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Abstract: A field study was conducted to compare the efficacy of 10 recommended insecticides
against Earias spp. on okra. Three okra plots (3 m × 5 m (15 m2)) were subjected to each of the
10 insecticidal sprays applied twice at an interval of 10 days. On the third, seventh, and tenth day after
each spray, percent shoot and fruit infestation and yield were calculated. All insecticides significantly
reduced shoot and fruit infestation compared to the control. However, chlorantraniliprole 18.5%SC
was the most effective across all time points and resulted in the highest yield. A second field study, to
determine the time till the maximum residue limit (MRL—0.3 mg/kg) and the limit of quantification
(LOQ—0.01 mg/kg) for both fruit and soil exposed to either the recommended (125 mL/ha) or
a double strength dose (250 mL/ha) of chlorantraniliprole 18.5% SC was undertaken. MRL was
reached on the same day following both doses. The LOQ was reached on the seventh and tenth day
at recommended and a double strength dose, respectively. Chlorantraniliprole 18.5% SC provides
effective control. However, Earias spp. resistance has been observed in other crops. Thus, constant
monitoring in the field is needed to ensure its effectiveness.

Keywords: biological insecticide; botanical insecticide; Earias vittela; Earias insulana; pest control

1. Introduction

During the last century, insecticides have become an important component of agri-
cultural systems worldwide [1], allowing for a noticeable increase in crop yields and food
production [1–4]. Insecticides represent a commonly used method for protecting vegetable
crops [5,6], including okra, Abelmoschus escalentus (L) (Malvales: Malvaceae) [7,8].

In India in 2018, okra was cultivated over an area of 509,000 hectares with production
and productivity of 6095 million metric tons and 119.74 quintal/hectares, respectively [9].
In India, okra is primarily cultivated during the kharif season (June–October), when tem-
peratures are warm and humid. These conditions are also ideal for the okra shoot and
fruit borer (Earias spp.), which is the most yield-limiting pest of okra [10–13]. The current
practice is to limit infestation using a range of insecticides, including botanical products
derived from plants and synthetic chemicals [14–17]. Therefore, it is necessary to determine
the efficacy of insecticides under field conditions.

There are several synthetic insecticides used for the control of Earias spp., including
organophosphates [18,19], pyrethroids [20,21], and neonicotinoids [22,23]. However, due to
the frequent and often indiscriminate [24] use of insecticides, high levels of resistance have
been shown in Earias populations exposed to certain organophosphate [25], carbamate [26],
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and pyrethroid [25] insecticides in different countries [24,26]. In addition, synthetic in-
secticides have been shown to negatively impact the environment and animal health [27]
through harmful chemical residue persistence [3,28], and have been lethal for beneficial
insects, such as pollinators [29,30]. However, botanically derived insecticides have been
demonstrated to be potentially more eco-friendly with generally a faster degradation
time [31–33], leading to fewer negative impacts on beneficial insects [34,35]. Thus, the use
of botanical insecticides, such as neem products and other biopesticides to control insect
pests of various crops, may be an important alternative [36–38].

Okra is a fast-growing crop with fruits typically harvested every 2–3 days when
pods are young. These pods are susceptible to Earias spp. infestation and thus may
require insecticide application. Frequent picking allows very little time for the insecticide
chemical residue on the surface of the fruits to dissipate before being sold to the public
for consumption. Insecticide residue in fruits has been documented as being harmful to
humans [39], while the residual effects of insecticides in soil have also been found to be
harmful to non-target fauna living inside soil [40].

In India, the state of Haryana is one of the largest okra growing states with okra grown
on 24.53 (000′ Ha), with a production of 233.96 (000′ MT) and productivity of 9.54 MT/ha [9].
The Central Insecticide Board and Registration Committee (CIB & RC) in India recommends
more than 20 different insecticides, including a range of botanical and synthetic chemicals,
to target okra shoot and fruit borer. From this list, the 10 most commonly used and
recommended insecticides were selected, which were botanical, entomopathogenic or
chemical in nature. Thus, the two major aims of this study were: (1) to compare the efficacy
of selected insecticides in managing okra shoot and fruit borer; and (2) to determine the
time until the maximum residue limit (the highest legal level of pesticide residue) and the
limit of quantification (the level at which the residue cannot be detected) for both okra
fruits and the cultivated soil.

2. Materials and Methods
2.1. Experimental Design to Determine the Effcacy of Insecticides

To compare the effectiveness of botanical and synthetic insecticides against Earias vit-
tella and Earias insulana infestation in okra, 10 commonly used and recommended (CBI&RC)
insecticides were selected. These included three botanicals (neem oil, Neem Seed Ker-
nal Extract 5%, nimbicidine 300 ppm), one entomopathogenic fungi (Beauveria bassiana
1% WP), three synthetic pyrethroids (fenvalerate 20% EC, fenpropathrin 30% EC, lambda-
cyhalothrin 4.9% CS), one organophosphate (malathion 50 EC), one anthranillic diamide
(chlorantraniliprole 18.5% SC), and a combination of insect growth regulator (IGR) with
synthetic pyrethroid (pyriproxifen 5% EC + fenpropathrin 15% EC). The viability of the
entomopathogenic fungi (B. bassiana) culture was tested in a laboratory at CCS Haryana
Agricultural University. After the culture was assessed and found to be viable, it was then
applied to the treatment okra plants in the field.

For each of the 11 treatments (10 insecticides and one no-insecticide control), three
replicate plots (3 m × 5 m (15 m2)) were established using a randomized complete block
design (RCBD) at CCS Haryana Agricultural University, Hisar field facility. Within each
plot, 160 healthy (viable) seeds of the “Varsha uphar” variety of okra were sown on the
20 June 2019, with two viable seeds planted into each hole. Each hole was separated by
60 cm (inter-row space) and 30 cm (inter-plant spacing). Within each plot, plants were
thinned by hand at the initial vegetative seedling stage to ensure that there were consistently
80 healthy plants within each plot. Each plot was comprised of well drained, sandy-loam
soil, with the topography consistent among plots. Fertilizers were applied before sowing
at a rate of 13 kg nitrogen and 24 kg phosphorous per acre, with two applications of
nitrogen (at the rate of 13 kg/acre) every three weeks after sowing and at the initiation
of flowering [41]. This experiment was conducted throughout the rainy season, and thus
plots were only watered following a period of 5–6 days without rain, in which case each
plot was watered for five minutes.
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Each okra plant within a given insecticidal treatment plot was sprayed twice (using a
knapsack sprayer) during the experiment. Spraying was initiated when the fruit infestation
reached at least 2% of the economic threshold level (ETL) [42] within each replicate plot.
The larval stage of Earias spp. in all treatment plots were found to reach the ETL at the same
time; thus, all plots were sprayed on the same day. The second spray occurred 10 days after
the first spray application. During both applications of the insecticides, the weather was
sunny with low wind and no rain.

Shoots and the harvestable size fruits (5–8 cm long pods) were inspected on each
sampling day for any signs of insect damage [43], including drooping, withering or drying
of the shoots, and the presence of frass on the fruit. Within each plot, five okra plants were
selected randomly from the central area of the plot, with plants located on the outer most
edge of the plots excluded from the experiment to avoid any edge effects. To determine the
level of Earias spp. infestation on each of the five selected plants, the number of infested
shoots and fruits was counted for each of the treatment plots. From this, the proportion of
infested shoots (number of infested shoots/total number of shoots), proportion of infested
fruit by number (number of infested fruits/total number of fruits) and the proportion of
infested fruit by weight (weight of infested fruits/total weight of fruits), was calculated on
the third, seventh and tenth day after the first and second application of the insecticidal
spray. In addition, the marketable fruit yield (fruits that were of commercial grade),
expressed as metric tons per hectare (qha−1), was recorded per plot and pooled across the
three replicate plots for each insecticide, as well as the control.

2.2. Efficacy of Insecticides—Statistical Analysis

To determine the effectiveness of the 10 different insecticides in controlling okra
infestation by Earias spp., an analysis of randomized complete block design (RCBD) using R-
software [44] was performed. The “RCBD” function was used within the “doebioresearch”
package. A two-way ANOVA was conducted for each day (third, seventh and tenth day
following each spray) separately, comparing the dependent variables (number of infested
fruits, infested fruits by weight and number of infested shoots) for each of the 10 insecticidal
treatments (independent variables). Different treatment means were separated by Fisher’s
least significant difference (LSD) test at α = 0.05.

2.3. Collection of Okra Fruit Samples for Residue Analysis

Following the efficacy study, an additional nine study plots were constructed and sown
with okra in August of 2019. The same field preparation protocols were used, including
fertilization rate, seed rate, and spacing, as outlined above to establish the experimental
plots. Three replicate plots were sprayed with either the recommended (125 mL/ha) dose
of chlorantraniliprole 18.5% SC, a double strength dose (250 mL/ha) or were left untreated
(no insecticide applied). The insecticide spray was applied once 50% of the okra plants had
reached the fruiting stage. Following the insecticidal spray, 500 g of okra fruit was collected
from each of the experimental plots, with fruit pooled across the three replicate plots to give a
total of 1.5 kg for each treatment. Fruits were harvested from the plots at 1 h (0 days), 1, 3, 5,
7, 10, and 15 days after the insecticide spray was applied. The collected fruit samples were
collected in well labelled zip lock bags and brought to the laboratory for the residue analysis.

2.4. Preparation of Okra Fruit Samples for Residue Analysis

Following the methods used by [45], fresh okra fruits were chopped into small pieces
and crushed in a warring blender to form a thick paste. From this paste, a 20-g sample
was extracted, placed in a 250-mL conical flask along with 100 mL of acetone, and then
shaken for one hour. The sample was then filtered through a Buchner funnel. Filtrate was
transferred to 1000 mL separatory funnel partitioned twice with dichloromethane (100,
50 mL) followed by hexane (100, 50 mL). The organic phase of the sample was taken and
then it was passed through a layer of anhydrous sodium sulphate. Cleaning of the sample
was performed by adding 0.3 g activated charcoal to the organic phase which helped to
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remove the color pigments and other impurities found within the sample. The sample
was then passed through Whatman filter paper and dried using a rotary vacuum flash
evaporator (Buchi R-210). The final volume (3 mL) of the sample was made in n-hexane
and then injected into a Gas Chromatography Tandem Mass Spectrometer (GC-MS/MS)
for further analysis.

2.5. Collecting Soil Samples for Residue Analysis

A total of 500 g of soil was collected along a zigzag transect throughout each experi-
mental plot at the time the fruit was harvested. Soil samples were extracted from a depth
of 1–15 cm throughout the plot. The collected samples were brought to the analytical
laboratory where they were mixed together to make a sample of 1.5 kg per treatment, and
then air dried. After drying, the samples were passed through a 2-mm sieve to remove any
large debris.

2.6. Preparation of Soil Samples for Residue Analysis

Soil samples were processed following the method used by [46]. A 15-g representative
sample was selected from the sample, and 0.3 g each of florisil and activated charcoal was
added, mixed thoroughly. Ten grams of anhydrous sodium sulphate was added to a glass
column (60 cm long × 22 mm interior diameter), the soil sample mixture was then added
to the column and an additional 10 g of anyhydrous sodium sulphate was added on top of
the sample. The sample in the column was then washed with 125 mL of hexane: acetone
(9:1 v/v) solution. The eluate was concentrated to near dryness using a rotary vacuum flash
evaporator and the final volume of 2 mL was made in n-hexane for GC-MS/MS analysis.

2.7. GCMS/MS Analysis of Chlorantraniliprole 18.5% Residue in Okra Fruit and Soil

To analyze the amount of chlorantraniliprole 18.5% SC within both the okra fruit and the
surrounding soil, a gas chromatography-tandem mass spectrometry (GC-MS/MS) was used.

The gas chromatography mass spectrometer had a system split ratio of 1:10, emission
current 150 µA and column Rtx-5 with a column length of 30 m, inside diameter 0.25 mm
and film thickness of 0.25 µm. A 1-µL aliquot of 1 ppm concentration of each of the fruit and
soil samples, subjected to either the recommended or double strength chlorantraniliprole,
was injected into the injector port. For greater efficiency and better resolution, the tem-
perature of injector port was maintained at 280 ◦C, with a detector temperature of 300 ◦C,
ion source temperature 230 ◦C, and interface temperature of 250 ◦C. Multiple reaction
monitoring (MRM) was used for the sensitive analysis of chlorantraniliprole 18.5% SC
residues in okra fruits and soil samples, because this technique allows the detection and
quantification of specific molecules in a complex mixture. Under such chromatographic
conditions, the retention time (Rt) for chlorantraniliprole 18.5% SC was 20.6 min, with the
mass divided by the charged number of ions (m/z) value 278 > 249 and 251. Analysis of
each of the fruit and soil was performed in a well-ventilated and air-conditioned laboratory
with the temperature maintained below 22 ◦C and a relative humidity below 60%.

The limit of quantification (LOQ) was found to be 0.01 mg kg−1, calculated by using the
sample concentration height, which was 1:10 signal to noise ratio, while the limit of detection
(LOD) was 0.003 mg kg−1, which was three times more than the level of base line noise.

3. Results
3.1. Earias Infestation before Application of Insecticide

The percent of damaged shoots and fruits before the initial spray of insecticides varied
from 13.16 to 28.13% (F(10) = 1.24, p = 0.33, LSD = 16.61) (Table 1) and 20.71% to 34.54%
(F(10) = 1.653, p = 0.163, LSD = 8.84) (Table 2) respectively, and thus was found to not
significantly differ among the treatment plots. The percentage weight of infected fruits
varied from 23.04% to 36.14%, and also did not significantly differ among the treatment
plots (F(10) = 1.90, p = 0.11, LSD = 7.97) (Table 3).
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Table 1. Efficacy of 10 recommended insecticides against okra fruit and shoot borer (Earias spp.)
compared to a no insecticide control in regard to the percentage of shoot infestation following the
application two sprays.

S.
No. Treatments Dose

Percent Shoot Infestation after 1st Spray Percent Shoot Infestation after 2nd Spray

Before Spray 3 DAS 7 DAS 10 DAS Before Spray 3 DAS 7 DAS 10 DAS

T1 Neem oil 3–4 mL/L water 26.02 a,* 11.06 f 11.26 f 11.55 f 15.81 bc 5.18 f 5.54 f 5.00 e

T2 Neem Seed Kernal Extract 5% 50 mL/L water 14.31 a 8.48 h 8.26 h 8.62 h 13.54 cd 3.74 h 3.99 gh 3.62 g

T3 Nimbicidine 300 ppm 2.5 L/ha 28.10 a 10.21 g 10.22 g 10.68 g 7.70 fg 5.59 f 5.11 f 5.29 e

T4 Beauveria bassiana 1 × 109 cfu 4 Kg/ha 23.31 a 22.79 b 18.74 b 22.20 b 13.33 a 9.52 b 9.86 b 9.99 b

T5 Fenvalerate 20% EC 300–375 mL/ha 27.78 a 14.23 d 13.23 e 12.94 e 10.27 ef 6.41 e 6.18 e 6.78 d

T6 Chlorantraniliprole 18.5% SC 125 mL/ha 15.21 a 4.96 j 4.67 i 4.28 j 6.85 g 1.38 j 1.19 i 1.00 h

T7 Malathion 50% EC 1000–1250 mL/ha 13.16 a 12.18 e 12.54 e 12.96 e 11.82 de 4.38 g 4.42 g 4.00 f

T8 Fenpropathrin 30% EC 250–340 mL/ha 16.55 a 14.23 d 14.68 d 15.02 d 13.05 d 7.46 d 7.72 d 7.06 d

T9 Lambda-cyhalothrin 4.9% CS 300 mL/ha 23.00 a 19.45 c 18.57 c 18.78 c 16.75 b 8.32 c 8.65 c 9.09 c

T10 Pyriproxyfen 5% EC+
fenpropathrin 15% EC 500–750 mL/ha 13.86 a 7.61 i 7.90 h 7.96 i 11.59 de 3.25 i 3.60 h 3.75 fg

T11 Control Untreated 28.13 a 30.99 a 30.15 a 31.83 a 22.09 a 20.75 a 20.51 a 21.18 a

Mean 20.86 14.32 14.26 14.62 13.71 6.91 6.98 6.98

t.value 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08

LSD 16.61 0.77 0.74 0.58 2.64 0.49 0.44 0.32

p-value 0.33 <0.001 *** <0.001 *** <0.001 *** <0.001 *** <0.001 *** <0.001 *** <0.001 ***

F-value 1.24 872.09 938.08 1718.99 30.71 971.18 1158.89 239.12

* Each value is the average of three replicates; *** p-value is in the range [0, 0.001]; DAS—Days After Spraying;
LSD = Least Significant Difference; t = critical value of t; p-values shows the level of significance; values followed
by the same letter are not significantly different from one another.

Table 2. Efficacy of 10 recommended insecticides against okra fruit and shoot borer (Earias spp.)
compared to a no insecticidal control in regard to the percentage of fruit infestation on a number
basis following the application of two insecticidal spray treatments.

S.
No. Treatments Dose

Percent Fruit Infestation on Number Basis
after 1st Spray

Percent Fruit Infestation on Number Basis
after 2nd Spray Yield

(Metric
Tons)Before

1st Spray 3 DAS 7 DAS 10 DAS Before 2nd
Spray 3 DAS 7 DAS 10 DAS

T1 Neem oil 3–4 mL/L water 29.76 ab,* 16.76 g 16.24 g 15.94 g 15.67 c,* 14.90 g 13.36 g 12.39 g 4.08 d

T2 Neem Seed Kernal Extract 5% 50 mL/L water 24.92 bc 13.70 h 13.22 h 13.10 h 15.10 c 10.33 j 9.42 i 8.16 j 4.44 b

T3 Nimbicidine 300 ppm 2.5 L/ha 34.54 a 18.56 f 18.24 f 18.91 f 19.89 bc 15.60 f 14.18 f 13.79 f 3.96 e

T4 Beauveria bassiana 1 × 109 cfu 4 Kg/ha 26.69 abc 26.16 b 26.66 b 26.08 b 23.00 b 22.65 b 22.14 b 21.71 b 3.27 i

T5 Fenvalerate 20% EC 300–375 mL/ha 29.21 abc 24.19 c 23.09 cd 23.91 c 22.69 b 17.31 e 16.26 e 15.13 e 3.77 f

T6 Chlorantraniliprole 18.5% SC 125 mL/ha 20.71 c 10.53 i 9.26 i 9.10 i 7.93 d 7.33 k 6.10 j 6.03 k 4.59 a

T7 Malathion 50% EC 1000–1250 mL/ha 22.88 bc 21.56 e 20.76 e 20.00 e 19.76 bc 12.84 h 11.65 h 10.94 h 4.22 c

T8 Fenpropathrin 30% EC 250–340 mL/ha 25.36 bc 24.60 c 23.92 c 24.33 c 22.74 b 18.60 d 17.98 d 16.30 d 3.65 g

T9 Lambda- cyhalothrin 4.9% CS 300 mL/ha 31.00 ab 23.11 d 22.18 d 21.23 d 22.69 b 21.50 c 20.86 c 19.96 c 3.45 h

T10 Pyriproxyfen 5% EC+
fenpropathrin 15% EC 500–750 mL/ha 27.06 abc 13.24 h 13.10 h 13.03 h 14.83 c 11.22 i 9.98 i 8.75 i 4.39 b

T11 Control Untreated 27.09 abc 33.76 a 39.02 a 40.54 a 37.30 a 32.93 a 28.50 a 25.30 a 3.12 j

Mean 27.20 20.65 20.51 20.56 20.14 16.84 15.49 14.41 3.9

t value 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.07

LSD 8.84 0.81 0.96 0.72 6.67 0.65 0.61 0.40 0.11

p-value 0.16 <0.001 *** <0.001 *** <0.001 *** <0.001 *** <0.001 *** <0.001 *** <0.001 *** <0.001 ***

F-value 1.65 625.17 622.00 1201.55 10.64 1037.82 978.93 1950.78 170.3

df 10 10 10 10 10 10 10 10 10

* Each value is the average of three replicates; *** p-value is in the range [0, 0.001]; DAS—Days After Spraying;
LSD = Least Significant Difference; t = critical value of t; df = degree of freedom, p-values shows the level of
significance; values followed by the same letter are not significantly different from one another.
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Table 3. Efficacy of 10 recommended insecticides against okra fruit and shoot borer (Earias spp.)
as compared to a no insecticidal control in regard to the percent fruit infestation on a weight basis
following the application of two insecticidal spray treatments.

S.
No. Treatments Dose

Percent Fruit Infestation on Weight Basis
after 1st Spray

Percent Fruit Infestation on Weight Basis
after 2nd Spray

Before Spray 3 DAS 7 DAS 10 DAS Before Spray 3 DAS 7 DAS 10 DAS

T1 Neem oil 3–4 mL/L water 31.42 abc,* 18.76 g 18.24 g 17.94 g 18.00 cd,* 16.89 g 15.36 g 14.39 g

T2 Neem Seed Kernal Extract 5% 50 mL/L water 27.25 bcd 15.70 h 15.22 h 15.10 h 16.80 de 12.33 j 11.42 i 10.16 j

T3 Nimbicidine 300 ppm 2.5 L/ha 36.14 a 20.56 f 20.24 f 20.89 f 21.56 bcd 17.60 f 16.18 f 15.79 f

T4 Beauveria bassiana 1 × 109 cfu 4 Kg/ha 28.68 abcd 28.16 b 28.66 b 28.08 b 25.00 b 24.65 b 24.14 b 23.71 b

T5 Fenvalerate 20% EC 300–375 mL/ha 31.74 abc 26.19 c 25.09 cd 25.91 c 24.47 bc 19.31 e 18.26 e 17.13 e

T6 Chlorantraniliprole 18.5% SC 125 mL/ha 23.04 d 12.53 i 11.26 i 11.10 i 10.76 e 9.33 k 8.10 j 8.03 k

T7 Malathion 50% EC 1000–1250 mL/ha 24.88 cd 23.56 e 22.42 e 22.00 e 21.76 bcd 14.84 h 13.65 h 12.94 h

T8 Fenpropathrin 30% EC 250–340 mL/ha 27.42 bcd 26.60 c 25.92 c 26.33 c 24.74 b 20.60 d 19.98 d 18.30 d

T9 Lambda-cyhalothrin 4.9% CS 300 mL/ha 33.00 ab 25.11 d 24.12 d 23.23 d 24.68 b 23.50 c 22.86 c 21.96 c

T10 Pyriproxyfen 5% EC+
fenpropathrin 15% EC 500–750 mL/ha 28.50 abcd 15.24 h 15.10 h 15.03 h 16.83 de 13.22 i 11.98 i 10.75 i

T11 Control untreated 29.09 abcd 35.42 a 41.02 a 42.54 a 39.31 a 34.93 a 30.50 a 27.30 a

Mean 29.20 22.62 22.48 22.55 22.17 18.84 17.49 16.41

t value 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08

LSD 7.97 0.69 0.998 0.72 6.60 0.65 0.61 0.40

p-value 0.11 <0.001 *** <0.001 *** <0.001 *** <0.001 *** <0.001 *** <0.001 *** <0.001 ***

F-value 1.90 856.04 575.77 1201.66 10.48 1040.0 978.93 1950.78

df 10 10 10 10 10 10 10 10

* Each value is the average of three replicates; *** p-value is in the range [0, 0.001]; DAS—Days After Spraying;
LSD = Least Significant Difference; t = critical value of t; df = degree of freedom, p-values shows the level of
significance; values followed by the same letter are not significantly different from one another.

3.2. Earias Infestation following the First Insecticidal Spray

All 10 insecticide treatments had a significantly lower percentage of shoot infestation
compared to the no insecticide control after three (F(10) = 872.09, p < 0.001; LSD = 0.77), seven
(F(10) = 938.08, p < 0.001, LSD = 0.74) and ten (F(10) = 1718.99, p < 0.001, LSD = 0.58) days after
the first insecticide application (Table 1). The number of infested fruits on all insecticide
treated plots was found to be significantly lower compared to the no insecticide control
after three (F(10) = 625.17, p < 0.001; LSD = 0.81), seven (F(10) = 622.00, p < 0.001, LSD = 0.96),
and ten (F(10) = 1201.55, p < 0.001, LSD = 0.72) days following the first insecticide application
(Table 2). Likewise, all insecticide treatment plots were found to have a significantly lower
percentage of infested fruit on a weight basis compared to the control across all three
time points (three days—F(10) = 856.04, p < 0.001; LSD = 0.69, seven days—F(10) = 575.77,
p < 0.001; LSD = 0.998, ten days—F(10) = 1201.66, p < 0.001; LSD = 0.72).

Consistently, chlorantraniliprole 18.5% SC had the lowest, while B. bassiana 1% WP had
the highest percentage of shoot infestation (Table 1), fruit infestation on a number (Table 2)
and weight basis (Table 3) across all three time points. We found that shoot infestation
differed significantly among most of the insecticide treatment plots. However, results for
fenvalerate 20% EC were like fenpropathrin 30% EC on the third day, and fenvalerate
20% EC showed results similar to malathion 50% on seventh and tenth days after the 1st
insecticidal application. In addition, the efficacy of most insecticides was significantly
different in regard to the number (Table 1) and weight (Table 2) of infested fruit. However,
Pyriproxyfen 5% EC + fenpropathrin 15% EC was found to not differ significantly to Neem
Seed Kernal Extract 5%, while fenvalerate 20% EC did not differ to fenpropathrin 30% EC
after the 1st spray.

3.3. Earias Infestation before the Second Insecticidal Spray

Following the initial spray but before the second application of insecticide (day 11), all
treatment plots had significantly fewer infested shoots (F(10) = 30.71, p < 0.001, LSD = 2.64),
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and infested fruit on a number (F(10) = 10.64, p < 0.001, LSD = 6.68) and weight (F(10) = 10.48,
p < 0.001, LSD = 6.60) basis, compared to the control.

3.4. Earias Infestation following the Second Insecticidal Spray

All insecticidal treatment plots had significantly lower numbers of infested shoots fol-
lowing the second insecticide application compared to the control, after three (F(10) = 971.18,
p < 0.001; LSD = 0.49), seven (F(10) = 1158.89, p < 0.001, LSD = 0.44), and ten (F(10) = 2392.12,
p < 0.001, LSD = 0.32) days. The percent of infested fruits, on a number basis, was also
significantly lower compared to the control, following the second insecticide application,
after three (F(10) = 1037.82, p < 0.001; LSD = 0.65), seven (F(10) = 978.93, p < 0.001, LSD = 0.61)
and ten (F(10) = 1950.78, p < 0.001, LSD = 0.40) days. Likewise, the weight of infested fruits
was significantly lower across all treatment plots compared to the control after three days
(F(10) = 1040.0, p < 0.001; LSD = 0.65), seven days (F(10) = 978.93, p < 0.001; LSD = 0.61), and
ten days (F(10) = 1950.78, p < 0.001; LSD = 0.40).

Consistently, chlorantraniliprole 18.5%SC had the lowest percentage of infested shoots
(Table 1) and infested okra fruits on both a number (Table 2) and weight basis (Table 3)
across all time points (three, seven, and ten days). Whilst B. bassiana 1% WP had the highest
percentage of infested shoots and fruits compared to all other insecticides (Tables 1–3),
most insecticidal treatments significantly differed from one another in terms of infested
shoots, except neem oil and nimbicidine 300 ppm, which did not differ after the second
application of the insecticide. In addition, significant differences were observed regarding
the number and weight of infested fruits, among all of the insecticide treatments, except
pyriproxyfen 5% EC + fenpropathrin 15% EC which did not differ to Neem Seed Kernal
Extract 5% on seventh day following the second spray.

3.5. Effect of Insecticides on Okra Yield

Of the okra plants treated with an insecticide, chlorantraniliprole 18.5% SC had the
highest cumulative yield (4.59 metric tons/ha) (Figure 1) whilst the fungi, B. bassiana 1% WP,
had the lowest yield (3.27 metric tons/ha). However, this was still significantly higher than the
no insecticidal control which yielded 3.12 metric tons/ha. Analysis of randomized complete
block design revealed all other insecticidal treatments significantly differed from one another
in terms of the total cumulative yield (F(10) = 170.3, p < 0.001, LSD = 0.11) (Table 1).
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denote the standard error (mean ± SE). Bars with a different letter indicates that the treatments are
significantly different based on Fisher’s LSD at α = 0.05. Here, NSKE = Neem Seed Kernal Extract;
Nimb = Nimbicidine; B. bassiana = Beauveria bassiana; Fenv = Fenvalerate; CAP = Chlorantraniliprole;
Mal = Malathion; Fenpro = Fenpropathrin; Lambda = Lambda-cyhalothrin; Pyri+Fen = Pyriproxyfen
5% EC + fenpropathrin 15% EC.

3.6. GCMS/MS Analysis of Chlorantraniliprole 18.5% SC Residue in Okra Fruit and Soil

GCMS/MS revealed that on the same day that the recommended (125 mL/ha) and
double strength chlorantraniliprole 18.5% SC (250 mL/ha) was applied, both the fruit
and soil samples were below the MRL (0.3 mg/kg) within one hour following the spray
application of the insecticide (Table 4). The LOQ (the level at which the residue cannot
be detected in the sample) of 0.01 mg/kg, was reached seven days after the application
of the recommended dose and 10 days after the double strength dose (Table 4). The LOQ
within the soil collected from plots exposed to the recommended and double strength
chlorantraniliprole 18.5% SC was reached on the same day as the application of the spray
treatments (Table 4).

Table 4. Residues (mg kg−1) * of chlorantraniliprole in okra fruits at single and double dose.

Days after
Treatment

Chlorantraniliprole Residue (mg kg−1)

Recommended Dose of
CAP (125 mL/ha)

Double Strength Dose
of CAP (250 mL/ha) Control

Average
Residues ± SD

%
Dissipation

Average
Residues ± SD

%
Dissipation

Average
Residues ± SD

0 0.083 ± 0.008 - 0.144 ± 0.006 - ND

1 0.057 ± 0.006 31.33 0.101 ± 0.006 30.10 ND

3 0.025 ± 0.004 70.48 0.056 ± 0.004 60.90 ND

5 0.016 ± 0.001 81.33 0.019 ± 0.002 86.51 ND

7 <LOQ - 0.015 ± 0.003 89.62 ND

10 - - <LOQ - ND

Soil at time of
harvest <LOQ <LOQ

Correlation Coefficient r = −0.984
Regression Equation y = −0.147x + 1.891

R2 = 0.984 t1/2 = 2.04 days

Correlation Coefficient r = −0.971
Regression Equation y = −0.148x + 2.149

R2 = 0.971 t1/2 = 2.06 days
CAP = chlorantraniliprole 18.5% SC; ND = Not detected; t1/2 = half-life; CD (p = 0.05) for days = 0.002; for
dose = 0.002; for days× dose = 0.004; For regression equation [residues (mg kg−1)× 103] is taken. * Average ± SD
of three replicates; LOQ, Limit of Quantification (0.01 mg kg−1).

4. Discussion

This study evaluated and compared the efficacy of ten insecticides that are chemical,
biological, or botanical in nature, and which are endorsed by the Indian Government
(CIB&RC) against okra shoot and fruit borer. We found that all of the 10 insecticides used in
this study were highly effective in controlling Earias spp. within the trial period regardless
of whether they were botanical, biological, or chemical in nature. Our experiment demon-
strated that the chemical-based insecticide, chlorantraniliprole 18.5% SC, was the most
effective against shoot and fruit borer (lowest shoot infestation, lowest fruit infestation and
highest yield) when compared to all other insecticide treatments tested. We also found
that chlorantraniliprole 18.5% SC significantly decreased infestation in okra fruits three
days after the initial spray application. This indicates the fast action of chlorantraniliprole
18.5% SC against Earias spp. Our results confirm previous research, that chlorantranilip-
role 18.5% SC was the most effective insecticide against Earias spp. on okra [47,48] and
cotton [49] crops when compared to a range of other insecticides which differed in terms of
both their modes of action and chemical nature.

Chlorantraniliprole 18.5% SC belongs to the anthranilic diamide group, which is a
new group of chemicals that has emerged as one of the most effective groups of insecti-
cides [50]. Chlorantraniliprole 18.5% SC has been found to control insects via activation



Horticulturae 2023, 9, 356 9 of 14

of the ryanodine receptors which leads to uncontrolled calcium release in the muscles of
the target insect [50]. Chlorantraniliprole 18.5% SC has been found to be fast-acting [51]
and highly effective in controlling a broad range of pests in the order Lepidoptera [50], in-
cluding Spodoptera frugiperda [52], Leucinodes orbonalis [53], Ostrinia nubilalis [54], Helicoverpa
armigera [55], and Earias spp. [56]. Whilst chlorantraniliprole 18.5% SC has been shown to
have specific selectivity for the target pests [57], it has also been shown to have low toxicity
for many beneficial organisms like pollinators [58,59], as well as natural enemies, including
both predators and parasitoids [60–64]. However, a study which contrasted the activity
levels of pollinating bees found that bees exposed to chlorantraniliprole 18.5% SC took
longer to return to normal activity patterns compared to bees exposed to Neem Seed Kernal
Extract [65]. Thus, there is trade-off between the most effective insecticide and those that
have a lower level of toxicity towards non-target insects.

We found that the efficacy of the botanical insecticides; used in this study, Neem oil,
Neem Seed Kernal Extract 5%, Nimbicidine 300 ppm, was significantly less efficient in
controlling Earias spp. fruit infestation compared to chlorantraniliprole 18.5% SC, however, it
was significantly more effective than the no insecticidal control. Likewise, some other studies
have also found neem products to be highly effective against Earias spp. in okra in Bangladesh
and southern part of India [66,67]. Neem based botanical insecticides are known to have low
toxicity and residual effects [68], which indicates a lowered risk to natural enemies (predators
and parasitoids) [68]. Furthermore, neem-based insecticides are cost effective and can be
prepared by farmers at their home [69], making their use highly practical and economical
when compared to chemical insecticides. The difference between the effectiveness of neem
products may be due to the differences in the concentration of the active ingredients [70]. This
is highlighted by previous studies which found that neem-based insecticides with a higher
concentration of active ingredients (azadirachtin) were more effective against a range of pests,
including Plutella xylostella [71] and Coptotermes gestroi [72].

Infestation of Earias spp. was also significantly less in the plots treated with IGR (pyriprox-
yfen) and synthetic pyrethroids (fenvelerate, fenpropathrin, and lambda-cyhalothrin) as com-
pared to the control, a result which has also been found in other studies on okra crop [73].
Although synthetic pyrethroids were not as effective against Earias spp. infestation compared
to chlorantraniliprole 18.5% SC, the multiple modes of action that these insecticides provide
may allow better control over pests [74,75] due to their synergistic effects [76–78].

It took 10 days for the fungal insecticide B. bassiana 1% WP to reach the same reduced
level of fruit and shoot infestation observed for all other insecticide treatments three days
after the initial spray. The difference in activity against Earias spp. infestation observed
between chemical insecticides and the fungal insecticides used in our study may, in part,
be due to of the climatic field conditions experienced during our experiment [79]. The
fungi (B. bassiana) depends on specific abiotic factors, including certain temperature, sun-
light, moisture, and humidity levels [79] for inoculum buildup, storage, and development.
Furthermore, for the B. bassiana to develop spores and reproduce, it depends on the micro-
environment of the host body surfaces as well [80]. Hence, it is likely that climatic factors
may have limited the effectiveness of B. bassiana against Earias spp. infestation as the region
of Haryana where this experiment was conducted experiences high temperatures.

Despite the clear effectiveness of chlorantraniliprole 18.5% SC as an insecticide, there
is the possibility that Earias spp. could become resistant when the chemical is used in excess
or for an extended period of time [81]. Resistance to other anthranilic diamide insecticides
has already been reported for lepidopteran pests, e.g., Plutella xylostella [81,82] and Tuta
absoluta [83,84]. Thus, caution needs to be taken in relying solely upon one chemical,
such as chlorantraniliprole 18.5% SC, as the primary method of control as this is likely to
promote the development of insecticide resistance in Earias spp. if used continuously or
inappropriately [84].

Analysis of the residue from both okra fruits and the surrounding cultivated soil
exposed to the recommended and a double strength dose of chlorantraniliprole 18.5% SC
showed that MRL is achieved on the same day as the insecticide application, which is ideal,



Horticulturae 2023, 9, 356 10 of 14

given fruits are continually harvested throughout the fruiting season. Our study found
that LOQ for fruits exposed to the recommended dose of chlorantraniliprole 18.5% SC
was reached seven days after the spray application under field conditions in Haryana.
A similar study which used the recommended dose of chlorantraniliprole 18.5% SC on
okra, conducted in Tamil Nadu, India, found that the LOQ was reached 10 days after the
insecticide application [85]. The difference between these studies could be attributed to the
environmental conditions under which each experiment was conducted [86,87], with Tamil
Nadu being a coastal region which experiences greater humidity than Hisar, Haryana,
which is located in a semi-arid region.

Similarly, studies which have also examined the chemical residual nature of chlo-
rantraniliprole 18.5% SC in vegetable crops exposed to the recommended dose, found that
the insecticide reached the LOQ in seven days for eggplant [88], seven days in cabbage [89],
21 days in tomato [90], and seven days in capsicum [91]. Differences in the time to reach
the LOQ are primarily driven by the dissipation behavior of chlorantraniliprole 18.5% SC
which is dependent on the environmental conditions, dosage of insecticide applied, and
the plant species being treated [92,93].

5. Conclusions

All insecticides used in this experiment were effective against Earias spp. infestation
and as a result we recommend consistent monitoring of pests with the use of target specific
insecticides that balance the effectiveness of the insecticide against the toxicity of the
chemical towards non-target insects. Residue of okra fruit following the recommend and
a double dose of chlorantraniliprole 18.5% SC reached the safe level, that is MRL, on the
same day as the insecticide application and reached LOQ within one week and 10 days,
respectively. Additionally, chlorantraniliprole 18.5% SC was not detected in the soil on the
same day as the insecticide was applied. The insecticide that was consistently the least
effective, the botanical fungal insecticide B. bassiana, may have been limited by the climatic
field conditions experienced during the experiment.

Author Contributions: S.S., D.K., S.A. and K.R. designed the experiment; S.S. undertook the field
work and data collection; S.S., D.K., R.C. and A.-M.G. analyzed the data; S.S., D.K., R.C. and A.-M.G.
contributed to the manuscript writing. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding, but the APC was funded by Western Sydney
University, Australia.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors are thankful to Head of the Department, Department of Entomology,
College of Agriculture, CCS Haryana Agricultural University, Hisar, India, for providing facilities,
input requirements and all the advice needed for the experiment.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Alexandratos, N.; Bruinsma, J. World Agriculture towards 2030/2050: The 2012 Revision; ESA Working paper No. 12-03; FAO: Rome,

Italy, 2012.
2. Brunner, J.F.; Beers, E.H.; Dunley, J.E.; Doerr, M.; Granger, K. Role of neonicotinyl insecticides in Washington apple Integrated

Pest Management. Part I. Control of lepidopteran pests. J. Insect Sci. 2005, 5, 14. [CrossRef] [PubMed]
3. Tudi, M.; Daniel Ruan, H.; Wang, L.; Lyu, J.; Sadler, R.; Connell, D.; Chu, C.; Phung, D.T. Agriculture development, pesticide

application and its impact on the environment. Int. J. Environ. Res. Public Health 2021, 18, 1112. [CrossRef] [PubMed]
4. Oerke, E.-C. Crop losses to pests. J. Agric. Sci. 2006, 144, 31–43. [CrossRef]
5. Weinberger, K.; Srinivasan, R. Farmers’ management of cabbage and cauliflower pests in india and their approaches to crop

protection. J. Asia-Pac. Entomol. 2009, 12, 253–259. [CrossRef]
6. Kodandaram, M.; Rai, A.; Halder, J. Novel insecticides for management of insect pests in vegetable crops: A Review. Veg. Sci.

2010, 37, 109–123.

http://doi.org/10.1093/jis/5.1.14
http://www.ncbi.nlm.nih.gov/pubmed/16341246
http://doi.org/10.3390/ijerph18031112
http://www.ncbi.nlm.nih.gov/pubmed/33513796
http://doi.org/10.1017/S0021859605005708
http://doi.org/10.1016/j.aspen.2009.08.003


Horticulturae 2023, 9, 356 11 of 14

7. Shabozoi, N.U.K.; Abro, G.H.; Syed, T.S.; Awan, M.S. Economic appraisal of pest management options in okra. Pak. J. Zool. 2011,
43, 869–878.

8. Bhutto, Z.A.; Magsi, F.H.; Soomro, A.A.; Ahmed, M.; Channa, N.A.; Lashari, S.H.; Mangi, S.; Junejo, A.A. Integrated pest
management of okra insect pests. Int. J. Fauna Biol. Stud. 2017, 4, 39–42.

9. Anonymous. Horticultural Statistics at a Glance; Horticulture Statistics Division, Department of Agriculture, Cooperation &
Farmers’ Welfare, Ministry of Agriculture & Farmers’ Welfare, Government of India: New Delhi, India, 2018; Volume 196, p. 10.

10. Biswas, S.; Mahato, B.; Panda, P.; Guha, S. Effect of different does of nitrogen on insect pest attack and yield potentiality of okra,
Abelmonschus Esculentus (L.) Moench at Terai ecology of West Bengal. J. Entomol. Res. 2013, 33, 219–222.

11. Misra, H.P.; Dash, D.D.; Mahapatra, D. Efficacy of some insecticides against okra fruit borer, Earias spp. and leafroller, Sylepta
derogata Fab. Ann. Plant prot. Sci. 2002, 10, 51–54.

12. Chauhan, H.K.; Singh, K. Potancy of Vermiwash with Neem plant parts on the Infestation of Earias vittella (Fabricius) and
Productivity of okra (Abelmoschus esculentus) (L.) Moench. Asian J. Res. Pharm. Sci. 2015, 5, 36–40.

13. Mohammad, A.; Alam, S.N.; Miah, M.R.U.; Amin, M.R.; Saif, H.B. Bio-rational management packages of jassid and shoot and
fruit borer of okra. Bangladesh J. Agric. Res. 2018, 43, 323–332. [CrossRef]

14. Rahman, M.M.; Uddin, M.M.; Shahjahan, M. Management of okra shoot and fruit borer, Earias vittella (Fabricius) using chemical
and botanical insecticides for different okra varieties. Int. Res. J. Appl. Life Sci. 2013, 2, 1–9.

15. Bashoum, A.S.H.; Osman, S.-A.A. A Toxicity Study of Some Plant Extracts Synergized with Sesame Oil against the Spiny
Bollworm Earias Insulana. Ph.D. Thesis, Sudan University of Science and Technology, Khartoum, Sudan, 2016.

16. Javed, M.; Majeed, M.; Sufyan, M.; Ali, S.; Afzal, M. Field efficacy of selected synthetic and botanical insecticides against
lepidopterous borers, Earias Vittella and Helicoverpa Armigera (Lepidoptera: Noctuidae), on okra (Abelmoschus Esculentus (L.)
Moench). Pak. J. Zool. 2018, 50, 2019–2028. [CrossRef]

17. Choudhury, M.A.R.; Mondal, M.F.; Khan, A.U.; Hossain, M.S.; Azad, M.O.K.; Prodhan, M.D.H.; Uddain, J.; Rahman, M.S.;
Ahmed, N.; Choi, K.Y.; et al. Evaluation of biological approaches for controlling shoot and fruit borer (Earias Vitella F.) of okra
grown in peri-urban area in Bangladesh. Horticulturae 2021, 7, 7. [CrossRef]

18. El-Naggar, A.Z. Efficacy of some foliar fertilizers and alternative chemicals on the spiny bollworm, Earias Insulana (Boisd.) larvae
(Lepidoptera: Noctuidae). Alex. J. Agric. Res. 2009, 54, 139–146.

19. El-Naggar, A.Z.; Tawfeek, M.E. Efficacy of some foliar fertilizers and alternative chemicals on the spiny bollworm, Earias Insulana
(Boisd.) larvae (Lepidoptera: Noctuidae) and their side effect on protease activity. J. Entomol. 2012, 9, 375–381. [CrossRef]

20. Khanzada, A.G. Pyrethroids against Spiny Bollworm. Pak. J. Agric. Res. 2002, 17, 199–200.
21. Younis, A.M.; Hamouda, S.H.H.; Ibrahim, S.A.; Zeitoun, Z.a.M. Field evaluation of certain pesticides against the cotton bollworms

with special reference to their negative impact on beneficial arthropods (2006 Cotton Season, Minia Region, Egypt). In Proceedings
of the Eighth African Crop Science Society Conference, El-Minia, Egypt, 27–31 October 2007; pp. 993–1002.

22. Jadhav, R.P.; Mundhe, D.R.; Bhosle, B.B.; Yadav, G.A. Bioefficacy of new insecticide acetamaprid 20 SP and indoxacarb 14.5 SC
against bollworm complex of Cotton. Pestic. Res. J. 2009, 21, 150–154.

23. Ratan, D.; Deb, P.; Pandey, H.; Sarkar, M. Insecticidal resistance of okra fruit borer (Earias Vittella) and its management. Int. J.
Curr. Microbiol. Appl. Sci. 2017, 6, 2932–2941. [CrossRef]

24. Ahmad, M.; Iqbal Arif, M. Resistance of Pakistani field populations of spotted bollworm Earias Vittella (Lepidoptera: Noctuidae)
to pyrethroid, organophosphorus and new chemical insecticides. Pest Manag. Sci. 2009, 65, 433–439. [CrossRef]

25. Jan, M.T.; Abbas, N.; Shad, S.A.; Saleem, M.A. Resistance to organophosphate, pyrethroid and biorational insecticides in
populations of spotted bollworm, Earias Vittella (Fabricius) (Lepidoptera: Noctuidae), in Pakistan. Crop. Prot. 2015, 78, 247–252.
[CrossRef]

26. Kranthi, K.R.; Jadhav, D.; Wanjari, R.; Kranthi, S.; Russell, D. Pyrethroid resistance and mechanisms of resistance in field strains of
Helicoverpa Armigera (Lepidoptera: Noctuidae). J. Econ. Entomol. 2001, 94, 253–263. [CrossRef] [PubMed]

27. Franco-Bernardes, M.F.; Pazin, M.; Pereira, L.C.; Dorta, D.J. Impact of pesticides on environmental and human health. In Toxicology
Studies—Cells, Drugs and Environment; IntechOpen: London, UK, 2015. [CrossRef]

28. Maggi, F.; Tang, F.H.M. Estimated decline in global earthworm population size caused by pesticide residue in soil. Soil Secur.
2021, 5, 100014. [CrossRef]

29. Siviter, H.; Koricheva, J.; Brown, M.J.F.; Leadbeater, E. Quantifying the impact of pesticides on learning and memory in bees.
J. Appl. Ecol. 2018, 55, 2812–2821. [CrossRef]

30. Sponsler, D.B.; Grozinger, C.M.; Hitaj, C.; Rundlöf, M.; Botías, C.; Code, A.; Lonsdorf, E.V.; Melathopoulos, A.P.; Smith, D.J.;
Suryanarayanan, S.; et al. Pesticides and Pollinators: A socioecological synthesis. Sci. Total Environ. 2019, 662, 1012–1027.
[CrossRef] [PubMed]

31. Scott, I.M.; Jensen, H.; Scott, J.G.; Isman, M.B.; Arnason, J.T.; Philogène, B.J.R. Botanical insecticides for controlling agricultural
pests: Piperamides and the colorado potato beetle Leptinotarsa Decemlineata Say (Coleoptera: Chrysomelidae). Arch. Insect Biochem.
Physiol. 2003, 54, 212–225. [CrossRef] [PubMed]

32. Raghavendra, K.V.; Gowthami, R.; Lepakshi, N.; Dhananivetha, M.; Shashank, R. Use of botanicals by farmers for integrated pest
management of crops in Karnataka. Asian Agri-Hist. 2016, 20, 173–180.

33. Nayak, P. Dibyarani Botanical pesticides: An insecticide from plant derivatives. Biot. Res. Today 2020, 2, 727–730.

http://doi.org/10.3329/bjar.v43i2.37335
http://doi.org/10.17582/journal.pjz/2018.50.6.2019.2028
http://doi.org/10.3390/horticulturae7010007
http://doi.org/10.3923/je.2012.375.381
http://doi.org/10.20546/ijcmas.2017.606.348
http://doi.org/10.1002/ps.1702
http://doi.org/10.1016/j.cropro.2015.09.020
http://doi.org/10.1603/0022-0493-94.1.253
http://www.ncbi.nlm.nih.gov/pubmed/11233122
http://doi.org/10.5772/59710
http://doi.org/10.1016/j.soisec.2021.100014
http://doi.org/10.1111/1365-2664.13193
http://doi.org/10.1016/j.scitotenv.2019.01.016
http://www.ncbi.nlm.nih.gov/pubmed/30738602
http://doi.org/10.1002/arch.10118
http://www.ncbi.nlm.nih.gov/pubmed/14635182


Horticulturae 2023, 9, 356 12 of 14

34. Koskor, E.; Muljar, R.; Drenkhan, K.; Karise, R.; Bender, A.; Viik, E.; Luik, A.; Mänd, M. The chronic effect of the botanical
insecticide neem EC on the pollen forage of the bumble bee Bombus Terrestris L. Agron. Res. 2009, 7, 341–346.

35. Hameed, A.; Shah, F.H.; Mehmood, M.A.; Karar, H.; Siddique, B.; Nabi, S.K.; Pasha, A.M.; Khaliq, Z. Comparative efficacy of five
medicinal plant extracts against Rosa indica pests and elaboration of hazardous effects on pollinators and predators. Pak. Entomol.
2013, 35, 145–150.

36. Campos, E.V.R.; de Oliveira, J.L.; Pascoli, M.; de Lima, R.; Fraceto, L.F. Neem oil and crop protection: From now to the future.
Front. Plant Sci. 2016, 7, 1494. [CrossRef] [PubMed]

37. Oguh, C.; Ogechi, O.; Ubani, C.; Okekeaji, U.; PS, J.; Ugochukwu, E. Natural pesticides (Biopesticides) and uses in pest
management-A critical review. Asian J. Biotechnol. Genet. Eng. 2019, 2, 1–18.

38. Samada, L.H.; Tambunan, U.S.F. Biopesticides as promising alternatives to chemical pesticides: A review of their current and
future status. OnLine J. Biol. Sci. 2020, 20, 66–76. [CrossRef]

39. Shoiful, H.; Fujita, I.; Watanabe, K. Honda Concentrations of organochlorine pesticides (OCPs) residues in foodstuffs collected
from traditional markets in Indonesia. Chemosphere 2013, 90, 1742–1750. [CrossRef] [PubMed]

40. Prado-Lu, D.; Leilanie, J. Insecticide residues in soil, water, and eggplant fruits and farmers’ health effects due to exposure to
pesticides. Environ. Health Prev. Med. 2015, 20, 53–62. [CrossRef] [PubMed]

41. Anonymous. Package of Practices for Fruits and Vegetables; CCS Haryana Agricultural University: Hisar, India, 2019; pp. 183–186.
42. Kaur, S.; Ginday, K.K.; Singh, S. Economic Threshold Level (ETL) of okra shoot and fruit borer, Earias spp. on okra. Afr. J. Agric.

Res. 2015, 10, 697–701.
43. Kumar, U.; Singh, D.V.; Sachan, S.K.; Bhatnagar, A.; Singh, R. Insect pest complex of okra and biology of shoot and fruit borer,

Earias vittella (F.). Indian J. Entomol. 2014, 76, 29–31.
44. R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for statistical Computing: Vienna, Austria,

2019; Available online: https://www.R-project.org/ (accessed on 9 June 2020).
45. Gupta, S.; Gajbhiye, V.T.; Sharma, R.K.; Gupta, R.K. Dissipation of cypermethrin, chlorpyriphos, and profenofos in tomato fruits

and soil following application of pre-mix formulations. Environ. Monit. Assess. 2011, 174, 337–345. [CrossRef] [PubMed]
46. Kumari, B.; Madan, V.K.; Kathpal, T.S. Status of pesticide contamination of soil and water in Haryana, India. Environ. Monit.

Assess. 2008, 136, 239–244. [CrossRef] [PubMed]
47. Hosamani, A.C.; Chowdary, L.R.; Bheemanna, M.; Hanchinal, S.G. Field bioefficacy of Rynaxypyr 20 SC against fruit borer

complex in okra. Ann. Plant Prot. Sci. 2011, 19, 463–464.
48. Rakshith, K.A.; Kumar, A. Field efficacy of selected insecticides and neem products against shoot and fruit borer [Earias vittella

(Fabricius)] on okra [Abelmoschus esculentus (L.) Moench]. Int. J. Curr. Microbiol. Appl. Sci. 2017, 6, 122–128. [CrossRef]
49. Dhawan, A.K.; Singh, R.; Singh, K.; Sharma, M. Efficacy of chlorantraniliprole against bollworm complex on Cotton. J. Insect Sci.

2009, 22, 248–253.
50. Lahm, G.P.; Cordova, D.; Barry, J.D. New and selective ryanodine receptor activators for insect control. Bioorganic Med. Chem.

2009, 17, 4127–4133. [CrossRef] [PubMed]
51. Hannig, G.T.; Ziegler, M.; Marçon, P.G. Feeding cessation effects of chlorantraniliprole, a new anthranilic diamide insecticide, in

comparison with several insecticides in distinct chemical classes and mode-of-action groups. Pest Manag. Sci. 2009, 65, 969–974.
[CrossRef] [PubMed]

52. Hardke, J.T.; Temple, J.H.; Leonard, B.R.; Jackson, R.E. Laboratory toxicity and field efficacy of selected insecticides against Fall
Armyworm (Lepidoptera: Noctuidae). Fla. Entomol. 2011, 94, 272–278. [CrossRef]

53. Rajavel, D.S.; Mohanraj, A.; Bharathi, K. Efficacy of chlorantraniliprole (Coragen 20SC) against brinjal shoot and fruit borer,
Leucinodes orbonalis (Guen.). Pest Manag. Hortic. Ecosyst. 2011, 17, 28–31.

54. Huseth, A.S.; Groves, R.L.; Chapman, S.A.; Nault, B.A. Evaluation of diamide insecticides co-applied with other agrochemicals at
various times to manage Ostrinia nubilalis in processing snap bean. Pest Manag. Sci. 2015, 71, 1649–1656. [CrossRef]

55. Younas, A.Z.; Khan, W.; Wakil, M.; Shaaban, M.; Prager, S.M. The efficacy of Beauveria bassiana 1%WP, Jasmonic acid and
Chlorantraniliprole 18.5% SC on larval populations of Helicoverpa armigera in chickpea crop ecosystems. Pest Manag. Sci. 2016, 73,
418–424. [CrossRef]

56. Reddy, G.N.; Thara, K. Field Efficacy of Selected Bio-Agent and Insecticide against Shoot and Fruit Borer, Earias Vittella (Noctuidae:
Lepidoptera) on okra. J. Entomol. Zool. Stud. 2019, 7, 380–383.

57. Lahm, G.P.; Stevenson, T.M.; Selby, T.P.; Freudenberger, J.H.; Cordova, D.; Flexner, L.; Benner, E.A. Rynaxypyr™: A new
insecticidal anthranilic diamide that acts as a potent and selective ryanodine receptor activator. Bioorganic Med. Chem. Lett. 2007,
17, 6274–6279. [CrossRef]

58. Dinter, A.; Brugger, K.; Frost, N.M.; Woodward, M.D. Chlorantraniliprole 18.5% SC (Rynaxypyr): A novel DuPontTM insecticide
with low toxicity and low risk for honey bees (Apis mellifera) and bumble bees (Bombus terrestris) providing excellent tools for uses
in integrated pest management. In Proceedings of the 10th International Symposium of the ICP-Bee Protection Group, Bucharest,
Romania, 8–10 October 2008; pp. 84–96.

59. Gradish, A.E.; Scott-Dupree, C.D.; Shipp, L.; Harris, C.R.; Ferguson, G. Effect of reduced risk pesticides for use in greenhouse
vegetable production on Bombus impatiens (Hymenoptera: Apidae). Pest Manag. Sci. Former. Pestic. Sci. 2010, 66, 142–146.

http://doi.org/10.3389/fpls.2016.01494
http://www.ncbi.nlm.nih.gov/pubmed/27790224
http://doi.org/10.3844/ojbsci.2020.66.76
http://doi.org/10.1016/j.chemosphere.2012.10.022
http://www.ncbi.nlm.nih.gov/pubmed/23177005
http://doi.org/10.1007/s12199-014-0425-3
http://www.ncbi.nlm.nih.gov/pubmed/25413584
https://www.R-project.org/
http://doi.org/10.1007/s10661-010-1461-0
http://www.ncbi.nlm.nih.gov/pubmed/20440644
http://doi.org/10.1007/s10661-007-9679-1
http://www.ncbi.nlm.nih.gov/pubmed/17406996
http://doi.org/10.20546/ijcmas.2017.608.016
http://doi.org/10.1016/j.bmc.2009.01.018
http://www.ncbi.nlm.nih.gov/pubmed/19186058
http://doi.org/10.1002/ps.1781
http://www.ncbi.nlm.nih.gov/pubmed/19449341
http://doi.org/10.1653/024.094.0221
http://doi.org/10.1002/ps.3973
http://doi.org/10.1002/ps.4297
http://doi.org/10.1016/j.bmcl.2007.09.012


Horticulturae 2023, 9, 356 13 of 14

60. Dinter, A.; Brugger, K.; Bassi, A.; Frost, N.M.; Woodward, M.D. Chlorantraniliprole (DPX-E2Y45, DuPont™ Rynaxypyr®,
Coragen® and Altacor® insecticide)-a novel anthranilic diamide insecticide-demonstrating low toxicity and low risk for beneficial
insects and predatory mites. IOBC/Wprs Bull. 2008, 35, 128–135.

61. Brugger, K.E.; Cole, P.G.; Newman, I.C.; Parker, N.; Scholz, B.; Suvagia, P.; Walker, G.; Hammond, T.G. Selectivity of chlo-
rantraniliprole to parasitoid wasps. Pest Manag. Sci. 2010, 66, 1075–1081. [CrossRef]

62. Dinter, A.; Samel, A.; Frost, N.M.; Groya, F.L. Cyantraniliprole (DPXHGW86, DuPontTM CyazypyrTM)—A novel DuPont
insecticide with selectivity towards beneficial non-target arthropods. IOBC WPRS Bull. 2012, 82, 9–14.

63. Larson, J.L.; Redmond, C.T.; Potter, D.A. Comparative impact of an anthranilic diamide and other insecticidal chemistries on
beneficial invertebrates and ecosystem services in turfgrass. Pest Manag. Sci. 2012, 68, 740–748. [CrossRef] [PubMed]

64. Whalen, R.A.; Herbert, D.A.; Malone, S.; Kuhar, T.P.; Brewster, C.C.; Reisig, D.D. Effects of diamide insecticides on predators in
soybean. J. Econ. Entomol. 2016, 109, 2014–2019. [CrossRef] [PubMed]

65. Kambrekar, D.N.; Jahagirdar, S. Safety of insecticides to honeybees targeted for the management of Helicoverpa armigera in pigeon
pea. Appl. Ecol. Environ. Res. 2021, 19, 1661–1672. [CrossRef]

66. Zobayer, N.; Hasan, R. Effects of manually processed bio-pesticides on crop production and pest managements in okra (Abel-
moschus Esculentus (L.) Moench). J. Nat. Sci. Res. 2013, 5, 112–118.

67. Archunan, K.; Pazhanisamy, M. Field Evaluation of biorational insecticides against shoot and fruit Borer Earias vittella (Fabricious)
on Bhendi. Plant Arch. 2020, 20, 2587–2590.

68. Lengai, G.M.W.; Muthomi, J.W.; Mbega, E.R. Phytochemical activity and role of botanical pesticides in pest management for
sustainable agricultural crop production. Sci. Afr. 2020, 7, e00239. [CrossRef]

69. Dougoud, J.; Toepfer, S.; Bateman, M.; Jenner, W.H. Efficacy of homemade botanical insecticides based on traditional knowledge.
A review. Agron. Sustain. Develop. 2019, 39, 37. [CrossRef]

70. Isman, M.B.; Koul, O.; Luczynski, A.; Kaminski, J. Insecticidal and antifeedant bioactivities of neem oils and their relationship to
azadirachtin content. J. Agric. Food Chem. 1990, 38, 1406–1411. [CrossRef]

71. Verkerk, R.H.; Wright, D.J. Biological activity of neem seed kernel extracts and synthetic azadirachtin against larvae of Plutella
xylostella L. Pestic. Sci. 1993, 37, 83–91. [CrossRef]

72. Himmi, S.K.; Tarmadi, D.; Ismayati, M.; Yusuf, S. Bioefficacy performance of neem-based formulation on wood protection and
soil barrier against subterranean termite, Coptotermes gestroi Wasmann (Isoptera: Rhinotermitidae). Procedia Environ. Sci. 2013, 17,
135–141. [CrossRef]

73. Waghmode, S.; Lande, G.; Jawanjal, K.; Gavhane, R. Effect of insecticides and botanicals alone and in combination with fungicide
against okra shoot and fruit borer. J. Entomol. Zool. Stud. 2020, 8, 511–518.

74. Hsu, J.-C.; Feng, H.-T.; Wu, W.-J. Resistance and synergistic effects of insecticides in Bactrocera Dorsalis (Diptera: Tephritidae) in
Taiwan. J. Econ. Entomol. 2004, 97, 1682–1688. [CrossRef] [PubMed]

75. Odeyemi, O.O.; Masika, P.; Afolayan, A.J. A Review of the use of phytochemicals for insect pest control. Afr. Plant Prot. 2008, 14,
1–7. [CrossRef]

76. Quintela, E.D.; Mccoy, C.W. Pathogenicity Enhancement of Metarhizium anisopliae and Beauveria bassiana to First Instars of Diaprepes
abbreviatus (Coleoptera: Curculionidae) with sublethal doses of imidacloprid. Environ. Entomol. 1997, 26, 1173–1182. [CrossRef]

77. Purwar, J.P.; Sachan, G.C. Synergistic Effect of entomogenous fungi on some insecticides against bihar hairy caterpillar Spilarctia
Obliqua (Lepidoptera: Arctiidae). Microbiol. Res. 2006, 161, 38–42. [CrossRef]

78. Shakir, H.U.; Saeed, M.; Anjum, N.; Farid, A.; Khan, I.A.; Liaquat, M.; Badshah, T. Combined effect of entomopathogenic fungus
(Beauveria bassiana, imidacloprid and potassium silicate against Cnaphalocrocis Medinalis Guenée (Lepidoptera: Pyralidae) in
Rice Crop. J. Entomol. Zool. Stud. 2015, 3, 173–177.

79. Jaronski, S.T. Ecological factors in the inundative use of fungal entomopathogens. BioControl 2010, 55, 159–185. [CrossRef]
80. Faria, M.; Wraight, S.P. Biological control of Bemisia Tabaci with fungi. Crop Prot. 2001, 20, 767–778. [CrossRef]
81. Wang, X.; Wu, Y. High levels of resistance to chlorantraniliprole evolved in field populations of Plutella Xylostella. J. Econ. Entomol.

2012, 105, 1019–1023. [CrossRef] [PubMed]
82. Tamilselvan, R.; Kennedy, J.S.; Suganthi, A. Monitoring the resistance and baseline susceptibility of Plutella Xylostella (L.)

(Lepidoptera: Plutellidae) against Spinetoram in Tamil Nadu, India. Crop Prot. 2021, 142, 105491. [CrossRef]
83. Roditakis, E.; Vasakis, E.; Grispou, M.; Stavrakaki, M.; Nauen, R.; Gravouil, M.; Bassi, A. First report of Tuta absoluta resistance to

diamide insecticides. J. Pestic. Sci. 2015, 88, 9–16. [CrossRef]
84. Nauen, R.; Steinbach, D. Resistance to Diamide Insecticides in Lepidopteran Pests. In Advances in Insect Control and Resistance

Management; Springer: Cham, Switzerland, 2016; pp. 219–240.
85. Marriapan, P.; Kaithamalai, B. Dissipation kinetics, decontamination and risk assessment of chlorantraniliprole in okra and soil

under open field condition using GC-MS. Int. J. Environ. Anal. Chem. 2022, 102, 3694–3706. [CrossRef]
86. Sun, D.; Zhu, Y.; Pang, J.; Zhou, Z.; Jiao, B. Residue level, persistence and safety of spirodiclofen–pyridaben mixture in citrus

fruits. Food Chem. 2016, 194, 805–810. [CrossRef]
87. Zhang, P.W.; Wang, S.Y.; Huang, C.L.; Fu, J.T.; Huang, R.L.; Li, Z.H.; Zhang, Z.X. Dissipation and residue of clothianidin in

granules and pesticide fertilizers used in cabbage and soil under field conditions. Environ. Sci. Pollut. Res. 2018, 25, 27. [CrossRef]
[PubMed]

http://doi.org/10.1002/ps.1977
http://doi.org/10.1002/ps.2321
http://www.ncbi.nlm.nih.gov/pubmed/22076810
http://doi.org/10.1093/jee/tow173
http://www.ncbi.nlm.nih.gov/pubmed/27522043
http://doi.org/10.15666/aeer/1903_16611672
http://doi.org/10.1016/j.sciaf.2019.e00239
http://doi.org/10.1007/s13593-019-0583-1
http://doi.org/10.1021/jf00096a024
http://doi.org/10.1002/ps.2780370113
http://doi.org/10.1016/j.proenv.2013.02.021
http://doi.org/10.1603/0022-0493-97.5.1682
http://www.ncbi.nlm.nih.gov/pubmed/15568360
http://doi.org/10.10520/EJC87822
http://doi.org/10.1093/ee/26.5.1173
http://doi.org/10.1016/j.micres.2005.04.006
http://doi.org/10.1007/s10526-009-9248-3
http://doi.org/10.1016/S0261-2194(01)00110-7
http://doi.org/10.1603/EC12059
http://www.ncbi.nlm.nih.gov/pubmed/22812143
http://doi.org/10.1016/j.cropro.2020.105491
http://doi.org/10.1007/s10340-015-0643-5
http://doi.org/10.1080/03067319.2020.1772776
http://doi.org/10.1016/j.foodchem.2015.08.044
http://doi.org/10.1007/s11356-016-7736-4
http://www.ncbi.nlm.nih.gov/pubmed/27704383


Horticulturae 2023, 9, 356 14 of 14

88. Sharma, S.; Kaur, A.; Warangtiwar, R.K. Dissipation and Residual Bioefficacy of Chlorantraniliprole in Tomato and Brinjal Fruits.
Pestic. Res. J. 2019, 31, 249–258. [CrossRef]

89. Preethi, S.; Vinothkumar, B.; Bhuvaneswari, K.; Paramasivam, M. Dissipation pattern of chlorantraniliprole in/on cabbage. Int. J.
Chem. Stud. 2019, 7, 4791–4795.

90. Malhat, F.; Abdallah, H.; Hegazy, I. Dissipation of chlorantraniliprole in tomato fruits and soil. Bull. Environ. Contam. Toxicol.
2012, 88, 349–351. [CrossRef] [PubMed]

91. Ahlawat, S.; Gulia, S.; Malik, K.; Rani, S.; Chauhan, R. Persistence and decontamination studies of chlorantraniliprole in Capsicum
annuum using GC-MS/MS. J. Food Sci. Technol. 2019, 56, 2925–2931. [CrossRef] [PubMed]

92. Khay, S.; Choi, J.; Abd El-Aty, M. Dissipation behavior of lufenuron, benzoyphenylurea insecticide, in/on Chinees cabbage
applied by foliar spraying under greenhouse condition. Bull. Environ. Contam. Toxicol. 2008, 81, 369–372. [CrossRef] [PubMed]

93. Cabras, P.; Spanedda, L.; Cabitza, F.; Cubeddu, M.; Martini, M.; Brandolini, G. Pirimicarb and its metabolites residues in lettuce.
Influence of cultural environment. J. Agric. Food Chem. 1990, 38, 879–882. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.5958/2249-524X.2019.00036.0
http://doi.org/10.1007/s00128-011-0465-y
http://www.ncbi.nlm.nih.gov/pubmed/22086181
http://doi.org/10.1007/s13197-019-03757-y
http://www.ncbi.nlm.nih.gov/pubmed/31205347
http://doi.org/10.1007/s00128-008-9490-x
http://www.ncbi.nlm.nih.gov/pubmed/18592122
http://doi.org/10.1021/jf00093a061

	Introduction 
	Materials and Methods 
	Experimental Design to Determine the Effcacy of Insecticides 
	Efficacy of Insecticides—Statistical Analysis 
	Collection of Okra Fruit Samples for Residue Analysis 
	Preparation of Okra Fruit Samples for Residue Analysis 
	Collecting Soil Samples for Residue Analysis 
	Preparation of Soil Samples for Residue Analysis 
	GCMS/MS Analysis of Chlorantraniliprole 18.5% Residue in Okra Fruit and Soil 

	Results 
	Earias Infestation before Application of Insecticide 
	Earias Infestation following the First Insecticidal Spray 
	Earias Infestation before the Second Insecticidal Spray 
	Earias Infestation following the Second Insecticidal Spray 
	Effect of Insecticides on Okra Yield 
	GCMS/MS Analysis of Chlorantraniliprole 18.5% SC Residue in Okra Fruit and Soil 

	Discussion 
	Conclusions 
	References

