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Pectinophora gossypiella, which destroys cotton crops’ brackets, squares, flowers, and bolls, has been iden-
tified as a severe pest in practically all the world’s cotton-growing nations. Triazophos, a trans-laminar,
broad spectrum organophosphate insecticide can manage Lepidopteran pests in cotton, rice, and maize.
P. gossypiella has developed resistance against major insecticides including triazophos. To comprehend
the function of insecticides in the environment, it is vital to grasp their lethal, low, and/or sublethal
impacts as well as transgenerational consequences. In this study, triazohpos had lethal, sublethal, and
transgenerational effects in two P. gossypiella generations (F0 and F1). Triazophos caused greater toxicity
against P. gossypiella, according to the findings of the bioassay, with LC50 values of 2.728 mg/l for F0 and
1.852 mg/l for F1 after 48 h of exposure. Triazophos LC10 and LC25 concentrations caused considerable
variations in biological parameters, which clearly indicated longer larval duration during F0 and F1 gen-
erations. Parameters related to reproduction showed significant differences with lower fecundity of
231.08 eggs/ female (LC10); 203.87 eggs/ female (LC25) and 220.95 eggs/ female (LC10) 209.21 eggs/
female (LC25) of F0 and F1 generations respectively and as compared to control which were 264.76 eggs/
female and 274.62 eggs/ female for F0 and F1 respectively. Demographic parameters for F0 and F1 popu-
lation revealed net reproduction rate (R0); intrinsic rate of increase (r); mean generation time (T) and (k)
were having significant difference in triazophos treated populations as compared to control. From results
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it can be asserted that life table reproductive and demographic parameters affected by triazophos can be
helpful in managing P. gossypiella in cotton crop and will result in more success against triazophos pop-
ulations of P. gossypiella.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Insects exposed to insecticides in field, lowers their densities for
time being but insect population re-build depending upon its sus-
ceptibility to insecticides (Desneux et al., 2005). Determining the
sub-lethal effects of insecticides is important clue to find the
impact analysis of insecticides, because insecticides exposure
may impair biological; reproductive or behavioral parameters of
arthropods including bio-control agents (Liu et al., 2022, Gu
et al., 2018, Desneux et al., 2007). Insecticides can affect arthropods
in direct (resulting in mortality) or indirect way having sublethal
impacts on life parameters; physiology and behavior (Idrees
et al., 2022b; Liu et al., 2022). Insecticides may have a variety of
sublethal effects, including disruption of enzymes, promoting and
suppressing reproduction, impacts on behavior and physiology,
and changes in sex ratio (Liu et al., 2022, Desneux et al., 2007). It
can also cause habitat changes (Malaj and Morrissey 2022), induce
sublethal and hormesis effects in key pests (Liang et al., 2021,
Tamilselvan et al., 2021), lead to secondary pest outbreaks (Paula
et al., 2021), modulate both direct and indirect interactions among
species within the food web, and cause resistance development. All
these things can have an effect on integrated pest management
(IPM) (Shah et al., 2020).

Pectinophora gossypiella, sometimes known as the pink boll-
worm, was initially described by W.W. Saunders in 1843 under
the name Deprassaria gossypiella (Reviewed by Naranjo et al.,
2001). It was further recorded in Australia in 1911 (Wilson 1972)
is serious cotton pest which decreases yield up to 67 % and causing
2.8 %–61.9 % losses in cotton seed yield. 2.1–47.1 % losses in oil
contents, 10.7 %–59.2 % losses in boll opening (reviewed by Ali
et al., 2020; Spielman et al., 2015; Majeed et al., 2016; Parmar
and Patel 2016).

Researchers are trying to come up with ways to control agricul-
tural pests that are safer for people, the environment, and natural
enemies at the turn of the century (Ahmed et al., 2022; Idrees et al.,
2016, 2017, 2021, 2022a,b). Triazophos is a broad-spectrum
organophosphate insecticide that can be used on a wide range of
crops to kill Lepidopteran pests like cotton bollworms (Liu, 1999)
and pink bollworms instead of dangerous insecticides (Akhtar
et al 2016). Work has been done on how triazophos affects insects
that are pests and biological agents in a way that doesn’t kill them.
The sublethal effect of triazophos on the life table parameters of
Sogatella furcifera has been investigated in detail (Liu et al 2016).
When sublethal doses of triazophos are given to Nilaparvata lugens,
the protein content of the male accessory glands changes (Wang
et al., 2010). To study how predators act in cotton fields where tri-
azophos has been sprayed, a two-sex life table of Orius sp. feeding
on P. gossypiella larvae was investigated (Ali et al., 2020).

Life tables are often used in studies of population and commu-
nity ecology (Chi et al., 2020). However, female-specific life tables
don’t take into account male members of the population, so their
importance is limited (Chi et al., 2020). Age-stage two sex life table
can be helpful in precise explanation of stage differentiation and
can show the data analysis; description and interpretation; regard-
ing both sexes in practical application (Chi et al., 2020). Two sex
life table provides in-depth sights of both male and female chang-
ing behavior; impact of different diet regimens on biological per-
formance on insect rearing (Ricupero et al., 2020); and
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adaptability to insecticide. Simulations of age-stage two sex life
table provides the pest population accurate assessment at particu-
lar stage, so this tool can be used to select best control strategy
(Chi, 1990). A sex table that shows how males and females age
gives researchers valuable information on population stability,
growth, and reproduction (Chi 1988; Chi and Liu 1985). According
to the results of these studies, using a two-sex table, triazophos
exhibits deadly and sublethal effects in P. gossypiella, and these
effects may be inherited. In a life table for P. gossypiella, the female
had a much longer cycle than the males. The demographic and
reproductive factors of P. gossypiella throughout two generations
were shown to be significantly different based on bioassay
findings.

After observing the wide-spread resistance of P. gossypiella
against broad-spectrum insecticides, this study was aimed to
observe the developed resistance in perspective of two sex-table
of this pest. Further, current study was aimed to know the lethal;
sublethal and transgenerational effects of triazophos on P. gossyp-
iella. Lethal concentration toxicity against P. gossypiella will help to
know the efficacy for all larval instars and managing chemical con-
trol of this pest. While sublethal concentration research on P.
gossypiella will be helpful to know impaired activity on develop-
ment; reproduction; fecundity to devise plan for controlling pink
bollworm in cotton.

In current research we sorted out lethal; sublethal and trans-
generational effects of triazophos using the two-sex table for P.
gossypiella in cotton. This research will be helpful for all cotton
growing countries to enhance their cropping system by developing
the management strategy of P. gossypiella. Which will be ultimately
resulting in benefit for farmer and Pakistan’s agriculture sector
which is dependent on cotton.

2. Materials and methods

2.1. Field insect collection; colony preparation; and insecticide

Pectinophora gossypiella adults and larvae were collected from
cotton fields located at Adda Peer Murad, District Vehari fields
for colony preparation. Insects after collection from the fields were
kept in cages with cotton bolls were provided to them for feeding
and plant terminals held in water for egg laying in the colonies.
Cotton plants in green houses were also grown for continuous food
supply of insects. For this purpose, plastic pots of 6x10x20 cmwere
used in green house. Bolls from plants were collected and were
brought to the laboratory. Insecticide free cotton bolls were kept
for colony preparation. Temperature and relative humidity were
27 ± 1 �C and 70 % respectively. Adults were fed with 10 % honey
solution. While adults for their egg laying were provided with
voiles having plant terminals held in water as substrate for egg lay-
ing. Insects were reared for 2 generations in the laboratory. For
bioassay purpose, triazophos (Jaffer agro services) 40 % EC having
active ingredients of 10 % per liter purchased from local market
in package of 1000 ml.

2.2. Bioassay for lethal concentration of insecticide

This experiment was conducted to investigate the direct toxic-
ity of triazophos on insect biology. Bioassay of newly hatched lar-

http://creativecommons.org/licenses/by-nc-nd/4.0/


Z.R. Akhtar, N.H. Bashir, A. Idrees et al. Journal of King Saud University – Science 34 (2022) 102319
vae (hatching within 12 h) was conducted by feeding them on
insecticide treated bolls. Bolls was cut diagonal sections to make
it convenient for larvae to feed on it. Pre-liminary range finding
dilutions (0.050–10 mg/L) was already conducted to get a series
of concentrations which provided mortality of 0–80 %. Dilutions
of 0,1,2,3,4,5,6 mg/L were prepared and already diagonally cut
bolls were dipped in insecticides and made it dry for 20 min on
towels at room temperature. Same procedure as Gao et al. (2018)
leaf-dip bioassay with modifications was conducted. Bioassay
was conducted for each instar of larvae. One larva per vile was
tested and 80 larvae per instar for each replicate was tested. For
each treatment total 240 larvae in 3 replications were used at each
dose. Each treatment was repeated 3 times and mortality was
observed after 24 h till 7 days. Individuals not showing movement
by touching the brush were considered as dead.

For F1 generation, bioassay was conducted with newly hatched
larvae evolved from F0. These insects were separate from two sex
table studies larvae. Same procedure of F0 was followed with each
treatment repeated 3 times.

2.3. Evaluation of LC25 and sublethal LC10 sublethal effects of
triazophos on life history traits of P. gossypiella at F0 and F1
generations

This experiment was aimed to know the direct impact of low or
sublethal concentration on pink bollworm larvae on F0 generation
and further impacts on F0 evolved generation F1 (without tria-
zophos exposure). Different concentrations which were deter-
mined from baseline toxicity experiments were used to
determine the LC25 and sublethal LC10sublethal effects of tria-
zophos on life cycle parameters of P. gossypiella. 1500 adults were
transferred to clean cage with tissue papers and cotton bolls inside
to lay eggs on them. After 48 h they were removed from the cage
and egg laying was transferred to other cage until eggs were
hatched (within 12 h) and their first instar was used for F0 gener-
ation. 60 larvae were transferred to other cage for LC25 and LC10-
sublethal treatments in glass vials. Cotton bolls as diet was
changed after one day interval till 2nd instar, while changed cotton
bolls each day on becoming 3rd instar. For pairing the insects,
newly hatched pupae were chosen and observed for male or female
genital appearance (CABI 2010) and were kept in vile, they were
paired and mated (30–32 per treatment). Fecundity and longevity
were observed until mortality of pair. Oviposition period was
observed for each female insect (Chi et al., 2018). Data was
recorded after 12 h till death of individual insect. Each experiment
was repeated 3 times. Honey-soaked cotton was given to adult
moths.

2.4. Transgenerational effects of triazophos on F1 generations of P.
gossypiella

Two eggs from each pair of each group of F0 (LC10; LC25; LC50;

Control) were selected and kept in voiles for starting F1 generation.
Hatched offspring from these eggs were used as F1 generation
observations. Diagonally cut cotton bolls were placed in voiles
for food. The transgenerational effects were studied at all stages
of insect. At pupal stage, insects were paired and kept in voiles
for egg laying. Data was recorded after 12 h till death of individual
insect. Characteristics such as developmental time; adult longev-
ity; and fecundity were observed. Temperature was kept at
27 ± 1 �C with relative humidity 75 %.

2.5. Statistical analysis

Lethal and sublethal concentrations were calculated using
POLO-Plus and Probit analysis (LeOra Software 2006). ANOVA
3

was used to examine mortality. TWO-SEX MS CHART assessed life
table characteristics utilizing age-stage two-sex table (Chi 1988).
(Chi 2015). Means and SEs were determined using bootstrap
(n = 100,000) (Huang and Chi, 2012). Various life table metrics,
including age-stage specific survival rate (sxj), life expectancy
(exj), which tells us if a person will survive to an age appropriate
for that stage, and age-stage specific net reproductive value, are
available (vxj). As of the calculation, other population factors such
as the intrinsic rate of rise (r), finite rate of increase (k), net repro-
ductive rate (R0), and mean generation time (T) (Chi and Liu 1985).

The Euler-Lotka equation was used to compute the intrinsic rate
of rise (r) for the Age-stage, two sex life table, with age indexed as
(Goodman 1982).

X1

x¼0

e�r xþ1ð Þ lx mx ¼ 1

R0 (Net Reproductive Rate) which is total number of offsprings
that an individual can produce during lifetime will be calculated as

Ro ¼
X1

x¼0

lx mx

Net Reproductive Rate (R0) and mean female fecundity (F) rela-
tionship was calculated as

R0 ¼ F
Nf
N

N = total number of individuals, F = number of females adults in
this study (Chi 1988).

The finite rate (k) k = er,
Mean generation time (T) = time span that population needs to

increase R0 folds of its size. Value of T was calculated as.

T ¼ lnR0
r

GRR ¼
X

mx

Life expectancy (exj) was calculated as

exj ¼
X1

i¼x

Xk

y¼j

siy

fe probability (sxj) was calculated as

siy ¼ 1

e-stage reproductive value (vxj) was calculated as

Vxj ¼ e�r xþ1ð Þ

Sxj

X1

i¼x

e�r xþ1ð Þ Xk

y¼j

siy fiy
3. Results

3.1. Lethal effects of triazophos against F0 and F1 generations

The LC50 values for P. gossypiella at 0, 1, 2, and 4 instars were
2.72, 2.75, 3.34, and 3.27 mg/L of triazophos (Table 1). The LC10

for triazophos was 1.984, 1.859, 2.380, and 2.297 mg/L for the first,
second, third, and fourth instars of the F0 generation, respectively
(Table 1). Triazophos’s LC25 for the F0 generation was 2.307 mg/L
for the first instar, 2.241 mg/L for the second instar, 2.798 mg/L
for the third instar, and 2.781 mg/L for the fourth instar (Table 1).
The LC90 values of triazophos for first, second, third, and fourth
instar P. gossypiella larvae of the F0 generation were 3.75, 4.09,
4.70, and 4.67 mg/L, respectively (Table 1).



Table 1
Lethal and sub-lethal toxicity of Triazophos against P. gossypiella larval instars of F0 and F1 generation.

Gen. LC10 (mg/L) LC25 (mg/L) LC50 (mg/L) LC90 (mg/L) Slope X2 P- value df

1st Instar
F0 1.98

(1.87–2.07)
2.30
(2.21–2.39)

2.72
(2.64–2.80)

3.752
(3.63–3.88)

9.26 ± 0.55 10.73 0.71 79

F1 0.98
(0.79–1.15)

1.330
(1.13–1.50)

1.85
(1.66–2.03)

3.47
(3.12–3.97)

4.68 ± 0.22 78.21 4.88 79

2nd Instar
F0 1.85

(1.70–1.99)
2.24
(2.10–2.36)

2.75
(2.63–2.87)

4.09
(3.89–4.34)

7.47 ± 0.40 31.22 1.95 79

F1 1.04
(0.83–1.22)

1.42
(1.20–1.61)

2.00
(1.79–2.21)

3.86
(3.43–4.49)

4.50 ± 0.19 95.85 5.99 79

3rd Instar
F0 2.380

(1.98–2.65)
2.79
(2.46–3.04)

3.34
(3.08–3.57)

4.70
(4.36–5.27)

8.65 ± 0.52 15.66 1.60 79

F1 1.55
(1.29–1.77)

1.99
(1.74–2.20)

2.62
(2.39–2.85)

4.43
(4.01–5.06)

5.62 ± 0.24 10.91 1.32 79

4th Instar
F0 2.29

(1.94–2.55)
2.71
(2.41–2.95)

3.27
(3.03–3.49)

4.67
(4.31–5.22)

8.31 ± 0.45 15.60 1.59 79

F1 1.77
(1.47–2.00)

2.14
(1.87–2.34)

2.63
(2.42–2.81)

3.91
(3.62–4.36)

7.46 ± 0.47 6.974 4.81 79

The values in parenthesis indicate the range of respective means.
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For larvae, the LC50 values for the first, second, third, and fourth
instars of the F1 generation (a different set of insects other than the
two-sex table group) were 1.852, 2.008, 2.627, and 2.637 mg/L,
respectively (Table 1). Mortality concentration response lines were
used to calculate the LC10 and LC25. For the F1 generation, the LC10

values were 0.987, 1.042, 1.555, and 1.776 mg/L for the first, sec-
ond, third, and fourth instar larvae, respectively (Table 1). The
LC25 values in the first, second, third, and fourth instars of P.
gossypiella larvae were 1.330, 1.422, 1.993, and 2.142 mg/L, respec-
tively, for the F1 generation (Table 1). First generation P. gossypiella
larvae had an LC90 value of 3.4763 mg/L for the first instar,
3.8673 mg/L for the second instar, 4.4382 mg/L for the third instar,
and 3.915 % mg/L for the fourth instar when exposed to triazophos
(Table 1).

3.2. LC25, LC10 and transgenerational effects of triazophos on biological
and reproductive parameters of F0, F1 generations

Triazophos application to determine the LC25; sublethal LC10-
sublethal and transgenerational effects on biological and reproduc-
tive parameters on all instars and pupae of F0 and F1 (Tables 2 and
3) showed that significant differences occurred when compared to
control. There was no significant difference in hatching duration of
F0 (F = 4.20; df = 57; P = 0.013); F1 (F = 2.12; df = 57; P = 0.156) gen-
erations (Table 2). There was significant difference in 1st instar lar-
val duration of F0 (F = 5.17; df = 57; P = 0.0001) at LC10 and LC25

showing prolonged duration as compared to control; F1 (F = 2.64;
df = 57; P = 0.0002) generation (Table 2). For 2nd instars there
was no significant difference in larval duration of F0 at LC10 and
LC25 (F = 3.27; df = 57; P = 0.217); F1 (F = 1.94; df = 57;
P = 0.143) generation (Table 2). For 3rd instars there were no sig-
nificant difference in instar larval duration of F0 (F = 6.32;
df = 57; P = 0.301); F1 (F = 2.29; df = 57; P = 0.244) generation
(Table 2). For 4th instars there were no significant difference in
instar larval duration of F0 (F = 3.31; df = 57; P = 0.0433); F1
(F = 1.87; df = 57; P = 0.0037) generation (Table 2). For pupa there
were significant difference in duration of F0 (F = 2.24; df = 57;
P = 0.0172); F1 (F = 3.76; df = 57; P = 0.0564) generations (Table 2).

Reproductive parameters for F0 and F1 when used LC10 and LC25

for P. gossypiella are shown in (Table 3). Pre-oviposition of F0 at
LC10 and LC25 showed significant differences as compared to con-
trol (F = 0.82; P = 0.0013); significant difference occurred for F1
(F = 1.24; P = 0.0029). Fecundity for F0 at LC10 and LC25 showed sig-
4

nificant differences as compared to control (F = 0.93; P = 0.002); F1
(F = 0.88; P = 0.034). Female adult longevity for F0 at LC10 and LC25

showed significant differences as compared to control (F = 0.84;
P = 0.002); F1 (F = 1.13; P = 0.0001); (Table 3). Oviposition period
for F0 at LC10 and LC25 showed significant differences with longer
or shorter oviposition period as compared to control (F = 0.68;
P = 0.021); F1 (F = 1.27; P = 0.002); (Table 3).

3.3. Effect of triazophos on demographic traits of F0 and F1 generations

Table 4 displays the results two-sex-stage-specific life table
regarding the effects of triazophos on population characteristics
(demographic attributes). The intrinsic rate of increase (r) for the
F0 generation was negatively correlated with concentration and
did not vary significantly from the control group (Table 4). There
was no statistically significant difference between the mean finite
rate of growth of insects treated with LC10 or LC25 and those in the
control group (Table 4). Control had a greater net reproduction rate
(R0), but LC10 and LC25 drastically reduced it. As shown in Table 4,
the longer mean generation time (T) for insects treated with LC10

and LC25 compared to the control group would lead to fewer gen-
erations of insects in cotton fields. Comparing the control group to
the LC10 and LC25 treated groups, the gross reproductive rate (GRR)
of the latter was found to be considerably lower (Table 4).

When comparing LC10 and LC25 to the control group, the F1 gen-
eration showed an intrinsic rate of rise (r) that was inversely pro-
portional to concentration (Table 4). Both the LC10 and LC25 groups
showed no statistically significant differences from the control
group in terms of the mean finite rate of increase (Table 4). Insects
treated with LC10 and LC25 had a lower net reproduction rate (R0)
than controls, and this decline accelerated with increasing concen-
tration (Table 4). Insects treated with LC10 and LC25 had a longer
mean generation time (T) compared to controls (Table 4). Insects
treated with LC10 and LC25 have dramatically reduced GRR com-
pared to controls (Table 4).

Using bootstrap analysis, we were able to determine the age-
stage specific survival rate (sxj). The sxj demonstrated the likeli-
hood that a freshly placed egg would survive from age � to stage
j when applied to the F0 generation. The LC10 and LC25 groups
had an increase in total life span when compared to the control
group (Fig. 1). The fact that the age-stage specific life expectancy
exj was greater in LC10 and LC25 populations as compared to con-
trol (Fig. 2) demonstrated the likelihood that LC10 and LC25 treated



Table 2
Sub-lethal (LC10, LC25) effects of triazophos on biological traits of P. gossypiella for 2nd generations.

Conc. Duration (Egg- larva) 1st instar 2nd instar 3rd instar 4th instar Pupa

F0
Control 3.70 ± 0.10 2.39 ± 0.075 3.95 ± 0.075 3.97 ± 0.095 3.02 ± 0.074 7.74 ± 0.56
LC10 3.18 ± 0.178 3.04 ± 0.075 3.95 ± 0.096 3.95 ± 0.095 3.60 ± 0.105 8.58 ± 0.065
LC25 3.37 ± 0.017 3.01 ± 0.017 3.98 ± 0.017 3.98 ± 0.017 3.44 ± 0.065 8.13 ± 0.449
P value 0.013 0.0001 0.217 0.301 0.0433 0.0172
F 4.20 5.17 3.27 6.32 3.31 2.24
df 57 57 57 57 57 57

F1
Control 3.7 ± 0.10 2.46 ± 0.098 3.80 ± 0.116 3.73 ± 0.119 2.73 ± 0.105 8.17 ± 0.363
LC10 3.1 ± 0.10 3.21 ± 0.081 3.88 ± 0.073 3.70 ± 0.095 3.21 ± 0.131 7.42 ± 0.689
LC25 3.33 ± 0.19 3.01 ± 0.10 3.68 ± 0.12 3.65 ± 0.12 3.23 ± 0.13 8.37 ± 0.22
P value 0.156 0.0002 0.143 0.244 0.0037 0.0564
F 2.12 2.64 1.94 2.29 1.87 3.76
df 57 57 57 57 57 57

Table 3
Sub-lethal (LC10, LC25) effects of triazophos on reproductive parameters P. gossypiella
for 2 generations.

Conc. Pre-oviposition
period

Fecundity Female adult
longevity

F0
Control 2.52 ± 0.09 264.76 ± 3.94 13.48 ± 0.10
LC10 3.086 ± 0.64 231.08 ± 1.65 12.43 ± 0.15
LC25 3.130 ± 0.65 203.87 ± 3.38 11.65 ± 0.15
P value 0.0013 0.002 0.002
F 0.82 0.93 0.84

F1
Control 2.34 ± 0.095 274.61 ± 4.031 13.50 ± 0.10
LC10 3.13 ± 0.169 220.95 ± 2.289 12.78 ± 0.153
LC25 3.65 ± 0.095 209.21 ± 3.531 12.69 ± 0.199
P value 0.0029 0.034 0.0001
F 1.24 0.88 1.13

Z.R. Akhtar, N.H. Bashir, A. Idrees et al. Journal of King Saud University – Science 34 (2022) 102319
insects would have a longer lifespan than control. Age-stage speci-
fic reproductive rate (vxj) indicates that the overall reproduction
rate decreased in LC25 populations; further, LC10 populations also
shown less reproductive rate as compared to control (Fig. 2), which
demonstrated that although a population can survive longer, it will
reproduce fewer offspring in the generations to come.

To determine the survival rate (sxj) for each age group, a boot-
strap sample was generated. For the F1 generation of a species, the
survival probability from age x to age j was denoted by the symbol
sxj. The LC10 and LC25 had significantly longer median ages than
control (Fig. 3). Life expectancy at different ages exj was greater
in the LC10 and LC25 populations than in the control group
(Fig. 3), suggesting that treated insects lived longer than their
Table 4
Transgenerational effects of triazophos on demographic traits of P. gossypiella for F0, and F

F0

LC10 Control

r 0.147 ± 0.0054ab 0.161 ± 0.0056a
k 1.158 ± 0.0066a 1.174 ± 0.0065a
R0 88.583 ± 14.53b 110.33 ± 16.87a
T 30.499 ± 0.177a 29.168 ± 0.28a
GRR 93.146 ± 14.86b 115.71 ± 17.20a

F1

r 0.145 ± 0.0057ab 0.162 ± 0.0052a
k 1.157 ± 0.0065a 1.176 ± 0.0061a
R0 84.76 ± 13.92b 119.03 ± 17.67a
T 30.42 ± 0.212a 29.47 ± 0.144a
GRR 90.77 ± 14.37b 126.76 ± 18.19a

R = Intrinsic rate of increase; k = Finite rate of increase; R0 = Net reproduction rate; T =

5

untreated counterparts. Compared to controls, LC25 populations
have a lower age-specific reproductive rate (vxj) of F0 (Fig. 3), indi-
cating that longer-lived populations do not generate more off-
spring than those who perish earlier in their lives.
4. Discussion

A sex table broken down by age provides insight into the sur-
vival, growth, and reproduction of male and female populations
(Chi 1988; Chi and Liu 1985). These investigations show that tria-
zophos has both fatal and sublethal effects on P. gossypiella when
utilizing a two-sex table, and that these effects may be passed
down via subsequent generations. Two sex table on P. gossypiella
life span showed female having prolonged life cycle as compared
to males. Bioassay results found significant differences in the
demographic and reproductive parameters of P. gossypiella for
two generations.

Insecticides are only reliable method to control insect, frequent
use of insecticide causes resistance problem in insects (Ghramh
et al., 2019). Pectinophora gossypiella has also developed resistance
against different group of insecticides (Akhtar et al., 2020). To use
insecticides in rationale manner, sublethal effects of insecticides
are important (Xiao et al., 2015; Liang et al., 2012). Triazophos
being broad spectrum insecticide may cause sublethal effects,
alterations of biology of P. gossypiella. Triazophos, in current stud-
ies, showed significant differences in fecundity and longer larval
duration in P. gossypiella, because sublethal effects may change
fecundity; hatchability; and longevity of arthropods (Desneux
et al., 2007). Similarly, Liu et al. (2016) observed that triazophos
caused significant prolonged nymphal duration of Sogetella fru-
1 generations.

LC25 Control

0.143 ± 0.0055ab 0.161 ± 0.0056a
1.154 ± 0.0064a 1.174 ± 0.0065a
78.156 ± 12.82b 110.33 ± 16.87a
30.341 ± 0.18a 29.168 ± 0.28a
82.186 ± 13.11b 115.71 ± 17.20a

0.144 ± 0.005ab 0.162 ± 0.0052a
1.155 ± 0.006a 1.176 ± 0.0061a
80.26 ± 13.19b 119.03 ± 17.67a
30.41 ± 0.17a 29.47 ± 0.144a
85.79 ± 13.63b 126.76 ± 18.19a

Mean length of generation; GRR = Gross reproduction rate.



Fig. 1. Age Stage Specific Survival Rate (Sxj) and Age Stage Life Expectancy (Exj) of F0 generation P. gossypiella.

Fig. 2. Age Stage Reproductive Value (Vxj) of F0 generation and Age Stage Specific Survival Rate (Sxj) of F1 generation pink bollworm P. gossypiella.
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cifera, significantly depressed various life table parameters at sub-
lethal concentrations of triazophos, it also stimulated reproduction
in S. frucifera, triazophos also inhibited population growth of S. fru-
cifera as compared to control (Liu et al., 2016). Our results were in
agreement with Wang et al. (2010), in which triazophos was found
6

to be affecting males and females and effects on fecundity of
female N. lugens was observed.

In current studies, prolonged oviposition period in LC25 treated
group was due to harmosis effects. Because pesticide induced
homeostasis modulation which is term including both hormesis



Fig. 3. Age Stage Life Expectancy (Exj) and Age Stage Reproductive Value (Vxj) of F1 generation P. gossypiella.
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and stimulatory effects of pesticides on non-target arthropods (re-
viewed by Desneux et al., 2007). Hormesis includes both low-dose
stimulatory and high dose inhibitory effects of insecticides. It is
dose and time dependent phenomenon in which impacts are
shown as result of exposure of pesticide sublethal dose rate (re-
viewed by Liu et al., 2016) so in current studies high dose inhibi-
tion (lower fecundity) and low dose stimulation (prolonged
oviposition period) were in agreement with Desneux et al. (2007)
and Calabrese (2008).

Demographic features from two sex table showed that r; k; R0

were significantly affected in triazophos LC10 and LC25 treated
insects as compared to control. Low value of relative fitness shows
that more time and energy will be spent by insect to metabolize
the insecticides triazophos. Our results were in agreement with
(Zhang et al., 2018; Shi et al., 2022). Analysis curves of two gener-
ations regarding survival rate (sxj); female age specific rate (fx); age
specific survival rate (lx); age specific fecundity (fx); age specific
maternity (lxmx); age specific reproductive value (vx)explicitly
revealed that LC10 and LC25 concentrations of triazophos negatively
affected all these parameters (survival rate; fecundity) during F0
and F1 generations as compared to control. Triazophos also
resulted in lower life expectancy (exj)Our results were in agree-
ment with Shi et al. (2022) in which all these parameters were neg-
atively affected at LC25 concentrations of nitenpyram against S.
frucifera.

Trans-generational effects in these studies were important to
determine the survival, growth and development of insect, so r is
important demographic parameter (Bonte et al 2015; Chen et al.,
2018). For population parameter ‘‘r” can be better explained using
two sex table (Huang and Chi 2012). Using two sex table, reproduc-
tion of insects, Ro and GRR (reproductive parameters) were deter-
mined. Ro is significant indicator of population development which
is directly related to number of eggs. In current studies r value was
not significantly different in LC10 and LC25 treated insects as
compared to control for both generations explicitly indicating that
7

survival; growth and development were not significantly affected
with sublethal doses of triazophos. In current studies, Ro and GRR
were significantly lower in LC10 and LC25 treated groups as com-
pared to control, which explicitly reveal that reproductive param-
eters were lower for triazophos treated insects which can be
helpful in population reduction in the fields of cotton. Our results
were in agreement with Chi (1988); Chi et al. (2020) for two sex
table analysis, in which exact relationship between Ro and fecun-
dity was found and, in our studies female produced offspring were
equal to net reproductive rate. Intrinsic rate of increase (r) and
finite rate of increase (k) were not significantly affected as com-
pared to control, these results were in agreement with Tang et al.
(2019). Our results about longer oviposition period in F1 for LC25

as compared to control showed hormetic effect which was also
in agreement with Tang et al. (2019), which we assert that un-
intended longer or shorter oviposition duration at low concentra-
tion results in hormetic effects for pink bollworm.

Our research shows that triazophos, at both lethal and sublethal
doses, may hinder the growth and reproduction of P. gossypiella
based on its age. This is useful information for developing an Inte-
grated Pest Management approach. Triazophos has sublethal
effects, making it a viable alternative to DDT for managing pink
bollworm. When it comes to controlling pink bollworms, a lower
r value (population parameter) in the LC10 and LC25 treated groups
will be very useful. Insect populations may be better managed in
the future under field settings if they are targeted at both male
and female stages of development, as shown by the two-sex life
table. Current research shows that triazophos improves pink boll-
worm control in the field by causing death and reducing reproduc-
tion. Insecticides lose their effectiveness over time after being
applied in the field, and their sublethal effects might lead to addi-
tional pest population reduction. Desneux et al. (2007) provide a
technique for assessing the sublethal effects of triazophos on ben-
eficial creatures, and these findings might one day be used to
predators of Pectinophora gossypiella. Before these findings can
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be incorporated into regulatory systems, however, we need to cre-
ate standardized methodologies for analyzing the impact of sub-
lethal doses on the efficiency of beneficial species.

5. Conclusion

Our studies found that triazophos can impair P. gossypiella age-
stage specific development; age-stage specific reproduction at
lethal and sublethal concentrations which is helpful to prepare
Integrated Pest Management strategy. These sublethal effects
make triazophos as alternate insecticide to control pink bollworm.
Lower r value (population parameter) in LC10 and LC25 treated
groups will be helpful in managing pink bollworms in cotton fields.
Two-sex life table will help to formulate a comprehensive strategy
for controlling P. gossypiella during larvae and adult exposure to
triazophos using male and female separate sexes for future control
of insect population under field conditions. When applying these
results in the field can be helpful in population management of
pink bollworms on cotton bolls, brackets, and flowers. We con-
clude that a better understanding of the reproductive and demo-
graphic aspects of P. gossypiella influenced by triazophos would
aid in the control of this pest in cotton crops.
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