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ABSTRACT: Evaluation of oil and talc-based formulations of an indigenous isolate of Lecanicillium lecanii (Zimm.) 
Zare and Games was performed at Kittur Rani Chanamma College of Horticulture (KRCCH), Arabhavi. Different 
formulations of Lecanicillium lecanii were developed and tested against cabbage aphid, Myzus persicae (Sulzer) 
under laboratory and field conditions. Among the various formulations screened, ground nut and sesamum oil-based 
formulations recorded the highest mean mortality of 96.66 per cent, followed by sunflower oil (95%), coconut oil 
(94.15%) and mustard oil (93.33%). However, most formulations of L. lecanii developed recorded more than 81.50% 
mean mortality of M. persicae under laboratory conditions. Further, based on the efficacy under laboratory conditions, 
the four best formulations of L. lecanii were evaluated against M. persicae under field conditions. Among the selected 
formulations, the maximum per cent reduction of M. persicae was recorded in sesamum oil, resulted in 15.14 and 18.60 
per cent reductions over control after the first and second sprays.  
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INTRODUCTION

In agroecosystems, indiscriminate usage of chemical 
insecticides disturbed the ecosystem's sustainability due 
to the mortality of predators, parasitoids and pollinators. 
Therefore, the farmers are inclined towards organic 
insect pest management (personal communication, while 
survey), which is valid for the other parts of the country 
and the world (Parvatha Reddy, 2008). There is a need 
for ecologically, economically and socially acceptable 
technology for insect pest management. The biological 
control of insect pests is a viable partial alternative to 
insecticides in Integrated Pests Management (IPM). 
Among the biological control agents, microbial bioagents 
are considered the best, of which entomopathogenic 
fungi is the first organism to cause disease in insect and 
are most important for insect pest management (Fan et 
al., 2007). 

Lecanicillium lecanii is an important entomopathogenic 
fungus that suppresses sucking insect pests like aphids, 
leafhoppers, thrips, whitefly, scales, mealy bugs and 
mites (Goettel et al., 2008; Shinde et al., 2010; Pillai and 
Visalakshy, 2017; Mani et al., 2016). Cabbage is one of 
the important crops among the cruciferous vegetables in 
India. Several insect pests attack this crop, viz., cutworm, 
diamondback moth, cabbage looper, cabbage leaf 

webber, tobacco leaf eating caterpillar and green peach 
aphid. Among the insect pests of cabbage, the cabbage 
aphid, Myzus persicae (Sulzer) is an important sucking 
pest, which not only reduces the marketable yield 
but also reduces consumer preference by producing 
honeydew (Akbar et al., 2010). To keep the menace of 
the cabbage aphids under control during the seedling 
and head development stage, the farmers are employing 
insecticides that result in pesticide residue, pollution to 
the environment and negatively affecting the non-target 
organism. Therefore, an attempt was initiated to manage 
the cabbage aphid with bio-control agents by developing 
and evaluating formulations of the native isolate of L. 
Lecanii.

MATERIAL AND METHODS

Development of formulations of Lecanicillium lecanii

Rearing of cabbage aphid

The wild population of the test insect, the cabbage 
aphid, Myzus persicae, was collected from Kittur Rani 
Chanamma College of Horticulture (KRCCH) vegetable 
fields, Arabhavi, during which year. The culture of the 
test insect was maintained on cabbage seedlings under 
net house conditions in pots. When plants were 15-
20 days old, the field-collected aphids were released, 
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ABSTRACT:The melon borer, Diaphania indica (Saunders) (Lepidoptera: Pyralidae), is a serious pest of tropical and
subtropical cucurbitaceous vegetables. A suitable artificial diet is desirable for producing uniform insects for commercial
purposes or research. Four new artificial diets (D-1, D-2, D-3 and D-4) and bitter gourd, the natural host plant of D. indica,
were used for rearing D. indica, and the life parameters were compared. The results indicated that insects could complete a
full life cycle after 3 generations, only when the larvae were fed bitter gourd or the diet D-1.The new artificial diet, D-1 was
formulated based on bitter gourd leaves, Momordica charantia (L.) and chick pea, Cicer arietinum L. Developmental
parameters like egg hatching, larval duration and longevity of the adult reared on the D-1 artificial diet were found to be
significantly improved relative to the other three diets (D-2, D-3 and D-4), but were not significantly better than those reared
on the host-plant bitter gourd. However, the rearing efficiency (i.e., larval - pupal survival, developmental duration of pupa
and fecundity of adults,) on the D-1 diet was on par with the rearing efficiency on bitter gourd. There were no significant
changes in reproductive potential after five successive generations of rearing on the new diet. These results indicated that
the newly developed diet could serve as a viable alternative to bitter gourd plant for continuous rearing of D. indica.
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INTROUCTION
Diaphania indica (Saunders) (Lepidoptera :

Pyralidae), known as melon borer, is one of the key pests
of cucurbitaceous vegetables like cucumber, muskmelon,
gherkin, bottle gourd, bitter gourd, snake gourd and so
on (Pandy, 1977; Ravi et al., 1998; Tripathi & Pandy,
1973, Segeren 1983, Viraktamath et al., 2003). D. indica
has been reported from South America, the Indian
subcontinent, Far East, South East Asia, the Pacific
islands, Australia, and Africa, as causing damage to one
or the other cucurbit round the year (Ke, Li, Xu &
Zheng, 1988; Peter & David, 1990; Ravi et al., 1997,
1998; Radhakrishnan & Natarajan, 2009, Capinera, 2001;
Peter & David, 1991). The larvae of D. indica feed on
flowers, leaves and fruits of cucurbits and cause 14% -
30% yield loss in different cucurbit crops (Jhala et al.,
2005; Singh and Naik, 2006). In order to make and
streamline pest control strategies, studies must be focused
on the biology, bionomics, behaviors, and ecology of the
pest. One has to coordinate these studies for the
availability of a nonstop and satisfactory supply of high
quality experimental insects. Development of artificial diet
has a distinct advantage in that the insect can be reared

throughout the year.There were not many serious
attempts to mass multiply D. indica in the laboratory.
However Ranganath et al. (2006) concentrated on
developing a cost-effective mass rearing techniques for
D. indica. Nevertheless, there are various issues related
to the artificial diet for the continuous rearing of this
species. The disadvantages include difficulty in the
accessibility of some of the components such as tender
gherk in fruit powder throughout the year and incapability
of the diet tosupport the egg and first instar development.
Therefore, artificial diet for this species should be
enhanced for nonstop rising in the laboratory to deliver
a large amount of uniform insects. Hence the point of
this study was to build up an artificial diet suitable for
the constant rearing of D. Indica without a loss of vigor
or reproductive potential.

MATERIALS AND METHODS
Experimental insects

A laboratory culture of D. indica was established in
the Bio control laboratory of Indian Institute of
Horticultural Research (ICAR-IIHR), Bengaluru, India
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and the culture of aphids was maintained until all the 
experiments were completed (Gokak et al., 2017). All the 
laboratory experiments were conducted in the Biocontrol 
laboratory, Department of Entomology, K. R.C. College 
of Horticulture Arabhavi.

Preparation of oil formulations of Lecanicillium 
lecanii

The oil formulations were prepared by following 
the method of the previously reported procedure with 
slight modifications (Bhanu Prakash et al., 2015). The 
different edible oils, such as groundnut, sunflower, 
coconut, mustard, sesamum and soybean, were sterilized 
at 121 oC for 15 minutes. They were later cooled under 
room temperature and utilized for the preparation of 
oil formulation of L. lecanii. Six oil formulations of L. 
lecanii were prepared separately by mixing 20 ml spore 
suspension of L. lecanii with 10 ml of autoclaved cooled 
oils with tween-20 (0.05 %) and 1 ml of a sticker in 
one liter of sterilized distilled water and finally filtered 
through a muslin cloth.

Preparation of powder formulations of Lecanicillium 
lecanii

Different powder formulations of L. lecanii were 
developed by mixing the spore powder of L. lecanii 
obtained from different grains (rice, bajra, wheat and ragi) 
with talc powder in the ratio of 1:1. Later combination of 
both spore and talc powder were grinded for 30 seconds 
to made it as fine dust and finally packed in a sterilized 
polythene bag.

Preparation combination of oil and powder 
formulations of Lecanicillium lecanii

Sixteen combinations of oil and spore powder of L. 
lecanii were prepared by mixing different oils, spore 
dust and spore suspension in a proportion of 10:10:20 
with tween 20 (0.05 %) and one ml of sticker in 1 liter 
of sterilized distilled water and finally filtered through 
muslin cloth. 

Evaluation of developed formulations of Lecanicillium 
lecanii against Myzus persicae under laboratory 
condition

A total of 26 different formulations of L. lecanii were 
developed which includes six oil, four powder based and 
16 combination of both oil and powder. All the developed 
formulations of L. lecanii and control (distilled water) 
were evaluated against M. persicae under laboratory 
conditions for their efficacy.

Bioassay study  

About 2.0 ml of each formulations of L. lecanii (2x108 

cfu/ml) dissolved in one liter of water and the solution 
was smeared on the detached fresh cabbage leaf disc (9 
cm dia.) and later it was shade dried and placed on Petri 
dish containing a thin layer of one per cent water agar. A 
batch of uniform size of 20 net house reared M. persicae 
nymphs were released to each Petri dish. The Petri dish 
were maintained at room temperature 27.0 ± 1.0 ºC and 
the relative humidity of 70.0 ± 5.0 per cent. Another 
group of 20 uniform size of M. persicae was released on 
the leaf smeared with double distilled sterilized water, 
served as control. Each treatment was replicated twice 
with a 20 M. persicae per replication. 

Observations recorded  

The mortality of M. persicae was recorded after three, 
five and seven days after treatment (DAT). The moribund 
aphids were also counted as dead. The per cent aphid 
mortality was worked out by using following formula.
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Evaluation of selected formulations of Lecanicillium 
lecanii against cabbage aphid under field condition

Based on laboratory observation, we selected four best 
formulation of L. lecanii to evaluate against M. persicae 
the under field condition. The experiment was conducted 
in a randomized block design with three replication 
and eight treatments at College of Horticulture (COH), 
Bagalkot. The imposition of treatments were made once 
the infestation of M. persicae reached the economic 
threshold level in field condition at fifteen days interval. 
The observations were recorded on number of aphids per 
leaf on one day before and three, five, seven, ten and 15 
days after each spray.

RESULTS AND DISCUSSION

A total of 26 different formulations of L. lecanii (oil, 
talc-based and a combination of both) were screened 
against M. persicae under laboratory conditions. The 
result revealed that the per cent mortality increased 
with the advancement of the exposure period. The 
highest mean mortality of M. persicae was recorded in 
groundnut and sesamum oil formulations (96.66 %), 
followed by sunflower oil (95%), coconut oil (94.16%), 
and a combination of groundnut oil + rice grains 
(93.33%). However, most formulations developed 
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Table 1. Details of the selected formulations of Lecanicillium lecanii  tested under field condition

Treatments Formulations Dosage

T 1 Ground nut oil formulation (GNO) @ 2 × 108cfu/ml 2 ml/l
T 2 Sesamum oil formulation (SEO) @ 2 × 108 cfu/ml 2 ml/l

T 3 Rice grain formulation (RCG) @ 2 × 108 cfu/ml 2 g/l

T 4 Combination of GNO+RCG@ 2 × 108 cfu/ml
2 ml/l

T5 NSKE 4%
T 6 Commercial formulation of L. lecanii@ 2 × 108 cfu/ml

2 g/l

T 7 Imidacloprid 17.8 SL 0.25 ml/l

T 8 Untreated Control -

Statistical analysis: Data on aphid counts were subjected to square root transformation for reliable analysis and 
treatments means were compared by Duncan’s Multiple Range Test (DMRT) by using ICAR- Web Agri Stat Package 
(WASP) software.

recorded more than 81.66 per cent mean morality of M. 
persicae, which was significantly superior over untreated 
control (Table 2). The reasons for more efficacies of all 
developed formulations might be due to indigenous isolate 
of L. lecanii and their more virulence, the synergist effect 
of vegetable oils and grain media and talc powder, and 
they supply good nutrients, mainly carbohydrates which 
favour better multiplication of spores. In addition, there 
was a controlled climatic condition with low temperature 
and high humidity. 

The effectiveness of entomopathogenic fungi after three 
days of treatment reached a maximum of 90.00 per cent, 
and after five days of treatment, more than 90.00 per 
cent, and still it was more after seven days of treatment 
and reached the peak of a cent per cent mortality of M. 
persicae in all the developed formulations of L. lecanii. 
The efficacy of the entomopathogenic fungi began 
within 48 h after inoculation, and the hyphae penetrated 
the integument, epithelial and epidermal cells. After 72h, 
the fat tissues were damaged, and mortality reached 
100 per cent after 96 hrs, as explained by Ei-Sinary 
(2006) and Quesada- Moraga et al. (2006). Among 
different grains tested, the spores multiplied on rice and 
sorghum grains recorded the maximum mortality of 
mealy bugs (96 per cent) after nine days of treatment, 
as reported by Banu (2013). Similarly, Karthikeyan and 
Selvanarayanan (2013) reported about a cent per cent 
morality of Aphis gossypii and Bemisia tabaci in a liquid 
formulation of L. lecanii while 93.33 per cent mortality 
of A. devastans was recorded. Three oil and one crude 
formulation of Nomuraea (Metarhizium) rileyi were 

evaluated against third-instar larvae of Spodoptera 
litura by Sharmila et al. (2015). The mean larval 
mortalities of S. litura of 96.67, 93.33, 86.67 and 76.67 
per cent were recorded in groundnut, sunflower and 
coconut oil and crude formulations of N. rileyi (1x108 
cfu/ml), respectively, at 10 days after treatment. Among 
the different formulations of L. lecanii that were 
developed and evaluated against M. persicae, the oil-
based formulations recorded the highest mortality of M. 
persicae compared to using different grains alone and in 
combination with edible oils. The reason was that oils 
form a cover over the conidial surface, prevent drying 
before actual germination and help in more prolonged 
survival, assist by disrupting the waxy layer of insect 
cuticle, and better penetration of peg into integument.

Similarly, a field experiment was conducted to evaluate 
the effect of selected formulations of L. lecanii against M. 
persicae. The data on the bio efficacy of various 
treatments in reducing the aphid population after the first 
and second sprays are furnished in Table 3. A day before 
the spray, the population of aphids were uniform across 
the experimental plot, and it differed significantly after 
the first spray on different days of treatments. The mean 
number of aphids per leaf was significantly lowest (3.11 
aphids/ leaf) in the imidacloprid treatment, followed 
by NSKE (5.97 aphids /leaf). Among the selected 
formulations, sesamum oil recorded the significantly 
lowest mean aphids (7.45 aphids/ leaf), which was on 
par with groundnut oil (7.47 aphids/ leaf) and groundnut 
oil + rice grain (7.67 aphids/ leaf).
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Table 2. In-vitro evaluation of formulations of Lecanicillium lecanii against Myzus persicae

Treatments Per cent mortality of Myzus persicae
3 DAT 5 DAT 7 DAT Mean

T1-Ground nut oil formulation (GNO) 90.00
 (71.56) a

100
( 89.71 ) a

100
 (89.71) a

96.66
 (79.46) a

T2 -Sun flower oil formulation (SFO) 87.50
 (69.29) ab

97.50
 (80.90) b

100
 (89.71) a

95.00
 (78.26) a

T3 -Coconut oil formulation (CNO) 85.00
 (67.21) bc

97.50
 (80.90) b

100
 (89.71) a

94.16
 (76.01) b

T4  - Soybeanoil formulation (SYO) 82.50
 (65.27) cd

95.00
 (77.07) c

100
 (89.71) a

92.50
 (74.10) bc

T5-Mustard oil formulation (MSO) 82.50
 (65.27) cd

97.50
 (80.90) b

100
 (89.71) a

93.33
 (75.03) bc

T6 - Sesamum oil formulation (SEO) 90.00
 (71.56) a

100
 (89.71) a

100
 (89.71) a

96.66
 (79.46) a

T7 -Rice grain formulation (RCG) 77.50
 (61.68) e

97.50
 (80.90) b

100
 (89.71) a

91.66
 (73.21) c

T8  -Ragi grain formulation (RGG) 72.50
 (58.37) f

92.50
 (74.10) d

100
 (89.71) a

88.33
 (70.02) d

T9 -wheat grain formulation (WHG) 70.00
 (56.78) fg

90.00
 (71.56) e

100
 (89.71) a

86.66
 (68.57) de

T10 -Bajra grain formulation (BJG) 72.50
 (58.37) f

92.50
 (74.10) d

100
 (89.71) a

88.33
 (70.02) d

T11 -Combination of MSO+RCG 57.50
 (49.31) j

95.00
 (77.07) c

100
 (89.71) a

84.16
 (66.54) e-h

T12 -Combination of MSO+RGG 65.00
 (53.72) ghi

92.50
 (74.56) d

100
 (89.71) a

85.83
 (67.88) def

T13 -Combination of MSO+WHG 65.00
 (53.72) ghi

90.00
 (71.56) e

100
 (89.71) a

85.00
 (67.30) efg

T14 - Combination of MSO+BJG 65.00
 (53.72) ghi

87.50
 (69.29) f

100
 (89.71) a

84.16
 (66.54) e-h

T15 -Combination of SEO+RCG 62.50
 (52.23) hij

97.50
 (80.90) b

100
 (89.71) a

86.66
 (68.57) de

T16 -Combination of SEO+RGG 65.00
 (53.72) ghi

92.50
 (74.10) d

100
 (89.71) a

85.83
 (67.88) def

T17 - Combination of SEO+WHG 62.50
 (52.23) hij

85.00
 (67.21) g

95.00
 (77.07) b

81.66
 (64.64) h

T18 -Combination of SEO+BJG 67.50
 (55.24) fgh

92.50
 (74.10) d

100
 (89.71) a

86.66
 (68.57) de

T19 -Combination of GNO+RCG 80.00
 (63.43) de

100
 (89.71) a

100
 (89.71) a

93.33
 (75.03) bc

T20 -Combination of GNO+RGG 77.50
 (61.68) e

97.50
 (80.90) b

100
 (89.71) a

91.66
 (73.21) c

T21 -Combination of GNO+WHG 70.00
 (56.78) fg

87.50
 (69.29) f

100
 (89.71) a

85.83
 (67.88) def

T22 -Combination of GNO+BJG 57.50
 (49.31) j

90.00
 (71.56) e

100
 (89.71) a

82.50
 (65.27) gh

T23 -Combination of CNO+RCG 70.00
 (56.78) fg

95.00
 (77.07) c

100
 (89.71) a

88.33
 (70.02) d

T24 -Combination of CNO+RGG 60.00
 (50.76) ij

97.50
 (80.90) b

100
 (89.71) a

85.83
 (67.88) def

T25 -Combination of CNO+WHG 70.00
 (56.78) fg

90.00
 (71.56) e

100
 (89.71) a

86.66
 (68.57) de

T26 -Combination of CNO+BJG 57.50
 (49.31) j

92.50
 (74.10) d

100
 (89.71) a

83.33
 (65.90) fgh

T27 -Distilled water as control 0.00
 (0.28) k

12.50
 (20.61) h

35.00
 (36.22) c

15.83
 (23.44) i

S. Em ± 0.73 0.42 0.57 0.55
C. D. at 1% 2.87 1.64 2.27 1.87
CV (%) 1.85 0.78 0.93 1.83

DAT-Days after treatment; Figures in the parenthesis are Arc sin transformed values
In a column, means followed by same alphabet(s) do not differ significantly by DMRT (P=0.01)
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In contrast, the commercial formulation of L. 
lecanii and rice grain formulation recorded 8.03 and 
8.30 aphids per leaf, respectively. After the first spray, 
the untreated control recorded the maximum mean 
number of aphids per leaf (8.78 aphids/ leaf). However, 
after different days of treatments, there was a significant 
difference recorded with respect to the number of aphids 
per leaf. The mean number of aphids was significantly 
lowest in the imidacloprid (3.82 aphids /leaf) treatment, 
followed by NSKE (12.75 aphids /leaf). Among the 
selected formulations, the significant lowest mean 
number of aphids per leaf was recorded in sesamum 
(18.68 aphids /leaf), groundnut oil (19.15 aphids /leaf) 
and rice grain in combination with groundnut oil (19.75 
aphids/leaf), and they were on par with each other. 
The untreated control recorded the highest 22.95 mean 
number of aphids per leaf in the cabbage crop. 

The results under field conditions revealed that all the 
treatments significantly reduced the M. persicae over the 
untreated control. The maximum per cent reduction in 
M. persicae was recorded in imidacloprid followed by 
NSKE, sesamum oil, groundnut oil, a combination of 
groundnut oil with rice grain, rice grain formulation 
and commercial formulations of L. lecanii after the first 
and second spray. The results of the present findings 
are compared with the earlier workers. Sahayaraj and 
Namachivayam (2011) reported L. lecanii reduced 
about 62 per cent of A. craccivora at 39 days after 
seedling emergence (DASE). Further, Shivakumar et 
al. (2022) reported that Verticillium lecani is effective 
in reducing the aphid Aphis nerii population under 
laboratory (73.3%) and field conditions (43.84 %). The 
repeated application of an oil-based formulation of L. 
lecanii at 15 days intervals showed 70 per cent mortality 
of P. marginatus under field conditions by Gulsar and 
Gopalakrishnan (2012). The effect of all vegetable oils 
and grain media showed a positive response on the 
growth and development of L. lecanii and increased 
mortality of M. persicae. All the formulations of L. 
lecanii significantly recorded increased mortality with 
the advancement of the exposure period and reached 
a cent per cent mortality of M. persicae compared to 
untreated control.

ACKNOWLEDGMENT

Authors are grateful to Head, Division of 
Entomology, COH Bagalkot, for supporting and giving 
valuable suggestion throughout the study. 

REFERENCES

Akbar, M. F., Haq, M. A., Parveen, F., Yasmin, N. and 

Khan M., F. U. 2010. Comparative management 
of cabbage aphid Myzus persicae (Sulzer) 
(Aphididae: Hemiptera) through bio- and synthetic 
- insecticides. Pakistan Entomology, 32(1): 13-
17.

Banu, J. G. 2013. Effect of different storage conditions 
on spore viability of Lecanicillium lecanii 
formulations and infectivity to mealy bug, 
Paracoccus marginatus. International Journal of 
Plant Protection, 6: 334-337. 

Bhanu Prakash, G. V. S., Sankar, U. V. R. and 
Padmaja, V. 2015. Development and testing of 
mycopesticide formulations of Metarhizium 
anisopliae (Metschnikoff) for shelf life and field 
application against Spodoptera litura (Feb.) 
larvae. International Journal of Bioassays, 4 (9): 
4284-4289.

El-Sinary, G. H. 2006. Influence of the entomopathogenic 
fungus, Beauveria bassiana (Balsamo) on 
the mature larvae of the potato tuber moth, 
Phthorimaea operculella (Zeller) under different 
degrees of temperature and relatively humidity. 
Journal of Agricultural Science, 27: 4151 - 4161.

Fan, Y., Fang, W., Guo, S., Pei, X., Zhang, Y. and 
Xiao, Y. 2007. Increased insect virulance in 
Beauveria bassiana strains over expressing an 
engineered chitinase. Applied and Environmental 
Microbiology, 73: 295-302.

Goettel, M. S., Koike, M., Kim, J. J., Aiuchi, D., Shinya, 
R. and Brodeur, J. 2008. Potential of Lecanicillium 
spp. for management of insects, nematodes and 
plant diseases. Journal of Invertebrate Pathology, 
98: 256-261.

Gokak, R., Ramanagouda, S. H. and Jayappa, J. 2017. 
Collection, isolation and bioassay studies of 
indigenous isolates of Lecanicillium lecanii 
(Zimm.) Zare and Games against Myzus persicae 
(Sulzer). Journal of Entomology Zoology Studies, 
5 (2): 686-691.

Gulsar, B. J. and Gopalakrishnan, N. 2012. Development 
of formulations of a native entomopathogenic 
fungus, Lecanicillium lecanii and testing 
virulence against mealy bug, Paracoccus 
marginatus infesting cotton. Indian Journal of 
Plant Protection, 40 (3): 182-186.

Mani, M., Smitha, M.S. and Najitha, U., 2016. Root 
mealybugs and their management in horticultural 
crops in India. Pest Management in Horticultural 
Ecosystems, 22(2): 103-113.

Pest Management in Horticultural Ecosystems
Vol. 28, No.2 pp 72-77 (2022)

Bioefficacy of Lecanicillium formulations  



77

Parvatha Reddy, P. 2008. Organic farming for sustainable 
agriculture. Scientific publishers.

Pillai, K.G. and Visalakshy, P.N., 2017. Entomopathogenic 
fungi for the management of whitefly, Bemisia 
tabaci (Hemiptera: Aleyrodidae) on gerbera 
(Ge5bera jamesonii) in polyhouses. Pest 
Management in Horticultural Ecosystems, 23(1): 
31-36.

Quesada-Moraga, E., J. Carrasco-Diaz, A. and C. 
Santiago-Alvarez. 2006. Insecticidal and 
antifeedant activities of proteins secreted by 
entomopathogenic fungi against Spodoptera 
littoralis (Lep: Noctuidae). Journal of Applied 
Entomology, 130: 442-452.

Sahayaraj, K. and Namachivayam, S. K. R. 2011. Field 
evaluation of three entomopathogenic fungi on 
groundnut pests. Tropicultura, 29 (3): 143-147.

Sharmila, T., Manjula, K. and Murali Krishna, T. 2015. 
Evaluation of oil formulations of Nomuraearileyi 

(Farlow) Samson against Spodoptera litura under 
laboratory conditions. International Journal of 
Plant Sciences, 10 (1): 29-32.

Shinde, S. V., Patel, K. G., Purohit, M. S., Pandya, J. R. 
and Sabalpara, A. N. 2010. Lecanicilliumlecanii 
(Zimm.) Zare and Games an important Biocontrol 
agent for the management of insect pests -a review. 
Agricultural Research Communication Centre, 31 
(4): 235 - 252.

Shivakumara, K.T., Keerthi, M.C. and Polaiah, A.C., 
2022. Efficacy of different biorational insecticides 
against Aphis nerii Boyer de Fonscolombe 
(Hemiptera. Aphididae) on Gymnema sylvestre (R. 
Br) under laboratory and field conditions. Journal 
of Applied Research on Medicinal and Aromatic 
Plants, 28, p.100358.

MS Received: 30 November 2022
MS Accepted : 19 December 2022

Pest Management in Horticultural Ecosystems
Vol. 28, No.2 pp 72-77 (2022)

Varun et al.


