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ABSTRACT

Spinosad, a reduced risk environment friendly insecticide, is increasingly being used as a grain protectant
in different countries. Geographical variation in susceptibility to spinosad in stored grain insect pests
has been reported worldwide; however, there is a lack of information in Pakistan. In the present study,
one laboratory reference strain and five field strains each of, Rhyzopertha dominica, Sitophilus oryzae
and Tribolium castaneum, were collected from Punjab, and assessed for their susceptibility to spinosad
via diet incorporation bioassays. Based on median lethal concentration (LC,)) values, all the strains of S.
oryzae and R. dominica were more susceptible to spinosad than 7. castaneum strains. The resistance ratios
(RRs) of field strains at LC, values were in the range of 2.24 to 3.24 fold for T. castaneum, 3.33 to 9.00
fold for R. dominica, and 1.73 to 3.45 fold for S. oryzae. The results revealed a variation in susceptibility
to spinosad in field strains. Very low levels of resistance to spinosad in field strains warrant designing
resistance management strategy for stored insect pests. The baseline data regarding spinosad susceptibility
determined here for these stored insect pests will therefore help to monitor resistance in the future.
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INTRODUCTION

he coleopteran insects Rhyzopertha dominica (F.),

Sitophilus oryzae (L.), and Tribolium castaneum (H.),
are among the most destructive stored grain insect pests
around the globe with the ability to cause 20% or more
postharvest losses in developing countries (Phillips and
Throne, 2009). Chemical control has been the primary
measure to manage these pests; however, development
of resistance to these chemicals made control of stored
insects difficult (Arthur, 1996; Vayias et al., 2010).
Whereas, the use of the conventional grain protectants
are being questioned due to long lasting residual effects,
high mammalian toxicity and environmental pollution.
Therefore, evaluation of environment friendly, reduced
risk insecticides for an effective stored product pest
management program is necessary.

Spinosad has been considered as a safe, environment
friendly microbial based insecticide. It is extracted
from Saccharopolyspora spinosad bacterium (Mertz
and Yao, 1990), having very low mammalian toxicity
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(Athanassiou et al., 2011; Khan et al., 2013, 2014). It has
been used against a number of stored insect pests under
the laboratory and field conditions and showed promising
results (Toews et al., 2003; Huang and Subramanyam,
2004; Athanassiou et al., 2008; Vayias et al., 2010). It is
recommended in the USA at a label rate of 1 ppm of stored
grains, and this rate has been reported to control completely
the adults of different beetles including R. dominica and
S. oryzae (Fang et al., 2002b; Kavallieratos et al., 2010),
but this rate provides partial control of 7. castaneum
(Athanassiou et al., 2011). However, spinosad has not yet
been registered as a grain protectant in Pakistan.

When an insecticide develops, regular susceptibility
monitoring surveys should be conducted in order to
sustain the effectiveness of the insecticide for long (Khan
et al., 2015a). Such surveys enable the scientists or pest
managers to develop proactive resistance management
programs, and judicious use of the insecticide which also
protect the environment. Susceptibility to insecticides
changes with time and space (Zhao et al., 2006; Ilyas
et al., 2017). Previously, a spatial variation in spinosad
susceptibility has been reported in different stored
insects like 7. castaneum, R. dominica, and Cryptolestes
ferrugineus (S.) from different states of the USA (Huang
et al., 2004; Subramanyam et al., 2007; Bajracharya et
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al., 2013; Sehgal et al., 2013), Australia (Daglish, 2008)
and Iran (Sadeghi and Ebadollahi, 2015), and T. confusum
strains from Europe (Athanassiou et al., 2008). However,
this information is lacking in Pakistan. Keeping in view
the importance of spinosad with respect to environmental
safety, low mammalian toxicity, and potential as a grain
protectant, the present study was planned to evaluate
geographical variation in the susceptibility to spinosad in
laboratory and field strains of 7. castaneum, R. dominica
and S. oryzae collected from different localities of Punjab.
The baseline data obtained in the present work could
benefit spinosad resistance monitoring in the future.

Table I.- Field collection history of three major stored
insect pests.

Species/Site Host Strain ID  Collection
year
T. castaneum
Faisalabad Wheat Lab-TC 2011
Lahore Wheat flour mill LHR-TC 2015
Multan Rice MTN-TC 2015
Jhang Wheat JHG-TC 2015
Bahawalpur  Rice BWP-TC 2014
Sahiwal Rice SHL-TC 2015
R. dominica
Multan Wheat flour mill Lab-RD 2011
Lahore Wheat flour mill LHR-RD 2014
Multan Wheat flour mill  MTN-RD 2014
Jhang Wheat JHG-RD 2015
Bahawalpur  Rice BWP-RD 2015
Sahiwal Wheat SHL-RD 2015
S. oryzae
Multan Rice Lab-SO 2011
Lahore Rice LHR-SO 2015
Multan Rice MTN-SO 2014
Jhang Rice JHG-SO 2015
Bahawalpur ~ Wheat flour mill BWP-SO 2015
Sahiwal Wheat SHL-SO 2015
MATERIALS AND METHODS

Stored-insects collection and maintenance

Adult stored grain insects 7. castaneum, R. dominica,
and S. oryzae were collected from wheat flour mills or
from round metal bins containing stored wheat or rice
(Table I), and reared in one-liter glass jars under the
laboratory conditions 28 + 1°C, and 65% relative humidity.
Rhyzopertha dominica and S. oryzae were reared on whole
wheat grains (12% moisture), while 7. castaneum was
reared on wheat flour containing 5% (w/w) Brewer’s yeast.
Bioassays with field strains of all insects were conducted

using third generation adults. The laboratory strains: Lab-
TC, Lab-RD and Lab-SO, maintained under the laboratory
conditions for over five years without exposure to any
insecticide, served as laboratory susceptible reference
strains. The Lab- strains were also reared in the same
manner as mentioned above.

Bioassays

Spinosad susceptibility was assessed following
the bioassay protocols reported by Huang et al. (2004),
with a little bit modification. In brief, clean wheat grains
(variety Seher-06; moisture contents ~12%) were treated
with a spinosad formulation (Tracer 24SC, Arysta Life
Sciences, Pakistan) to make different concentrations
ranging from 0.063-2, 0.125-4, and 0.25-8 mg/kg for
assaying R. dominica, S. oryzae, and T. castaneum,
respectively. These ranges of spinosad formulation were
prepared in distilled water with the principle of bioassays
i.e., >0% mortality at the lowest concentration and <100%
mortality at the highest concentration (Khan and Akram,
2017; Robertson et al., 2007). 0.1 ml of the respective
insecticide concentration was applied to 100 grams wheat
grains in a glass jar of a half-liter capacity. For the purpose
to evenly distribute insecticide solution, the treated grains
were agitated manually for five minutes (Athanassiou et
al., 2011; Khan et al., 2016). After agitation, 25 mixed
sex adults (2-3-weeks-old) were introduced, and infested
jars were closed with filter papers and incubated for seven
days. After that, the grains were sieved to record mortality
in each jar.

Data analysis

The median lethal concentrations (LC,,) were
calculated using the software SPSS v. 10 for windows
(Bryman and Cramer, 2002). The LC, values of each insect
strain were compared with those of the corresponding
laboratory susceptible reference strains, and the status of
the spinosad susceptibility were scaled by following Khan
etal. (2017).

RESULTS

Response of T. castaneum

The results of bioassays revealed differences in
susceptibility to spinosad in different strains (Table II).
The Lab-TC strain was the most susceptible strain with
LC,, value 0.17 mg/kg. The LC, values among the field
strains ranged from 0.38 to 0.56 mg/kg. The adults of the
MTN-TC strain were less susceptible (resistance ratio
(RR) = 3.24 fold) to spinosad when compared with the
Lab-TC strain. The RR values of the rest of the field strains
were: 2.24 fold for LHR-TC, 2.65 fold for BWP-TC, and
2.76 fold for JHG-TC.
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Table II.- Toxicity of spinosad to adults of stored insects from Punjab, Pakistan.

Strain n’ LC,, (95% CI) Fit of probit line RR
(mg/kg) Slope (SE) 1 df p

T. castaneum

Lab-TC 450 0.17 (0.09-0.25) 1.28 (0.18) 0.11 5 0.99

LHR-TC 450 0.38 (0.25-0.52) 1.13 (0.13) 227 5 0.68 2.24

MTN-TC 450 0.56 (0.41-0.72) 1.27 (0.14) 4.48 5 0.34 3.24

JHG-TC 450 0.47 (0.36-0.59) 1.60 (0.16) 5.13 5 0.27 2.76

BWP-TC 450 0.45 (0.34-0.57) 1.51 (0.15) 2.18 5 0.70 2.65

R. dominica

Lab-RD 450 0.03 (0.004-0.06) 1.56 (0.44) 0.67 5 0.95

LHR-RD 450 0.10 (0.04-0.16) 1.19 (0.24) 0.51 5 0.97 3.33

MTN-RD 450 0.17 (0.06-0.31) 0.82 (0.21) 0.49 5 0.97 5.67

JHG-RD 450 0.23 (0.15-0.34) 1.37 (0.24) 0.39 5 0.98 7.57

BWP-RD 450 0.25 (0.17-0.35) 1.55 (0.25) 1.35 5 0.85 8.33

SHL-RD 450 0.27 (0.18-0.41) 1.32(0.22) 2.26 5 0.68 9.00

S. oryzae

Lab-SO 450 0.11 (0.06-0.16) 1.27 (0.16) 1.29 5 0.86

LHR-SO 450 0.19 (0.13-0.24) 1.28 (0.14) 2.96 5 0.56 1.73

MTN-SO 450 0.22 (0.14-0.31) 1.04 (0.13) 5.44 5 0.24 2.00

JHG-SO 450 0.23 (0.17-0.36) 2.11 (0.20) 7.18 5 0.12 2.09

BWP-SO 450 0.30 (0.25-0.36) 2.12 (0.18) 6.55 5 0.16 2.73

SHL-SO 450 0.37 (0.24-0.54) 1.76 (0.15) 7.68 5 0.10 3.45

Response of R. dominica

The adults of R. dominica were more susceptible than
those of the T castaneum. Among the different strains of
R. dominica tested against spinosad, Lab-RD was the most
susceptible one with the LC value 0.03 mg/kg. The LHR-
RD strain was the most susceptible one (RR=3.33 fold)
among the field strains when compared with the Lab-RD.
whereas, the rest of the field strains were less susceptible
with the RR values 5.67, 7.57, 8.33 and 9.00 fold, for
MTN-RD, JHG-RD, BWP-RD and SHL-RD, respectively
(Table II).

Response of S. oryzae

Of five field strains of S. oryzae tested against
spinosad, LHR-SO was the most susceptible strain
(RR=1.73 fold), followed by MTN-SO (RR=2.00 fold),
JHG-SO (RR=2.09 fold), BWP-SO (RR=2.73 fold) and
SHL-SO (RR=3.45 fold) (Table II).

DISCUSSION

Spinosad is considered as an environment friendly
insecticide and is being used as a grain protectant in
different countries (Sehgal et al., 2013), but it has not
yet been released commercially as a grain protectant in
Pakistan. The study was conducted the first time in Punjab,
Pakistan, to assess the susceptibility status of spinosad

in the laboratory and field strains of 7. castaneum, R.
dominica and S. oryzae. The baseline data regarding the
spinosad susceptibility in the studied stored insect pests
will therefore help to monitor resistance in the future. The
findings of the study revealed that the field strains of all
the stored insects were a little bit resistant to spinosad
compared with their respective susceptible reference
strains. However, field strains may not be assumed resistant
to a particular insecticide until tenfold RR is observed
(Khan et al., 2013a; Valles et al., 1997). Therefore, less
than tenfold RR in all the field strains of beetles might be
due to tolerance rather than resistance. Previously, a spatial
variation in spinosad susceptibility has been reported in
different stored insects like T castaneum, R. dominica, and
Cryptolestes ferrugineus (S.) from different states of the
USA (Bajracharya et al., 2013; Huang et al., 2004; Sehgal
etal.,2013; Subramanyam et al.,2007), Australia (Daglish,
2008) and Iran (Sadeghi and Ebadollahi, 2015), and T.
confusum strains from Europe (Athanassiou et al., 2008).
Differences in susceptibility levels against an insecticide
among different field strains of the same or different
insect species is a common character (Huang et al., 2004,
Athanassiou et al., 2008; Sehgal et al., 2013; Khan et
al., 2014, 2015¢c; Khan and Akram, 2017). For example,
Athanassiou et al. (2008) reported the field strains of T.
confusum collected from Europe showed varying levels of
susceptibility to spinosad on wheat grains with up to 81%
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adult mortalities. Similarly, Huang et al. (2004) reported
that different field strains of C. ferrugineus, T. castaneum,
and Plodia interpunctella showed varying levels of
resistance to spinosad compared with the corresponding
laboratory strains. Such type of variations in susceptibility
to a particular insecticide might be due to differences in
insecticide exposure history, insects’ mobility, insecticide
penetration and/or metabolism (Sehgal et al., 2013; Yasoob
etal.,2017).

In this study, based on LC,  values, adult beetles of R.
dominica and S. oryzae were found to be more susceptible
to spinosad than those of 7. castaneum. Among the different
strains of R. dominica tested against spinosad, Lab-RD
was the most susceptible one with the LC,  value 0.03
mg/kg. The LHR-RD strain was the most susceptible one
among the field strains when compared with the Lab-RD.
whereas, the rest of the field strains were less susceptible
with the RR values 5.67, 7.57, 8.33 and 9.00 fold, for
MTN-RD, JHG-RD, BWP-RD and SHL-RD, respectively.
However, the variation in responses among different R.
dominica strains might not be of practical importance
since the bioassay results of the current and some previous
studies has shown this species to be more susceptible than
the rest of the beetle strains. These findings are consistent
with those previously reported in literature (Fang et al.,
2002a; Toews and Subramanyam, 2003; Huang et al.,
2004; Sehgal et al., 2013; Khan et al., 2016).

The decreased susceptibility to various insecticides
including spinosad has been reported in different stored
insects including 7. castaneum, R. dominica, and S. oryzae
(Collins et al., 1993; Nayak et al., 2005). However, in the
present study the decreased susceptibility to spinosad in
the field strains of stored insects may not be linked with
the cross-resistance, since a number of insects showing
resistance to other insecticides don’t show cross-resistance
to spinosad owing to the fact of a unique mode of action
(Shono and Scott, 2003; Khan et al., 2014, 2015¢) as it
acts at the GABA receptor and nicotinic acetylcholine
receptor sites of the insect nervous system (Salgado,
1998). However, there is a need to further confirm the
phenomenon of cross-resistance in stored insects.

In the present study, the field strains of stored insects
collected from different localities showed different
responses to spinosad. The field strains of all the stored
insects collected from Lahore showed more susceptibility
to spinosad than the rest of the field strains. Geographic or
spatio-temporal variation in susceptibility to insecticides is
a common phenomenon (Huang et al., 2004). Previously,
such types of geographical variations against spinosad
have been reported in different insects like Musca
domestica (Khan et al., 2013, 2015b), Aedes albopictus
(Khan et al., 2011), Helicoverpa armigera (Ahmad et al.,

2003), Frankliniella occidentalis (Bielza et al., 2007), P.
interpunctella, C. ferrugineus, T. castaneum, R. dominica
(Huang et al., 2004), Alphitobius diaperinus (Lambkin and
Rice, 2007) and O. surinamensis (Sehgal et al., 2013).

Spinosad has been assumed to have a unique mode
of action and targets nicotinic acetylcholine receptor sites
in insects (Salgado, 1998). Different spinosad resistance
mechanisms have been reported in different insect pests
and/or even different strains of the same insect species.
Geographical variations and insecticide exposure histories
play a pivotal role in determining a particular resistance
mechanism against a particular insecticide (Sayyed et
al., 2008). A number of reports revealed that resistance
to spinosad in different insects could be due to mutations
in target-sites rather than metabolic detoxification
(Bielza et al., 2007; Sayyed et al., 2008; Khan et al.,
2014). There is a dire need to assess the type of spinosad
resistance mechanism and mode of inheritance in studied
stored insects by selecting individual strains under the
laboratory conditions which would be helpful for effective
management of stored insects.

CONCLUSION

In conclusion, reduced susceptibility to spinosad in
stored insects necessitates the need to use this chemical
cautiously in stored insect pest management programs
to retain its effectiveness for a longer period of time. In
this regard, regular resistance monitoring surveys and
rotational use of alternate insecticides are considered the
best resistance practices for resistance management, and
for retaining the effectiveness of insecticides in the future
(Khan et al., 2013, 2013a). Our findings provide baseline
data for susceptibility to spinosad in the laboratory
and field strains of T. castaneum, R. dominica, and S.
oryzae. These data could be helpful for future resistance
monitoring efforts in the studied strains, once spinosad is
registered and released commercially as a grain protectant
in Pakistan.
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