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Abstract

The experiment was conducted at the research plot of the Department of Entomology at Central
Research Farm, Sam Higginbottom University of Agriculture Technology and Sciences, Prayagraj
during the Kharif season of 2023. The experiment was laid out in a Randomized Block Design (RBD)
with three replication, Seven treatments, and untreated control were evaluated against, Spodoptera
frugiperda i.e. T1 Thiamethoxam 12.6% + Lambda Cyhalothrin 9.5% ZC, T2 Chlorantraniliprole 18.5%
SC, T3 Lambda Cyhalothrin 5% EC, T4 Chlorantraniliprole 9.3% + Lambda Cyhalothrin 9.5% ZC, Ts
Metarhizium anisopliae, Te Thiamethoxam 25% WG, Tz Spinosad 45% SC, and Ts Control. The results
on the Spodoptera frugiperda larval population after both sprays proved that all of the treatments were
significantly superior to the control. Among the all treatments lowest larval population of Spodoptera
frugiperda was recorded after both sprays in Chlorantraniliprole 18.5% SC (0.93). Spinosad 45% SC
(1.06), was found to be the next best treatment followed by Chlorantraniliprole 9.3% + Lambda
Cyhalothrin 9.5% ZC (1.22), Lambda Cyhalothrin 5% EC (1.37), Thiamethoxam 12.6% + Lambda
Cyhalothrin 9.5% ZC (1.48), Thiamethoxam 25% WG (1.75) whereas, Metarhizium anisopliae (1x 108
CFU/ml) (1.95) was found to be least effective but superior over the control. While, the highest yield
was obtained from the treatment Chlorantraniliprole 18.5% SC (42.40 g/ha) as well as B: C ratio
(1:2.58), followed by Spinosad 45% SC (39.62 g/ha), (1:2.49), Chlorantraniliprole 9.3% + Lambda
Cyhalothrin 9.5% ZC (36.24 g/ha), (1:2.27), Lambda Cyhalothrin 5% EC (33.50 g/ha), (1:2.13),
Thiamethoxam 12.6% + Lambda Cyhalothrin 9.5% ZC (29.32g/ha), (1:1.90) and Thiamethoxam 25%
WG (26.12 g/ha), (1:1.69) respectively, while the lowest grain yield of (24.63 g/ha), (1:1.48) was
observed in plot treated with Metarhizium anisopliae and the untreated control plot resulted least grain
yield (18.24 g/ha), (1:1.25).
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Introduction

Maize belongs to the tribe Maydeae of the grass family Poaceae. "Zea™ was derived from an
old Greek name for a food grass. The genus Zea consists of four species of which Zea mays
L. is economically important. The number of chromosomes in Zea mays is 2n =20 (Murdia et
al., 2016) 2%, Globally, Maize (Zea mays L.) is known as the "queen of cereals" because it
has the highest genetic yield potential among the cereals. In India, maize is the third most
important food crop after rice and wheat (Suthar et al., 2020) 2],

It has various traditional uses and is useful for various diseases like Analgesic, Astringent,
Anti- allergic, Emollient, skin rashes, stored throat, Anti angina, Anti-hypertensive,
biliousness, Anti- lithiasis, Anti-diarrheal Urinary disorders including dysuria, cystitis,
urethritis, nocturnal enuresis, Anti-prostatitis, Anti-tumor, Anti dysentery, Diuresis etc.
(Thuma et al., 2019) 7. Another major categorization is based on the size and composition
of the endosperm containing an appreciable amount of carbohydrates (66.2%), lipids (3.6%),
proteins (11.1%), and vitamins and minerals (3.6%) along with fibers (2.7%). Unfortunately,
maize is deficient in two major amino acids, namely tryptophan and lysine, and also minerals
like iron zinc, and vitamin B12.

Maize is cultivated on nearly 190 m ha in about 165 countries having a wider diversity of
soil, climate, biodiversity, and management practices that contribute 39% to the global grain
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production. The United States of America (USA) is the
largest producer of maize contributing nearly 36% of the
total production in the world (APEDA, 2015) B, India ranks
sixth in global maize production and fifteenth position in its
productivity in the world, contributing to 2.4 percent of
world production with almost a 5 percent share in world
harvested area (Sangle et al., 2020) 2],

The predominant maize-growing states that contribute more
than 80 percent of the total maize production are Andhra
Pradesh (20.9%), Karnataka (16.5%), Rajasthan (9.9%),
Maharashtra (9.1%), Bihar (8.9%), Uttar Pradesh (6.1%),
Madhya Pradesh (5.7%), Himachal Pradesh (4.4%). Apart
from these states' maize is also grown in Jammu and
Kashmir and North-Eastern states (Murdia et al., 2016) 231,
It has been reported that demand for national maize is
steadily increasing year after year; for instance, in 2018,
demand was 14.37 million tons, rising to 23 million tons in
2021 and 23.1 million tons in May 2022, and it is predicted
that in 2025 it will reach 33.13 million tons. South Sulawesi
is designated as a national maize production hub. The
average cultivated area exceeds 300 thousand ha,
contributing to an annual production of more than 1.5
million tons (Bahtira et al., 2023) B,

Maize is affected by as many as 141 insect pests. Among
these, only a few are considered major pests in India viz.,
shoot fly, stem borers, armyworm (Mythimna separata), and
Helicoverpa armigera. However, the recent invasion of the
fall armyworm, Spodoptera frugiperda (Noctuidae:
Lepidoptera) has become a great threat to maize cultivation
(Mallapur et al., 2019) 22, Damage due to this pest attack
can reduce corn grain yield by up to 34 percent in Brazil, 20
to 50 percent in Africa (Thumar et al., 2020) ™ and 40% in
Honduras and 72% in Argentina (Early et al., 2018) % in
Africa has the potential to cause maize yield losses in a
range from 8.3 to 20.6m tonnes per annum, in the absence of
any control methods (Day et al., 2017) 19 In Brazil,
reduction in maize grain yield that amounts to annual loss of
US$ 400 million and causes annual crop losses of over US$
500 million throughout the south-east United States and the
Atlantic coast. Yield losses in maize due to fall armyworm
damage reach up to 32% in the United States and 45-60% in
Nicaragua (Dileep and Murali, 2020) 2. In Nigeria FAW
caused yield losses in a range of 8.3 to 20.6 million tonnes
per annum, destroying 21%-53% of the annual production
of maize averaged over three years in these countries
(Igyuve et al., 2018) 181,

Materials and Methods

The experiment was conducted at SHUATS, Central
Research Farm (CRF), Sam Higginbottom University of
Agriculture, Technology and Sciences, Naini, Prayagraj.
The research trail was laid out during the kharif season of
2023 in Randomized Block Design (RBD) with three
replications, seven treatments, and an untreated control. The
plot had dimensions of 2x1m2. The maize seeds of variety
'Deccan-115" were sown in plots keeping row-to-row and
plant-to-plant distances of 45cmx30cm. Larval Population
observation was recorded by observing the number of larvae
present per 5 randomly selected plants in an area of 48 m2.
From each treatment for the presence of egg masses and
larvae one day before insecticide application and on 3%, 7t
and 14™ days after each application. The percent infestation
over control against fall armyworm was calculated by
considering the mean of three observations recorded on the
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3rd, 7th, and 14th days after the first and second spraying.
The mean population was calculated by following the
formula.

Number of larvae

Mean Larval Population =
5 plants
(Alam et al., 2022) @

Cost Benefit Ratio of Treatments

Gross returns were calculated by multiplying the total yield
with the market price of the produce. The cost of cultivation
and cost of treatments were deducted from the gross returns,
to find out the returns and cost-benefit ratio by following the
formula

Gross Returns

Cost Benefit Ratio =
Total Cost of Cultivation
(Thumar et al., 2020) 27

Results and Discussion

The data revealed on the population of Spodoptera
frugiperda over control on the mean (3, 7 and 14 DAS) after
the first spray revealed that all the treatments were
significantly superior over control. Among all the treatments
the lowest percent of the larval population was observed in
the T, Chlorantraniliprole 18.5% SC (1.64) followed by T
Spinosad 45% SC (1.73), T4 Chlorantraniliprole 9.3% +
Lambda-cyhalothrin  9.5% ZC (1.95), T; Lambda-
cyhalothrin 5% EC (2.04), T:; Thiamethoxam 12.6 +
Lambda-cyhalothrin  9.5% ZC (2.20). In this T
Thiamethoxam, 25% WG (2.40) and Ts Metarhizium
anisopliae (1 x 108 cfu/ml) (2.60) is found to be the highest
larval population than all treatments and significantly
superior over the control Tg (3.19).

The data revealed on the population of Spodoptera
frugiperda over control on the mean (3,7 and 14 DAS) after
the second spray revealed that all the treatments were
significantly superior over control. Among all the treatments
the lowest percent of the larval population was observed in
the T, Chlorantraniliprole 18.5% SC (0.93) followed by T
Spinosad 45% SC (1.06), T4 Chlorantraniliprole 9.3% +
Lambda-cyhalothrin  9.5% 2ZC (1.22), T; Lambda-
cyhalothrin 5% EC (1.37), T: Thiamethoxam 12.6 +
Lambda-cyhalothrin  9.5% ZC (1.48). In this Ts
Thiamethoxam, 25% WG (1.75) and Ts Metarhizium
anisopliae (1 x 108 cfu/ml) (1.95) is found to be the highest
larval population than all treatments and significantly
superior over the control Tg (3.75).

The data on the population of Spodoptera frugiperda on the
first spray, second spray, and overall mean revealed that all
the treatments were significantly superior to the control.
Among all the treatments, the lowest population was
recorded in Chlorantraniliprole 18.5% EC (1.28). Similar
findings were reported by Deshmukh et al. (2020) 4,
Hardke et al. (2011) 1, and Beuzelin et al. (2022) [ who
reported that Chlorantraniliprole @ 18.5% EC was the most
effective treatment indicating recorded lowest population of
fall armyworm (Spodoptera frugiperda). Spinosad 45% SC
(1.39) was found to be the next best treatment which is in
line with the findings of Ahir et al. (2021) [, Idrees et al.
(2022) 71, Bajracharya et al. (2020) 61 who reported that
Spinosad 45% SC was the most effective treatment
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indicating recorded lowest population of fall armyworm
(Spodoptera frugiperda). Chlorantraniliprole 9.3% +
Lambda Cyhalothrin 9.5% ZC (1.58) was found to be the
next best treatment which is in line with the findings of
Bharadwaj et al. (2020) [®!, Gouthami et al. (2022) [*],
Applanaidu and Kumar (2022) . Lambda Cyhalothrin 5%
EC (1.70), was found to be the next best treatment which is
in line with the findings of Charitha and Kumar (2023) &,
Patidar et al. (2022) 4, Khairul et al. (2022) [,
Thiamethoxam 12.6% + Lambda Cyhalothrin 9.5% ZC

https://www.biochemjournal.com

(1.84) was found to be the next best treatment which is in
line with the findings of Sangle et al. (2020) !, Kumari et
al. (2020) 24, Thiamethoxam 25% WG (2.078) was found
to be the next best treatment which is in line with the
findings of Mallapur et al. (2019) 22, and Ingavale (2021).
The result of Metarhizium anisopliae (1x 108 CFU/mI)
(2.27) was found to be least effective but comparatively
superior over the control, these findings are supported by
Ekshinge and Kumar (2022) (41,

Tables 1: Effect of selected chemicals and Metarhizium anisopliae against larval population of Spodoptera frugiperdain in maize (1st and

2nd spray)
Sr Number of Larvae (Spodoptera frugiperda)/five plants vield | ¢ B
No. Treatments Dose 1 3 7 14 3 7 14 |Overall (g/ha) Ra.lti o
' DBS | DAS | DAS | DAS | DAS | DAS | DAS | mean |

: : :
T,| Thiamethoxam 12§6$A,+Z"Ca‘mbdacyha'°th”” 0.125 mi/lit | 2.73 | 2.40 | 2.00 | 2.20 | 2.00 | 1.06 | 1.40 | 1.84 |29.32 [1:1.90
T Chiorantraniliprole 18.5% SC 0.4 milit | 2.73 | 1.86 | 1.40 | 1.66 | 1.33 | 0.60 | 0.86 | 1.28 | 42.40 | 1:2.58
T3 Lambda Cyhalothrin 5% EC 0.64 ml/lit | 2.80 | 2.26 | 1.80 | 2.06 | 1.80 | 1.06 | 1.26 | 1.70 | 33.50 | 1:2.13

Al : :
Ta Ch'°ra”"a”"'pr°'eg'g’o//;’;C"ambdacyha"’th”” 0.50 mi/lit | 2.86 | 2.20 | 1.66 | 2.00 | 1.66 | 0.93 | 1.06 | 1.58 |36.24 [1:2.27
Ts| Metarhizium anisopliae (Ix 108 CFU/mI) | 2.5 mi/lit | 3.00 | 2.80 | 2.40 | 2.60 | 2.33 | 1.66 | 1.86 | 2.27 | 24.63 | 1:1.48
To Thiamethoxam 25% WG 0.25g/L | 2.86 | 2.60 | 2.20 | 2.40 | 2.13 | 1.46 | 1.66 | 2.07 | 26.12 | 1:1.69
T, Spinosad 45% SC 0.25 mi/lit | 2.73 | 1.93 | 1.53 | 1.73 | 1.46 | 0.73 | 1.00 | 1.39 | 39.62 | 1:2.49
T Control - 3.06 | 3.06 | 3.13 | 3.40 | 3.53 | 3.73 | 4.00 | 3.47 | 18.24 | 1:1.25
F - test NS| S| S| S | s |s | s s ~ | -
SEd.® | 0.070/0.081] 0.086 [0.075/0.063] 0.065 | 0.310 | - | -
CDat0.05% |- 0.150/0.173] 0.185 |0.185]0.160] 0.135 | 0.738 | — | --

DBS= Day Before Spray, DAS= Day After Spray, NS= Non- Significant, S= Significant
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Fig 1: Efficacy of selected chemicals and Metarhizium anisopliae against larval population of fall armyworm (Spodoptera frugiperda) on
maize (Zea mays) (First spray)
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Fig 2: Efficacy of selected chemicals and Metarhizium anisopliae against larval population of fall armyworm (Spodoptera frugiperda) on
maize (Zea mays) (Second spray)
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Conclusion

Based on the current findings, it is evident that the
application of Chlorantraniliprole 18.5% EC resulted in the
lowest larval population of fall armyworm in maize plants.
Additionally, the highest cost-benefit ratio was recorded for

Chlorantraniliprole

185% EC. This indicates that

Chlorantraniliprole 18.5% EC exhibits superior efficacy in
controlling the population of fall armyworm in maize.
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