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The influence of post-exposure temperature on the toxicity of
Spinosad against adults of Callosobruchus maculatus Fabricius

(Coleoptera: Bruchidae)
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Abstract

Spinosad is a metabolite product of fermentation
of soil actinomycete Saccharopolyspora spinosa
with a mixture of macroliodes molecules
spinosyn A and D. This biocontrol insecticide
has a unique mode of action with a very low
toxicity to mammalian. Cowpea Weevil,
Callosobruchus maculatus (F.) is an important
pest of legumes in the field and during storage
period. In current research, effect of post-
treatment temperature on the toxicity of a
commercial formulation of Spinosad (Tracer24®)
was determined against adults of C. maculatus.
The experiments were conducted at four different
temperatures vis. 20, 24, 28 and 32 °C and
65 = 5 % RH under laboratory conditions. The
adults were exposed to different dosages of
Spinosad with 4 replications on filter paper inside
Petri dishes. A control group was included in each
experiment. Mortality was recorded 24,48 and
72 hours post-treatment. The LCso value was
estimated using probit analysis with SPSS
software. The LCs values at 20, 24,28 and 32 °C
at 24 hours post-treatment were 176, 149, 72 and
40 ppm, respectively. This criterion at 48 hours
after treatment was 176, 149, 72 and 40 ppm in
the same order. The LCs, values at 72 hours post-
treatment decreased at each temperature. A direct
relationship between Spinosad dosages and post-
treatment temperatures was detected. A field test
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Introduction

The Cowpea Weevil, Callosobruchus
maculatus (F.) (Coleoptera: Bruchidae), is a
world wide pest of Vigna unguiculata (Walp.),
that infests both pods in the field and seeds in
storage. Infestation level of Cowpea is very low
at harvest and may sometimes be undetectable
(Huignard et al., 1985). The Cowpea Weevil
multiplies very fast in storage, giving rise to a
new generation every month (Ouedraogo et al.,
1996). These insects can damage 100 % of stored -

seeds, causing weight losses of up to 60 % (Keita and E

et al., 2000). Therefore, it is necessary to reduce condu

such losses by controlling pests on stored grain time a

(Tapondjou et al., 2002). agains
Spinosad is the first member of Dow Agro

science’s naturalyte class of insecticide and it is

a mixture of tetra cyclic macrolide neurotoxins, Mate

spinosyn A and D. This compound is produced
during the fermentation of the soil actinomycete
Saccaropolyspora spinosa. It may be considered
as a bioinsecticide (Copping and Menn, 2000).
That is registered for use on > 100 crops in 24



countries (Thompson et al., 2000). Spinosad is
highly toxic to insects belonging to Lepidoptera,
Diptera and some species of Coleoptera. This
compound has a unique mode of action involving
the postsynaptic nicotinic acetylcholine and
GABA receptor (Watson, 2001). This microbial
insecticide acts as a stomach and contact poison
and degrades rapidly in the environment (Cisneros
et al., 2002; Crouse et al., 2001). Spinosad has
considerable contact toxicity against pest of
stored-products (Toews and Subramanyan, 2003).
There are a number of factors that affects the
toxicity of insecticide such as, temperature,
exposure time, humidity and formulation.
Temperature is one of the most important factors
affecting biological processes in all living organisms
(Amarasekare and Edelson, 2004) and it is also
a major factor affecting insecticide toxicity
(DeVrise and Georghiou, 1979). The effects of
temperature on efficacy can be either positive or
negative. The response relationship between
temperature and efficacy has been found to vary
depending on the mode of an insecticide, target
species, method of application and quantity of
insecticide ingested or contacted (Johnson, 1990).
Musser and Shelton (2005) recorded negative
temperature coefficients for spinosad against
Ostrinia nubilalis but other research showed that
toxicity of spinosad increased with increasing
temperature at 15, 25 and 35 °C (Amarasekare
and Edelson, 2004). The present study was
conducted to determine the effects of exposure
time and temperature on toxicity of spinosad
. against adults of C. maculatus.

‘Materials and methods

- Insect rearing

The Cowpea Weevil colony used in this stady
a§ collected from infested store in Kashan. Fifty
airs of C. maculatus adults were reared in 1.5 liter
wide-mouth glass jars containing 200g seeds of
Cowpea, The insects were maintained at 30 £ 1 °C
d 65+ 5 % RH in dark. To provide 1-day-old
adults, seeds with pupa window were separated and
t day, adults that emerged were collected.

New Chemicals and Food Residues

Insecticide

Commercial formulation of Spinosad (Tracer
24SC) was used in this assay, obtained from Dow
Agro science’s. It is a liquid mixture of
ingredients comprising Spinosyn A and D
(22.8 %) and inert ingredients of 77.2 %. Stock
solution and dilution of Spinosad were prepared
with distilled water for treatments.

Bioassay

The 1-day-old adults C. maculatus were
exposed to different dosages of Spinosad.
Bioassays were performed on filter paper inside
Petri dishes. The inside surface of 8-cm diameter
Petri dishes (bottom and lid) were treated with
2 ml each of distilled water or Spinosad solution
(Toews and Subramanyan, 2003). Treating the
inside surface of dish lids was necessary to ensure
exposure of adults because of the Cowpea Weevil
could fly upside on Petri dish surface. Fifteen 1-
day-old adults were separated from cultures and
introduced into each untreated or treated Petri
dish. Each deposit level was replicated 4 times.
A control group was included in each experiment.
The experiments were conducted at four different
temperatures vis. 20, 24, 28 and 32 °C and 65 *
5 9% RH. Mortality percentage was recorded 24,
48 and 72 hours post-treatment.

Data analysis

Mortality of insects (%) transformed to arcsin
.J; to normalize heteroscedastic treatment
variances. LC,, values were calculated using
probit analysis with SPSS software (SPSS,
1993). All data were subjected to ANOVA
analysis and percentage of mortalities was
compared. Mean were compared using Duncan’s
Multiple Range Test (P<0.05).

Results
Effect of temperature

Results indicated that there was a diresct significant
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relationship between temperature and toxicity of
Spinosad. No mortality of insects was observed on
dishes treated with distilled water (control group) at
any temperature. Comparison of LCs values at four
different temperatures showed an inverse relationship
between temperature and L.Cs values was observed
(Table 1). At 32 °C LCs value was lesser than other
temperature. Therefore, Spinosad had positive
temperature coefficient for adults of C. maculatus.
Comparison of means showed that at 20, 24, 28 and
32 °C, the concentrations of Spinosad at the rate of
400, 300, 185 and 150 ppm of inflects 75-100 %
mortalities to the tested insects, respectively.

Effect of exposure time

At each temperature the highest dosage of
Spinosad inflect 98-100 % mortality to insects
72 hours post-treatment. Duncan’s means
squaration tests showed that 72 hours after
treatment with different dosages of Spinosad
occurred significantly more mortality than 24 and
48 hours post-treatment at any temperature

Table 1. Probit regression estimates (Mean + SE) for adults C. maculatus exposed for 24, 48 and 72 hours to Spinosad

at four different temperature levels.

(F=61.47-114.56, df = 2, P< 0.05) (Figures 1-
4). Results revealed that exposure time affected
on efficacy of Spinosad against adults of C.
maculatus and a direct relationship between
Spinosad dosages of exposure time was detected.
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Figure 1. Percentage of mortality of C. maculatus
to Spinosad for 24, 48 and 72 hours post-
treatment at 20 °C.

Figure

Hours post-treatment

24h 48h 72h
Tem LC,(95%CL) Slope X*(dff  LC(95%CL) Slope X*(dfy LC,(95%CL) Slope X2(df)
0 (+SE) (+SE) (+SE)
20 203.56 293 0.2 176.02 371 139 127.15 367 215
(177.66-228.86) (0.45) (3)  (155.15-194.34) (0.49)  (3)  (101.35-146.02) (0.57) (3)
24 18335 345 036 149.35 400 319 112.11 417 799
(164.52-202.86) (0.50) (3)  (13232-163.90) (0.54)  (3)  (18.44-14692) (0.65) (3)
28 96.98 275 0.99 72.57 375 3.68 61.38 429 101
(85.14-110.56)  (0.39)  (3) (6437-80.17) (045  (3)  (53.94-67.76) (0.53) (3)
32 61.26 221 0.16 40.89 241 007 32.98 337 373
(5167-71.73)  (032) (3) (32.62-48.05) (0.34) (3}  (26.84-38.02) 3)

(0.46)

*Chi-square value for goodness-of-fit of data to the probit model was significant (P< 0.05).
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Figure 2. Percentage of mortality of C. maculatus
to Spinosad for 24, 48 and 72 hours post-
treatment at 24 °C.
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Figure 3. Percentage of mortality of C. maculatus
to Spinosad for 24, 48 and 72 hours post-
treatment at 28 °C.
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_wspinosad for 24, 48 and 72 hours post-
Catment at 32 °C.
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Discussion

Results of laboratory studies conducted under
controlled conditions indicated that temperature and
exposure time affect the toxicity of Spinosad. There
was a direct relationship between temperature and
toxicity of Spinosad. Musser and Shelton reported
negative interaction between temperature and
efficacy of Spinosad for O. nubilalis from 241035
°C. But other study indicated that Spinosad provided
differing levels of mortality at each temperature and
mortality of Grasshoppers was lowest at 15°Chbut
afterward increased as temperature decreased
(Amarasekare and Edelson, 2004).

Mortality of adults C. maculatus 72 hours post-
treatment was more than 24 and 48 hours after
treatment. Other research showed that toxic effects
of Spinosad on predatory insects increased with
increasing of exposure time (Cisneros et al., 2002).
Mortality of Rhyzopertha dominica, S itophilus
oryzae, Tribolium castaneum and Cryptolestes
ferragineus to Spinosad increased as exposure
periode increased (N ayak etal.,2005).

Results revealed that Spinosad has considerable
contact toxicity against adults of Cowpea Weevil
and it may be an alternative biopesticide for control
of this pest in storage period. When insecticides from
different classes are available to control a pest,
knowledge of a product’s temperature coefficient
will enable pest managers to select a product thatis
efficacious under the given environmental conditions;
therefore, a field test using a similar design is essential
to confirm the laboratory findings.
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