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Introduction

Environmental

hazards and costs are the key

Abstract

Coccinella septempunctata is an important natural enemy of several pest species
attacking various crops in Pakistan. Mostly pests are managed by the use of pesticides
in crops and ornamentals, thus, impact of pesticides needs to be evaluated on voracity
of predatory beetle. The effect of Imidacloprid and Bifenthrin on predation of adult
beetles predating on Russian wheat aphid, Diuraphis noxia (Mordvilko) was evaluated
under laboratory conditions (25 + 2 °C and 65 + 5 % RH) at Systematics and Pest
Management Laboratory, Department of Zoology University of Gujrat. The significant
differences in the mortality of C. septempunctata were observed amongst control and
other treatments. The adult beetles showed highest mortality (91.66 % and 83.83%)
when subjected to Bifenthrin (0.7%) after 48 and 24 h of exposure, respectively.
Whereas the adult beetles demonstrated highest mortality (75 % and 72.66 %) when
exposed to Imidacloprid (0.7%) after 48 and 24 h of exposure, respectively. The
statistical analysis yielded non-significant differences were recorded at lower
concentrations of both pesticides. C. septempunctata showed lower mean predation of
20.66, 18.66 and 16 when exposed to 0.01, 0.02 and 0.03 % Bifenthrin after 24 h,
respectively. The voracity of C. septempunctata was significantly affected by
Imidacloprid and Bifenthrin. The study emphasized that non target beneficial species
are affected due to residual insecticidal spray effects reducing their population and
increasing more dependency on hazardous chemical toxicants.
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management by the end users despite it poses serious
threats to environment by developing resistance in
pests, resurgence of various pests, pest outbreaks and

considerations while devising pest management
strategies. Biological control agents, such as predators
and parasitoids, are major component of integrated
management of insect pests (Ahmad et al., 2011).
Integrated pest management practices have been
considered the best option for the management of
insect pests. Pesticides as an effective and rapid
control option is the most preferred strategy of pest
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a big menace to non-target beneficial insects (Solangi
et al., 2007; Khaliq et al., 2007).

The integrated pest management programs are in the
limelight from last three decades as the exclusive
dependence on pesticides has been denting
biodiversity and environment seriously. Coccinellid
predators are the amongst major biological control
agent that are naturally controlling pest populations in
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all natural terrestrial ecosystems and agro-ecosystems
(Rain et al., 2016). In the current scenario of extensive
use of pesticides in agro-ecosystems, the efficacy of
predation and impact of pesticides on non-target
species need to be evaluated time and again in order to
develop sustainable IPM programs for agricultural and
horticultural pests. This scenario explains the
significance of evaluating existing and new pesticides
for their effectiveness and environmental implications
in the natural systems where biological control agents
are acting as the friends of human by reducing the
pests to their threshold levels. Coccinellidae family
consists of about 5200 described species worldwide
(Hawkeswood, 1987; Sarmad et al., 2015).

The perusal of literature indicated that about 75
species of predatory Coccinellids have been reported
(belonging to 37 genera; 2 subgenera; 14 tribes and 05
subfamilies) from Pakistan (Rafi et al., 2005; Arif et
al.,, 2011). Coccinellid beetles are amongst the
effective predators of sucking insect pests (Dixon,
1998; Inayat et al., 2011).

Aphids, the destructive sucking pests of agricultural
and horticultural crops, distributed worldwide with
recorded species of about 4000 infesting over 250
crops (Ali and Rizvi, 2007). The ladybird beetles serve
as natural control agents against insect pests of crops
and in many cases are being utilized for the effective
control of aphids and other insect pests all over the
world. The perusal of literature indicated the harmful
impact on the beetles predating on aphids but little
work have been found on efficacy of predation, life
cycle of predators and mortality of predators (Razag et
al., 2005; Cabral et al., 2011).

The study was undertaken to evaluate the impact of

insecticidal spray on the mortality of adult beetles and

efficacy of predation of C. septempunctata under

laboratory conditions. The effect of Imidacloprid and

Bifenthrin was evaluated on the predation efficiency

of adults of C. septempunctata when sprayed on plant

parts hosting aphid preys. The study emphasized on

the impact non target species while managing pests

through chemical control agents.
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Materials and Methods

The experiment was conducted in March-April, 2016
in the Laboratory of Systematics and Pest
Management, Department of Zoology, University of
Gujrat, Punjab, Pakistan. The research work was
carried out to evaluate the impact of different
concentrations of Imidacloprid and Bifenthrin on the
mortality of C. septempunctata and its predatory
potential of Russian Wheat Aphid, Diuraphis noxia
(Mordvilko). The experiment was carried out under
laboratory conditions (Table 1 & 2). Toxicity of
Imidacloprid and Bifenthrin against adult ladybird
beetles was evaluated by contact method using wheat
leaves in the laboratory bioassay under laboratory
conditions (25 + 2 °C and 65 £ 5 % RH)

Adults of Coccinellid beetles, C. septempunctata were
collected from fields adjacent to the Hafiz Hayat
Campus, University of Gujrat, in 2016. These beetles
were reared on wheat aphid under conditions
suggested by earlier researchers to establish colonies
in the laboratory (Naveed et al., 2007).

Specimen collection and identification

The specimens of adult ladybird beetles and aphids
were collected from wheat fields adjacent to the Hafiz
Hayat Campus, University of Gujrat. The beetles were
collected by using sweep net whereas aphids were
collected by removing twigs from the plants. The
beetles as well as aphids were collected from the same
fields as to maintain the predator-prey preference. The
specimens were brought in the laboratory soon after
collection.

The experimental animals were kept in petri dishes (9
x 1.5 cm) covered with plastic lid having proper
ventilation openings. The specimens were subjected to
identification by following Taxonomic keys and using
microscope (ZMS-9). The adult of C. septempunctata
were exposed to dry residues of Imidacloprid and
Bifenthrin the way suggested earlier (Cabral et al.,
2011).

Preparation of insecticidal treatments

The experimented was conducted in Completely
Randomized Design (CRD) with three replications.
The doses were prepared for the selected insecticides
Imidacloprid and Bifenthrin by following formula:

Volume of Insecticide(ml)
_ Total volume (L) x Percentage of insecticde required (%)

Formulation of insecticide
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Table 1: Treatments of Bifenthrin and
Imidacloprid to Determine Mortality (%) of C.
septempunctata
Bifenthrin Imidacloprid
Treatments Conce(g/tor)atlons Treatments Conce(g;)r)atlons
T 0.0 (Control) | Ty 0.0 (Control)
T, 0.1 T, 0.1
T3 0.2 T3 0.2
T4 0.3 T4 0.3
Ts 0.4 Ts 0.4
Ts 0.5 Te 0.5
T7 0.6 T7 0.6
Ts 0.7 Ts 0.7
Table 2: Treatments of Bifenthrin and
Imidacloprid to Work out Voracity of C.
septempunctata
Bifenthrin Imidacloprid
Treatments Concentrations Treatments Concentrations
(%) (%)
Control Control
T (no insecticidal | T, (no insecticidal
treatment) treatment)
T 0.01 T 0.01
T3 0.02 T3 0.02
T4 0.03 T4 0.03

Exposure to insecticidal treatments

The pre counted and treated aphids and beetles
were placed in petri dishes along with wheat
leaves as per procedure used by Desneux et al.,
(2007) with little modifications. Each replication
contained 20 beetles and adequate number of pre-
counted aphids. The treatment was applied on each
group by topical exposure procedure to control
individual dosage (and prohibited possible anti-
feedant consequence of insecticides. For both
pesticides, fresh solutions were prepared by diluting
with distilled water at the doses recommended by the
manufacturer for the control of aphids (Bifenthrin 250
ml/Acre; Imidacloprid 100- 250 ml / Acre). The
solutions were prepared as following Fatima et al.,
(2016).

Data collection and analysis

The data of the mortality of beetles and aphids and
predation was recorded after every 24 and 48 h of
insecticidal exposures (Fatima et al., 2016). The data
collected on the mortality of beetles was corrected by
subjecting it to the Abbotts’s Formula (Abbott, 1925):

T "%
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Corrected Mortality

_ Mortality in Treatment [%] — Mortality in Control [%])
- (100% — Mortality in control [%])

Whereas the predation potential of C. septempunctata
was determined by using voracity model (Soares et al.,
2003).

The data collected on mortality and aphid voracity of
adult coccinellid beetle, C. septempunctata was
subjected to ANOVA by using SPPSS 21 and means
were compared for significance (Zar, 1996).

Results and Discussion

The series of concentrations of Imidacloprid and
Bifenthrin were tested against the mortality of C.
septempunctata in order to calculate the LCso and LCy
by Probit Analysis using SPSS 21. On the basis of
preliminary screening of pesticide concentrations,
seven concentrations of each Imidacloprid and
Bifenthrin were applied to find out mortality of beetles
after 24 and 48 h in comparison with control (Table 3).

Table 3: LCspand LCgy Values for Imidacloprid
and Bifenthrin at Different Times of Exposure

Insecticides Bifenthrin | Imidacloprid
LCso 0.053452 0.093287
24h LCw 0.193536 0.33777
LCso 0.029664 0.043858
48h LCy 0.098883 0.146199
Overall LCso 0.039593 0.062787
LCy 0.145805 0.231222

The beetles were also subjected to insecticidal
treatments to evaluate the impact of these pesticides
and their concentrations on the non-target species (C.
septempunctata) and predation efficiency.

Mortality (%) of C. septempunctata after 24 and 48 h
The data on mortality of adult C. septempunctata at 24
and 48 h after the application of treatments was given
in (Figure 1). The data showed significant differences
between various two duration were observed (F i, s9) =
86.15, P < 0.05). The higher mortality was recoded at
48 h at all concentrations of both pesticides. There was
no mortality in the control after 24 h, however, after
48 h non-significant mortality (2.66 & 4.16 % in
Bifenthrin and Imidacloprid, respectively) after 48 h
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was observed which was non-significant with T, and
T3 (Figure 1). Overall mean mortality (%) of adult C.
septempunctata at 24 (25.88 %) and 48 (45.55 %) h of
insecticidal exposure indicated significant differences.
The data on mortality exhibited significant differences
between different concentrations (F (4,89 = 33.89, P <
0.05). Adult C. septempunctata showed highest
mortality (91.66%) the when Bifenthrin (0.7%) after
48 h followed by beetle mortality (83.83%) after 24 h
when exposed to same pesticide and concentration.
Whereas lower mortality was recorded at lower
concentrations of both pesticides and which was non-
significant at Ty, T> and Tz in Imidacloprid but
significantly different from other treatments (Figure
1).The data indicated significant differences between
two pesticides (F (1, s9) = 139.89, P < 0.05).The highest
values of mortality of 75 % were recorded followed by
72.66 % when beetles were exposed to Imidacloprid
(0.7%) for 48 and 24 h, respectively.

The data indicated higher mortality (%) of adult C.
septempunctata when the concentration was increased
for both pesticides after 24 and 48 h. The findings of
this study are in confirmation with earlier results
presented by various researchers that Imidacloprid and
Bifenthrin showed toxicity to both target and non-
target species (Amer et al., 2010). Higher toxicity
levels were observed in Bifenthrin as compared to
Imidacloprid (Amin et al., 2014; Devee and Baruah,
2010). Predation rate decreased and mortality rate
increased with the increase of insecticidal
concentrations (Fernandes et al., 2016). Imidacloprid
showed higher values of LCso and LCgy as compared
to Bifenthrin are in confirmation with the results
presented in this study that depicted higher mortality
in the beetles exposed to Bifenthrin. Higher mortality
rates were observed after 24 and 48 h by exposure of
Bifenthrin and Imidacloprid when mealy bugs were
exposed to different concentrations (Fatima et al.,
2016).

In addition to the direct effects presented in these
results in the form of beetle mortality induced by
pesticides, there may be some indirect effects of lethal
and sub-lethal concentrations and repeated exposures
on insect populations surviving leading to alterations
in the longevity, reproduction, fecundity,
development time, feeding behavior, mobility, and
prey acceptance, etc.(Ruberson et al., 1998). Such
sub-lethal effects more pronounced in the case of
newly developed insecticide (Wright and Verkerk,
1995; Ochiai et al., 2007).
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Mean voracity by C. septempunctata

The data on the voracity of C. septempunctata adults
was worked out for comparison between treatments by
applying ANOVA (P < 0.05). The results presented in
Fig. 2 showed significant results for treatments and
duration (F, 43 = 23.57, P = 0.0000, F(, 43 = 10.40, P
= 0.0024). Predation rate decreased with increase in
the concentration of insecticidal concentration highest
predation was showed in control group (56 and 82.66
at 24 and 48 h, respectively) where there was no
exposure of insecticides to the experimental unit. The
voracity of C. septempunctata was higher when
predators were added to control group where no
insecticidal spray was carried out whereas lower
voracity was observed when topical insecticidal spray
was applied. The results showed positive increase in
the voracity in control whereas a decreasing trend was
noticed in all other treatment which may be attributed
to non-feeding repellency and poisonous hazards
caused by the pesticides. This may also have indirectly
influenced their non-preference to their prey due to
insecticidal effects on prey.

C. septempunctata showed significantly low predation
by 20, 16, 18.66 after 24 h when exposed to Bifenthrin
(0.01, 0.02 % & 03 %) respectively, whereas 36.33,
29.33, 21.66 after 48 h when exposed to Bifenthrin
(0.01, 0.02 % & 03 %) respectively, as compared to
control. This indicated that predation was lowest at
higher concentrations of Imidacloprid and Bifenthrin
(Figure 2). The aphid consumption of C.
septempunctata decreased under insecticidal spray.
The decrease in the aphid consumption with the
increase in the concentrations of insecticidal from 0.01
to 0.03 % solutions of both pesticides may be
attributed to physiological alterations caused by the
pesticides in both predator and prey. This may be due
to non-preference of Coccinellid beetles of the
insecticidal sprayed aphids. The earlier studies
endorsed the fact that the reduced consumption of
prey resulted when insecticide treated prey were
fed and changes in the consumption of aphids by
Coccinellid beetles were recorded (Thornham et
al., 2007; Qi et al., 2001). This may also be due to
modified habitat and limited space for countering the
stress factor due to insecticides. Topical exposure to
different pesticides decreases significantly the rate of
aphid consumption (Provost et al., 2005; Liu and
Stansly, 2004). The research works have been carried
out in various parts of the world on the ingestion
insecticide treated prey by Coccinellid beetles that had
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demonstrated negative effects of various pesticides at
different concentrations on non-target species directly
by causing mortality or indirectly by reducing
longevity, fecundity, oviposition period and behavior
(Angeli et al., 2005; Wang et al., 2005; Thornham et
al., 2008; Ujjan et al., 2014). The studies also
demonstrated that the efficacy of predation decreases
with the use of insecticides to control pests. The result
showed that there is serious decline in the aphid
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consumption in the insecticide treated groups which
may be due to knockdown effect, locomotory and
behavioral recorded by Yuxian et al., 2012. The work
carried out by them reported sublethal effects of
imidacloprid affect adversely development and
reproductive capacity and may lead to lower
population of the coccinellid predator. Imidacloprid
residue lowers predator voracity.
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Conclusion

C. septempunctata showed negative response to the
insecticidal treatments for both beetle mortality and
decreased aphid consumption. The exposure of
coccinellid beetles to Imidacloprid and Bifenthrin,
may affect physiology and behavior of beetles as a
result of ingestion of treated prey. Our study focused
on the two aspects of insecticidal effects on non-target
organisms at higher concentrations of pesticides in
accordance with the LCsp and LC o (LCso for
Bifenthrin  0.039593and LC s 0.062787for
Imidacloprid whereas LCg for Bifenthrin 0.145805
and LCg 0.231222 for Imidacloprid). The study
suggested that there is need to protect natural enemies
from residual effect of chemical sprays for the
protection, management and conservation of
biodiversity. The sub-lethal doses may also affect the
biology of Coccinellid beetles significantly, thus,
biological control agents need to be reintroduced and
augmented in the areas where integrated pest
management programs are dominated by chemical
control of insect pests. The toxic effects of insecticidal
exposures to ladybird beetles have agricultural and
ecological importance due to their predatory
significance in crop protection (Yu et al., 2014).
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