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ABSTRACT

The effectiveness of various newer insecticides against fall armyworm was assessed. The different
treatments were spray viz., flubendiamide 39.35 % SC, chlorantraniliprole 18.5% SC, emamectin
benzoate 5% SG, Beauveria bassiana, Metarhizium anisopliae, neem seed kernel extract, Bacillus
thuringiensis and control. The overall mean of the two sprays revealed that the most effective
treatment was chlorantraniliprole 18.5% SC recorded the lowest larval population followed by
emamectin benzoate 5% SG, Flubendiamide 39.35 % SC, Bacillus thuringiensis, Beauveria
bassiana, Metarhizium anisopliae, neem seed kernel extract. During the yield observation, it was
observed that a significantly higher yield was obtained in chlorantraniliprole 18.5% SC treated plots
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which is followed by emamectin benzoate 5% SG, flubendiamide 39.35 % SC, Bacillus
thuringiensis, Beauveria bassiana, Metarhizium anisopliae and NSKE 5 %. Maximum percentage
increase in yield over control was obtained from chlorantraniliprole 18.5% SC treated plots which
are followed by emamectin benzoate 5% SG, flubendiamide 39.35 % SC, Bacillus thuringiensis,
Beauveria bassiana, Metarhizium anisopliae and NSKE 5 %. The economics of various treatments
based on net profit and cost of plant protection revealed that the highest cost: benefit ratio was
observed in plot treated with emamectin benzoate 5% SG followed by Beauveria bassiana,
chlorantraniliprole 18.5% SC, Bacillus thuringiensis, NSKE, Metarhizium anisopliae, flubendiamide

39.35 % SC.

Keywords: Chlorantraniliprole 18.5% SC; efficacy; FAW; invasive pest; maize B:C ratio.

1. INTRODUCTION

The fall Armyworm, also known as Spodoptera
frugiperda is an invasive insect [1]. The grass
family Poaceae includes the tribe Maydeae,
which includes Maize. Zea mays L. "Zea" was
derived from an ancient Greek word for food
grass [2]. There are four species in the genus
Zea with Z. mays L. being the most economically
significant. Z. mays has 20 chromosomes or 2n =
[3]. It Is also called the queen of cereals because
of its inherent high genetic yield potentials and it
is the third most significant cereal crop after
wheat and rice in the world (Pratap and Kumar,
[4]. Devi et al., [5]. It originates in the Andean
region of Central America [6]. It is grown in over
160 countries throughout the world in which the
USA, China, Brazil, Mexico, France and India are
the major producers [7]. In India, it is grown in a
variety of habitats throughout the country
Karnataka, Andhra Pradesh, Maharashtra, Bihar,
Punjaband Haryana are the major producers. In
India, maize is grown in three different seasons:
i.e. kharif, rabi in Peninsular India and Biharand
spring in northern India. Although it is typically
grown during the kharif season, rabi maize has
recently become a substantial part of India's
overall maize production (Nirupma et al., [8],
Ramadhan et al, [9]. In India maize was
cultivated on 9.86 million hectares, which
produced 31.51 million tonnes with a productivity
of 3195 kg/hectare [10]. In Uttar Pradesh, around
63374 ha area is under maize production, with a
productivity of 19.81 quintal ha?. Its relevance
comes from the fact that, although 52% of the
maize grown in India is used as animal feed,
23% of it is consumed by humans and the other
80% is used in various industrial applications
[11]. 17% of the maize produced worldwide is
utilized as food 22% as industrial feed and 61%
as animal feed [12]. It was recorded in India in
the month of Kharif in 2018 and caused havoc.
From planting through harvest141 insect pests
attack maize crops causing varied degrees of

harm [13]. The current fall armyworm invasion in
India puts the country's food security in danger
and poses a significant obstacle for maize
farmers. S. frugiperda, often known as the fall
armyworm (FAW), is a destructive insect pest
that is a member of the Noctuidae family in the
lepidoptera order Abbas et al., [14], Sampat, [15].
An alien pest identified as the fall armyworm
mostly attacks maize crops [16]. Around 80
species, especially rice, sorghum, beans and
cotton are harmed by this polyphagous pest [17].
The larvae of FAW are found on young leaves,
leaf whorls, tassels or cobs according to their
growth stages [18]. Larvae typically eat a lot of
foliage and occasionally destroy the growth of
the plant [19]. As much as 34% of a yield drop in
maize has been attributed to fall armyworm
feeding [20]. Various approaches for insect pest
management in maize are chemicals, botanicals
and the use of resistant cultivars. The objective
of this study is therefore to evaluate selected
insecticides to manage, fall armyworm under
field conditions to find the best insecticides for its
management.

2. MATERIALS AND METHODS

A field experiment was conducted at the
entomology research field, Deeksha Bhawan,
Institute of Agriculture and Natural Science, Deen
Dayal Upadhyaya  Gorakhpur  University,
Gorakhpur during Kharif- 2023. The variety
Sartaj was used for this experiment. Seven
treatments: -  flubendiamide 39.35 SC,
chlorantroniuprole  18.5% SC, emamectin
benzoate 5% SG, Beauveria bassiana (1x10°
cfu/g), Metarhizium anisopliae (1x10° cfu/g),
Neem seed kernel extract, Bacillus thuringiensis
(2x10° cfu/g) were evaluated. Randomized Block
Design with three replications along with an
untreated check (control plot) in a plot size of
3mx3m with a spacing of 60 x 20 cm was
followed. Seeds were sown directly to the soil
during the last week of July and the crop was
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raised following all the agronomical practices.
The first spray of insecticides was made on the
ETL and subsequent spray was given at 15-day
intervals for recording observations five plants
were randomly selected and tagged from the
whole experimental plot. The observation on
number of larvae per plant. The observation was
made prior to 24 hours of the first spray as well
as 3,7 and 10 days after each spray. The
recorded observation on the mean larval
population was subjected to the RBD
(Randomized Block Design) by using ‘OPSTAT’
software and data was subjected to log
transformation to know the treatment variations
for significance. Picking-wise fruit yield were
recorded at each picking from each plot. The
periodical data on a number of larvae were
subjected to analysis of variance (ANOVA) after
transforming them to square root.

The mean larval population of fall armyworm was
calculated as follows.

Mean Larval Population = Number of larvae /
Five randomly selected plants

Per cent increase in yield over control calculated
using the following formula.

Per cent increase in yield = Yield in
treatment-Yield in control / Yield in control *
100

The benefit-cost ratio was calculated using the
following formula

B: C ratio = Net benefit over control / Total
cost of protection

3. RESULTS AND DISCUSSION

Seven treatments were evaluated for their
efficacy against fall armyworm based on number
of larvae and fruit yield. The different treatments
were sprayed viz., flubendiamide 39.35 SC,
chlorantroniuprole  18.5% SC, emamectin
benzoate 5% SG, Beauveria bassiana (1x10°
cfu/g), Metarhizium anisopliae (1x10° cfu/g),
neem seed kernel extract, Bacillus thuringiensis
(2x10° cfu/g) and control plot. Pretreatment
observation was recorded a day before treatment
and there after 3, 7 and 10 days of spraying. In
pre-treatment observation, the larval population
of fall armyworm ranged from 1.46 to 1.55 per
plant, which revealed no significant differences
among different treatments, indicating more or
less similar pest infestation on the crop under
investigation. Data revealed that three days after
application of the first spray, the plot treated with

chlorantraniliprole 18.5% SC recorded the lowest
larval population (1.22 larvae/ plant) followed by
emamectin benzoate 5% SG (1.27 larvae/plant),
flubendiamide 39.35% SC (1.29 per plant), B.
thuringiensis (1.34 larvae/ plant), B. bassiana
(1.36 larvae/ plant), M. anisopliae (1.39
larvae/plant) and neem seed kernel extract (1.41
larvae/ plant). As compared to the control plot
(1.97 larvae/ plant) neem seed kernel extract
was found statically at par with M. anisopliae
(Table 1 & Fig. 1). At seven days after the first
spray, chlorantraniliprole 18.5% SC recorded the
lowest larval population (0.82 larvae/ plant)
followed by emamectin benzoate 5% SG (0.87
larvae/ plant), flubendiamide 39.35% SC (0.93
larvae/plant), B.bassiana (1.14 larvae/ plant), M.
anisopliae (1.21 larvae/ plant), B. thuringiensis
(1.25 larvae/plant), neem seed kernel extract
(1.36 larvae/ plant) and control plot (2.02
larvae/plant) (Table 1& Fig. 1). The least number
of larvae were recorded in plots treated after ten
days of spray were chlorantraniliprole 18.5% SC
(0.97 larvae/ plant) application followed by
emamectin benzoate 5% SG (1.07 larvae/ plant)
flubendiamide 39.35% SC (1.11 larvae/plant), B.
thuringiensis (1.18 larvae/plant), B. bassiana
(1.21 larvae/plant), M. anisopliae (1.26 larvae/
plant), neem seed kernel extract (1.38 larvae/
plant) and control plot (2.08 larvae/ plant). (Table
1 & Fig. 1). The mean data of the first spray
revealed that the lowest number of larvae were
recorded in plots treated with chlorantraniliprole
18.5% SC recorded the lowest larval population
(1.00 larvae/ plant) followed by emamectin
benzoate 5% SG (1.07 larvae/plant),
flubendiamide 39.35% SC (1.11 larvae/ plant), B.
thuringiensis (1.18 larvae/ plant), B. bassiana
(1.21 larvae/ plant), M. anisopliae (1.26 larvae/
plant), neem seed kernel extract (1.38 larvae/
plant) and control plot (2.02 larvae/ plant). (Table
1). The data revealed that three days after
second spray, the plot treated with
chlorantraniliprole 18.5% SC recorded the lowest
larval population (1.32 larvae/plant) followed by
emamectin benzoate 5% SG (1.38 larvae/ plant),
flubendiamide 39.35% SC (1.48 larvae/ plant), B.
thuringiensis (1.56 larvae/ plant), B. bassiana
(1.63 larvae/plant), M. anisopliae (1.66 larvae/
plant), neem seed kernel extract (1.78 larvae/
plant) and control plot recorded the highest
number of larvae (2.31 larvae/ plant) (Table 1 &
Fig. 2). After seven days of second spray, the
plot treated with chlorantraniliprole 18.5% SC
recorded lowest number of larval population
(1.03 larvae/ plant) followed by emamectin
benzoate 5% SG (1.11 larvae/ plant),
flubendiamide 39.35% SC (1.19 larvae/plant), B.
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thuringiensis (1.47 larvae/plant), B. bassiana
(1.54 larvae/plant), M. anisopliae (1.59 larvae/
plant), neem seed kernel extract (1.61 larvae/
plant) and control plot recorded highest number
of larvae (2.28 larvae/plant). Neem seed kernel
extract was found statically at par with B.
bassiana and M. anisopliae (Table 1 & Fig. 2).
After ten days of the second spray, the lowest
larval population were recorded in plots treated
with chlorantraniliprole 18.5% SC (1.21 larvae/
plant) followed by emamectin benzoate 5% SG
(1.27 larvael/plant), flubendiamide 39.35% SC
(1.31 larvae/ plant), B. thuringiensis (1.53 larvae/
plant), B. bassiana (1.59 larvae/ plant), M.
anisopliae (1.65 larvae/ plant), neem seed kernel
extract (1.69 larvae/plant) and control plot
recorded highest number of larvae (2.21
larvae/plant). Neem seed kernel extract was
found statically at par with M. anisopliae (Table 1
& Fig. 2). The mean data of the second spray
revealed that the most effective treatment was
chlorantraniliprole 18.5% SC recorded the lowest
larval population (1.19 larvae/plant) followed by
emamectin benzoate 5% SG (1.25 larvae/ plant),
flubendiamide 39.35% SC (1.33 larvae/plant), B.
thuringiensis (1.52 larvae/plant), B. bassiana
(1.59 larvae/ plant), M. anisopliae (1.63
larvae/plant), neem seed kernel extract (1.69
larvae/plant) and control plot recorded the
highest number of larvae (2.27 larvae/plant).
(Table 1). The overall mean of two sprays
revealed that the most effective treatment was
chlorantraniliprole 18.5% SC recorded the lowest
larval population (1.22 larvae/plant) followed by
emamectin benzoate 5% SG (1.16 larvae/plant),
flubendiamide 39.35% SC (1.22 larvae/plant),
B.thuringiensis (1.39 larvae/ plant), B. bassiana
(1.41 larvael/plant), M. anisopliae (1.46
larvae/plant), neem seed kernel extract (1.54
larvae/plant) and control plot recorded the
highest number of larvae (2.15 larvae/plant).
(Table 1).

Thus, it is clear from the results that
chlorantraniliprole 18.5% SC was found most
effective insecticide treatment among all

pesticides for controlling the fall armyworm, as it
was recorded the lowest number of larvae (1.10
larvae/plant). The second-best treatment was
emamectin benzoate 5% SG (1.16 larvae/plant)
followed by flubendiamide 39.35% SC (1.22
larvae/plant). Neem seed kernel extract was
recorded least effective treatment (1.54
larvae/plant). Present findings clearly state that
the best efficacy of chlorantraniliprole against fall
armyworm in maize. The present findings are in
accordance with Hardke et al. 2011 reported that

chlorantraniliprole is highly effective in bioassay
against S. frugiperda in the laboratory as well as
effective in controlling the pest in sorghum. He
also reported emamectin benzoate 5% SG as the
second most effective insecticide based on
observed treatments. Belay et al. [21] studied the
effect of different insecticides for the
management of fall armyworm larvae using a
direct spray over third-instar larvae. More than
80% mortality was observed in
chlorantraniliprole. Sisay et al., [22] also found
chlorantraniliprole effective in reducing foliar
damage of maize compared to the control in the
greenhouse experiment. Bajracharya et al., [23]
reported chlorantraniliprole and emamectin
benzoate were effective for S. frugiperda in
maize. Deshmukh et al., [24] revealed that the
effective insecticides were chlorantraniliprole
18.5 SC, followed by emamectin benzoate 5 SG.
chlorantraniliprole and emamectin benzoate
are suitable as one of the components of
Integrated Pest Management of fall armyworms
in India.

3.1 Yield Parameter

The cumulative yield data revealed that the fruit
production gradually increased when fall
armyworms  were treated with different
insecticides and marketable maize cob vyield
ranged from 47.02 to 53.26 q / ha. In contrast to
the control plot, which produced the lowest fruit
yield of 41.21 q / ha. The significantly higher cob
yield (53.26 q / ha) was obtained in
chlorantraniliprole 18.5% SC treated plots which
is followed by emamectin benzoate 5% SG
(52.41 g / ha), flubendiamide 39.35% SC (51.53
q / ha), B. thuringiensis (49.44 q / ha), B.
bassiana (47.91 q per ha), M. anisopliae (47.02 g
/ ha) and NSKE 5% (46.05 g/ ha) (Table 2 & Fig.
3). Maximum percentage increase in yield over
control was obtained from chlorantraniliprole
18.5% SC (22.62%) treated plots which are
followed by emamectin benzoate 5% SG
(21.37%), flubendiamide 39.35% SC (20.03%),
B. thuringiensis (16.65%), B. bassiana (13.98%),
M. anisopliae (12.26%) and NSKE 5% (10.51%)
(Table 3). The economics of various treatments
based on net profit and cost of plant protection
(Table 3) revealed that the highest cost: benefit
ratio emamectin benzoate 5% SG (1:10.26)
followed by B. bassiana (1:10.03),
chlorantraniliprole 18.5% SC (1:8.34), B.
thuringiensis (1:7.09), Neem seed kernel extract
(1:5.13), M. anisopliae (1:3.58), flubendiamide
39.35% SC (1:3.31). The highest B:C ratio of
emamectin benzoate 5% SG may be due to its
low price and dose concentration [25].
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Table 1. Observation of larval population of S. frugiperda after application of treatments.

Mean larval population per plant

Treatment Dose g 15t Spray Mean 2"d Spray Mean
no. Treatment aihat  BeOre o ST DAS 10 of first —3DAS 7DAS 10 of second bo"tehr all mean of
spray DAS spray DAS spray oth spray
1 Flubendiamide 250 1.51 1.29 0.93 1.11 1.11 1.48 1.19 1.31 1.33 1.22
39.35% SC (1.58) (1.51)  (1.39)  (1.45) (1.57) (1.48) (1.52)
2 Chlorantraniliprole 150 1.48 1.22 0.82 0.97 1.00 1.32 1.03 1.21 1.19 1.10
18.5% SC (1.57) (1.49) (1.34)  (1.40) (1.50) (1.42)  (1.48)
3 Emamectin benzoate 250 1.55 1.27 0.87 1.07 1.07 1.38 1.11 1.27 1.25 1.16
5% SG (1.59) (1.50) (1.36)  (1.43) (1.54)  (1.45)  (1.50)
4 Beauveria bassiana 1500 1.46 1.36 1.14 1.21 1.24 1.63 1.54 1.59 1.59 1.41
(1.56) (1.53)  (1.46)  (1.48) (1.62) (1.59)  (1.60)
5 Metarhizium 2500 1.47 1.39 1.21 1.26 1.29 1.66 1.59 1.65 1.63 1.46
anisopliae (1.57) (1.54) (1.48) (1.50) (1.63) (1.60) (1.62)
6 Neem seed kernel 25000 1.49 1.41 1.36 1.38 1.38 1.78 1.61 1.69 1.69 1.54
extract (NSKE) (1.57) (155) (1.53) (1.54) (1.68) (1.61) (1.63)
7 Bacillus thuringiensis 1000 1.52 1.34 1.25 1.18 1.26 1.56 1.47 1.53 1.52 1.39
(1.58) (1.53)  (1.49) (1.47) (1.60) (1.57)  (1.59)
8 Control plot - 1.47 1.97 2.02 2.08 2.02 2.31 2.28 2.21 2.27 2.15
(1.57) (1.72)  (@1.73) (.75 (1.81) (1.81) (1.79)
Semz 0.006 0.008 0.019 0.016 - 0.008 0.013 0.011 - -
CD (5%) NA 0.025 0.057 0.05 - 0.025 0.039 0.035 - -
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2.5
2
15
1
) I I I I
0
Before spray 3DAS 7 DAS 10 DAS
Days after spray
® Flubendiamide 39.35 % SC = Chlorantraniliprole 18.5% SC = Emamectin benzoate 5% SG Beauveria bassiana
® Metarhizium anisopliae = Neem seed kernel extract m Bacillus thuringiensis m Control plot

Fig. 1. Impact of various insecticides against fall armyworm in maize after first spray
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3DAS 7DAS 10 DAS
Days after spray

25

i8]

1.

n

Larval population

0.

n

m Flubendiamide 39.35% SC m Chlorantroniuprole 18.5% SC = Emamectin benzoate 5% SG Beauveria bassiana

m Metarhizium anisoplie m Neem seed kemel extract m Bacillus thuringiensis m Control plot

Fig. 2. Impact of various insecticides against fall armyworm in maize after second spray

Table 2. Influence of various insecticide treatments on maize yield and increase in yield (%) compared to control

S.N. Treatments Yield (g/ha) Increase in yield (%) over control
1 Flubendiamide 39.35% SC 51.53 20.03

2 Chlorantraniliprole 18.5% SC 53.26 22.62

3 Emamectin benzoate 5% SG 52.41 21.37

4 Beauveria bassiana 47.91 13.98

5 Metarhizium anisopliae 47.02 12.36

6 Neem seed kernel extract 46.05 10.51

7 Bacillus thuringiensis 49.44 16.65

8 Control plot 41.21 0.00
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60
5
. 40
e
= 30
=
~ 20
10
0
Flubendiamide Chlorantraniliprole Emamectin Beauveria bassiana ~ Metarhizium  Neem seed kemel Bacillus Control plot
39.35 % SC 18.5% SC benzoate 5% SG anisopliae extract thuringiensis
H Yield(g/ha)
Fig. 3. Impact of various treatments on Yield(g/ha)
Table 3. Economics of different insecticides against fall armyworm
S.No. Treatments Yield Insecticide Cost Total cost of Plant Protection Gross Income NetIncome Benefit over control B:C
(q/ha)
1 Flubendiamide 39.35% SC 51.53 4110 5010 107697.7 102687.7 16558.8 1:3.31
2 Chlorantraniliprole 18.5% SC 53.26 1795 2695 111313.4 108618.4 22489.5 1:8.34
3 Emamectin benzoate 5% SG 52.41 1073 1973 109536.9 107563.9 21435 1:10.86
4 Beauveria bassiana 47.91 369 1269 100131.9 98862.9 12734 1:10.03
5 Metarhizium anisopliae 47.02 1750 2650 98271.8 95621.8 9492.9 1:3.58
6 Neem seed kernel extract 46.05 750 1650 96244.5 94594.5 8465.6 1:5.13
7 Bacillus thuringiensis 49.44 1080 1980 103329.6 101349.6 15220.7 1:7.69
8 Control plot 41.21 - - 86128.9 86128.9 - -

Labour cost per day = 350 % per labour (2 labour required for spraying in one hectare per day), Spraying machine cost =100 ¥ per day. Local mandi of price of maize @ 2090 %

per quintal
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Table 4. Price of different insecticide used in the experiment

Insecticide

Price per litre/kg

Insecticide

Price per litre

Flubendiamide 39.35% SC
Chlorantraniliprole 18.5% SC
Emamectin benzoate 5% SG
Beauveria bassiana

16410 X per litre
11368 X per litre
4292 X per kg
246 X per litre

Metarhizium anisopliae
Neem seed kernel extract
Bacillus thuringiensis

700 X per litre
30 % per litre
1080 2 per litre
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4. CONCLUSION

The overall mean of two spray revealed that the
most effective treatment was chlorantraniliprole
18.5% SC recorded the lowest larval population
(1.22 per plant) followed by emamectin benzoate
5% SG (1.16 per plant), flubendiamide 39.35%
SC (1.22 per plant), B. thuringiensis (1.39 per
plant), B. bassiana (1.41 per plant), M. anisopliae
(1.46 per plant), neem seed kernel extract (1.54
per plant) and control plot recorded the highest
number of larvae (2.15 per plant). During the
yield observation, it was observed that the
significantly higher cob yield (53.26 g / ha) was
obtained in chlorantraniliprole 18.5% SC treated
plots which is followed by emamectin benzoate
5% SG (52.41 g per ha), flubendiamide 39.35%
SC (51.53 g per ha), B. thuringiensis (49.44 q per
ha), B. bassiana (47.91 q per ha), M. anisopliae
(47.02 g per ha) and NSKE 5% (46.05 q per ha).
Maximum percentage increase in yield over
control was obtained from chlorantraniliprole
18.5% SC (22.62%) treated plots which are
followed by emamectin benzoate 5% SG
(21.37%), flubendiamide 39.35% SC (20.03%),
B. thuringiensis (16.65%), B. bassiana (13.98%),
M. anisopliae (12.26%) and NSKE 5% (10.51%).
The economics of various treatments based on
net profit and cost of plant protection revealed
that. the highest cost: benefit ratio emamectin
benzoate 5% SG (10.86) followed by B. bassiana
(10.03), chlorantraniliprole 18.5% SC (8.34), B.
thuringiensis (7.09), neem seed kernel extract
(5.13), M. anisopliae (3.58), flubendiamide
39.35% SC (3.31).
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