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ABSTRACT

Insecticides are a quick tool to suppress insect pests and an important element of integrated pest
management (IPM). A cyhalothrin, a pyrethroid, is commonly used to manage economic insect pests in
agricultural crops since long. An assay was designed to evaluate the efficacy of A cyhalothrin on biological
parameters of generalist predator, Coccinella septempunctata. Results indicated that A cyhalothin has no
significant impact on developmental life stages of larvae of ladybird beetle but it significantly reduced the
span of total adult longevity (30.8 to 26.91 d), female adult longevity (31.5 to 27.79 d), and male adult
longevity (29.4 to 25.56 d) as compared to control. Among population parameters, A cyhalothin had a
non-significant impact on adult preoviposition (APOP), total preoviposition period (TPOP), oviposition
period, intrinsic rate of increase, finite rate of increase, and mean generation time (T). However, it had
significantly reduced the fecundity of females from 294.00 to 262.43 eggs/female and net reproductive
rate (R) (174 to 91.85 d). Our results showed that C. septempunctata had adopted to manage A cyhalothrin
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and it could be used in experiments involving C. septempunctata as a natural biocontrol agent.

INTRODUCTION

adybird beetles are the member of class insecta and

belongs to the family Coccinellidae (Atta et al., 2019).
The lady bird beetle (Coleoptera: Coccinellidae) is common
to a wide range of natural and agricultural habitats with
worldwide distribution. Coccinellids are Holometabolous
insects possess four stages in their life cycle i.e., egg,
larva, pupa, and adult. There are three molting and four
larval instars (Pervez, 2004). All motile stages are predator
but the larval and adult stages are very good predators of
aphids and other small insects (Hangay and Zborowski,
2010). Its 3™ and 4" instars larvae are more voracious as
compared to 1% and 2™ instar (Atta et al., 2019). Predatory
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potentials of females are more than males and laboratory
reared adults are also more voracious than the field
collected. Wheat (7riticum aestivum L.) is the main
cereal staple crop of Pakistan and affected by aphids
(Anonymous, 2018; Atta et al., 2019). Therefore, aphids
attained the status of regular pest in Pakistan and regular
monitoring of wheat crop is very important during the
crop season (Abdulkhairova, 1979; Atta et al., 2019).
Biological control is the action of parasitoids, predators
and pathogens in maintaining density at a lower average
than would otherwise occur. According to Sathe and
Bhosale (2001), predators are the organism which directly
attack, kill, and eat one of the other species (prey of host).
Biological control agents comprises an important elements
of many integrated pest management (IPM) program but
many synthetic pesticides affect them negatively (Mordue
and Blackwell, 1993). Natural enemies/ biological control
agents are the most important factors to regulate the pest
population for keeping the insect pests below economic
threshold level (Atta et al., 2019). Ladybird beetles are
very common for controlling many insects and different
studies have been done on them (Singh and Bras, 2004;
Ullah et al., 2012; Farooq et al., 2018; Atta et al., 2019). A
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cyhalothrin is commonly used insecticides for insect pest
management on wheat, rice, and other crops (Atta et al.,
2019).

Arthropods resistance to insecticides is of great
concern in integrated pest management programs for
applied entomologist. More than 600 species of insects
and mites have been reported to develop resistance to one
or more chemicals (Whalon et al., 2012). The development
of resistance in insect pests lower the agronomic value of
the insecticides (Jiang et al., 2011; Whalon et al., 2015).
On the other hand, fewer insects from natural enemies have
shown resistance to insecticides (Croft, 1990; Whalon et
al., 2012). The repeated exposure to same to pesticides can
evolve resistance in natural enemies like agricultural insect
pests (Croft and Morse, 1979; Pathan et al., 2008; Pree
et al., 1989; Rodrigues et al., 2013a). The development
of resistance to certain pesticide could be attributed to
intrinsic factors such as genetic makeup, behavioural
patterns, and metabolic physiology, in addition to
extrinsic factors such as pesticide properties and exposure
frequency and coverage (Forgash, 1984; Georghiou and
Taylor, 1977a; Rosenheim and Tabashnik, 1990; WHO,
1957). It is therefore of interest that certain predator
insects appear less susceptible as compared to other insect/
groups (Tillman and Mulrooney, 2000; Williams et al.,
2003), their prey (Gesraha, 2007), or even key pest species
(Spindola et al., 2013).

To use beneficial arthropods as bio-control agents or
preserve their local natural populations in integrated pest
management, their susceptibility to the pesticides used
must be taken into account. In order to save released or
local beneficial fauna and to augment and exploit their
performance, several well-known strategies needed to be
exploited. Looking for preparations harmless to biological
agents among the existing pesticides; developing novel
selective active ingredients finding (collecting/selecting)
tolerant or resistant strains of natural enemies. The success
of biological control may be enhanced by preventing the
careless use of pesticides by having direct and indirect
toxic effects on natural enemies. These adverse effects
on the bio-agents can be minimized by considering and
implementing some tactics which may play important
role in expanding the function of biological control. The
goal of IPM is to select such chemicals that are having
compatibility. So, this study had been carried out to
evaluate the sublethal impact of A cyhalothrin on biological
parameters of ladybird beetle.

MATERIALS AND METHODS

Insects
Coccinella septempunctata adults were collected
from experimental area Rice Research Institute Kala Shah

Kaku, Pakistan during the season 2018. Adults collected
were reared in laboratory and Aphis gossypii were supplied
as diet on daily basis collected from field. One generation
(F,) was reared in the laboratory. Forty-five eggs were
used in this study for each treatment. Grubs were supplied
with sufficient number of A. gossypii as food. 2™ stage in
stars were introduced into treated petri dishes to record the
impact of insecticide life table parameters.

Insecticide

A cyhlothrin (Karate SEC), a commercial product
of Syngenta, Pakistan, was used for sublethal studies
against C. septempunctata larvae for biological parameters
studies. Stock solution of 0.1% ml/L was prepared in
distilled water. Then further two dilutions were made viz.,
0.05 and 0.025 ml/L. Central doses 0.05 ml/L was selected
for sublethal studies. For control only distilled water was
used.

Bioassay

15 ml of selected dose were poured in the perti dishes
and then it was shaked for 10-15seconds so that dose may
be distributed to entire surface of the flask. The remaining
liquid was wasted and petri dish was kept in front of fan to
let it dry. Distilled water was used for control treatment. 45
eggs were used in this study. Due to higher mortality of 1*
instar, 2" instar larvae were put inside petri dish. Data for
life stage and mortality was collected after 12 h (0900 and
2100 h). Adults of the same treatment were sexed to record
the fecundity and life span for each treatment till death of
each individual.

Statistical analysis

The basic life table parameters such as age-stage
survival rate (Sxj), reproductive value (Vxj), age-stage
specific life expectancy rate (Exj), intrinsic rate of increase
(r), reproductive rate (R0), Finite rate of increase (M),
and mean generation time (T), were analyzed using the
computer program TWOSEX-MS Chart (Chi and Liu,
1985; Chi, 20164, b). The standard errors were calculated
using the bootstrap technique included in the program with
100,000 random sampling (Efron and Tibshirani, 1993).
Adult longevity, adult pre-oviposition period (APOP),
total pre-oviposition period (TPOP), fecundity and
population parameters (r, A, RO, and T) were compared
using the paired bootstrap test based on the confidence
interval of the differences. Survival rate and reproductive
value curves were plotted using MS Word software-2013.

RESULTS AND DISCUSSION

Age-stage two sex life tables
The development duration for each stage of C.
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septumpunctata are presented in Table I. The development
period was the shortest in A cyhalothrin (33.52d) followed
by control (33.6 d). Moreover, the females’ life periods
were longer than males in both treatments. Adult male
longevity decreased in A cyhalothrin treatment (25.56 d)
as compared to control (29.40). In the same way, female
longevity and total adult longevity was significantly lower
(27.79 d) and (26.91 d) for insecticide treated grubs as
compared to control (31.5 d) and (30.80 d), respectively.
Age-stage, two sex life tables parameters describes the
probability of a new born to survive to specific age (x) and
stage (j) (Figs. 1-3). The age-stage curve () describes a
higher survival rate on control as compared to treatment.
The I, f;]., and m_ curves indicate that C. septempunctata
had higher survival on control as compared to lamnda
cyhalothrin. While the highest fecundity was recorded
in control treatment as compared to sublethal dose of A
cyhalothrin.

Table I. Effect of A cyhlothrin on duration of
development of C. septumpunctata (days) reared on A.

Zossypi.

Development N Control N X cyhalothrin
stage

Egg 45 5.00+0.00a 45 5.00£0.00a
L1 44 4.00+0.00a 43 4.00+£0.00a
L2 40 5.10+0.12a 40 5.08+0.12a
L3 34 556+£020a 33 561+0.17a
L4 30 6.53£0.15a 28 6.64+0.15a
Pupa 30 7.07+0.15a 23 7.17+0.16a
Preadult 30 33.6+2.30a 23 33.52+032a
Adult longevity 30.80+0.57 a 2691 +0.63b
Female 20 31.50+0.60a 14 27.79+0.79b
Male 10 2940+1.13a 9 2556+0.88Db

SEs were estimated by bootstrapping (100,000 replications). N, number
of individuals completing a specific stage.

Age stage specific life expectancy curves (Exj)
were plotted in Figure 2. The newly hatched eggs of C.
septempunctata were expected to survive for a longer
period in control as compared to treated larvae. Both,
males and females are expected to live a longer life when
treated with distilled water as compared to A cyhalothrin.

Age-stage-specific reproduction rate (V) for different
treatments plotted in Figure 3. Adult females contributed
more to the population as they are the most productive
stages of a population. Moreover, the successful adult
emergence recorded more females as compared to males
in all treatments. The highest age-stage reproductive value
was recorded in control (1.1427) treatment, followed by

A cyhalothrin (1.1295). The fecundity of an individual
is affected by the conditions in which it is raised. The f
curve explains the highest fecundity in A cyhalothrin treated
individuals was 19.8 eggs/day at 40™ day while in control
peak value 17.8 eggs was recorded on 42" day (Fig. 4).
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Fig. 1. Effect of A cyhlothrin on age stage specific survival
rate (Sxj) of Coccinella septumpunctata.
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Fig. 2. Effect of A cyhlothrin on age stage specific life
expectance (exj) of Coccinella septumpunctata.
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Fig. 3. Effect of A cyhlothrin on age stage specific
reproductive rate (Vxj) of Coccinella septumpunctata.
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Fig. 4. Effect of A cyhlothrin on age stage specific survival
rate (Ix), age stage specific fecundity (fxj), age specific
fecundity (mx), and age specific maternity ([xmx) of
Coccinella septumpunctata.

Population parameters

Population were recorded for control and sublethal
dose of A cyhalothin insecticide. SEs were estimated
with bootstrap technique with 100,000 replicatons. Net
Reproductive rate (R)) was highest for control (147.00)
followed by A cyhalothin (91.85). Intrinsic rate of
increase (r) was maximum for control (0.1339) followed
by A cyhalothin (0.1218). Mean generation time (T) was
maximum for control (37.41) followed by A cyhalothin
(37.13) but statistically insignificant. Finite rate of increase
(M) values were highest to lowest for control (1.1427) as
compared to A cyhalothin (1.1295) (Table II).

Table II. Effect of A cyhlothrin on fecundity and life
table parameters (Mean + SE) of C. septumpunctata
reared on A. gossypi.

Parameters Control A cyhalothrin
APOP 460+0.11a 414+023a
TPOP 29.20+0.533a 2857+040a

Oviposition period 14.20+£0.2634a 13.36+0.41 a
Fecundity (eggs/female) 294.00+5.835a 262.43+£4.98b
R, (offspring individual') 147 +23.4808a 91.85+43.72b

T (d) 4541+0.652a 45.13+0.365a
r(d") 0.13387+0.0052a 0.1218+0.0066 a
A(d) 1.14269+0.0059a 1.1295+0.0074a

APOP, adult pre-oviposition period; TPOP, total pre-oviposition period;
RO, net reproductive rate; T, mean generation time; r, intrinsic rate of
increase; A, finite rate of increase. SEs were estimated by bootstrapping
(100,000 replications).

DISCUSSION

IPM includes the integration of insecticides with other
natural controlling agents such as predators, parasitoids,
and parasites (Bilal et al., 2019), but it has been seldom
achieved due to incompatibility of parts of IPM especially
insecticides and biocontrol agents (Tabashnik and Johnson,
1999). Insecticides are found equally toxic to natural
enemies (Bilal et al., 2019) and less toxicity to natural
enemies other than pest is viewed as a rare exception
(Croft, 1990). With the advancement in insect pests’
management techniques, insecticides are still primary tool
for insect pest management. The impact of insecticides on
beneficial fauna helping in pest management without an
additional cost to IPM is an important matter (Atta ef al.,
2019) (Fig. 1).

A cyhalothrin is a pyrethroid used on a wide scale for
insect pest controlling programs. The results indicated that
sublethal dose of A cyhalothrin had a non-significant on
developmental stages of ladybird beetle, however, pre-
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adult period was shorter than control. These results suggest
development of tolerance in C. septempunctata against A
cyhalothrin, a pyrethroid. The development of resistance in
coccinellid species field populations against A cyhalothrin
and pyrethroids was reported earlier by researchers in other
countries (Torris ef al., 2015; Rodrigues ef al., 2013a, b).
Bozsik (2006) reported that A cyhalothrin is moderately
harmful to C. septempunctata adults that is fairly similar
to our results. The less survival of C. septempunctata as
compared to the control might be attributed to the outbreak
of aphids after pyrethoids application in field (Deguine et
al., 2000; Godfrey et al., 2000) (Fig. 2).

A cyhalothrin is among type-II pyrethroids which are
more toxic due to presence of cyano group in molecule
as compared to type-I pyrethroids such as permthrin
and bifenthrin (Sattelle and Yamamoto, 1988; Khambay
and Jewess, 2010; Torres ef al., 2015). Wilis and Jepson
(1994) reported the same for deltamethrin pyrethroid that
C. septempunctata moved to lower parts of the shelter
when exposed to deltamethrin. It may be due to that it
had adopted to manage with the situation when exposed
to A cyhalothrin. Our results indicated that A cyhalothrin
had long term impact on C. septempunctata such as adult
longevity of the male and female adult. This may be
attributed to variable biological, operational, and genetic
influences (Georghiou and Taylor, 1977a, b) (Fig. 3).

The sublethal application may have a suppressive or
vice versa impact on fecundity of an insect. It means that
it may reduce or augment its fecundity (Ali et al., 2017).
The reduced fecundity of the female may be attributed to
this factor. However, the population parameters such as
generation time (T), intrinsic rate of increase (), finite rate
of increase (A), and net reproductive rate were remained
non-significant for control and A cyhalothrin which
may be attributed to development of resistance in field
population of C. septempunctata against A cyhalothrin.
The development of resistance to an insecticide is not a
permanent character in case of insects. An insect resistant
to a certain insecticide may become susceptible again if
raised in an insecticide free environment over generations
(Ya-jun ef al., 2014). The number of generations have not
been reported for an insect for loss of resistance against an
insecticide. This may be due to specific biology of an insect.
The loss of resistance could be evaluated in the laboratory
by producing a resistant biotype for a specific chemical.
However, this evaluation may require an additional cost
which depends on the biology of biocontrol agent under
study (Fig. 4).

CONCLUSION

Our results revealed that C. septempunctata may have

developed to manage A cyhalothrin, and the insecticide
may have not a significant damaging impact upon field
population of ladybird beetle, C. septempunctata. It can
be used in IPM programs involving C. septempunctata as
a biological control agent.

Statement of conflict of interest
The authors have declared no conflict of interest.

REFERENCES

Abdulkhairova, S., 1979. The injuriousness of cereal
aphids. Zashchita Rastenii, 10: 44.

Ali, E., Liao, X., Yang, P., Mao, K., Zhang, X., Shakeel,
M., Salim, AM.A., Wan, H. and Li, L., 2017.
Sublethal effects of buprofezin on development
and reproduction in the white-backed planthopper,
Sogatella furcifera (Hemiptera: Delphacidae). Sci.
Rep., 7: 16913. https://doi.org/10.1038/s41598-
017-17190-8

Anonymous, 2018. Economic survey of Pakistan. Min.
Food Agric., Fed. Bureau of Statistics, Islamabad,
Pakistan

Atta, B., Rizwan, M., Sabir, A.M., Ayub, M.A,,
Akhter, M.F., Ayub, M.B. and Nadeem, S., 2019.
Comparative incidence and abundance of aphids
and their associated predators on canola in Pakistan.
Pak. Entomol., 41: 174—-152.

Bilal, M., Hussain, M., Umer, M., Ejaz, N., Noushabhi,
H.A., Atta, B. and Rizwan, M., 2019. Population
incidence and efficacy of chemical control against
rice leaffolder (Cnaphnalocrocis medinalis Guenee)
(Pyralidae: Lepidoptera). Asian PL Res. J., 2: 1-7.
https://doi.org/10.9734/aprj/2019/v2i230040

Bozsik, A., 2006. Susceptibility of adult Coccinella
septempunctata (Coleoptera: Coccinellidae) to
insecticides with different modes of action. J. Pest
Manage. Sci., 62: 651-654. https://doi.org/10.1002/
ps.1221

Chi, H. and Liu, H., 1985. Two new methods for the
study of insect population ecology. Bull. Inst. Zool.
Acad. Sin., 24: 225-240.

Chi, H., 2016a. Two Sex-MSChart: Computer
program for age stage, two-sex life table analysis.
http://140.120.197.173/ecology/

Chi, H., 2016b. Timing-MSChart: A computer program
for the population projection based on age-stage,
two-sex life table. http://140.120.197.173/Ecology/
Download/TIMING-MSChart.rar (accessed 27
March 2020).

Croft, B.A. and Morse, J.G., 1979. Recent
advances in natural enemy-pesticide research.


https://doi.org/10.1038/s41598-017-17190-8
https://doi.org/10.1038/s41598-017-17190-8
https://doi.org/10.9734/aprj/2019/v2i230040
https://doi.org/10.1002/ps.1221
https://doi.org/10.1002/ps.1221
http://140.120.197.173/ecology/
http://140.120.197.173/Ecology/Download/TIMING-MSChart.rar
http://140.120.197.173/Ecology/Download/TIMING-MSChart.rar

1398 M. Rizwan et al.

Entomophaga, 24: 3—11. https://doi.org/10.1007/
BF02377504

Croft, B.A., 1990. Pesticide resistance. Documentation.
In: Arthropod biological control agents and
pesticides (ed. B.A. Croft). John Wiley and Sons,
New York, pp. 357-381.

Deguine, J.P., Goze, E. and Leclant, F., 2000. The
consequences of late outbreaks of the aphid Aphis
gossypii in cotton growing in Central Africa:
Towards a possible method for the prevention of
cotton stickness. Int. J. Pest Manage., 46: 86—89.
https://doi.org/10.1080/096708700227426

Efron, B. and Tibshirani, R.J., 1993. An introduction to
the bootstrap. J. Am. Stat. Assoc., 89: 436. https://
doi.org/10.1007/978-1-4899-4541-9

Farooq, M., Shakeel, M., Iftikhar, A., Shahid, M.R.
and Zhu, X., 2018. Age-stage, two-sex life tables of
the lady beetle (Coleoptera: Coccinellidae) feeding
on different aphid species. J. econ. Ent., 111: 575-
585. https://doi.org/10.1093/jee/toy012

Forgash, A.J., 1984. History, evolution, and
consequences of insecticide resistance. Pestic
Biochem. Physiol., 22: 178-186. https://doi.
org/10.1016/0048-3575(84)90087-7

Georghiou, G.P. and Taylor, C.E., 1977a. Genetic and
biological influences in the evolution of insecticide
resistance. J. econ. Ent., 70: 319-323. https://doi.
org/10.1093/jee/70.3.319

Georghiou, G.P. and Taylor, C.E., 1977b. Operational
influences in the evolution of insecticide resistance.
J. econ. Ent., 70: 653—658. https://doi.org/10.1093/
jee/70.5.653

Gesraha, M.A., 2007. Impact of some insecticides
on the Coccinellid predator, Coccinella
undecimpunctata L. and its aphid prey, Brevicoryne
brassicae L. Egypt. J. Biol. Pest. Contr.,17: 65-69.

Godfrey, L., Rosenheim, J.A. and Goodell, P.B., 2000.
Cotton aphid emerges as major pest in SJV cotton.
Calif. Agric., 54: 26-29. https://doi.org/10.3733/
ca.v054n06p26

Hangay, G. and Zborowski, P., 2010. 4 guide to the
beetles of Australia. Csiro Publishing. https://doi.
org/10.1071/9780643100121

Jiang, W., Guo, W., Lu, W, Shi, X., Xiong, M., Wang, Z.
and Li, G., 2011. Target site insensitivity mutations
in the AChE and LdVsscl confer resistance
to pyrethroids and carbamates in Leptinotarsa
decemlineata in northern Xinjiang Uygur
autonomous region. Pest. Biochem. Physiol., 100:
74-81.

Khambay, B.P.S. and Jewess, P.J., 2010. Pyrethroids.
In: Insect control (eds. L.I. Gilbert and S.S. Gill).

Academic Press, London, United Kingdom. pp.
1-34. https://doi.org/10.1016/B0-44-451924-
6/00075-2

Mordue, A.J. and Blackwell, A., 1993. Azadirectin. An
update. J. Insect Physiol., 39: 903-924. https://doi.
org/10.1016/0022-1910(93)90001-8

Pathan, A.K., Sayyed, A.H., Aslam, M., Razaq,
M., Jilani, G. and Saleem, M. A., 2008. Evidence of
field-evolved resistance to organophosphates and
pyrethroids in Chrysoperla carnea (Neuroptera:
Chrysopidae).J. econ. Ent.,101: 1676—1684. https://
doi.org/10.1603/0022-0493(2008)101[1676:EOFR
TO]2.0.CO;2

Pervez, A., 2004. Predaceous coccinellids in India:
Predatorprey catalogue. Ori. Insects, 38: 27-61.
https://doi.org/10.1080/00305316.2004.10417373

Pree, D.J., Archibald, D.E. and Morrison, R.K., 1989.
Resistance to insecticides in the common green
lacewing  Chrysoperla  carnea  (Neuroptera:
Chrysopidae) in southern Ontario. J. econ. Ent., 82:
29-34. https://doi.org/10.1093/jee/82.1.29

Rodrigues, A.R.S., Spindola, A.F., Torres, J.B., Siqueira,
H.A.A., Colares, F., 2013a. Response of different
populations of seven lady beetle species to lambda-
cyhalothrin with record of resistance. Ecotoxicol.
Environ. Saf., 96: 53—60. https://doi.org/10.1016/j].
ecoenv.2013.06.014

Rodrigues, A.R.S., Torres, J.B., Siqueira, H.A.A.,
Lacerda, D.P.A., 2013b. Inheritance of lambda-
cyhalothrin resistance in the predator lady
beetle Eriopis connexa (Germar) (Coleoptera:
Coccinellidae). Biol. Contr., 64: 217-224. https:/
doi.org/10.1016/j.biocontrol.2012.11.018

Rosenheim, J.A. and Tabashnik, B.E., 1990. Evolution
of pesticide resistance: interactions between
generation time and genetic, ecological, and
operational factors. J. econ. Ent., 83: 1184-1193.
https://doi.org/10.1093/jee/83.4.1184

Sathe, T.V. and Bhosale, Y.A., 2001. Insect pest
predators. Daya publishing house, Delhi, pp. 124.

Sattelle, D.B. and Yamamoto, D., 1988. Molecular
targets of pyrethroid insecticides. Adv. Insect.
Physiol., 20: 147-213. https://doi.org/10.1016/
S0065-2806(08)60025-9

Singh, J. and Bras, K.S., 2004. Mass production and
biological control potential of coccinellids in India.
Indian insect predators in biological control. Edn
Daya Publishing House, Delhi, India. pp. 204-260.

Spindola, A.F., Silva-Torres, C.S.A., Rodrigues, A.R.S.
and Torres, J.B., 2013. Survival and behavioural
responses of the predatory ladybird beetle, Eriopis
connexa populations susceptible and resistant


https://doi.org/10.1007/BF02377504
https://doi.org/10.1007/BF02377504
https://doi.org/10.1080/096708700227426
https://doi.org/10.1007/978-1-4899-4541-9
https://doi.org/10.1007/978-1-4899-4541-9
https://doi.org/10.1093/jee/toy012
https://doi.org/10.1016/0048-3575(84)90087-7
https://doi.org/10.1016/0048-3575(84)90087-7
https://doi.org/10.1093/jee/70.3.319
https://doi.org/10.1093/jee/70.3.319
https://doi.org/10.1093/jee/70.5.653
https://doi.org/10.1093/jee/70.5.653
https://doi.org/10.3733/ca.v054n06p26
https://doi.org/10.3733/ca.v054n06p26
https://doi.org/10.1071/9780643100121
https://doi.org/10.1071/9780643100121
https://doi.org/10.1016/B0-44-451924-6/00075-2
https://doi.org/10.1016/B0-44-451924-6/00075-2
https://doi.org/10.1016/0022-1910(93)90001-8
https://doi.org/10.1016/0022-1910(93)90001-8
https://doi.org/10.1603/0022-0493(2008)101%5b1676:EOFRTO%5d2.0.CO;2
https://doi.org/10.1603/0022-0493(2008)101%5b1676:EOFRTO%5d2.0.CO;2
https://doi.org/10.1603/0022-0493(2008)101%5b1676:EOFRTO%5d2.0.CO;2
https://doi.org/10.1080/00305316.2004.10417373
https://doi.org/10.1093/jee/82.1.29
https://doi.org/10.1016/j.ecoenv.2013.06.014
https://doi.org/10.1016/j.ecoenv.2013.06.014
https://doi.org/10.1016/j.biocontrol.2012.11.018
https://doi.org/10.1016/j.biocontrol.2012.11.018
https://doi.org/10.1093/jee/83.4.1184
https://doi.org/10.1016/S0065-2806(08)60025-9
https://doi.org/10.1016/S0065-2806(08)60025-9

Sublethal Impact of A Cyhalothrin on Ladybird Beetle 1399

to a pyrethroid insecticide. Bull. entomol.
Res., 103: 485-494. https://doi.org/10.1017/
S0007485313000072

Tabashnik, B.E. and Johnson, M.W., 1999. Evolution
of pesticide resistance in natural enemies. In:
Handbook of biological control (eds. T.S. Bellows
and T.W. Fisher). Academic Press, New York,
pp- 673—698.  https://doi.org/10.1016/B978-
012257305-7/50071-0

Tillman, P.G. and Mulrooney, J.E., 2000. Effect
of selected insecticides on the natural
enemies Coleomegilla maculata and Hippodamia
convergens (Coleoptera: Coccinellidae), Geocoris
punctipes (Hemiptera: Lygaeidae), and Bracon
mellitor, Cardiochiles nigriceps, and Cotesia
marginiventris (Hymenoptera: Braconidae) in
cotton. J. econ. Ent., 93: 1638-1643. https://doi.
org/10.1603/0022-0493-93.6.1638

Torres, J.B., Rodrigues, A.R.S., Barros, E.M. and Santos,
D.S., 2015. A Cyhalothrin resistance in the lady
beetle eriopis connexa (Coleoptera: Coccinellidae)
confers tolerance to other pyrethroids. J. econ. Ent.,
108: 60—68. https://doi.org/10.1093/jee/tou035

Ullah, R., Haq, F., Ahmad, H., Inayatullah, M. and
Saeed, K., 2012. Morphological characteristic of
ladybird beetles collected from District DiLower,
Pakistan. Afr J. Biotechnol., 11: 9149-9155.
https://doi.org/10.5897/AIB11.1363

Whalon, M.E., Mota-Sanchez, D., Hollingworth, R.M.
and Duynslager, L., 2012. Arthropod pesticide
resistance database. Available in (http:/www.
pesticideresistance.org/search/1). Accessed
22.05.2020

Whalon, M.E., Mota-Sanchez, D., Hollingworth,
R.M. and Duynslager, L., 2015. Arthropod
Pesticide Resistance Database.  http://www.
pesticideresistance.org/ (accessed 03.10.2020).

WHO, 1957. Expert committee on insecticides: Seventh
report. Geneva, Tech. Rep. Ser., 125: 31.

Wilis, J.A. and Jepson, P.C., 1994. Sub-lethal effects
of deltamethrin residues on the within-crop
behavior and distribution of C. septempunctata.
J. Ent. Exp. Appl, 72: 33-45. https://doi.
org/10.1111/j.1570-7458.1994.tb01800.x

Williams, T., Valle, J. and Vidnuela, E., 2003.
Is the naturally derived insecticide
Spinosad® compatible with insect natural
enemies? Biocont. Sci. Tech., 13: 459—475. https://
doi.org/10.1080/0958315031000140956

Ya-jun, Y., Bi-qin, D., Hong-xing, X., Xu-song,
Z., Heong, K.L. and Zhong-xian, L., 2014.
Susceptibility to insecticides and ecological fitness
in resistant rice varieties of field Nilaparvata lugens
Stél population free from insecticides in laboratory.
Rice Sci., 21: 181-186. https://doi.org/10.1016/
S1672-6308(13)60181-X


https://doi.org/10.1017/S0007485313000072
https://doi.org/10.1017/S0007485313000072
https://doi.org/10.1016/B978-012257305-7/50071-0
https://doi.org/10.1016/B978-012257305-7/50071-0
https://doi.org/10.1603/0022-0493-93.6.1638
https://doi.org/10.1603/0022-0493-93.6.1638
https://doi.org/10.1093/jee/tou035
https://doi.org/10.5897/AJB11.1363
http://www.pesticideresistance.org/search/1
http://www.pesticideresistance.org/search/1
http://www.pesticideresistance.org/
http://www.pesticideresistance.org/
https://doi.org/10.1111/j.1570-7458.1994.tb01800.x
https://doi.org/10.1111/j.1570-7458.1994.tb01800.x
https://doi.org/10.1080/0958315031000140956
https://doi.org/10.1080/0958315031000140956
https://doi.org/10.1016/S1672-6308(13)60181-X
https://doi.org/10.1016/S1672-6308(13)60181-X

