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Abstract

A large number of field crops are consumed by the Tomato Fruit Borer (TFB), Helicoverpa armigera (Hubner) due to its
polyphagous behavior. This insect has been reported notorious for causing economic losses in the tomato crop. Chemicals
are being used in tomato fields for quick and effective control. Therefore, field trials were performed to evaluate the
comparative effectivity of some newer chemical insecticides viz., chlorfenapyr (Pirate® 360SL), chlorantraniliprole
(Coragen® 20SC), flubendiamide (Belt® 480SC) and bio-chemical insecticides viz., emamectin benzoate (Proclaim®
1.9EC) and spinosad (Tracer® 240SC) against TFB in the tomato crop. Recommended field rates as provided on the label
by the manufacturers were applied under the field conditions. As a result, the insecticide formulation flubendiamide
proved to be more effective until the 9th day of insecticidal spray by reducing the pest population up to 92.00 * 1.74%
and 90.02 + 1.74% after 1st and 2nd insecticidal spray, respectively. However, emamectin benzoate (Proclaim 1.9EC)
remained least effective among the selected insecticides and lowest values of 80.02 + 1.17 and 81.02 * 1.70% pest
reduction were observed after the both spray. None of the insecticide proved to be non-effective against TFB under the

field conditions. Hence, these insecticides can be best suited in the IPM program for the pest control.
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Abbreviations: TFB: Tomato Fruit Borer; GABA: Agricultural Research Institute; ETL: Economic Threshold
Gamma-amino-butyric acid; RyR: Ryanodine Receptor; Level; RCBD: Randomized Complete Block Design.
nAChRs: Nicotinic Acetylcholine Receptors; AARI: Ayub
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Introduction

Tomato, Lycopersicum esculentum Miller belonging to
the Solanaceae family, is the second most important
vegetable crop all over the world after potato [1]. It
covered an area of 63200 hectares with 599700 tons of
production in the year 2013-14 [2]. A wide variety of
insects contribute as one of the major limiting factor in
attaining the higher tomato yield by the farmers due to
their attack on tomato plant and fruit. Among these insect
pests, the tomato fruit borer (hereafter read as TFB),
Helicoverpa armigera Hubner (Lepidoptera: Noctuidea) is
reported to be the most noxious and destructive insect
pest worldwide causing serious losses in tomato yield
ranging between 20 to 60 percent [3,4]. Yield losses
caused by TFB in tomato field have been reported by
different scientists in India as 5-155% and 37.79% while
35% and 53% in Pakistan [5-8].

The economic significance and growing market
demands of tomato developed a challenging management
to get higher yields by the farmers and hence they started
inadvisable spraying of insecticides [9]. TFB is a
polyphagous insect pest and is mostly prevalent round
the year. Therefore, it receives the insecticide pressure
from the farmers on many crops like cotton, fodder and
vegetables [10]. The indiscriminate and wunadvised
application of pesticides to control this pest resulted in
multifaceted problems including the environmental
pollution, pesticide residue accumulation in fruits and
insect pest resistance towards the traditional synthetic
chemicals [4,11-13]. Abbas, et al. (2015) [14] also tested
different insecticides with novel mode of action against
TFB for its successful management in the tomato crop at
two locations in districts Lodhran and Bahawalnagar,
Punjab, Pakistan. They reported that highest average
mortality (89.36 and 85.09) was exhibited by Voliam Flexi
(chlorantraniliprole+thiamethoxam). In order to search
and recommend newer chemicals for the management of
this disreputable insect pest, six new chemistry
insecticides were tested by Babar, et al. (2016) [9].
Insecticides viz., spinetoram 12%SC and spinosad 240SC
proved to be most effective till the 7th day of insecticidal
application under the field conditions. Chlorfenapyr is a
pro-insecticide and its toxic form; CL 303268 uncouples
oxidative phosphorylation in the mitochondria, which
results in disruption of ATP production, loss of energy,
cell dysfunction and subsequent death of the organism
[15]. Emamectin benzoate forms a reservoir in the leaves
by penetrating in the leaf tissues (translaminar
absorption) and inhibits the muscle contraction upon
engulfing by the insects; causing incessant flow of
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chlorine ions in the GABA and H-Glutamate receptor
locates [16]. Spinosad is highly active, by both contact and
ingestion and effects primarily by targeting binding sites
on nicotinic acetylcholine receptors (nAChRs) of the
insect nervous system that are dissimilar from those at
which other insecticides are effective and secondarily
effects as a Gamma-amino-butyric acid (GABA)
neurotransmitter agonist [17,18]. Another class (Diamide)
of insecticides such as flubendiamide and
chlorantraniliprole, are actively used against lepidopteran
pests with a novel mode of action, selectively to actuate
the insect ryanodine receptor (RyR) [19].

The selected insecticides viz., chlorfenapyr (Pirate®
360SL), spinosad (Tracer® 240SC), chlorantraniliprole
(Coragen® 20SC), emamectin benzoate (Proclaim® 1.9EC)
and flubendiamide (Belt® 480SC) has been reported to be
used against various insect pests especially H. armigera in
tomato crop [9,14,20,21].

Considering the problems developing from the
overusing of insecticides, the present study was planned
to conduct the field evaluation of some newer insecticides
against H. armigera and their recommendations for
application by the farmers. The biocidal effects of
insecticides were observed by noting the pest infestation
levels before and after conducting the insecticidal sprays
and hence the insecticides with higher rate of pest
population reduction are explained as the most suitable
ones for including in the TFB management action plans.

Materials and Methods

Experimental Area and Tested Insecticides

The nursery of tomato (Rio Grande Early) were
collected during November 27, 2014 from Ayub
Agricultural Research Institute (AARI), Faisalabad,
Pakistan and transplanted on 1.5m wide beds in Research
Area of Department of Entomology, University of
Agriculture, Faisalabad, Pakistan. A layout bearing a plot
size of 4.5x21m2 for each treatment was maintained in
each plot with row to row 60cm and plant to plant 45cm
distance. Locally recommended agronomic practices
(manuring and irrigations) were performed to raise a
uniform crop and no pest preventive measures were
applied. Chlorfenapyr (Pirate® 360SL), emamectin
benzoate (Proclaim® 1.9EC), spinosad (Tracer® 240SC),
flubendiamide (Belt® 480SC) and chlorantraniliprole
(Coragen® 20SC) were tested against tomato fruit borer
H. armigera on tomato field crop during 2014-15at the
experimental area, Department of Entomology, University
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of Agriculture, Faisalabad, Pakistan. The commercial
formulations of the tested chemicals/insecticides were
obtained from the respective formulators/distributors
(Table 1). All the insecticides were applied in field as
foliar application by using a hand operated Jacto
Hydraulic Knapsack sprayer (Brazil) with a tank capacity
of 16-liters sand fitted with a hollow cone nozzle.
Insecticide was applied at the time when insect
population reached above Economic Threshold Level
(ETL) ie, 5% damaged fruit in tomato [22]. Two

insecticide sprays (e.g., 1st in 25th April 2015 and 2nd in
10th May 2015) were conducted to determine the
variation in insecticidal efficacy. The concentrations of
insecticides were prepared by mixing the recommended
dose of the formulated material in tape water as provided
on the label by the manufacturers. The insecticide
solutions were applied on the plant canopy till runoff with
the help of a Hydraulic Knapsack sprayer. The experiment
was conducted in Randomized Complete Block Design
(RCBD) with five treatments and three replications.

Insecticide Formulation| Active Ingredient Chemical Group |Dose (ml/acre)| Formulator/ Distributor
Pirate 360SL Chlorfenapyr Halogenated pyrroles 70 Swat Agrochemicals, Pakistan
Proclaim 1.9EC emamectin benzoate Avermectin 200 Syngenta, Pakistan Ltd.
. . Dow Agro Sciences/ Arysta Life
Tracer 240SC Spinosad Spinosyn 40 Science Pakistan
Belt 480SC Flubendiamide Diamide 20 Bayer Crop Sciences, Pakistan
Coragen 20SC Chlorantraniliprole Diamide 50 Dupont Pakistan/ UDL Pakistan

Table 1: Details of tested insecticides used against tomato fruit borer in tomato crop during the 15t and 2 spray (dates)
at the research area of University of Agriculture, Faisalabad, Pakistan.

Sampling

Insect pest surveillance was conducted weekly to
observe the pest population establishment in the selected
field. The observations on the pest infestation after 1st
spray were recorded on April 28th, 30th, May 2nd, and
May 4th2015and after 2nd spray on May 13t, 15th,17th
and 19t 2015. Counting of fruit borer from tomato crop
was done from 15 randomly selected plants from each
treatment starting from top to bottom. The percentage
infestation and percentage reduction were then
calculated by the given below formulae:

Percent(%)Infestation = (Infested Fruits/Total Number of
Fruits)X 100 Percent(%)

Pest Reduction = (Pretreatment Pest Population-Post
treatment Pest Population) /Pretreatment Pest
Population) X 100

Data Analysis

The data regarding the Percentage Infestation and
Percentage Reduction of the Pest were analyzed for
variance to determine the parameters of significance and
mean values for the insecticidal treatments. The
significantly mean values were compared with Tukey’s
significant difference [9]. In order to explain the variation
in means along with standard error and showing the
differences in the treatments, graphs were prepared in
Microsoft Excel, 2016. The regression equation and R2
values were also determined using Microsoft Excel to
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represent the effectivity of insecticides with the passage
of time after treatment application.

Results

Effectivity of Different Insecticide Formulations
after 1st Spray

The results presented revealed that the effectiveness
of all the insecticide treatments was significantly variable
till the 9th day of treatment application (Figure 1).
Percent infestation % of TFB revealed that spinosad was
most effective insecticide with minimum infestation
(16.22%) after 3 days of treatment application. This
effectiveness was followed by the plots treated with
flubendiamide (18.19£0.86%), chlorantraniliprole
(20.21%£1.07%), chlorfenapyr (21.50+0.73%) and
emamectin benzoate (25.18+1.13%) respectively. While,
maximum infestation was recorded where no control
measure was applied (check treatment), i.e., 33.12+1.35%.
After 3rd day of insecticide application, population
reduction (%) of TFB (Figure 2) revealed that maximum
reduction of tomato fruit borer was recorded where
spinosasd was applied i.e. 51.00+1.24%, followed by
flubendiamide (45.10£1.11%), chlorantraniliprole
(39.01+1.73%) and chlorfenapyr (35.04+0.57%)
respectively. While minimum population reduction was
recorded where emamectin benzoate was applied i.e,
23.984+1.12%. Minimum infestation by the TFB was noted
in the plots treated with flubendiamide and spinosad
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were applied i.e. 10.15+0.42 and 11.89+0.33%, followed
by chlorantraniliprole (17.66+0.51%), chlorfenapyr
(19.79£1.05%) and emamectin benzoate (21.12+0.74%)
respectively on the 5th day of data recording after
insecticidal spray. However, maximum pest reduction was
recorded in the plots treated with flubendiamide
(70.12+1.80%), followed by and Tracer (65.05+1.16%),

(6.90+£0.98%),chlorfenapyr (8.30+0.31%) and emamectin
benzoate (9.06+0.25%) respectively. It can be narrated
from the data presented in the Figures 2 & 3 that the
effectiveness of chlorfenapyr, emamectin benzoate,
Spinosad and flubendiamide was increased while that of
chlorantraniliprole was decreased after 7 days of
insecticide spray. Minimum infestation of tomato fruit

chlorantraniliprole (48.14+1.11%) and chlorfenapyr borer was recorded after 9 days of insecticide spray in
(42.00£1.20%) respectively (Figures 2 & 3). After 7 days plots where flubendiamide was applied (3.40+0.79%),
of insecticidal application minimum infestation of the pest followed by Spinosad (4.60£0.69%), chlorfenapyr
was recorded in the plots treated with chlorantraniliprole (7.14+0.45%), chlorantraniliprole (7.59+0.68%) and

and flubendiamide
respectively)

6.05+£0.16%,
spinosad

(5.63+0.41 and
followed by,

emamectin benzoate (8.41+0.47%), respectively.
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Figure 1: Percent infestation of Tomato Fruit Borer after 1st Spray of chlorfenapyr, emamectin benzoate, spinosad,
flubendiamide and chlorantraniliprole conducted on (date) at the research area of University of Agriculture,
Faisalabad, Pakistan. The mean values were compared with Tukey’s significant difference at 5% probability. Dark
Grey = 3 Days after Insecticides Application, Light Grey = 5 Days after Insecticides Application, Grey = 7 Days after
Insecticides Application and Black = 9 Days after Insecticides Application.
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Figure 2: Percent population reduction of Tomato Fruit Borer after 1st Spray of chlorfenapyr, emamectin benzoate,
spinosad, flubendiamide and chlorantraniliprole conducted on (date) at the research area of University of Agriculture,
Faisalabad, Pakistan. The mean values were compared with Tukey’s significant difference at 5% probability.
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Figure 3: Linear regression equation, coefficient of determination (R2) and scatter diagram showing the fitted simple
regression line of Y (Population Reduction (%)) on X (Days after Insecticide Application) after 1st spray of
chlorfenapyr (A), emamectin benzoate (B), spinosad (C), flubendiamide (D) and chlorantraniliprole (E) conducted on
(date) at the research area of University of Agriculture, Faisalabad, Pakistan.
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Effectivity of Different Insecticide Formulations
after 2nd Spray

After 2nd spray which was conducted when the TFB
population reached beyond the economic threshold level;
the mean percentage infestation of the pest was recorded
after different time intervals from the day of insecticide
application. The same insecticides viz. Pirate 360SL
(chlorfenapyr), Proclaim 1.9EC (emamectin benzoate),
Tracer 240SC (spinosad), Belt 480SC (flubendiamide) and
Coragen 20SC (chlorantraniliprole) were sprayed in the
already selected plots. The observations in all plots
treated with different insecticides varied significantly
(Figures 4-6). After 3 days of application, the mean
percentage infestation data revealed that Spinosad was
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insecticide with minimum
and a pest reduction of

proved most efficient
infestation 16.44+1.16%

53.03+1.74%. These observations regarding pest
infestation (%) were followed by flubendiamide
(17.80£1.09%), chlorantraniliprole  (20.46+0.82%),

chlorfenapyr (23.40+0.93%) and emamectin benzoate
(25.49+1.40%) respectively. While minimum pest
reduction (27.11+£1.21%) was recorded in plots where
emamectin benzoate was applied. After 5 days of 2nd
insecticide spray, minimum infestation of tomato fruit
borer was recorded where flubendiamide and spinosad
were applied i.e., 11.12+0.47 and 12.72+0.69% with a
pest reduction of 72.0421.15 and 68.02+1.72%,
respectively. A maximum level of infestation
(24.28+0.67%) was observed in the plots treated with
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emamectin benzoate after control treatment with
minimum pest reduction of 39.00+1.15%. While
maximum infestation was recorded where no control
measure was applied (check treatment) i.e., 39.82+1.06%.
After 7days of application, minimum infestation of TFB
was recorded where chlorantraniliprole was applied i.e.
4.75+0.38%, followed by flubendiamide (6.05+0.59%),
Spinosad (6.94+0.73%), chlorfenapyr (8.38+0.69%) and

emamectin benzoate (11.29%£0.49%) respectively. While
the observations noted on the 9% day of application
revealed that the effectiveness of chlorfenapyr,
emamectin benzoate, Spinosasd and flubendiamide was
increased while chlorantraniliprole was decreased.
Minimum infestation (5.00+0.70%) of tomato fruit borer
was recorded in plots sprayed with flubendiamide with a
maximum pest population reduction of 90.02+1.74%.
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Figure 4: Percent infestation of Tomato Fruit Borer after 2nd Spray of chlorfenapyr, emamectin benzoate, spinosad,
flubendiamide and chlorantraniliprole conducted on (date) at the research area of University of Agriculture,
Faisalabad, Pakistan. The mean values were compared with Tukey’s significant difference at 5% probability. Dark
Grey = 3 Days after Insecticides Application, Light Grey = 5 Days after Insecticides Application, Grey = 7 Days after
Insecticides Application and Black = 9 Days after Insecticides Application.
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Figure 5: Percent population reduction of Tomato Fruit Borer after 2nd Spray of chlorfenapyr, emamectin benzoate,
spinosad, flubendiamide and chlorantraniliprole conducted on (date) at the research area of University of Agriculture,
Faisalabad, Pakistan. The mean values were compared with Tukey’s significant difference at 5% probability.
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Figure 6: Linear regression equation, coefficient of determination (R2) and scatter diagram showing the fitted simple
regression line of Y (Population Reduction (%)) on X (Days after Insecticide Application) after 2nd
sprayofchlorfenapyr (A), emamectin benzoate (B), spinosad (C), flubendiamide (D) and chlorantraniliprole (E)
conducted on (date) at the research area of University of Agriculture, Faisalabad, Pakistan.

Discussion significant results regarding their effectivity even till the
prolonged exposure time period. The effectivity of all

Five insecticides viz., Pirate 360SL (chlorfenapyr), treatment varied significantly at different time interval
Proclaim 1.9EC (emamectin benzoate), Tracer 240SC but in overall, results showed that minimum infestation
(spinosad), Belt 480SC (flubendiamide) and Coragen 20SC and maximum reduction of tomato fruit borer was
(chlorantraniliprole) at the rate of 70, 200, 40, 20 and 50 recorded where flubendiamide (Belt 480SC) was applied.
ml per acre, respectively were sprayed on tomato (variety This effectivity was followed by the plots treated with

Rio Grande early) when infestation of TFB reached spinosad (Tracer 240SC), chlorantraniliprole (Coragen
beyond economic threshold level (ETL). Insecticide 20SC), chlorfenapyr (Pirate 360SL) and emamectin

formulations were applied for two times in total and data benzoate (Proclaim 1.9EC) respectively.

for infestation (%) and TFB population reduction were

observed at various time intervals to see their Results of our experiments match with those of
comparative efficacy. The trial was laid out in randomized Gadhiya, et al. [3], who tested different insecticides viz.
complete block design (RCBD) with three replications at emamectin benzoate, thiodicarb, indoxacarb, spinosad,
the experimental area of Entomology Department, novaluron, lufeneuron, flubendiamide, chlorantraniliprole
University of Agriculture, Faisalabad, Pakistan. The data and metaflumizone against fruit borer and concluded that
regarding percentage infestation of TFB were recorded flubendiamide,  chlorantraniliprole, spinosad and
from each plot 3, 5, 7 and 9 days after each spray from 15 emamectin benzoate were highly effective against fruit
plants randomly in each plot. The findings of present borer and statistically at par with each other. These
study revealed that all the insecticidal treatments gave findings are in conformity with those of Jat, et al. [23] they
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tested bio pesticides and newer insecticides against fruit
borer on tomato under field conditions and reported that
flubendiamide was found significantly most effective,
which caused highest mean reduction of population of
tomato fruit borer among all insecticides followed by
spinosad. Same Kkind of results were concluded by
Shivanna, et al. [24] they tested different synthetic
insecticides and biological extracts against fruit borer and
reported minimum percentage infestation of tomato fruit
borer was observed in flubendiamide followed by
novaluran and spinosad respectively.

Our results were also confirmed by previous studies
reporting efficacy of different insecticides against tomato
fruit borer and concluding that flubendiamide, spinosad,
emamectin benzoate and chlorantraniliprole were very
effective insecticides against tomato fruit borer and gave
maximum results [3,21,23-28]. Furthermore, spinosad is
also very effective treatment in present study which is
also supported by previous scientists. Ghosh, et al. [29]
performed an experiment to check the effectiveness of
various insecticides against tomato fruit borer using
spinosad, Lambda cyhalothrin, Quinalphos and
Cypermethrin and concluded that spinosad was most
efficient against tomato fruit borer than other used
pesticides.

Present results also supported by Sreekanth, et al. [30]
who performed an experiment to check the comparative
effectiveness of various insecticides against fruit borer
and reported that spinosad proved superior insecticide
against tomato fruit borer. Gandhi, et al. [31] also tested
five insecticides viz, spinosad, cypermethrin, novaluran,
azadirachtin and Bacillus thringiensis against H.
armigeraand reported that spinosad proved as a superior
insecticide followed by novaluran and azardirachtin.
Same kind of results were reported by Roopa, et al. [32]
they tested some selected insecticides against fruit borer
and reported that spinosad was most effective insecticide
in reducing pest population and highest yield of the crop
was observed in spinosad treated plots.

Experiments performed to determine the comparative
efficacy of different insecticides belonging to the groups
with novel mode of action against tomato fruit borer (TFB)
also reported that flubendiamide, spinosad, emamectin
benzoate and chlorfenapyr were the most effective
insecticides than other insecticides used against tomato
fruit borer [3,9,14,16,20,25,26,28,33-37].

Tomato fruit borer is a severe pest of tomato which
causes significant yield losses of tomato due to its attack
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which also affect its quality as well. On the basis of the
findings of these experiments, a rotational application of
the more effective insecticides viz, flubendiamide (Belt
480SC), spinosad (Tracer 240SC), chlorantraniliprole
(Coragen 20SC), chlorfenapyr (Pirate 360SL) and
emamectin benzoate should be conducted to get an
effective control of TFB (H. armigera). Therefore, based
on the effectivity of these insecticides, they are strongly
recommended to be included in the Integrated Pest
Management Program for TFB control.
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