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Abstract

Maize stem borer (Chilo Partellus), poses a substantial threat to maize crops all over the world, causing damage that ranges from 26.7% to 80.4%. Its destructive 
impact includes killing the shoot in young plants, leading to a “dead heart,” and damaging the upper stem in older plants through boring activity. To combat this issue, 
a fi eld experiment evaluated various insect growth regulators (IGRs) such as Lufenuron®, Pyriproxyfen®, Sitara®, Viper®, Track®, and Priority®. Th ese IGRs, known as 
reduced-risk pesticides, target pest juveniles and are less harmful to benefi cial insects. Conducted through a Randomized Complete Block Design (RCBD) with 24 
treatments, excluding a control group, the study recorded maize stem borer populations at 3, 7, and 14 days post-IGR application. In conclusion, the study identifi es 
pyriproxyfen® and Priority® at double the standard concentrations as highly eff ective insect growth regulators in mitigating maize stem borer infestations, off ering 
promising avenues for enhanced pest control strategies in maize cultivation.

Introduction

Agriculture, serving as the backbone of the economy, employs 
50% of the total national labor force and contributes 25% to the 
GDP, while remarkably accounting for 85% of the country’s export 
earnings [1]. Maize (Zea mays L.) serves as a popular fodder crop 
and is cultivated across an expanse of 967 thousand hectares, 
generating an annual production of 1731 thousand tons, with an 
average yield of 1970 kg per hectare in Pakistan [2,3]. Maize has 
high nutritive value as it contains 72% starch, 10% protein, 4.80% 
oil, 9.50% fi ber, 3.0% sugar, and 1.70% ash. Because of its high 
yield among the cereals, it is also known as the “King of the grain 
crops.” [4,5]. Spring maize is a success story in agriculture, but 
the scarcity of quality seed is a major limitation, with only 34% of 
improved seed available. Market stability suff ers due to inadequate 
drying and grain storage facilities. Notably, maize grain usage in 
Punjab province for poultry feed has signifi cantly risen from 23% 
in 2001 to a substantial 55% by 2007 [3]. However, maize is a 
pivotal cereal crop globally, contributing signifi cantly to various 
sectors all over the world. It serves as a versatile crop, providing 
food, fuel, feed, and fodder for both humans and livestock, while 
also serving as a source of raw materials for industrial products 

[6], for manufacturing paper making, brewing products like corn 
sugar, corn oil, corn protein, corn-fl acks, and corn syrup etc [7,8].

Further, there is a large gap between the potential and actual 
yield of maize due to attacks of insect pests, which are major factors 
in reducing the yield [9,10]. Among major insect pests of Rice 
crops, the Spotted stem borer (Chilo partellus) was recognized as 
one of the serious pest of maize crop [11-13]. The young plant of the 
maize crop can be destroyed and cause the dead heart in plants and 
in the old plants, this borer results in the upper part of the stem 
being destroyed [14,15]. Some contact and systemic insecticides 
are used for management strategies, which gave the best results 
against borer attacks [16-18], but they create resistance in borers 
and polluting environment [19]. Recently, for control strategies, 
some Insect Growth Regulators (IGRs) have been used to stop pest 
development, reduce their growth, or cause mortality in insect 
pests [20,21]. 

However, recognizing these signifi cant implications, scientists 
worldwide are redirecting their focus toward developing safer 
and more sustainable methods for managing insect pests with 
minimal reliance on toxic substances. They explore eco-friendly 
control measures to mitigate damage caused by maize borer and 
shoot fl ies in maize crops. This research project aimed to assess 
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the eff ectiveness and residual toxicity of diff erent formulations 
of insect growth regulators (IGRs) such as Sitara® (buprofezin), 
Viper® (buprofezin), Lufenuron®, Pyriproxyfen®, Priority® 
(Pyriproxyfen), and Track® (Lufenuron) against maize stem borer.

Material and methodology

Experimental site

The experiment was conducted under fi eld conditions in the 
year 2011 at the Youngwala experimental area of the Department 
of Agricultural Entomology, University of Agriculture Faisalabad. 
The aim was to investigate the effi  cacy of various formulations of 
Insect Growth Regulators (IGRs) against maize borer.

Planting material

A hybrid maize cultivar, AAS-9732 (Pioneer Seed Company) 
was purchased from the market and cultivated in the research area. 
The maize variety AAS-9732 hybrid corn obtained from a pioneer 
seed company was sown in 2011. The Chopra method was used to 
sow the maize crop. The recommended Agronomic practices were 
done before sowing the crop. The crop was sown during the normal 
season of sowing in Randomized Complete Block Design (RCBD), 
maintaining row-to-row and plant-to-plant distance of 1.5 sq. ft 
and 0.9 sq. ft, respectively, and plot size was 21780 sq. ft.

Experimental design, treatments, layout and manage-
ment

The experiment employed various Insect Growth Regulators 
(IGRs) at diff erent concentrations against maize borer, namely 
Viper® (buprofezin) 25WP Agri Top, Sitara® (buprofezin) 25WP Ali 
Akbar, Lufenuron® (Lufenuron®) 5% EC Syngenta, Pyriproxyfen® 
(pyriproxyfen®) 1.8% EC Kanzo, Priority® (pyriproxyfen) 10.8% 
EC Kanzo, and Track® (lufenuron). The primary objective of the 
2011 study was to assess the eff ectiveness of diverse formulations 
of insect growth regulators (Sitara®, Viper®, Priority®, Track®, 
Lufenuron®, and Pyriproxyfen®) against the maize stem borer 
(C. partellus) using the hybrid corn variety AAS-9732. Following 
a Randomized Complete Block Design (RCBD), maize crops were 
sown during the regular growing season, maintaining specifi c 
plant-to-plant (P×P) and row-to-row (R×R) distances. The 
experimental layout comprised 36 units organized into three 
blocks, each consisting of 72 units and separated by pathways.

The study involved 25 variations, including a control (T0), 
established as a baseline for comparative assessments among 
diff erent concentrations. The control treatment (T0) did not entail 
the application of any insect growth regulators or insecticides, 
allowing for a direct evaluation of each treatment’s relative 
eff ectiveness compared to others.

The experiment consisted of 25 treatments including the 
control given in Table 1.

The experimental area consisted of 72 experimental units 
which were separated into three blocks and isolated by a path 
of width 24 cm. The twenty-four treatments were completely 
randomized in each block excluding control, whereas sprays of 

IGRs were exercised two times during the experimental period at 
15-day intervals. The fi rst application was done a few days after 
germination and then 2nd application was done when the again 
ETL was recorded. 

The methods employed for evaluation of infestation, 
larvae/plant, and tunnel length inside the stem

The data regarding infestation, larvae/plant, and tunnel length 
inside the stem was recorded throughout the research period at 
3, 7, and 14 days post-treatment. 

Statistical analysis

The data collected was subjected to the ANOVA technique 
for the determination of the level of signifi cance of treatments; 
whereas the Tukey HSD test was used for the comparison of means 
if treatment shows signifi cant results.

Results

First application of IGR

Infl uence of Varied IGR Concentrations on Maize 
Stem Borer Infestation Percentage at 1, 3, 7, and 14 days: 
The study investigated the impact of diff erent concentrations of 
insect growth regulators (IGRs) on maize stem borer infestation 
across varying time intervals. Overall, the treatments exhibited 
signifi cant eff ects on infestation levels, with the lowest infestations 
consistently observed at concentrations equivalent to 2x or 1/2x 
of the Field Recommended Dose (FRD) for each IGR. Specifi cally, 
Sitara®, Viper®, Lufenuron®, Pyriproxyfen®, Priority®, and Track® 
treatments demonstrated infestation reductions ranging from 

Table 1: Th e treatments of insecticides used for the experiment.
Treatment Numbers IGRs

T0 Control
T1 Sitara® (buprofezin) (Recommended)
T2 Sitara® (buprofezin) (1/2)
T3 Sitara® (buprofezin) (1/4)
T4 Sitara® (buprofezin) (2x)
T5 Viper® (buprofezin) (Recommended)
T6 Viper® (buprofezin) (1/2)
T7 Viper® (buprofezin) (1/4)
T8 Viper® (buprofezin) (2x)
T9 Lufenuron® (Lufenuron) (Recommended)
T10 Lufenuron® (Lufenuron) (1/2)
T11 Lufenuron® (Lufenuron) (1/4)
T12 Lufenuron® (Lufenuron) (2x)
T13 Pyriproxyfen® (Pyriproxyfen) (Rec.)
T14 Pyriproxyfen® (Pyriproxyfen) (1/2)
T15 Pyriproxyfen® (Pyriproxyfen) (1/4)
T16 Pyriproxyfen® (Pyriproxyfen) (2x)
T17 Priority® (Pyriproxyfen) (Recommended)
T18 Priority® (Pyriproxyfen) (1/2)
T19 Priority® (Pyriproxyfen) (1/4)
T20 Priority® (Pyriproxyfen) (2x)
T21 Track® (lufenuron) (Recommended)
T22 Track® (lufenuron) (1/2)
T23 Track® (lufenuron) (1/4)
T24 Track® (lufenuron) (2x)
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to 53.39%. At 7 days post-treatment, concentrations showed 
infestation rates of 2.97% to 5.30%, with reductions spanning 
from 56.27% to 90.43%. By the 14th day, infestation percentages 
were reduced from 1.22% to 3.95%, with reductions in infestation 
ranging from 60.30% to 85.96%. Overall, the concentrations of 
1/2x and 2x of FRD demonstrated the highest reductions, reaching 
90.43% and 85.96%, respectively, at 7- and 14-day post-treatment 
intervals (Figure 3A-3C).

The population of larvae of maize stem borer after the 
second application

The analysis emphasized the signifi cant impact of treatments 
in reducing the maize borer population within 24 hours after the 
second application. Sitara®, Viper®, Lufenuron®, Pyriproxyfen®, 
Priority®, and Track® treatments revealed diverse larval 
densities across diff erent concentrations, with lower densities 
consistently observed at higher concentration levels. Despite 
the signifi cant impact of treatments, the interaction between 
insect growth regulators (IGRs) and concentrations did not 
signifi cantly infl uence larval density. Notably, concentrations 
equivalent to 2x Field Recommended Dose (FRD) exhibited 
the most substantial reduction (64.89%) in larval density 
compared to other concentrations at the post-treatment interval, 
indicating the highest eff ectiveness in reducing larvae per 5 plants 
(Figure 4A,4B).

The evaluation post-treatment revealed comparable effi  cacy 

0.33% to 9.26% at diff erent concentrations and time points. Notably, 
infestation levels tended to vary between approximately 2.3% to 
9% across various concentrations and post-treatment intervals, 
indicating diff erential eff ectiveness based on concentration and 
duration after application (Figure 1A-1D).

Percentage infestation and reduction rates at various 
IGR concentrations at 3, 7, and 14 days post-initial 
application: Diff erent concentrations of FRD showcased varying 
percentages of infestation and reductions at diff erent post-
treatment intervals. At 3 days, infestation ranged from 8.41% in 
FRD to 4.17% in 2x FRD, demonstrating reductions from 1.29% to 
49.27%. Moving to the 7-day interval, infestation varied between 
6.12% in FRD to 1.45% in 1/2x FRD, with reductions from 28.16% 
to 82.20%. Lastly, at 14 days, infestation levels spanned from 
3.62% in 1/2x FRD to 0.27% in 2x FRD, depicting reductions from 
55.58% to 96.71%. Notably, 2x FRD demonstrated the highest 
reduction (96.71%) in infestation at the 14-day post-treatment 
interval (Figure 2A-2C).

Percent infestation of maize borer 3, 7, and 14 days 
after the second application and percent reduction in 
infestation at diff erent IGR concentrations: At various 
post-treatment intervals, diff erent concentrations of the treatment 
displayed distinct percentages of infestation and reductions. At 3 
days post-treatment, the concentrations of 1/4x, 1/2x, FRD, and 
2x of FRD exhibited infestation rates of 7.41%, 7.10%, 7.03%, 
and 4.05%, respectively, with reductions ranging from 14.78% 

Figure 1: Impact of diff erent concentrations of insect growth regulators (IGRs) on maize stem borer infestation across time intervals. (A) Sitara® concentrations 
reduced maize stem borer infestation by 0.33% to 9.26% over time. (B) Viper® exhibited fl uctuating infestation levels, with reductions between 0.33% and 9.26%. (C) 
Lufenuron® visually showed reductions from 0.33% to 9.26% across concentrations and time intervals. (D) Pyriproxyfen®, Priority®, and Track® treatments displayed 
infestation variations from 2.3% to 9%.
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among various Insect Growth Regulators (IGRs) in reducing 
larval density per 5 plants. Viper®, Sitar®, and Track® showed a 
consistent larval density of 3.46 per 5 plants with varying reduction 
percentages. Conversely, Lufenuron®, Pyriproxyfen®, and Priority® 
maintained a similar larval density of 2.86 per 5 plants, coupled with 
a consistent reduction of 20.55% in larvae per 5 plants. Notably, 
Lufenuron®, Pyriproxyfen®, and Priority® exhibited the highest 
reduction rate (20.55%) in larvae per 5 plants at the post-treatment 
interval. Meanwhile, diff erent concentrations of IGRs showcased 
varied eff ects on maize borer tunnel length at the specifi ed post-
treatment interval. Varying concentrations of Viper®, Lufenuron®, 
Pyriproxyfen®, Priority®, and Track® displayed distinct impacts on 
tunnel length, with notable reductions at concentrations equivalent 
to 1/2x and 2x of the Field Recommended Dose (FRD), showing 
substantial reductions of 64.20% and 67.75%, respectively. These 
fi ndings highlight the eff ectiveness of specifi c concentrations in 
signifi cantly reducing maize borer tunnel lengths post-treatment 
(Figure 5A-5D).

Tunnel length (cm) before and after the second applica-
tion and its percent reduction of different IGRs

At the specifi ed post-treatment interval, various insect 
growth regulators (IGRs) exhibited comparable eff ectiveness in 
reducing tunnel lengths caused by maize borers. Sitar®, Track®, 
Lufenuron®, Priority®, Viper®, and Pyriproxyfen® demonstrated 
reductions in tunnel length ranging from 16.20% to 20.75%. 
Notably, Pyriproxyfen® showcased the highest reduction of 20.75% 
in tunnel lengths, showcasing its effi  cacy in mitigating the impact 
of maize borer tunneling activities at this interval (Figure 6).

Figure 2: Eff ect of varying concentrations of fi eld recommended dose (FRD) on maize stem 
borer infestation across post-treatment intervals. (A) Shows infestation percentages and 
reductions at diff erent Field Recommended Dose (FRD) concentrations for maize stem 
borer, with 2x FRD exhibiting the highest reduction of 96.71% at 14 days. (B) Illustrates 
varied infestation levels and reductions at the 7-day interval, ranging from 28.16% to 
82.20% across FRD concentrations. (C) Depicts the infestation trend over diff erent post-
treatment intervals, emphasizing 2x FRD’s highest reduction (96.71%) at 14 days for maize 
stem borer.Second application of IGRs.

Figure 3: Eff ect of treatment concentrations on maize stem borer infestation reduction 
across post-treatment intervals. (A) Shows infestation percentages and reductions at various 
concentrations, with 1/2x and 2x of FRD exhibiting the highest reductions (53.39%) at 3 
days post-treatment for maize stem borer. (B) Illustrates infestation rates and reductions, 
highlighting that 1/2x and 2x of FRD achieved the highest reductions (90.43%) at 7 days 
post-treatment. (C) Depicts infestation percentages and reductions over time, emphasizing 
concentrations of 1/2x and 2x of FRD with the highest reductions (85.96%) at the 14-day 
post-treatment interval for maize stem borer.

Figure 4: Impact of diff erent concentrations of insect growth regulators (IGRs) on maize 
borer larval density within 24 hours post second application. (A) Shows varied larval 
densities with concentrations of Sitara®, Viper®, Lufenuron®, Pyriproxyfen®, Priority®, and 
Track®, with 2x Field Recommended Dose (FRD) displaying the most substantial reduction 
(64.89%) within 24 hours aft er the second application. (B) Emphasizes that despite the 
signifi cant impact of treatments, the interaction between insect growth regulators (IGRs) 
and concentrations did not signifi cantly infl uence larval density, highlighting the effi  cacy of 
2x FRD in achieving the highest reduction (64.89%) in larvae per 5 plants post-treatment.
Larval population per fi ve plants of maize borer before and aft er the second application of 
diff erent IGRs and its reduction percentage.
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Discussion and conclusion

The study aimed to evaluate the eff ectiveness of various 
insect growth regulators (IGRs) against the maize stem borer, 
pinpointing pyriproxyfen® and priority® as the most potent in 
reducing infestation. A recent study emphasized the importance of 
integrating insect growth regulators (IGRs) into a comprehensive 
IPM strategy for maize crops [22-24]. This approach ensures a 
balanced and sustainable pest management system by combining 
chemical, biological, and cultural control methods. The study’s 
fi ndings on the eff ectiveness of pyriproxyfen® and priority® align 
with the broader consensus on the potential of IGRs in IPM for 

their targeted action against specifi c pests [25-27]. Similarly, 
ecological studies underscore the importance of assessing the 
ecological impact of pest control measures [28]. While IGRs are 
generally considered less harmful to benefi cial insects, the study’s 
ecological considerations should be interpreted in the context of 
the latest research on non-target species and overall ecosystem 
health. This includes investigations into the persistence of IGRs 
in the environment and potential sublethal eff ects on non-target 
organisms [29,30]. The economic viability of IGRs, including 
the cost of application and potential yield increase, has been a 
focal point in recent agricultural economics research [22,31]. 
The study’s evaluation of pyriproxyfen® and priority® should be 
considered in light of the latest economic analyses, exploring 
the cost-eff ectiveness of these IGRs compared to traditional 
pesticides and their impact on overall farm profi tability. Recent 
studies emphasized the need for synergistic approaches in pest 
management [32]. Considering the potential interactions between 
IGRs and other pest control methods, such as biological control 
or cultural practices, can enhance overall eff ectiveness and 
sustainability. The study’s fi ndings should be discussed in the 
context of the latest research on integrated approaches to pest 
management, highlighting opportunities for combining IGRs with 
complementary strategies [33-44]. 

In conclusion, the study’s implications extend beyond its 
immediate fi ndings, intertwining with the latest advancements 
in agronomic, economic, and environmental research. By 
incorporating the most recent references, the discussion can off er 
a comprehensive understanding of the broader implications of the 
research on maize borer control strategies. 
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Figure 5: Comparison of insect growth regulators (IGRs) on larval density and tunnel 
length reductions post-treatment. (A) Shows comparable effi  cacy of Viper®, Sitara®, and 
Track® in reducing larval density (3.46 per 5 plants) with varying reduction percentages. 
(B) Illustrates consistent larval density (2.86 per 5 plants) and the highest reduction rate 
(20.55%) for Lufenuron®, Pyriproxyfen®, and Priority®. (C) Demonstrates varied eff ects 
of concentrations of Viper®, Lufenuron®, Pyriproxyfen®, Priority®, and Track® on maize 
borer tunnel length, with substantial reductions (64.20% and 67.75%) at 1/2x and 2x FRD 
equivalents. (D) Highlights the varied impacts of IGR concentrations on maize borer tunnel 
length, emphasizing specifi c concentrations’ eff ectiveness in reducing tunnel lengths post-
treatment.

Figure 6: Comparison of insect growth regulators (IGRs) on maize borer tunnel length 
reductions at specifi ed post-treatment interval. Th is comparison evaluates how various 
insect growth regulators (IGRs) impact the reduction of maize borer tunnel length at a 
specifi c post-treatment interval, revealing insights into their varying eff ectiveness in 
mitigating tunneling damage and emphasizing the potential of specifi c IGR concentrations 
to signifi cantly manage this pest.
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