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Abstract

Background: The whitefly, Bemisia tabaci (Genn.) (Hemiptera: Aleyrodidae), is one of the most damaging pests of
crops grown in open field and under protected conditions. Owing to the indiscriminate use of insecticides, whitefly
has developed resistance against various insecticides belonging to different chemical groups. Use of microbial
biopesticides (entomopathogenic fungi) can be an effective alternate to chemical insecticides.

Results: This study was planned for the evaluation of entomopathogenic fungi (EPF) formulations, namely,
Beauveria bassiana Balsamo (Vuillemin), Lecanicillium lecanii (Zimmerman) Viegas and Metarhizium anisopliae
(Metschnikoff) Sorokin and botanical pesticide, Neem Baan, for the management of different life stages of B. tabaci
on parthenocarpic cucumber grown under protected conditions. The liquid formulations of Neem Baan at 10 and
15 ml/l were the most effective (90.7 to 93.3% in eggs, 93.3 to 97.1% in nymphs, and 92.4 to 94.2% reduction in
whitefly adults after 3rd spray, respectively) as compared to EPF. Among the EPF, L. lecanii and B. bassiana at 10 and
15 ml/l (80.6 to 86.5% in eggs, 85.7 to 91.5% in nymphs, and 58.5 to 69.2% in whitefly adults after 3rd spray,
respectively) were found to be more effective than M. anisopliae at 10 and 15 ml/l (78.4 to 82.8% in eggs, 82.5 to
85.9% in nymphs, and 57.7 to 62.8% in whitefly adults after third spray, respectively) in reducing different life stages
of B. tabaci on cucumber. Significantly high yield of cucumber fruits was obtained from the plot where Neem Baan
at 10 and 15 ml/l (2337.5 to 2420.8 g/plant) was used. Minimum fruit yield were recorded in untreated control plots.

Conclusions: The integration of these biopesticides in the management schedule of the whitefly under protected
conditions will enhance the quality and market value of parthenocarpic cucumbers.
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Background
The whitefly, Bemisia tabaci (Gennadius) (Hemiptera:
Aleyrodidae), is a devastating pest of vegetables, orna-
mentals, and agricultural crops throughout the tropical
and subtropical regions of the world (Oliveira et al.
2001). More than 900 plant species are known to be its
hosts (GISD 2005). The suitable hosts that support the
B. tabaci population include cotton, cabbage, tomato,
eggplant, okra, cucumber, squash, melon, and many or-
namentals (Li et al. 2011).
Cucumber, Cucumis sativus L., is an important cucur-

bitaceous vegetable cultivated under different environ-
mental conditions, open fields, and greenhouses for local
consumption and exportation. Polynet houses/net
houses provide suitable microclimatic conditions for the
growth and development of sucking pests. Warm humid
conditions are preferred by the sap-sucking insects. The
highest population levels force the farmers to use exces-
sive usage of chemicals.
Parthenocarpic cucumbers are one of the important

commercial crops grown under protected environment
and are the money spinners for the farming community
(Sood et al. 2018).
The whitefly, B. tabaci, is one of the most important

pests infesting cucumber plants during its three growth
stages, seedling, flowering, and fruiting. This pest inflicts
damage in two ways: (a) it affects the plant vitality and
vigor by sucking significant amount of phloem sap and
(b) by interfering in the normal photosynthesis due to
growth of sooty mold fungus on the honeydew excreted.
This significantly affected the quality and marketability
of the harvested products (Oliveira et al. 2001). Whitefly
also acts as vectors of several economically important
viral plant pathogens causing huge yield losses (van
Regenmortel et al. 2000).
Favorable microclimate, availability of tender plant

parts for a long period, and more number of generations
under poly-house conditions make whitefly management
more difficult. Also, all the life stages of whitefly
colonize the abaxial surface of leaves, which makes it dif-
ficult to achieve effective coverage by insecticidal spray-
ing, leading to frequent applications. Adverse effects like
pesticide residues on crop produce (Van Lenteren 2000),
killing of non-target organisms (Pilkington et al. 2010),
and development of resistance to pesticides (Pappas
et al. 2013) are associated with frequent and excessive
use of insecticides. It sometimes resulted in the resur-
gence of the pests making their control more difficult,
expensive, and environmentally devastating. Hence, em-
phasis is being part on insecticide-free control strategies
or management of vegetable pests. A long-term irrevers-
ible effects of indiscriminate insecticides’ usage have ne-
cessitated the increased usage reliance on biological
control methods (Torrado-Leon et al. 2006).

Entomopathogenic fungi (EPF) have been identified as
potential control agents against B. tabaci (Saito and Su-
giyama 2005). Beauveria bassiana (Balsamo) Vuillemin,
Lecanicillium lecanii (Zimmerman), Metarhizium aniso-
pliae (Metsch.), and Paecilomyces fumosoroseus (Wize)
are key tools for the management of various agricultural
insect pests, including whiteflies, mealy bugs, aphids,
thrips, psyllids, and weevils in outdoor and greenhouse
crops (Torrado-Leon et al. 2006; Akmal et al. 2013). Effi-
cacy of EPF against both eggs and nymphal instars of
whitefly has been widely demonstrated (Saito and Sugi-
yama 2005; Park and Kim 2010; Norhelina et al. 2013).
Owing to the increasing threats of whitefly infestation

on cucumber crop and the need for residue-free organic
crop, this study was carried out to evaluate the efficacy
of EPF formulations on different developmental stages of
the whitefly, B. tabaci, on parthenocarpic cucumber
grown under protected conditions.

Methods
A field experiment was conducted to evaluate the effi-
cacy of different biopesticides against the whitefly, B.
tabaci on parthenocarpic cucumber grown under net
house (size, 15 × 7 m = 105 m2). The experiment was
conducted in a double-door fated naturally ventilated
poly-house structure made of galvanized iron pipes cov-
ered with ultraviolet stabilized 40 mesh size net and an
arc shaped dome. The trial was laid out at the experi-
mental farm of Department of Vegetable Science during
August to December 2017 and 2018 for raising autumn
season crops. Thirty-day-old seedlings F1 hybrid Punjab
Kheera-1: Plant is vigorous, bearing 1–2 fruits per node.
It is suitable for poly-net house only. Seedlings were
transplanted during the last week of August in 2017 and
2018 seasons, keeping row to row and plant to plant dis-
tance of 60 cm × 30 cm, respectively. Seedlings were
transplanted on 30-cm raised beds. The crop was raised
in insecticide free environment by following recom-
mended cultural and management practices for the
production of cucumber under naturally ventilated poly-
house (Anonymous 2018). Cucumber plants were
trained on single shoots with the help of bamboos and
nylon ropes. The extra shoots were pruned regularly to
optimize the growth of plants.

Collection and rearing of insects
A stock culture of B. tabaci was maintained on young
potted plants of cucumber under screen-house condi-
tions to ensure availability of large number of whiteflies
required for artificial infestation of cucumber plants. For
this purpose, whitefly adults were initially collected from
whitefly infested cucumber plants grown in poly-houses
and the identity of species was ascertained prior to rais-
ing the cultures. The identified B. tabaci adults were
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released in large numbers on potted plants of cucumber
with the help of aspirator. Older and heavily infested
plants were periodically replaced by fresh potted ones. It
was practiced regularly throughout the study period.

Testing of biopesticides
Efficacy of different biopesticides including EPF and
Neem formulations along with Malathion was evaluated
for the management of B. tabaci on parthenocarpic cu-
cumber grown under naturally ventilated polyhouse
(Table 1).

Experiment protocol
The experiment was laid out in a randomized block de-
sign (RBD) with each concentration of biopesticide as
one treatment and 3 replications/ treatment were kept.
Apart from these biopesticide treatments (2 dosages),
one chemical, Malathion 50 EC (one dosage), and un-
treated check (no spray) was also maintained for
comparison.
There were 10 plants per plot in each biopesticide

treatment, separated by distance of 50 cm between 2
plots to avoid chemical interference owing to drift to ad-
jacent treatments. Large numbers of whitefly adults were
released in the poly-house 35 days after transplanting
(DAT) for early build-up of infestations. For foliar appli-
cations of the different biopesticides, a battery-operated
knapsack sprayer fitted with hollow cone nozzle (40 PSI
pressure) was used. The biopesticides were applied late
in the afternoon hours.

Data collection
The observations were recorded on population build-up
of whitefly in different biopesticide treatments. There
were 3 foliar sprays for all treatments. The first was ap-
plied after 55 and 60 days of transplanting (in 2017 and
2018) and repeated at 11 days interval, respectively. Pre-
treatment and post-treatment observations were
recorded on randomly selected 5 plants per plot. The
pre-treatment observations (during 2017: 3.6 to 5.7 eggs/
leaf, 14.3 to 19.3 nymphs/leaf, and 5.9 to 7.1 adults/3

leaves; during 2018: 3.3 to 5.4 eggs/leaf, 14.9 to 18.0
nymphs/leaf, and 5.8 to 7.4 adults/3 leaves) were re-
corded 24 h before spray. The post treatment observa-
tions on whitefly eggs and nymphs were recorded from
single leaf of the middle canopy of the plant. Adult pop-
ulations were recorded from 3 leaves each on top, mid-
dle, and bottom canopy of the plant. The populations
were recorded from randomly selected 5 plants per plot
at 10 days’ interval after each spray.
The leaves with eggs and nymphs of whitefly were col-

lected and brought to the laboratory. Their numbers
were recorded per leaf under a stereo zoom binocular
microscope. The observations recorded were analyzed
statistically to workout relative efficacy of different bio-
pesticide treatments. Percent reduction in the population
of whiteflies (eggs, nymphs, and adults) over control was
calculated, using Henderson and Tilton’s formula (Hen-
derson and Tilton’s 1955).

Corrected Mortality% ¼ 1 −
nin Co before treatment�nin T after treatment
n in Co after treatment�nin T before treatment

� �
�100

where n = whitefly population; T = treated; Co =
control.

Marketable fruit yield
Fruits reaching marketable size (about 15 cm in length)
were harvested at 5 days interval. Fresh fruit weight per
plant at each picking in different treatments was re-
corded. The fruit weight obtained at each picking was
summed up to obtain cumulative fruit yield per plant
during the crop season.

Recording of environmental parameters
Environmental parameters viz. minimum and maximum
temperature and relative humidity were recorded daily
with the help of digital thermo-hygro meter placed in-
side the polyhouse at canopy height throughout the
study period.

Table 1 Biopesticides evaluated against Bemisia tabaci on cucumber under net house conditions

Treatment Concentrations (% or ml/l) Brand name Formulator

Neem Baan (1% W/W)
(Azadirachtin 1000 ppm)

10ml and 15ml/l Nimbecidine T. Stanes and Company Limited

Beauveria bassiana 1.50%
[1 × 109 CFU/ml]

10 ml and 15ml/l Bio-Power T. Stanes and Company Limited

Lecanicillium lecanii 1.50%
[1 × 109 CFU/ml]

10 ml and 15ml/l Bio-Catch T. Stanes and Company Limited

Metarhizium anisopliae 1.5%[1 × 108 CFU/ml] 10 ml and 15ml/l Bio-Magic T. Stanes and Company Limited

Malathion 50 EC 4ml/l Hilmala Kalyani Industries Lmited

Control (No spray) - -
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Statistical analysis
The mean population of the whitefly eggs, nymphs, and
adults (x ± SE PROC) were subjected to analysis of vari-
ance (ANOVA), and mean values were compared by
Duncan Multiple Range Test (DMRT) (P = 0.05), using
SPSS program, version 23 (SPSS 2015), and treatment
means were separated at P = 0.05. The analysis of vari-
ance was done for the each year separately. Pooled ana-
lysis was also done by pooling of treatment PROC values
across the sprays for the respective years for all develop-
mental stages of whitefly.

Results
Efficacy of biopesticides against eggs of B. tabaci
In 2017, a day before 1st spray, the eggs population of
whiteflies ranged from 3.6 to 5.7 eggs per leaf showing
non-significant difference among the evaluated treat-
ments. After 1st spray, all the biopesticides significantly
reduced egg population than in the untreated control.
Among the 5 treatments, Malathion at 4.0 ml/l (76.8%)
exhibited the highest efficacy against the eggs of the
whitefly. Among the biopesticides, Neem Baan (at 15
and 10 ml/l (63.7 and 59.8%)) was efficacious, followed
by the EPF; L. lecanii (at 15 and 10 ml/l (46.2 and
41.2%)), B. bassiana (at 15 and 10ml/l (45.5 and
41.8%)), and M. anisopliae (at 15 and 10ml/l (39.5 and
36.5% PROC)), respectively (Table 2) (TempMax = 34.3
°C; TempMin = 17.3 °C; RHM = 90%; RHE = 32%). The
percent reduction over control (PROC, progressively in-
creased after subsequent sprays during the season. The
PROC values of the 2nd spray ranged from 63.9% (M.
anisopliae at 10 ml/l) to 87.6% (Malathion 50 EC at 4.0

ml/l) (TempMax = 28.0 °C; TempMin = 15.3 °C; RHM =
91%; RHE = 53%).
After the 3rd spray, Malathion at 4.0 ml/l and Neem

Baan at 15 ml/l were statistically at par with each other
(97.5 and 93.3% PROC), followed by Neem Baan at 10
ml/l (90.7% reduction). The lowest percent reduction in
eggs was recorded in the case of M. anisopliae at 10 ml/l
(78.4% reduction) (TempMax = 22.3 °C; TempMin = 12.9
°C; RHM = 89%; RHE = 60%).
In 2018, the mean whitefly egg population did not vary

significantly (3.3 to 5.4 eggs per leaf) at 1 day before
spraying (DBS) during autumn, 2018 season, indicating
uniform distribution of the pest. After 1st spray, Mala-
thion at 4.0 ml/l (77.5%) maintained its superiority over
other treatments, followed by Neem Baan at 15 ml/l
(62.6%) and it was statistically at par with Neem Baan at
10 ml/l (59.3% PROC). However, the lowest percent re-
duction in eggs was recorded in the case of M. aniso-
pliae at 10 ml/l (37.7%) and it was also statistically at par
with B. bassiana at 10 ml/l (42.1%), L. lecanii at 10 ml/l
(41.3%), and M. anisopliae at 15 ml/l (40.8% PROC), re-
spectively (TempMax = 26.2 °C; TempMin = 14.2 °C; RHM

= 90%; RHE = 35%). PROC values of the 2nd spray
ranged from 61.6 to 89.8% for M. anisopliae at 10 ml/l
and Malathion 50 EC, respectively (TempMax = 27.1 °C;
TempMin = 11.0 °C; RHM = 90%; RHE = 33%).
After the 3rd spray, the maximum percent reduc-

tion in egg population of whitefly was recorded in
Malathion at 4.0 ml/l (98.1%) and it was significantly
better than the rest of the treatments. The lowest
percent reduction was recorded in case of M. aniso-
pliae at 10 ml/l (81.3%) and it was statistically at par

Table 2 Efficacy of different biopesticides against eggs of Bemisia tabaci on cucumber under net house conditions during autumn
cropping season (2017)

Treatment Concentrations
(ml/l)

Percent reduction over control in eggs of Bemisia tabaci per leaf *(mean ± SE)
after different sprays

1st spray 2nd spray 3rd spray Overall reduction (%)

Beauveria bassiana (1 × 109 CFU/ml) 10 41.8 ± 1.0e 66.3 ± 1.8ef 80.6 ± 0.3ef 62.9 ± 11.3a

15 45.5 ± 1.3d 70.4 ± 0.4de 85.5 ± 1.5de 67.1 ± 11.7a

Lecanicillium lecanii (1 × 109 CFU/ml) 10 41.2 ± 1.7e 66.9 ± 0.8ef 82.9 ± 2.3def 63.7 ± 12.1a

15 46.2 ± 0.8d 72.8 ± 1.7cd 86.5 ± 2.5cd 68.5 ± 11.8a

Metarhizium anisopliae (1 × 108 CFU/ml) 10 36.5 ± 0.9f 63.9 ± 0.2f 78.4 ± 0.7f 59.6 ± 12.3a

15 39.5 ± 0.9ef 64.7 ± 0.4f 82.4 ± 1.7def 62.2 ± 12.4a

Neem Baan (1% W/W) 10 59.8 ± 1.4c 77.2 ± 0.9bc 90.7 ± 1.0bc 75.9 ± 8.9a

15 63.7 ± 0.7b 78.3 ± 2.8b 93.3 ± 2.3ab 78.4 ± 8.5a

Malathion 50 EC 4.0 76.8 ± 0.6a 87.6 ± 3.1a 97.5 ± 1.2a 87.3 ± 6.0a

F values 151.1 21.4 14.2 0.7

P < 0.001 < 0.001 < 0.001 0.7

Percent reduction over control mean ± standard error of B. tabaci eggs recorded after different sprays for bioassays performed with different commercial strains.
Treatment columns bearing different letters are significantly different from other treatments according to Duncan’s multiple range test (DMRT) (P = 0.05). Range of
pretreatment population eggs = 3.6 to 5.7 eggs/leaf
*Values represent means of 3 replicates
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with rest of the treatments viz., L. lecanii at 15 and
10 ml/l (85.1 and 83.0%), B. bassiana at 15 and 10
ml/l (83.4 and 81.8%) and M. anisopliae at 15 ml/l
(82.8%), respectively (TempMax = 27.2 °C; TempMin =
10.8 °C; RHM = 88%; RHE = 31%) (Table 3).
The pooled analysis of all the biopesticidal treatments

after 3 sprays revealed that there was non-significant dif-
ference among the treatments in overall reduction
(Table 2). Same trend was observed during autumn
cropping season of 2018 (Table 3).

Efficacy of biopesticides against nymphs of B. tabaci
In 2017, the number of nymphs of B. tabaci per leaf was
counted before the 1st spray and the mean nymph inci-
dence, 1 day before 1st spray, indicated non-significant
differences among all the treatments and the mean
nymphs populations ranged from 14.3 to 19.3 nymphs
per leaf. In the observations recorded after 1st spray,
among the different treatments, Malathion at 4.0 ml/l re-
corded the highest population reduction of nymphs of B.
tabaci (75.6%). It was significantly superior to other bio-
pesticidal treatments. The 2nd best treatment was Neem
Baan at 15 and 10 ml/l (65.5 and 60.5% PROC). How-
ever, the treatments with the EPF; L. lecanii (at 15 and
10ml/l (51.6 and 49.7%)), B. bassiana (at 15 and 10ml/l
(50.2 and 48.6%)), and M. anisopliae (at 15 and 10ml/l
(48.6 and 46.1%)) were found statistically at par with
each other (Table 4) (TempMax = 34.3 °C; TempMin =
17.3 °C; RHM = 90%; RHE = 32%).
Malathion (at 4.0 ml/l (99.0%)), Neem Baan (at 15 and

10ml/l (96.3 and 93.3%)), L. lecanii (at 15 and 10ml/l
(91.5 and 90.1%)), and B. bassiana (at 15 ml/l (91.2%))

were the most effective in population reduction of
whitefly nymphs whereas B. bassiana (at 10 ml/l
(89.0%)) and M. anisopliae (at 15 ml/l (85.0%)) were
moderate, while M. anisopliae (at 10 ml/l (82.5% PROC))
was found comparatively less effective in reducing the
population of whitefly nymphs after the 3rd spray
(TempMax = 22.3 °C; TempMin = 12.9 °C; RHM = 89%;
RHE = 60%).
In 2018, the mean population of nymph whiteflies 1

day before of 1st spray ranged between 14.9 and 18.0
nymphs per leaf and showed non-significant uniform
distribution of nymphal population in all treatment plots
of the field experiment. After 1st spray, Malathion at 4.0
ml/l was the most effective in reducing the nymphs of
whiteflies (77.7% reduction). However, it was statistically
at par with Neem Baan at 15 and 10ml/l (62.5 and
57.8% reduction), L. lecanii at 15 ml/l (50.6% reduction),
and B. bassiana 15ml/l (48.2% reduction), respectively.
The lowest percent reduction was recorded in the treat-
ment of M. anisopliae at 10 ml/l (41.6% reduction) and
it was also statistically at par with M. anisopliae at 15
ml/l (46.1% reduction), L. lecanii at 10 ml/l (46.0% re-
duction), and B. bassiana at 10 ml/l (46.0% reduction),
respectively (Table 5) (TempMax = 26.2 °C; TempMin =
14.2 °C; RHM = 90%; RHE = 35%).
After 3rd spray, Malathion at 4.0 ml/l was found most

effective in terms of percent reduction of nymphs of
whitefly (99.5% reduction), followed by Neem Baan (at
15 and 10ml/l (97.1 and 94.5%)), L. lecanii (at 15 ml/l
(91.1%)), and B. bassiana (at 15 ml/l (89.9%), respect-
ively, while M. anisopliae at 10 ml/l was found least ef-
fective one (83.8% reduction). It was statistically at par

Table 3 Efficacy of different biopesticides against eggs of Bemisia tabaci on cucumber under net house conditions during autumn
cropping season (2018)

Treatment Concentrations
(ml/l)

Percent reduction over control in eggs of Bemisia tabaci per leaf *(mean ± SE)
after different sprays

1st spray 2nd spray 3rd spray Overall reduction (%)

Beauveria bassiana (1 × 109 CFU/ml) 10 42.1 ± 2.2cd 65.1 ± 0.7e 81.8 ± 1.8c 63.0 ± 11.5a

15 46.5 ± 0.4c 67.7 ± 1.5de 83.4 ± 0.2c 65.9 ± 10.7a

Lecanicillium lecanii (1 × 109 CFU/ml) 10 41.3 ± 2.4cd 65.6 ± 1.3e 83.0 ± 0.3c 63.3 ± 12.1a

15 45.2 ± 1.1c 72.0 ± 1.2cd 85.1 ± 3.0c 67.4 ± 11.7a

Metarhizium anisopliae (1 × 108 CFU/ml) 10 37.7 ± 0.7d 61.6 ± 2.8e 81.3 ± 1.5c 60.2 ± 12.6a

15 40.8 ± 1.7cd 64.0 ± 1.0e 82.8 ± 1.7c 62.5 ± 12.1a

Neem Baan
(1% W/W)

10 59.3 ± 2.3b 77.4 ± 3.1bc 90.9 ± 2.3b 75.9 ± 9.2a

15 62.6 ± 3.9b 79.6 ± 1.5b 92.4 ± 2.0b 78.2 ± 8.6a

Malathion 50 EC 4.0 77.5 ± 2.9a 89.8 ± 2.8a 98.1 ± 1.9a 88.5 ± 6.0a

F values 35.5 22.2 10.2 0.8

P < 0.001 < 0.001 < 0.001 0.6

Percent reduction over control mean ± standard error of B. tabaci eggs recorded after different sprays for bioassays performed with different commercial strains.
Treatment columns bearing different letters are significantly different from other treatments according to Duncan’s multiple range test (DMRT) (P = 0.05). Range of
pretreatment population eggs = 3.3 to 5.4 eggs/leaf
*Values represent means of 3 replicates
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with M. anisopliae at 15 ml/l (85.9% reduction), B. bassi-
ana at 10 ml/l (85.8% reduction), and L. lecanii at 10 ml/
l (85.7% reduction), respectively (TempMax = 27.2 °C;
TempMin = 10.8 °C; RHM = 88%; RHE = 31%) (Table 5).
The pooled analysis of the 3 sprays for overall reduc-

tion of B. tabaci nymphs revealed that among all the
treatments, Malathion at 4.0 ml/l gave maximum reduc-
tion in nymphs of B. tabaci (88.6%) and it was statisti-
cally at par to all other biopesticidal treatments (Table

4). Similar trend was observed during autumn cropping
season of 2018 (Table 5).

Efficacy of biopesticides against adults of B. tabaci
In 2017, the variation in the pre-treatment population
on adults of B. tabaci in different treatments was statisti-
cally non-significant, indicating that the population was
uniformly distributed in the net house before the differ-
ent treatments were imposed. The mean population of

Table 5 Efficacy of different biopesticides against nymphs of Bemisia tabaci on cucumber under net house conditions during
autumn cropping season (2018)

Treatment Concentrations
(ml/l)

Percent reduction over control in nymphs of Bemisia tabaci per leaf *(mean ± SE)
after different sprays

1st spray 2nd spray 3rd spray Overall reduction (%)

Beauveria bassiana (1 × 109 CFU/ml) 10 46.0 ± 4.3b 69.3 ± 3.5d 85.8 ± 3.6c 67.0 ± 11.5a

15 48.2 ± 5.9ab 73.8 ± 2.1bcd 89.9 ± 2.2bc 70.6 ± 12.1a

Lecanicillium lecanii (1 × 109 CFU/ml) 10 46.0 ± 6.9b 70.5 ± 4.0cd 85.7 ± 2.6c 67.4 ± 11.6a

15 50.6 ± 4.6ab 75.3 ± 2.8bcd 91.1 ± 2.6bc 72.3 ± 11.8a

Metarhizium anisopliae (1 × 108 CFU/ml) 10 41.6 ± 9.8b 65.5 ± 3.7d 83.8 ± 0.6c 63.6 ± 12.2a

15 46.1 ± 8.7b 67.3 ± 4.4d 85.9 ± 4.3c 66.4 ± 11.5a

Neem Baan (1% W/W) 10 57.8 ± 6.5ab 79.8 ± 2.0bc 94.5 ± 1.8ab 77.4 ± 10.7a

15 62.5 ± 6.4ab 83.0 ± 1.6ab 97.1 ± 1.0ab 80.9 ± 10.0a

Malathion 50 EC 4.0 77.7 ± 0.4a 90.3 ± 1.9a 99.5 ± 0.5a 89.2 ± 6.3a

F values 3.1 7.0 5.2 0.6

P 0.23 < 0.001 0.002 0.8

Percent reduction over control mean ± standard error of B. tabaci nymphs recorded after different sprays for bioassays performed with different commercial
strains. Treatment columns bearing different letters are significantly different from other treatments according to Duncan’s multiple range test (DMRT) (P = 0.05).
Range of pretreatment population nymphs = 14.9 to 18.0 nymphs/leaf
*Values represent means of 3 replicates

Table 4 Efficacy of different biopesticides against nymphs of Bemisia tabaci on cucumber under net house conditions during
autumn cropping season (2017)

Treatment Concentrations
(ml/l)

Percent reduction over control in nymphs of Bemisia tabaci per leaf *(mean ± SE)
after different sprays

1st spray 2nd spray 3rd spray Overall reduction (%)

Beauveria bassiana (1 × 109 CFU/ml) 10 48.6 ± 2.9c 72.1 ± 2.6de 88.9 ± 2.2cd 69.9 ± 11.7a

15 50.2 ± 2.4c 76.4 ± 2.7cd 91.2 ± 2.6bcd 72.6 ± 12.0a

Lecanicillium lecanii (1 × 109 CFU/ml) 10 49.7 ± 1.6c 74.1 ± 2.9de 90.1 ± 2.0bcd 71.3 ± 11.7a

15 51.6 ± 1.1c 77.5 ± 1.8bcd 91.5 ± 2.2bcd 73.5 ± 11.7a

Metarhizium anisopliae (1 × 108 CFU/ml) 10 46.1 ± 1.7c 68.2 ± 2.8e 82.5 ± 3.3e 65.6 ± 10.6a

15 48.6 ± 4.0c 71.4 ± 1.9de 85.0 ± 2.0de 68.3 ± 10.6a

Neem Baan (1% W/W) 10 60.5 ± 5.4b 81.9 ± 3.2bc 93.3 ± 1.5abc 78.6 ± 9.6a

15 65.5 ± 1.7b 84.2 ± 0.9b 96.3 ± 0.7ab 82.0 ± 9.0a

Malathion 50 EC 4.0 75.6 ± 0.4a 91.2 ± 0.9a 99.0 ± 0.5a 88.6 ± 6.9a

F values 13.0 9.7 6.2 0.5

P < 0.001 < 0.001 0.001 0.9

Percent reduction over control mean ± standard error of B. tabaci nymphs recorded after different sprays for bioassays performed with different commercial
strains. Treatment columns bearing different letters are significantly different from other treatments according to Duncan’s multiple range test (DMRT) (P = 0.05).
Range of pretreatment population nymphs = 14.3 to 19.3 nymphs/leaf
*Values represent means of 3 replicates
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B. tabaci, 1 day before imposing the treatments, was
from 5.9 to 7.1 adults per 3 leaves.
All the treatments were significantly superior to the

untreated control in adults of B. tabaci after 1st, 2nd,
and 3rd spray. The highest population reduction over
control after the 2nd spray was recorded in Malathion at
4.0 ml/l (88.7%). However, it was statistically at par with
Neem Baan at 15 and 10 ml/l (87.0 and 83.9% reduc-
tion). The 2nd best treatment was by L. lecanii (at 15
and 10 ml/l (54.5 and 50.5%). It was also statistically at
par with other biopesticidal treatments viz., B. bassiana
(at 15 and 10ml/l (50.7 and 47.8% PROC) and M.
anisopliae (at 15 and 10ml/l (45.7 and 46.3% PROC), re-
spectively (TempMax = 28.0 °C; TempMin = 15.3 °C; RHM

= 91%; RHE = 53%). Same trend was observed after the
3rd spray and in overall reduction of different biopestici-
dal treatments, respectively (Table 6).
In 2018, the pre-treatment population of adult white-

flies was uniform in all the experimental treatment plots,
since the average population of adults was statistically
non-significant. The average pre-treatment population
ranged between 5.8 and 7.4 adults per 3 leaves justifying
that there was a need to protect the crop from whiteflies
infestation.
The data recorded after the 1st spray revealed that

population reduction of adults ranged from 36.3 to
77.1% in different treatments. All the biopesticidal treat-
ments were found significantly superior over control in
reducing the population of adults. Malathion at 4.0 ml/l
(77.1% reduction) was found superior than the other
treatments in reducing the population of adults. Neem
Baan at 15 and 10 ml/l (61.9 and 59.1% PROC) was

found the next best treatment as compared to the rest of
the treatments (TempMax = 26.2 °C; TempMin = 14.2 °C;
RHM = 90%; RHE = 35%).
After 2nd spray, highest population reduction of adults

was observed in the plots treated with Malathion at 4.0
ml/l (91.0% reduction) and found most effective in redu-
cing the population of adults, followed by Neem Baan at
15 and 10ml/l (85.2 and 82.6% reduction), which was
statistically at par with each other. However, the treat-
ments L. lecanii (at 15 and 10ml/l (56.7 and 53.4%
PROC)), B. bassiana (at 15 and 10 ml/l (51.7 and 51.6%
PROC)), and M. anisopliae (at 15 and 10ml/l (49.2 and
47.9% PROC)) were found statistically at par amongst
each other though significantly poorer than Neem Baan
and Malathion (TempMax = 27.1 °C; TempMin = 11.0 °C;
RHM = 90%; RHE = 33%). After 3rd spray also, similar
trend was observed (Table 7).
The pooled data for overall reduction in population of

adult whitefly also showed that the treatment Malathion
at 4.0 ml/l gave maximum reduction in adults of B.
tabaci (89.0% reduction). However, it was statistically at
par with Neem Baan at 15 and 10ml/l (80.4 and 78.0%
reduction). M. anisopliae at 10 ml/l gave the lowest re-
duction (48.2%) and it was also statistically at par with
the rest of the treatments (Table 7).

Marketable fruit yield
The cumulative marketable yield of cucumber in differ-
ent treatments given for the management of B. tabaci
infestation under net house condition (Table 8) varied
from 2120.8 to 2468.8 g per plant in 2017 and 2137.5 to
2541.7 g per plant in 2018 cropping seasons. In 2017,

Table 6 Efficacy of different biopesticides against adults of Bemisia tabaci on cucumber under net house conditions during autumn
cropping season (2017)

Treatment Concentrations
(ml/l)

Percent reduction over control in adults of Bemisia tabaci per three leaves *(mean
± SE) after different sprays

1st spray 2nd spray 3rd spray Overall reduction (%)

Beauveria bassiana (1 × 109 CFU/ml) 10 36.3 ± 7.8d 47.8 ± 8.2b 58.5 ± 6.7b 47.5 ± 6.4b

15 41.5 ± 6.6bcd 50.7 ± 5.8b 62.3 ± 3.3b 51.5 ± 6.0b

Lecanicillium lecanii (1 × 109 CFU/ml) 10 40.8 ± 6.4bcd 50.5 ± 9.5b 64.9 ± 3.4b 52.1 ± 7.0b

15 45.4 ± 7.8bcd 54.5 ± 7.3b 66.7 ± 6.8b 55.5 ± 6.2b

Metarhizium anisopliae (1 × 108 CFU/ml) 10 35.6 ± 9.3d 46.3 ± 8.8b 57.9 ± 11.0b 46.6 ± 6.4b

15 39.8 ± 10.5cd 45.7 ± 12.2b 57.7 ± 11.8b 47.7 ± 5.3b

Neem Baan (1% W/W) 10 61.0 ± 3.3abc 83.9 ± 3.7a 93.1 ± 1.8a 79.3 ± 9.5a

15 63.0 ± 4.0ab 87.0 ± 1.0a 94.0 ± 1.6a 81.3 ± 9.4a

Malathion 50 EC 4.0 74.1 ± 3.2a 88.7 ± 3.8a 98.4 ± 1.2a 87.1 ± 7.1a

F values 3.9 6.4 7.0 5.3

P 0.008 0.001 < 0.001 0.002

Percent reduction over control mean ± standard error of B. tabaci adults recorded after different sprays for bioassays performed with different commercial strains.
Treatment columns bearing different letters are significantly different from other treatments according to Duncan’s multiple range test (DMRT) (P = 0.05). Range of
pretreatment population adults = 5.9 to 7.1 adults/3 leaves
*Values represent means of 3 replicates
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cropping season, Malathion at 4.0 ml/l resulted in the
highest yield (2468.8 g per plant), followed by Neem
Baan (at 15 and 10ml/l (2381.3 and 2337.5 g per plant))
and L. lecanii (at 15 ml/l (2210.4 g per plant)), being sta-
tistically at par to each other. The minimum marketable
yield was recorded in case of M. anisopliae (at 15 and
10ml/l (2131.3 and 2120.8 g per plant)), which was also
statistically at par to B. bassiana (at 15 and 10ml/l
(2176.7 and 2137.5 g per plant)) and L. lecanii (at 10 ml/l
(2150.0 g per plant)), respectively. The control treatment

resulted in a fruit yield of 1802.1 g per plant, which was
significantly lower than all the other treatments.
Whereas, in 2018, also in Malathion (at 4.0 ml/l) and

Neem Baan (at 15 and 10ml/l) resulted to the maximum
fruit yields of 2541.7, 2420.8, and 2375.0 g per plant and
these yields were significantly superior to the rest of the
treatments, respectively. The yields recorded in all other
treatments varied from 2268.8 to 2164.6 g per plant
which were statistically at par amongst the treatments.
Minimum yield of 1827.1 g per plant was recorded in

Table 7 Efficacy of different biopesticides against adults of Bemisia tabaci on cucumber under net house conditions during autumn
cropping season (2018)

Treatment Concentrations
(ml/l)

Percent reduction over control in adults of Bemisia tabaci per three leaves *(mean
± SE) after different sprays

1st spray 2nd spray 3rd spray Overall reduction (%)

Beauveria bassiana (1 × 109 CFU/ml) 10 40.0 ± 3.2c 51.6 ± 4.7b 61.4 ± 6.7b 51.0 ± 6.2c

15 43.6 ± 1.8c 51.7 ± 10.4b 65.4 ± 1.1b 53.6 ± 6.4c

Lecanicillium lecanii (1 × 109 CFU/ml) 10 40.5 ± 2.1c 53.4 ± 5.8b 64.6 ± 7.1b 52.8 ± 7.0c

15 45.3 ± 2.3c 56.7 ± 3.4b 69.2 ± 4.3b 57.1 ± 6.9bc

Metarhizium anisopliae (1 × 108 CFU/ml) 10 36.3 ± 1.2c 47.9 ± 2.6b 60.3 ± 5.2b 48.2 ± 6.9c

15 40.0 ± 1.9c 49.2 ± 5.2b 62.8 ± 5.8b 50.7 ± 6.6c

Neem Baan (1% W/W) 10 59.1 ± 5.7b 82.6 ± 1.2a 92.4 ± 0.2a 78.0 ± 9.9ab

15 61.9 ± 6.0b 85.2 ± 1.4a 94.2 ± 2.2a 80.4 ± 9.6a

Malathion 50 EC 4.0 77.1 ± 2.4a 91.0 ± 0.8a 98.9 ± 1.1a 89.0 ± 6.4a

F values 16.4 12.9 12.5 4.4

P < 0.001 < 0.001 < 0.001 0.004

Percent reduction over control mean ± standard error of B. tabaci adults recorded after different sprays for bioassays performed with different commercial strains.
Treatment columns bearing different letters are significantly different from other treatments according to Duncan’s multiple range test (DMRT) (P = 0.05). Range of
pretreatment population adults = 5.8 to 7.4 adults/3 leaves
*Values represent means of 3 replicates

Table 8 Marketable yield of parthenocarpic cucumber in different biopesticidal treatments against Bemisia tabaci during autumn
cropping seasons

Treatment Concentrations
(ml/l)

Yield (g/plant ± SE)

2017 2018

Beauveria bassiana (1 × 109 CFU/ml) 10 2137.5 ± 124.5b 2170.8 ± 57.1d

15 2176.7 ± 58.5b 2235.4 ± 70.7cd

Lecanicillium lecanii (1 × 109 CFU/ml) 10 2150.0 ± 13.0b 2212.5 ± 62.6cd

15 2210.4 ± 67.0ab 2268.8 ± 77.6bcd

Metarhizium anisopliae (1 × 108 CFU/ml 10 2120.8 ± 132.4b 2137.5 ± 49.6d

15 2131.3 ± 130.0b 2164.6 ± 47.1d

Neem Baan (1% W/W) 10 2337.5 ± 57.3ab 2375.0 ± 39.0abc

15 2381.3 ± 61.3ab 2420.8 ± 38.9ab

Malathion 50 EC 4.0 2468.8 ± 58.1a 2541.7 ± 19.9a

Control (Untreated) 1802.1 ± 38.6c 1827.1 ± 61.1e

F values 4.8 12.4

P 0.002 < 0.001

Treatment columns bearing different letters are significantly different from other treatments according to Duncan’s multiple range test (DMRT) (P = 0.05)
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the control plot (Table 8) and it was significantly lower
than all the other biopesticidal treatments.
The effectiveness of neem-based biopesticides has

been demonstrated worldwide in both open field and
protected conditions. In open field conditions, it is being
widely practiced that neem-based biopesticides are ap-
plied for management during early season when the in-
festation/population load is less. Neem as NSKE, Neem
oil, and Crude extracts have been used by many workers.
Greenhouse whitefly, T. vaporariorum, nymphs and
adults can be successfully managed on cucumber, sweet
pepper, and tomato by Neem Azal - T/S (Azadirachtin
A1 %) under greenhouse protected conditions (Sood
et al. 2006; Prijović et al. 2012 and Kashyap 2013).
Azadirachtin 1% (at 4 and 5ml/l) results in 68.5–71.0%
reduction in population of whitefly on capsicum under
net house condition (Singh and Joshi 2020). Neem oil
(1–3%) and NSKE (3, 5, and 7%) reduced considerably
the population of cotton whitefly (Jat and Jeyakumar
2006). It has also been reported by many workers that
the neem-based botanicals are more efficacious against
egg and nymphal stages of whitefly as compared to
adults.

Discussion
The present study supports this contention. Neem Baan
1% showed a high efficacy against eggs and nymphs. The
highest emphasis is being laid on production of residue-
free crop for better economic returns. The growing of
crops in net houses (both off season and main season)
for better quality insect-disease-free produce requires
the use of entomopathogens. The potential of entomo-
pathogens against Aleyrodidae is well established in high
humidity warm conditions. The development of Aleyro-
didae is aided by the suitable microclimatic condition
under net houses. The efficacy of L. lecanii, B. bassiana,
and M. anisopliae was well document (Torrado-Leon
et al. 2006; Daniel and Wyss 2010).
The present study showed also that the EPF foliar

spray resulted in 40 to 72% reduction of eggs, nymphs,
and adults of whitefly infesting cucumber under poly net
house conditions. For a stable management of whitefly,
3 sprays at 10-day intervals, starting at 35 days after
transplanting of cucumber was appropriate. Numerous
studies used L. lecanii, B. bassiana, M. anisopliae, Paeci-
lomyces fumosoroseus (Wize), and Lecanicillium muscar-
ium as entomopathogens for the management of
whiteflies in field as well as net house crops. L. lecanii
was efficacious (86% mortality) against B. tabaci on brin-
jal (Phadke and Phadke 2000); silver leaf whitefly, B.
argentifolii (Gindin et al. 2000); and cotton whitefly
(26.6 to 76.6% mortality) after 7 days post treatment
when applied at the concentration of 1 × 107 conidia/ml
(Scorsetti et al. 2008). Cuthbertson and Walters (2005)

demonstrated the high pathogenicity of L. muscarium
against 2nd instar larvae of sweet potato whitefly, B.
tabaci, under laboratory and glasshouse conditions. B.
bassiana isolate (Bb-01) proved effective against B.
tabaci on Gossypium hirsutum, Lycopersicum esculen-
tum, Solanum melongena, and Capsicum annum. It re-
sulted in the mortality of eggs (65.30%) and nymphs
(88.82%) with LC50 value (2.7 × 106 spores/ml) and LT50

value (2.0 × 108) on G. hirsutum in comparison to other
hosts (Zafar et al. 2016). B. bassiana showed a potential
for management of whitefly both in green house and
field crops (Liu and Stansly 2000 and Faria and Wraight
2001). Its effectiveness against 2nd and 4th instars of B.
tabaci nymphs was reported on tomato and verbena
(Quesada-Moraga et al. 2006). The nymphs of T. vapor-
ariorum are highly susceptible to infection by B. bassi-
ana on cucumber (Poprawski et al. 2000).
Sharma et al. (2015) evaluated different biopesticidal

formulations against whitefly, B. tabaci, on tomato
plants to control nymphs of tobacco whitefly, B. tabaci.
Bio Magic (91.64%), Mealikil (93.55%), and Bio Power
(88.91) were highly effective in reducing the nymphal
whitefly population after 3 sprays. This is in concurrence
with our study, wherein, both L. lecanii (Bio-Catch) and
B. bassiana (Bio-Power) were recorded to be effective
against B. tabaci on cucumber in net house conditions.
Sharma et al. (2015) evaluated the bio-pesticides (Las-

traw, RacerTM, PacerTM, MealikilTM, Nimbecidine, Servo,
Biocide Manic, Bio Power, Nico Neem, Uchit, Mighty-
Cure, and Bio Magic) for the management of tobacco
whitefly, B. tabaci, in tomato plants under poly-house
condition. Contrary to present findings, they recorded
the highest percent reduction on B. tabaci in Bio Magic
(92.67%), closely followed by Racer (91.90%), Pacer
(91.50%), and Mealikil (90.84%) after 3rd spray. Mealikil
being less efficacious than other biopesticides can be at-
tributed to low concentration evaluated (2 g/l) by
Sharma et al. (2015), which is in line to present observa-
tions. Abdel-Rahim and Lamya Ahmed (2017) studied
efficacy of EPF, M. anisopliae, B. bassiana, and V. lecanii
at 3 concentrations (1 × 107, 1 × 108, and 1 × 109 spores
ml−1) against B. tabaci in field conditions, respectively.
The 3rd concentration (1 × 109 spores ml−1) of V. leca-
nii, B. bassiana, and M. anisopliae was the highly toxic
to the adults of B. tabaci in tomato after 3rd application
compared to the other 2 concentrations. Further, the
findings of Singh and Joshi (2020) are also supportive to
present investigations as they also observed the efficacy
of different EPF formulations, B. bassiana, L. lecanii and
M. anisopliae for the management of the whitefly on
capsicum under protected conditions.
Significantly high yields were obtained by the use of

Neem Baan (1%) (32.5% higher than control) that it was
statistically at par with the chemical treatment. Even the
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least effective EPF, M. anisopliae gave 16.96% higher
yield than the control. The additional intangible benefit
of getting nutritionally better and residue free produce
cannot be overlooked.

Conclusion
Neem Baan formulations proved better results than all
the fungal formulations of B. bassiana, L. lecanii, and M.
anisopliae in reducing the populations of B. tabaci (eggs,
nymphs, and adults, respectively). The efficacy of Neem
Baan 1% was equivalent to the chemical insecticide
(Malathion 50 EC) recommended for control of whitefly
in vegetable crops. These results indicate that these
biorationals can be successfully included in the inte-
grated pest management programs designed for control-
ling the B. tabaci population on parthenocarpic
cucumber under protected environment and produce or-
ganic chemical-free cucumber crop.
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