pared to other obtained EPF isolates from culture collec
tion centres. Though, the highest conidia ml ' (1 x 10%)
was recorded in Bb-409, Bb-4511, and Fm-083 than
athers EPF isolates (CD 1023 at P<(0.05). However,
based on the overall bicefficacy index, the Bb-4511
(78.1%), Cj-102 (77.0%), and Cj-089 (75.4%) (CD 4.03 at
P < 0.05) were found to be the best performing EPF iso-
lates (Tahle 3).

Table 3 Comparative mycelia growth, spore production, mortality of whitefly nymphs, and bioefficacy index of entomopathogenic

fungal isofates

1_rr:d.!1'nir|is M""L't‘rld{ Eq.nﬁ'»: Percent comected mortality over control {1 x 107 H'I:.:J-[H..]'kdl
{imolates) gronwelh E!ér:,h P —y ey :ﬂt_}:ﬁ?
(. jmverrmeo DRD Blda 54 Ted 474 [405)de Fig593ed 6 (B8 Mda
. jovnirmez 100 H1a S6ubkd 06 384kl 61T (518 810 (64.2)b 7 ia

F. raniiforrne 083 Fa5ah £:3 Jabx 420 [404hde 63 (6050 6.7 (6.1 FGab
(. jmverrmed 0959 3. 7be e 493 (44 6k d JE3 (G b 81.1 {4.2b F02ed
M. cnispboe 1299 [EL R 3M5e Fia 616 B2.7 (a5 4kab B6.7 (fhGlab Tk
8. berssiurg 409 Bt G539 3 68 621 [0k 7832 (623 Fpiviia
8. herssiang 4565 B2 a4y 572 (420 oo Ja6 [G.T )b 399 (F15]a 69 1de
B, herssiang 4511 503 65 3abs 750 {00k 886 (/03 951 (773) 7ala

8. berssiurg GO 517d 435 236 (P91l 44 (53 4kde B1.7 (64.be Bh5e
8. herssinng 4543 503d Sahb £ (55 Fpabu BOO (Al 4)bc 854 {67 5)ab 69 1de
CEkan (P 005) 523 1023 187 i) o0 1.0
Variznoe 2415 41.1 4333 ELT 2539 413

**pbean values followed by the same keter are not significantly different from each other at (7 < 0.05)
“Mycelial growth diameter was measured (in mm) a1 10 days post inoculation (DAL from the Petri plates
BIhe spore concentration per millibiter was reasured at 10 1A using 5 mm mycelial disc from the Petrl plates

“Figure in parenithesis are ancshgn ransformed values of percent nymphal mortality (2rd 1o 3ed nymphal instars)

“Bicdogical efficacy Index (BI) = mycelia growth (mm), sponalation (13 107 conidia mil "% nymphal morality at 7 DAL B Bl= 35 MG+ 15 (59 + 50 (MO at 7 DA
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Table 4 Summary of probit analysis of binomial proportion and calculared jethal concentration of concentration mortality response

(1Coy andl | Coy)

EFF isolates g (5% FLF* L (9596H )" Itercept £55°  Slope+sE oy idf=3)  Pabue i)
€. jervarricar 069 a2 10 o= w3k ey owx10t parx foLiax1d® 419212 247+033 6599 <000
(. jovarsica 102 et 10 0= 100 = 10 170 (05X 0P 128 %705 34B=367 273056 2900 < (007
Fomomifionme 083 064 107 (059x 10°-069= 107 119x10° (1072 107132 10% 359+356 I56+055 4907 <0001
€. javarsice 099 101x10° (DE9x 0P 132 % 007 17110 (1w 1P 100w 10 33453 2444072 13045 <0001
Mansopliae 1200 064% 107 (050 10°-068 = 105 112x10° (02 = 10F- 122 % 10F)  347+36) IEI+056 4779 < 0o
. horssinrng 405 243100 (135 10354 107 4182107 0B x 1P -628x 107 303 £B49 212+0931 17830 <0001
B bouiong 4565 0ES% 107 (DA5 % 100755107 1.78x 107 (132 10P-225% 107 406+32 1B+ 051  GOAS <0001
& herssiang 4511 0575 100 (D48 10%-057 = 109 100 = 10F (003 = 10°- 110 707 360+301 IFM+048 3657 < 0o
B bowing 6097 4912107 (06X 071048107 8710 (1721071920 105 332+978 189 +099 14753 <0001
B basiong 4543 099x 10° (089 10°-110% 107 161 =107 (1305 10P-182 % 107 307+506 ZBI+0J0 3148 <0001

Values are means of two axperiments with thres replications for each EPF solates with sach concentration against 50 whitefly nymphs in sach replicate. The
experiment was repeated twice on different oocasions, each time 10 EPF Isolates with five concentrations (1 3 10" to 1 3 10" conidia mi ™) for each isolate
"The concentrations presented are conddia mi™" and whitefly nymphs {second o third mymphal instars)

"L = fichecial lmits; OF = number of tems (Le., concentrations) wsed for the regression minugs

"SE = standard emol of the fungal concentrations

Hikedihood ratio 2 test stistic indicates a satisfacioly goodness-of-fit of empircl data compared 1o the estimated regression line

Generally, second nymphal instars of B. tabaci were
found to be the most susceptible stage, while the adult
ranked second (Cuthbertson et al. 2005). B. bassiang is
reported to cause B. fabaci nymphal mortality from 76.7
to 91.6% and up to 100% in adults at 1 mg ml ' (Faria
and Wraight 2001). Average nymphal mortality up to
25.7% at 7 DAl was reported; however, at 14 DAI, it
ranged from 6.1 to 923% in a melon leaves bicassay
method (Vicentini et al. 2001). Different isolates of B.
bassiana cavsed (3-85%) mortality to the fourth instar
nymphs (107conidia ml ') (Quesada-Moraga et al. 2006).
The efficacy of L. fecanii isolates were reported to be
similar to B. bassiana in reducing whitefly population in
tomato crops, ranging from 56 to 87% with the max-
imum up to 92-100% at 025 and 3.2 x 10" conidia ml '
(Karthikeyan and Selvanarayanan 2011).

Concentration-mortality and time-mortality bioassay

All the EPF isolates were pathogenic to whitefly nymphs.
Increazed EPF concentrations resulted to increase the
mortality (Table 4). The LC., wvalues of selected EPF
strains ranged from 0.22x10% (C-089) to 491 x 10°
(Bb-6097) conidia ml ', while the LC,, values ranged he-
tween (.99 x 10* (C-089) and 8.74 x 10° (Bb-6097) co-
nidia ml ' at 3 DAL with 10* conidia ml '. The lowest
LC;, and LCgy values were recorded by Cj-08% and
Bb-4511 than other EPF isolates, respectively.

Similarly, the isolates of B. bassiana and Isaria
Jumosorosea were reported to be virulent against B.
tabaci nymphs (71-86% mortality within 8 days), with
LT.; values ranging from 3 to 4 DAI with 107 conidia
ml ! [(Mascarin 2013). Obtained results showed that
there was a variable response of the EPF isolates to
mycelical growth, sporulation, and nymphal mortality.

The local isolates had faster and higher mycelial
growth than those in the EPF isolates obtained from
culture collection centres. This can be due to their
adaptation to prevailing environmental conditions
(Sevim et al. 2012). Based on the overall bioefficacy
index, including the mycelia growth, sporulation along
with the mortalities, the best performing EPF isolates
during the study were found to be the Bb-4511,
j-102, and Cj-089. The lowest LC.; and L, values
were recorded by Cj-089 and Bb-4511 than other EPF
isolates. The identified most virulent EPF isolates with
best bioefficacy index will have better potential for
atilization in IEM in B. tabaci.

Conclusion

The present study showed that the NMPBM can play an
important role in evaluating large numbers of EPF isolates,
and to find out the most virulent ones. The overall bioeffi-
cacy index of EPF isclates should be considered for select-
ing a virulent EPF for field snccess, nymphal morality is
not only the single factor. The identified most virulent
EPF isolates with best bioefficacy index could be utilized
further for development of eco-compatible and effective
bioformulations. The field deployment of these formula-
tions, as an alternative to chemical pesticide or as an IPM/
IEM eomponent, might help in reducing whitefty popula-
tion as well as CLCuD incidence.
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