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The soybean, Glycine max (L.) Merr, is the largest
source of animal protein feed and the second-largest
source of vegetable oil in the world (Cober et al.,
2023). It is one of the most significant leguminous
crops and is also known as the “miracle crop” due
to the vast array of uses it has. It contains 40%–
43% protein and 20% edible oils. China, as the top-
four soybean producer after the United States, Brazil,
and Argentina, is also the largest consumer in the
world. (FAOSTAT, 2022). The low soybean yield is
due to biotic and abiotic problems, including drought
and insect pest infestations. As it develops tolerance
to biotic and abiotic conditions, the common
polyphagous pest S. litura is becoming a greater
threat to Indian and international agriculture. In
tropical Asia, it seriously harms products including
cotton, tobacco, and sugar beets that  are
commercially crucial (Lin  et al., 2017). The plant
is completely defoliated as the larvae eat the leaves,
and in severe infestations, the soybean crop is
completely destroyed. According to reports, it infects
over 112 different kinds of domesticated plants, 60
of which are native to India and have spread
throughout most of Asia, including tropical,
subtropical, and temperate regions, as well as
Oceania (Venette et al. , 2003). Its extensive
dispersion frequently results in crop destruction and
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ABSTRACT: The current research on persistent toxicity of two insecticides, two fungicides, and their six combinations on
soybean against 3days old larvae of S. litura was conducted during kharif, 2023 at Norman E. Borlaug Crop Research Centre,
G.B. Pant University of Agriculture and Technology, Pantnagar. The order of toxicity at 72 hours after feeding (HAF) was
spinetoram> flubendiamide> (fluxapyroxad + pyraclostrobin) + flubendiamide> (metiram + pyraclostrobin) + flubendiamide>
(fluxapyroxad + pyraclostrobin) + spinetoram> (metiram + pyraclostrobin) + spinetoram> (carbendazim + mancozeb) + spinetoram>
(carbendazim + mancozeb) + flubendiamide> tebuconazole> hexaconazole. The most persistent treatment was spinetoram with
a PT value of 1266.65 followed by flubendiamide (PT= 1133.35) and (fluxapyroxad + pyraclostrobin) + flubendiamide (PT=
916.65). The least persistent treatments were tebuconazole and hexaconazole with a PT value of 6.66 at 72 HAF.
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significantly lower local agricultural output. Since
chemical insecticides are the first alternative
employed by farmers when managing S. litura,
CIBRC has recommended a variety of insecticides.
These labels stated insecticides must occasionally
be revalidated to control S. litura infestations in
soybean successfully. Additionally, it’s crucial to
consider integrated pest  management (IPM)
techniques, which emphasize the use of a variety of
control strategies, including cultural, biological, and
chemical ones, to lessen dependency on insecticides
and lessen the impact on the environment. Most of
the insecticides used in the past were neurotoxins
affecting the nervous system in different ways e.g.,
act by attaching to the voltage-gated channels in the
axon, organochlorines and pyrethroids block
neuronal signaling. organophosphates and
carbamates inhibit acetylcholinesterase by inhibiting
the synaptic chemo-electrical signal. Indoxacarb,
abamectin, chlorantraniliprole, and other new
chemical insecticides, as well as biogenic
insecticides, have all been found to be effective
against S. litura.  An oxadiazine insecticide,
indoxacarb acts by preventing sodium ions from
entering nerve cells, which causes the target pest
species to become paralyzed and eventually die
(IRAC, 2022). Though there are very few studies
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conducted on insecticide and fungicide
combinations, however, some studies are there that
supports the idea. Therefore, the creation of mixed
formulation of the pesticide molecules for joint
application can help the farming community resolve
its pest control problem if insecticides and fungicides
show compatibility (Chander et al., 2020).

MATERIALS AND METHODS

The persistent toxicity of two insecticides viz.
flubendiamide (flue 39.35 SC)@ 0.002%,
spinetoram (delegate 11.70 SC)@ 0.002%, and; two
fungicides viz., tebuconazole (tebura 25.9 EC) and
hexaconazole (hexon 5 EC); and six combinations
viz. , [fluxapyroxad  + pyraclostrobin]+
flubendiamide @ 0.03+0.01%, [fluxapyroxad +
pyraclostrobin]  + spinetoram @ 0.03+ 0.01%,
[metiram  + pyraclostrobin] + flubendiamide @ 0.2+
0.01%, [metiram + pyraclostrobin] + spinetoram @
0.2+ 0.01%,  [carbendazim + mancozeb] +
flubendiamide @ 0.1+ 0.01% and [carbendazim +
mancozeb] + spinetoram @ 0.1+ 0.01% was
determined against 3days old larvae (avg. larval wt.=
0.0003g) of S. litura by leaf dip method under
laboratory conditions (temp., 23°C; RH= 75±2%)
during kharif,2023 (Thakur and Srivastava, 2020).
The soybean seeds var. PS- 1347 was procured from
Soybean Breeder, Department of Genetics and Plant
Breeding of the University. The potted plants were
raised under net house conditions at NEBCRC of
the University following standard agronomic
practices. Forty-eight pots (cap. 5L) were maintained
for fifteen treatments including control with 3
replications each. Five seeds were initially sowed
in each pot, later on one plant per pot was
maintained.

The recommended doses of individual insecticides
and fungicides were prepared in tap water. A volume
of 50 ml of each insecticide and fungicide was
prepared in conical flasks (cap. 100ml). The
solutions prepared were mixed equally in 1:1 ratio
in (50ml+50ml) in a conical flask. This solution was
used for the experiment.
The persistent toxicity was determined by spraying
recommended concentrations (CIBRC, 2023) of

insecticides, fungicides and their combinations on
leaves of soybean, with the help of an atomizer to a
point of slight runoff. Sprayed plants were tagged
and labelled. The leaves were plucked from the
treated plants at 2, 5, 7, 15, and 21 days after
spraying. The plucked leaves were brought to the
laboratory and fed to a group of larvae (n=30) in
petri dishes (dia.= 9cm); newly emerged leaves were
avoided. First instar larvae pre-starved for 2h were
released on the leaf surface for feeding. The
persistent toxicity was assessed from 2 to 21 days
after treatment. Each treatment was replicated thrice.
Control larvae were fed with untreated leaves. The
observations on larval mortality were recorded at
24, 48, and 72 hours of feeding (Negi and Srivastava,
2018). The observed mortality was corrected by
Abbott’s formula (Abbott, 1925). The DMRT was
used to analyze the obtained data (Duncan, 1955). The
Abbott’s corrected mortality data was transformed
angularly (arcsin transformation). According to Bartlett
(1974) (cf. Snedecor and Cochran, 1967), a zero and a
hundred percent proportion were calculated as 1/4th
and (n-1/4)/n, respectively, before applying
transformation when n <50. The index known as PT
value was used to determine the insecticide and
fungicide’s persistent toxicity. The PT value is the
product of average percentage residual toxicity and
period (P) for which the toxicity persisted (Chand
and Srivastava, 2018).

Persistent toxicity = P x T
Where, P = the period for which some toxicity
persisted (time in days up to which some
mortality was observed)
T = average residual toxicity (mean corrected per
cent mortality of the period P)
Average per cent
Residual toxicity = No. of observations

RESULTS AND DISCUSSION

The data in Table 1 indicated that spinetoram@ 0.002%
was the most persistent treatment with a PT value of
716.65 followed by flubendiamide@ 0.01 (633.35),
[fluxapyroxad + pyraclostrobin] + flubendiamide
@0.03+0.01% (326.66) and [metiram +
pyraclostrobin] + flubendiamide @0.2 + 0.01%

Sum of corrected per cent mortality

mailto:@0.03+0.01%
mailto:@0.2


393  Pantnagar Journal of Research [Vol. 21(3) September-December 2023]

(450.00) when mortality was observed at 24
h after feeding (HAF). However, the average
toxicity at 24 HAF was maximum for
spinetoram (84.44%) followed by
flubendiamide (75.56%), [fluxapyroxad +
pyraclostrobin] + flubendiamide (61.11%)
and [metiram + pyraclostrobin] +
flubendiamide (51.11%) the lowest
persistence was observed in case of
tebuconazole and hexaconazole with a PT
value of 0 at 24 HAF.

On increasing the feeding period to 72 h on
the same leaves, spinetoram again showed
the maximum PT value of 1266.65 followed
by flubendiamide (1133.35), [fluxapyroxad
+ pyraclostrobin] + flubendiamide
(916.65), and [metiram + pyraclostrobin]
+ flubendiamide (916.65). The average
toxicity at 72 HAF was the maximum in
spinetoram (84.44%) followed by
flubendiamide (75.56%), [fluxapyroxad +
pyraclostrobin] + flubendiamide (61.11%)
and [metiram + pyraclostrobin] +
flubendiamide (51.11%) .The order of
toxicity at 72 HAF was Spinetoram>
flubendiamide> (fluxapyroxad +
pyraclostrobin) + flubendiamide>
(metiram + pyraclostrobin) +
flubendiamide>(fluxapyroxad +
pyraclostrobin)+ spinetoram>(metiram +
pyraclostrobin) + spinetoram>
(carbendazim + mancozeb) + spinetoram
> (carbendazim + mancozeb) +
flubendiamide> tebuconazole>
hexaconazole.

We have not come across any direct
reference on the persistence of tested
insecticide and fungicide combination
against S. li tura on soybean plant.
However, literature is available on
persistent toxicity of some newer
molecules of insecticides against Fall
armyworm, Spodoptera frugiperda (J.E.
Smith) (Lepidoptera: Noctuidae) and other
insect pests. Bojan et al. (2023) testedTa
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persistence and reported that to prevent residues
from building up in the harvested produce, both in
the stalk and grain, it may be advisable to use
spinetoram and emamectin benzoate during the
middle stage (25–40 days) of the maize crop for the
management of S. frugiperda.
In a similar study on soybean plant against S. litura,
according to Bhamare et al., 2020, emamectin
benzoate @ 0.001% and chlorantraniliprole @
0.004% had the highest persistent toxicity (PT), the
value being 913.01 and 860.89, respectively. Thakur
and Srivastava (2020) studied persistent toxicity of
spinetoram @ 0.01%, chlorantraniliprole @ 0.006
% and flubendiamide @ 0.01% on cowpea (Vigna
unguiculata L. Walp.) and soybean (Glycine max
L.) Merill. The study revealed  that  for both crops,
the sequence of persistent toxicity was the same at
72 hours after feeding i.e. , spinetoram >
chlorantraniliprole > fludendiamide. Negi and
Srivastava (2018) studied the persistent toxicity of
four insecticides on rajmah bean and mulberry plants
against 5d old larvae of S. litura. The study showed
that chlorantraniliprole + lambda-cyhalothrin @
0.027% was most persistent (PT= 1841.60 and
2119.98) followed by cypermethrin + indoxacarb @
0.02% (PT= 812.68 and 1764.26) on mulberry and
rajmah bean plants, respectively. Emamectin
benzoate @ 0.0019% (PT= 4.16) showed least
persistence of toxicity on mulberry plant while beta-
cyfluthrin + imidacloprid @ 0.012% (PT= 140.00)
on rajmah bean plant. In another experiment,
persistent toxicity of chlorantraniliprole @ 0.0055%
showed highest persistence (PT= 916.52, 1072.50)
and residual toxicity on rajmah at 11 days after
sowing (DAS) and mung bean (15 DAS) plants,
respectively.

Thus, it is evident from the data that the combinations
of insecticides and fungicides prepared in the laboratory
and used for testing on the basis of recommendations
of doses of individual molecules made by CIBRC
(2023), viz. spinetoram@ 0.02% and flubendiamide@
0.01% were the most persistent treatments.
(Fluxapyroxad + pyraclostrobin) + flubendiamide@
0.01+0.003% can be used as a better alternative,
persisting for a fairly longer period of 15 days. This
combinations however, are not yet available in the

market. There was no observed phytotoxicity in any of
the combinations on soybean under net house
conditions.
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