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Abstract
Insects when exposed to sublethal applications of pesticides exhibit hormoligosis in their various biological activities. The
present research was conducted to evaluate the hormoligosis impacts of IGR’s pesticides including pyriproxyfen (Priority 10.8
EC) and lufenuron (Ardent 5 EC) on cotton mealybug in laboratory conditions at IPM Laboratory, Department of Entomology
University of Agriculture. The results revealed that concentration-dependent mortality in cotton mealybug of 1st instars and
adults was observed that decrease after generations at sub-lethal dilutions of Priority ® and Ardent ® pesticide which retained
development of resistance from G1 to G2. Maximum hormoligosis revealed at 3 days post treatments interval (PAI) Priority ® in
fecundity at LC10 (0.07%) in G5 (63.17 crawlers/female) and at 7 days Priority ® in G5 (68.13 crawlers/female). At 7 days
lufenuron of sub-lethal concentration of LC10 (0.01%) in G5 (73.18). At 3rd and 7th days post treatments interval Priority® and
Ardent® demonstrated maximum hormoligosis in longevity at LC10 (0.07%) in G5 (57.29, 57.14 days), (54.07, 58.10 days)
respectively, and hormoligosis of sex ratio was not determined against Priority® and Ardent®. We conclude that hormoligosis
development is fast at sub-lethal dilutions of Ardent and Priority® at LC10, LC20 and LC30 with respect to mortality, fecundity,
and longevity. While hormoligosis development was fast at sub-lethal dilutions of priority® and ardent® at LC30, LC40 and LC50

with respect to the mortality of adult female. In Pakistan, pesticide resistance in cotton mealybug can be achieved if the effective
and different pesticides are used along with other Integrated Pest Management techniques in rotation and at the early stage of
resistance improvement.
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Introduction

In Pakistan, agriculture is yet the single business which do-
nates 21% GDP and utilizes 44% of the workforce (Govt. of
Pakistan 2008). Cotton is significant being a non-nourishment
money crop has a huge wellspring of outside professional
yield. It is consumed in the textile industry and ranked 2nd
among oilseed crops in the world (Khan et al. 2002).
Gossypium hirsutum characterizes approximately comprised
7.5% in horticulture and 1.6% to domestic power. Its value-
added share in agriculture is 7.0% and contributes 1.5% to
GDP (Govt. of Pakistan 2013).

Phenacoccus solenopsis (Hemiptera: Pseudococcidae)
(cotton mealybug) is proved to be a common cotton crop pest
and found all over the world (Rezk et al. 2019; Mansour et al.
2017), in the year of 2005 it was reported first time from
Pakistan (Arif et al. 2013), from India in 2007 (Nagrare
et al. 2009) and also from China in 2004 (Wang et al. 2009)
that damage different crops (Afzal et al. 2009). Cotton mealy-
bug has been reported to cause 12 to 35% losses in Pakistan
(Azeem et al. 2003; Hodgson et al. 2008) and 10 to 60% losses
in North and Central zones of the India (Tanwar et al. 2011).
This pest is present in hidden spots like galls grass sheaths and
damaged crop plants (Saini et al. 2009). Both nymph and adult
suck the cell sap from different parts of plant viz. leaves, main
stems and fruiting bodies (Aheer et al. 2009). After sucking
sap, plants show inhibition and bushy appearance on their
shoot tips causes a major loss for farmers. The photosynthetic
activity disturbed because of black sooty mould, which occurs
due to the pest excreted honeydew. P. solenopsis spread all

* Waqar Majeed
waqarchaudhry20@gmail.com

1 University of Agriculture, Faisalabad, Pakistan

https://doi.org/10.1007/s42690-020-00142-7

/ Published online: 12 May 2020

International Journal of Tropical Insect Science (2020) 40:855–867

http://crossmark.crossref.org/dialog/?doi=10.1007/s42690-020-00142-7&domain=pdf
https://doi.org/https://en.wikipedia.org/wiki/Gossypium_hirsutum
mailto:waqarchaudhry20@gmail.com


aroundmore frequently with increasing their numbers because
of the short life cycle in minimum duration of time in suitable
environmental conditions (Aslam et al. 2011; Saeed et al.
2007). A significant decrease in cotton yield is occurring
due to the infestation of mealybug on cotton (Nagrare et al.
2011) and a lot of damage is caused by the P. solenopsis
worldwide.

Harmful impacts of many compounds such as IGRs, herbs,
and bio-pesticides have been reported toward natural enemies,
as these are considered as safer to the natural environment
(Cabral et al. 2008). As few studies have been reported that
the commonly used insecticides induce strange abnormalities
in the physiology and functioning of natural enemies such as
death rate, disruption in fecundity, and in their behavior (Saber
2011; Sohrabi et al. 2013). Many insecticides were used in the
past to control the attack of cotton mealybug and its repeated
use pertained the resistance against pesticides. Therefore, a
phenomenon is used to minimize the resistance which pro-
duces due to the repeated doses of insecticides which are
called “Hormoligosis” and the term was used first time in
the 1940s. Hormoligosis is a dose-reaction association cate-
gorized by misfortune in a reaction between low and high
dosages of pesticides (Kendig et al. 2010; Jager et al. 2013).
Hormoligosis applications directly stimulate arthropods pop-
ulation outbreaks and it also reported in thrips, mites, aphids
and planthoppers.

Insect growth regulators (IGRs) are called bio-rational
agents, they attack specific biochemical systems that are
unique to insects and safe to non-target e.g. other arthropod
species and as well as mammals (Fernandes et al. 2016; Rosell
et al. 2008). In the twenty-first century, bio-rational ap-
proaches will have a key role in reducing the risks associated
with pest management tactics such as pesticides in plant pro-
tection and IPM (Ishaaya et al. 2005). The group of pesticides
known to be effective at lethal and sublethal concentrations is
IGRs and these pesticides used for reasonable results on phys-
iological parameters of exposed treatments (Alizadeh et al.
2012). These fluctuations are at pupil and larval weight (Yin
et al. 2008), fecundity, developmental time (Mahmoudvand
et al. 2011a), egg size, hatching (Han et al. 2012a), adult
endurance (Hamedi et al. 2010; Mahmoudvand et al. 2012),
pupal ratio, adult development (Sial and Brunner 2010; Han
et al. 2012b) and other biological parameters (Mahmoudvand
et al. 2011b; Ahmad and Ansari 2012).

For the sustainable ecosystem, it is dire need of the time
to manage the toxicity level of insecticides; so that, they
can target their desired pest and induce less damage to the
Agro-ecosystem (Paulo et al. 2018). The purpose of pres-
ent research was to estimate the hormoligosis effect of
different biological parameters (mortality, fecundity, fe-
male longevity and sex ratio) against cotton mealybug
(P. solenopsis) by IGRs pesticides (pyriproxyfen and
lufenuron) up to two generations.

Materials and methods

The trial was conducted in Integrated Pest Management
Laboratory of Entomology Department, UAF Faisalabad by
a complete randomized design (CRD). This experiment was
conducted to assess the pesticides, usually used in cotton
crops due to their compatibility with cotton mealybug. Five
various dilution i.e. FRD (Field Recommended Dose), 2 x
FRD, 4 x FRD, 8 x FRD, 16 x FRD, ½ x FRD, of two pesti-
cides i.e. Pyriproxyfen (10.8 EC) and Lufenuron (5 EC) were
evaluated against the adults female of cotton mealybug to
determine their percentage mortality at lethal concentration
(LC10, LC20, LC30, LC40 and LC50) in the first experiment.
Commercial formulation of insecticides pyriproxyfen and
lufenuron was used. The hormoligosis of the above-
mentioned pesticides was assessed against P. solenopsis by
using different doses.

Rearing of cotton mealybug

Cotton mealybug population along with infected branch was
sampled from cotton plant (Gossypium) and shoe-flower
(China rose) and placed in the transparent plastic-jars.
Twenty-five healthy insects were selected from the collected
sample and transferred in the jars provided with fresh pump-
kins as food for adult female and male individuals. The jars
were maintained under laboratory conditions for the mass-
culturing of mealybug. The Pumpkin infected with mature
mealybug was collected from jars along with the population
and transformed it into the new jars containing healthy pump-
kin until the required amount of population is achieved (Arif
et al. 2016).

Preparation of insecticides solutions

Different solutions of recommended doses of both insecticides
were prepared in water with the help of adjustable micropi-
pettes. Five concentrations of each insecticide such as
pyriproxyfen and lufenuron and one control group along with
three replications were prepared (Table 1). The standard dilu-
tion (D-1) of the maximum dose was prepared for each insec-
ticide and the serial solutions were made by taking half of the
stock solution and diluting it with distilled water to the origi-
nal volume in another measuring cylinder to make D-2.
Successive solutions were made by this method.

Layout of experiment-I

In this experiment, pumpkin was brought to the IPM labora-
tory, rinsed with water and kept in the laboratory for complete
evaporation. This was done to make the pumpkin free of any
kind of contamination. The contamination-free pumpkin was
sprayed with each test solution of each insecticide and kept on
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filter paper for drying. An experimental unit having one
pumpkin treated with respective insecticides solutions were
prepared. Twenty individuals for each concentration were col-
lected from susceptible culture and shifted to insecticides
treated pumpkin with the help of a camel hairbrush. The ex-
posed individuals were shifted to petri-dish and carefully ob-
served under a microscope or lens. The individuals showing
no movement in their addition of small but repeatedly touch
was considered dead. The data of mortality was collected at 3
and 7 days. The data collected of dead individuals was trans-
formed into a percentage corrected mortality by Abbott for-
mula. The mortality data was subjected to Probit analysis to
determine the sublethal doses (LC10, LC20, LC30, LC40,
LC50). Experiment was repeated up to three replications to
remover the error in the data.

Layout of experiment-II

In the second experiment, both nymphs and adult female (1st
instar) were collected from the susceptible culture of cotton
mealybug and treated them with sub-lethal doses (LC10, LC20,

LC30, LC40 and LC50) of both insecticides for 3 and 7 days. In
this method, two successive generations of an insecticide-
exposed population of surviving P. solenopsis was treated at
a sub-lethal dose of each insecticide with three replications.
The data of different parameters such as longevity, mortality,
fecundity and sex ratio were collected and analyzed statisti-
cally with the appropriate statistical methods.

Statistical analysis

The data on percentage mortality of the adult female was
changed into corrected percentage mortality by Abbott’s
formula. The modified mortality figures were also exposed
to Probit analysis to find out the lethal concentration (LC10,

LC20, LC30, LC40 and LC50) of the pesticides (Finney 1971;
Danho et al. 2002). To check the significant effect of treat-
ments on the life span of species generalized linear model
(GLM) with a binary response (dead/alive) and a binomial
distribution was used. The GLM was further tested via the
Tukey’s test to compare the mean mortality rates among dif-
ferent treatments (P < 0.01) (Rovine and Molenaar 2001). All
the analysis was done the using Statistica software.

Results

Experiment 1

Adult female of cotton mealybug at different concentrations
of pyriproxyfen of post-treatments

Mortality Analysis of variance for percent mortality of adult
female of cotton mealybug after 3 and 7 days, showed that
whole treatment was significant with differences (P < 0.001)
at the probability level of 0.05 (Fig. 1). Maximummortality of
cotton mealybug at 3 days was recorded at highest dilution of
pyriproxyfen 4% (38.35%) followed by 2% (30.09%), 1%
(28.03%), 0.5% (21.50%), 0.25% (12.65%) respectively.
Maximum mortality of cotton mealybug for 7 days was re-
corded at highest dilution of pyriproxyfen 4% (183.37%)
followed by 2% (171.66%), 1% (152.57%), 0.5%
(132.02%), 0.25% (121.58%) respectively (Table 2).

Fecundity and longevityWhole treatments showed significant
results (P < 0.001) for longevity and longevity (Fig. 1).
Maximum mortality (fecundity) of cotton mealy bug was re-
corded at highest dilution of pyriproxyfen 4% (91.65%)
followed by 2% (77.35%), 1% (65.34%), 0.5% (51.03%),
0.25% (44.95%) respectively. Maximum mortality
(longevity) of cotton mealy bug was recorded at highest dilu-
tion of pyriproxyfen 4% (33.37%) followed by 2% (27.96%),
1% (24.70%), 0.5% (22.62%), 0.25% (19.56%) respectively
(Table 2).

Adult female of cotton mealybug at different dilution
of lufenuron after post-treatments

MortalityMortality of adult female of cotton mealybug after 3
and 7 days, showed that whole treatment had a statistically
considerable difference (P < 0.001) (Fig. 1). Maximum mor-
tality of cotton mealybug for 3, 7 days was recorded at the
highest dilution of lufenuron 4% (35.27%), 4% (95.63%) re-
spectively (Table 2).

Fecundity and longevity Fecundity of adult female of cotton
mealy bug showed that whole treatments had significant re-
sults (P < 0.001) (Fig. 1).Maximum fecundity of cotton mealy

Table 1 Concentrations of insecticides test in present experiment

Trade Name Active Ingredient Formulation Company Concentrations

Priority Pyriproxyfen 10.8% EC Orange protection cpvt). Ltd.
23-A, Wahadatroad, muslim town, Lahore Pakistan.

0.25%,0.5%, 1%, 2%, 4%

Ardent Lufenuron 5% EC Orange protection cpvt). Ltd.
23-A, Wahadatroad, muslim town, Lahore Pakistan.

0.25%,0.5%, 1%, 2%, 4%

Significant with at alpha = 0.05*, 0.01**, 0.001***
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bug was recorded at highest dilution of lufenuron 4%
(170.13%) followed by 2% (158.04%), 1% (143.84%), 0.5%
(131.58%), 0.25% (124.49%) respectively.Maximum longev-
ity of cotton mealy bug was recorded at highest dilution of
lufenuron 4% (45.69%) followed by 2% (38.56%), 1%
(33.42%), 0.5% (26.38%), 0.25% (22.26%) respectively
(Table 2).

Pyriproxyfen Laboratory bioassay revealed that after 3 days of
exposure of adult female cotton mealybug to the pesticide,
pyriproxyfen was the least efficient pesticides due to the
highest LC10 (0.07 ppm) (0.00–0.19). While after the 7 days
exposure of pesticide to the adult female of cotton mealybug,
pesticide was the most effective due to the lowest LC10

(0.01 ppm) (0.00–0.03). After 3 days of exposure,
pyriproxyfen was the least efficient pesticides LC20

(0.49 ppm) (0.16–0.82). While after the 7 days exposure,

pesticide was the most effective due to the lowest LC20

(0.05 ppm) (0.02–0.09). From 3 days of pesticide exposure
to cotton mealybug, pyriproxyfen was the least efficient pes-
ticides due to the highest LC30 (1.69 ppm) (1.06–3.09). While
after the 7 days exposure of pesticide to cotton mealybug,
pesticide was the most effective due to the lowest LC30

(0.12 ppm) (0.06–0.19). LC40 (0.24 ppm) (0.14–0.34) was
observed more effective than LC40 (4.38 ppm) (2.54–15.16).
Pyriproxyfen LC50 (9.82 ppm) (4.65–67.03) was least effi-
cient pesticides. While 7 days pesticide was most effective
due to the lowest LC50 (0.41 ppm) (0.28–0.54) (Table 3).

Lufenuron Laboratory bioassay exposed that after 3 days of
pesticide exposure, lufenuron was least efficient due to the
highest level LC10 (0.05 ppm) (0.00–0.19). While after the
7 days, the pesticide was noted most effective due to the low-
est level of LC10 (0.01 ppm) (0.00–0.02). At LC20 (0.85 ppm)

Table 2 Percent meansmortality, fecundity and longevity of adult female of P. solenopsis at different concentrations of Pyriproxyfen after 3 and 7 days
of post-treatments application

Concentration
(%)

Pyriproxyfen Lufenuron

Mortality Fecundity Longevity Mortality Fecundity Longevity

3 days Post treatments
7 days

Post
treatments
7 days

Post treatments
7 days

3 days Post
treatments
7 days

Post treatments
7 days

Post
treatments
7 days

Mean ± S.E Mean ± S.E Mean ± S.E Mean ± S.E Mean ± S.E Mean ± S.E Mean ± S.E Mean ± S.E

0.25 12.65 ± 0.11E 121.58 ± 1.08F 44.95 ± 0.23E 19.56 ± 1.08E 11.43 ± 0.14E 48.81 ± 0.15E 124.49 ± 1.08F 22.26 ± 1.07E

0.5 21.50 ± 0.32D 132.02 ± 1.23E 51.03 ± 0.37D 22.62 ± 1.19DE 18.13 ± 0.31D 60.25 ± 0.35D 131.58 ± 1.33E 26.38 ± 1.15D

1 28.03 ± 0.43C 152.57 ± 1.37D 65.34 ± 0.57C 24.70 ± 1.31CD 25.37 ± 0.43C 69.71 ± 0.27C 143.84 ± 1.47D 33.42 ± 1.23C

2 30.09 ± 0.23B 171.66 ± 1.51C 77.35 ± 0.61B 27.96 ± 1.47C 26.86 ± 0.34B 82.14 ± 0.43B 158.04 ± 1.54C 38.56 ± 1.45B

4 38.35 ± 0.33A 183.37 ± 1.43B 91.65 ± 0.70A 33.37 ± 1.62B 35.27 ± 0.52A 95.63 ± 0.51A 170.13 ± 1.62B 45.69 ± 1.51A

Control 5.99 ± 0.51F 194.64 ± 1.65A 7.95 ± 0.74F 42.87 ± 1.73A 6.32 ± 0.65F 8.41 ± 0.64F 189.93 ± 1.75A 48.52 ± 1.67A

Means that do not share a letter a significant (P < 0.05)

Fig. 1 ANOVA parameters
regarding percent mortality of
P. solenopsis of Pyriproxyfen
after 3 and 7 days of post-
treatments applications
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(0.43–1.30), after 3 days, lufenuron was noted least efficient
pesticides. While, after the 7 days exposure of pesticide to the
adult females of cotton mealybug, pesticide was the most ef-
fective due to the lowest LC20 (0.04 ppm) (0.01–0.08). After
3 days, lufenuron was the least efficient pesticides due to the
highest LC30 (2.48 ppm) (1.62–4.99). While after the 7 days,
exposure of pesticides was the most effective due to the lowest
LC30 (0.09 ppm) (0.04–0.16). 3 days of exposure of lufenuron
was the least efficient pesticides due to the highest LC40

(5.59 ppm) (3.21–19.36). While after the 7 days exposure of
pesticide was most effective due to the lowest LC40

(0.18 ppm) (0.09–0.26). lufenuron LC50 (11.18 ppm) (5.39–
65.19) was least efficient pesticides. While 7 days pesticide
was most effective due to the lowest LC50 (0.32 ppm) (0.21–
0.43) (Table 3).

Experiment 02

Comparison of different dilutions of pyriproxyfen (Priority®
10.8 EC) on different biological parameters (mortality,
fecundity, longevity and sex ratio) of P. solenopsis after 3rd
and 7th days of post-treatment in 1st and 2nd generation.

1st generation The results demonstrated that priority® depen-
dent mortality after 3 days of 1st instar of females of

P. solenopsis, was significantly of higher mortality (G1 =
48.17%) at higher concentration (LC50 = 9.82%). Means table
shows that the increase of concentration the mortality of instar
and adult females was increased. The maximum fecundity of
adult females of P. solenopsis, was significantly higher
(91.90) in control while minimum fecundity (24.83) was ob-
served at higher concentrations (LC50 = 9.82%). Maximum
longevity of P. solenopsis, being higher (47.85) days in con-
trol followed by (38.81 days), while minimum longevity
(22.39 days) was observed at higher concentration (LC50 =
9.82%). The sex ratio being higher (2.54) at (LC10 = 0.07%)
followed by others respectively. The results exposed that pri-
ority® dependent mortality after 7 days of 1st instar of females
P. solenopsis, significantly of higher mortality (93.88%) at
higher concentration (LC50 = 0.41%) followed by (85.45%)
Similar trend was observed on the mortality of adult, being
significantly higher (77.28%) at higher concentration (LC50 =
0.41%). Maximum fecundity was significantly higher (91.78)
in control while minimum fecundity (27.67) was observed at
higher concentration (LC50 = 0.41%). Maximum longevity
was higher (38.81 days) in control. The sex ratio was higher
(1.55) at (LC10 = 0.01%) while minimum sex ratio (1.16) was
observed in the control group (Table 4).

2nd generation The results revealed that priority® demon-
strated a concentration-dependent mortality after 3 days of
1st instar was significant of higher mortality (53.52%) at
higher concentration (LC50 = 9.82%) Maximum fecundity
was significantly was higher (78.85) in control while mini-
mum (27.07) was observed at higher concentration (LC50 =
9.82%). Maximum longevity was higher (56.44 days) in con-
trol, while minimum longevity (17.88 days) was observed at
higher concentrations (LC50 = 9.82%). The sex ratio was
higher (2.65) at (LC50 = (9.82%) while the minimum sex ratio
(2.17) was observed in control. After 7 days, 1st instar females
were of significant higher mortality (97.77%) at higher con-
centrations (LC50 = 0.41%). Maximum fecundity was signifi-
cantly higher (72.53) in control while minimum fecundity
(23.57) was observed at higher concentration (LC50 =
0.41%). Maximum longevity was higher (35.44 days) in con-
trol while minimum longevity (17.84 days) was observed at
higher concentrations (LC50 = 0.41%). The sex ratio was
higher (1.62) at (LC50 = 0.41%) while the minimum sex ratio
(1.16) was observed in the control group (Table 4).

Means of different concentrations of lufenuron (Ardent® 5 EC)
on the different biological parameters (mortality, fecundity,
longevity and sex ratio) of P. solenopsis after 3rd and 7th
days of post-treatment in 1st and 2nd generation.

1st generationThe results revealed that ardent® demonstrated
concentration-dependent mortality after 3rd days of 1st instar
was of higher mortality (48.50%) at higher concentrations

Table 3 LC10, LC20, LC30, LC40, LC50 treatments of pesticide
pyriproxyfen and lufenuron after 3 and 7 days of exposure to adult
female cotton mealybug

Pesticides Treatment Days (ppm) FD limit Slope ± S.E x2

Pyriproxyfen LC10 3 0.07 0.00–0.19 0.38 ± 0.09 0.74

7 0.01 0.00–0.03 0.55 ± 0.07 1.48

LC20 3 0.49 0.16–0.82 0.38 ± 0.09 0.74

7 0.05 0.02–0.09 0.55 ± 0.07 1.48

LC30 3 1.69 0.16–1.82 0.38 ± 0.09 0.74

7 0.12 0.06–0.19 0.55 ± 0.07 1.48

LC40 3 4.38 2.54–15.36 0.38 ± 0.09 0.74

7 0.24 0.14–0.34 0.55 ± 0.07 1.48

LC50 3 9.82 4.65–67.03 0.38 ± 0.09 0.74

7 0.41 0.28–0.54 0.55 ± 0.07 1.48

lufenuron LC10 3 0.21 0.03–0.29 0.38 ± 0.09 0.74

7 0.05 0.01–0.18 0.54 ± 0.07 2.59

LC20 3 0.85 0.43–1.30 0.38 ± 0.09 0.74

7 0.04 0.01–0.08 0.54 ± 0.07 2.59

LC30 3 2.48 1.62–4.99 0.38 ± 0.09 0.74

7 0.16 0.04–0.19 0.54 ± 0.07 2.59

LC40 3 5.59 3.21–19.36 0.38 ± 0.09 0.74

7 0.18 0.09–0.26 0.54 ± 0.07 2.59

LC50 3 11.18 5.39–65.19 0.38 ± 0.09 0.74

7 0.32 0.21–0.43 0.54 ± 0.07 2.59
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(LC50 = 11.18%) Maximum fecundity was significantly
higher (91.62) in control, while minimum fecundity (38.84)
was observed at higher concentration (LC50 = 11.18%).
Maximum longevity was higher (47.95 days) in control, while
minimum longevity (32.94 days) was observed at higher con-
centrations (LC50 = 11.18%). The sex ratio was higher (2.58)
in control, while the minimum sex ratio (2.33) was observed at
(LC50 = 11.18%). After 7 days of 1st instar was significant of
higher mortality (77.50%) at higher concentrations (LC50 =
0.32%). Maximum fecundity for adult females was signifi-
cantly higher (90.69) in control and minimum fecundity
(45.27) was observed at higher concentrations (LC50 =
0.32%). Maximum longevity was higher (48.50 days) in con-
trol, although, minimum longevity (28.39 days) was observed
at higher concentrations (LC50 = 0.32%). The sex ratio being
higher (1.61) in the control group (Table 5).

2nd generation The results revealed that ardent® demonstrat-
ed concentration-dependent mortality after 3rd days of 1st
instar was significant of higher mortality (53.61%) at higher
concentrations (LC50 = 11.18%). The maximum fecundity
was significantly higher (84.34) for the control group.
Maximum longevity was higher (42.47 days) in control while
minimum longevity (22.52 days) was observed at higher con-
centrations (LC50 = 11.18%). The sex ratio was noted higher
(2.65) in control while the minimum (2.48) was observed at
(LC10 = 0.07%). After 7th days of 1st instar was significantly
higher mortality (83.82%) at higher concentrations (LC50 =
0.32%). The maximum fecundity of adult females was signif-
icantly higher (87.15) in control while minimum fecundity
(43.53) was observed at higher concentrations (LC50 =
0.32%). Maximum longevity was noted higher (39.61 days)
in control while minimum longevity (22.85 days) was ob-
served at higher concentrations (LC50 = 0.32%). The sex ratio
was higher (1.59) in control while the minimum sex ratio
(1.48) was observed at (LC10 = 0.01%) (Table 5).

Th e r e s u l t s o f h o rmo l i g o s i s s h owed t h a t
concentration-dependent mortality of 1st instar and adult
of female cotton mealybug was observed to decrease
after generations at sub-lethal dilutions of priority®
and ardent® pesticide that revealed the development of
resistance of G1 and G2 after 3 days and increases after
7 days of interval (Table 6). At 3 day of PAI ardent®,
hormoligosis was observed in fecundity at LC10 (0.48%)
in G1 (54.78 days) and G5 (63.19 days). At 7 days of
PAI ardent® at LC10 (0.01%) in instar G2 (67.38 days)
and in adult G2 (52.17 days) respectively (Table 7). At
3 days post treatments interval (PAI) priority® and ar-
dent® demonstrated hormoligosis was observed in lon-
gevity at LC10 (0.07%) in G5 (57.29 days), (57.14 days),
respectively. At PAI of 7 days priority® and ardent®
revealed hormoligosis in longevity at LC10 (0.01%) in
G5 (57.14 days) and G4 (58.10 days) (Table 8).

Discussion

In the current experiment, insecticides were used to check
their effects on the life span of mealybug. The results showed
positive effect on the species, whereas, the treatments of in-
secticides proved a significant effect on all stages (Ganjisaffar
et al. 2019). Lufenuron has been registered against pests of
thirteen crops including brassicas, citrus, cotton, soybean, to-
matoes and wheat (Agrofit 2017). Saddiq et al. (2015) con-
cluded that the cotton mealybug is a devastating pest of cotton
and many other ornamental crops and plants (El-Zahi et al.
2016). Tanwar et al. (2011) surveyed cotton mealybug in
Rajasthan and Punjab. They observed that P. solenopsis infes-
tation occurs mostly in North and Central areas during medi-
um and high range temperature.

The present findings revealed that concentration-dependent
percent mortality of 1st instar and adult female was observed
to decrease with the decrease of concentration after 3 days of
interval while after 7 days interval, the percent mortality was
observed to increase when the concentration decreases
throughout the generations at different dilutions of priority®
and ardent® insecticide which showed that development of
resistance is not developed fromG1 to G2 (Abbas et al. 2014).
Different IGR’s insecticide like pyriproxyfen was used against
the growth of whitefly, European honeybee and whitefly pred-
ators. IGR such as lufenuron was used against the cotton
leafworm (Islam et al. 2015) and different genus of wasps
(Sattar et al. 2011). Another IGR insecticide fenoxycarb was
used against reproduction and metamorphosis of rice moth
(Begum and Qamar 2016), immature stages of lacewings
(Ayubi et al. 2013), physiological or behavioral activity of
diamondback moth (Mahmoudvand and Moharramipour
2015) at different life stages of dusky cotton bug (Atta et al.
2015).

Earlies research work has concluded that the nuisance of
mealybug could be lower using herbal extract (Prishanthini
and Vinobaba 2014) biological control (He et al. 2018) and
synthetically insecticides (El-Zahi et al. 2016). The current
results showed that application of priority® and ardent® at
sublethal doses induced hormoligosis which increased signif-
icantly throughout the generations (P < 0.05). Similar effects
were recorded by Vojoudi et al. 2011 that sublethal concentra-
tions LC25 of lufenuron strongly affected the life characteris-
tics of spider mite and consequently may influence mite pop-
ulation growth in future generations. Singh et al. 2018 re-
vealed that tested sublethal doses (LC10 and LC30) had signif-
icant effects on the second instar developmental time of
P. fuscipes compared with that of the control in which suble-
thal doses of profenofos negatively affected the development
and biological activities of rove beetle. Results of insecticides
toxicity are the same as in the present study, Mandal et al.
(2013) exposed relative toxicity and baseline data of
different insecticides against cotton mealybug. Abbas et al.
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(2014) performed an experiment to check the efficacy of ten
pesticides at different concentrations against the P. solenopsis
and found that insecticides have great influence against cotton
mealybug.

In a similar scenario, current research work reported that in
Pakistan, the P. solenopsis usually developed the resistance in
their body against the organophosphate and pyrethroid insec-
ticides (Ejaz et al. 2017). Topical induction of lufenuron and

pyriproxyfen have been shown to be highly harmful to first
instar larvae, whereas buprofezin, methoxyfenozide and
tebufenozide were only slightly harmful (Ono et al. 2017).
The resistance level of insecticides has negatively affected
the level of improvement on reproductive ability as less im-
provement was recorded for lab strains with a higher resis-
tance level. Lower hormoligosis response with a higher resis-
tance level could be caused by higher energy investment for

Table 7 Hormoligosis of fecundity of cotton mealybug treated with Pyriproxyfen and Lufenuron at 3rd and 7th days of post-application period

Fecundity

Pesticide Pyriproxyfen (priority® 10.8 EC)

LC at 3 days G1 G2 G3 G4 G5 LC at 7 days G1 G2 G3 G4 G5

LC50 = (9.82%) 24.83 27.07 37.80 38.44 47.61 LC50 = (0.41%) 27.67 23.57 32.61 33.65 52.58

LC40 = (4.38%) 31.19 29.30 39.69 38.59 51.50 LC40 = (0.24%) 33.53 27.54 37.69 38.68 56.37

LC30 = (1.69%) 37.41 32.70 42.48 41.20 55.39 LC30 = (0.12%) 39.74 32.43 41.49 43.31 59.30

LC20 = (0.49%) 43.52 35.88 45.39 46.30 60.28 LC20 = (0.05%) 44.28 37.49 48.30 49.39 63.22

LC10 = (0.07%) 48.71 38.41 48.17 49.08 63.17 LC10 = (0.01%) 48.67 42.30 53.08 54.17 68.13

CG 91.90 78.85 75.80 74.40 80.21 CG 91.78 72.53 90.61 92.51 95.18

Pesticide Lufenuron (ardent® 5 EC)

LC at 3 days G1 G2 G3 G4 G5 LC at 7 days G1 G2 G3 G4 G5

LC50 = (11.18%) 38.84 27.72 43.47 44.11 47.78 LC50 = (0.32%) 45.27 43.53 52.30 53.39 57.57

LC40 = (5.59%) 41.53 30.61 47.33 47.69 51.69 LC40 = (0.18%) 51.37 47.33 55.38 56.39 59.48

LC30 = (2.48%) 45.31 35.50 50.59 50.62 55.60 LC30 = (0.09%) 55.57 51.21 60.12 60.13 63.39

LC20 = (0.85%) 50.61 39.38 54.52 54.61 60.52 LC20 = (0.04%) 60.28 55.02 64.19 64.28 69.29

LC10 = (0.07%) 53.74 43.27 58.19 58.28 63.19 LC10 = (0.01%) 63.54 58.13 68.81 69.51 73.18

CG 91.62 84.34 95.34 94.79 96.34 CG 90.69 87.15 95.66 96.11 97.01

CG Control Group + =Hormoligosis result positive

Table 8 Hormoligosis of longevity of cotton mealybug treated with pyriproxyfen and lufenuron at 3rd and 7th days of post application period

Longevity

Pesticide Pyriproxyfen (priority® 10.8 EC)

LC at 3 days G1 G2 G3 G4 G5 LC at 7 days G1 G2 G3 G4 G5

LC50 = (9.82%) 22.39 17.88 32.51 32.73 46.87 LC50 = (0.41%) 22.29 17.84 37.81 38.54 47.47

LC40 = (4.38%) 25.50 21.30 35.40 35.45 48.84 LC40 = (0.24%) 25.37 19.41 39.70 40.43 49.39

LC30 = (1.69%) 29.69 25.51 38.29 37.24 50.78 LC30 = (0.12%) 27.83 21.30 41.59 41.77 51.30

LC20 = (0.49%) 34.91 29.57 41.18 41.39 54.20 LC20 = (0.05%) 30.61 25.18 46.48 47.20 54.17

LC10 = (0.07%) 38.81 33.41 43.07 43.18 57.29 LC10 = (0.01%) 33.41 28.09 48.37 49.10 57.14

CG 47.85 56.44 45.64 47.77 59.21 CG 38.81 35.44 40.51 40.51 63.08

Pesticide Lufenuron (ardent® 5 EC)

LC at 7 days G1 G2 G3 G4 G5 LC at 7 days G1 G2 G3 G4 G5

LC50 = (11.18%) 32.94 22.52 37.41 38.50 42.59 LC50 = (0.32%) 28.39 22.85 37.30 37.65 42.47

LC40 = (5.59%) 35.73 24.41 39.74 42.83 45.51 LC40 = (0.18%) 32.73 26.74 39.51 40.29 45.38

LC30 = (2.48%) 38.83 27.30 42.87 43.81 48.38 LC30 = (0.09%) 36.94 29.63 41.74 42.83 49.30

LC20 = (0.85%) 41.72 30.19 45.30 46.39 51.19 LC20 = (0.04%) 40.57 33.52 45.11 44.47 54.19

LC10 = (0.07%) 45.09 33.08 48.09 48.99 54.07 LC10 = (0.01%) 43.49 37.41 48.30 47.37 58.10

CG 47.95 42.47 50.84 49.73 52.40 CG 38.50 33.61 52.41 49.08 48.18

CG Control Group + =Hormoligosis result positive
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insecticide detoxification (overcompensation theory).
However, based on lethal and sublethal effects, pyriproxyfen
could bemore suitable than lufenuron for management for this
pest. Ahmad et al. (2011) conducted an experiment to examine
the attack of cotton mealybug with various management treat-
ments to control it. They used to control and treatments design
i.e. profenofos, neemosal and fierce in 3 treatments and con-
cluded that profenofos revealed the greatest control than
neemosal and fierce on cotton mealybug.

Hanchinal et al. (2011) reported about the occurrence of
mealybug from zero scales to four grades and sub-lethal and
lethal impacts of some preferred pesticides were also checked
by (Nikam et al. 2010). Patel et al. (2010) carried out field
experiments consisting of Bt CV cotton, Vikram-5 after ran-
domized block design with four repetitions and six treatments
to evaluate the bioefficacy of buprofezin against the cotton
mealybug. It was found that the efficacy of buprofezin against
P. solenopsis in cotton is dose dependent. An experiment was
performed in the laboratory to check the biological features
and preference of natural enemies of mealybug and observed
that the life cycle of a female is longer as compared to males
(Zain-ul-Abdin et al. 2012).

Dewer et al. (2016) conducted trial to assess the influence
of sub-lethal applications of two pesticides (methomyl and
chlorpyrifos) on the physiology of moth and concluded that
both chlorpyrifos and methomyl have a universal effect on the
insect metabolic approach. Sub-lethal dose of methomyl dis-
turbs the behavior of S. littoralis larvae, while chlorpyrifos
does not affect the behavior. Ayub et al. (2017) performed
an experiment to check the efficacy of different concentrations
of IGR’s on birth rate and death rate of P.solenopsis. Cotton
mealybug was cultured in laboratory and females that were
newly come up were treated to different concentrations of
IGRs e.g. methoxyfenozoid, buperofezin, fenoxycarb,
lufenuron and pyriproxyfen. They concluded that
pyriproxyfen and lufenuron gives higher mortality
pyriproxyfen was a more toxic Insect Growth Regulator
against other IGRs.

Conclusion

The use of non-selective insecticides shows a positive result
on the control of natural enemies, hence, bringing serious
consequences in the pest population dynamics. From the con-
cluded results it is stated that hormoligosis development was
fast at sub-lethal dilutions of priority® and ardent® at LC10,
LC20 and LC30 with respect to fecundity and female longevity.
While hormoligosis development was fast at sub-lethal dilu-
tions of priority® and ardent® at LC30, LC40 and LC50 with
respect to the mortality of adult females. Priority® has a
higher hormoligosis than ardent®. Although, prior to the in-
corporation of any insecticide into the Integrated Pest

Management (IPM) program for the control of pest, it is nec-
essary to check its compatibility with biological control
agents. Hereby, we suggest the use of rotation in use of pesti-
cides with different modes of action and spectrums of activity,
that can delay the development of resistance, additionally be-
sides IPM strategies.
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