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Abstract. Rhyzopertha dominica (F.) and Sitophilus oryzae (L.) are internal feeder of various stored 
grains and introducted as major stored product insect pests. Due to the resistance by insect pests 
and negative effects of synthetic pesticides to the environment, it is necessary to use novel and 
suitable compounds in insect pest’s management. Spinosad is a bio-insecticide that is derived from 
fermentation of a bacterium Saccharopolyspora spinosa Mertz and Yao. In the present study, the 
toxicity of Tracer® as a spinosad based insecticidise was evaluated against R. dominica and S. oryzae. 
Insect species were kept in stored-products insects rearing room in Agriculture Faculty of Tehran 
University at 27 ± 2ºC, 65 ± 5% relative humidity. Adult insects were exposed to different 
concentrations of Tracer® by oral trials for 10 and 20 days exposure periods. The mortality data 
were subjected to probit analysis using SPSS software to estimate LC (lethal concentration) values 
and their related information. Tracer® showed strong toxicity against the adults of R. dominica and 
S. oryzae. Maximum mortality was occurred in the concentration of 250 and 80 ppm after 20 days 
exposure for R. dominica and S. oryzae, respectively. Direct relationship between mortality of insects 
with concentration and exposure period was found. Probit analysis displayed R. dominica (10-days 
LC50 = 49.89 ppm) was more susceptible than S. oryzae (10-days LC50 = 50.75 ppm) to Tracer®. 
Results of present study stimulated the utilization of Tracer® as an eco-friendly and safe agent for 
insect pests’ management. 
 
Key words: Bioassay, Rhyzopertha dominica, Sitophilus oryzae, Toxicity, Tracer®. 
 
 

Introduction 
Cereal grains such as wheat and rice are 

the main sources of human diets. These 
grains are highly susceptible to infestation 
by stored product insects such as the lesser 
grain borer [Rhyzopertha dominica (F.) 
(Coleoptera: Bostrichidae)] and the rice 
weevil [Sitophilus oryzae (L.) (Coleoptera: 
Curculionidae)]. R. dominica, is a destructive 
insect pest of stored grains. Both larvae and 
adults of this insect feed on whole, sound 

grains and cause extensive damage (JOOD et 
al., 1996; REES, 2007). S. oryzae is one of the 
most widespread and destructive insect pest 
of stored cereals. These pests are internal 
feeders and cause considerable loss to 
cereals affecting the quantity as well as 
quality of the grains (KUCEROVA et al., 2003; 
REES, 2007).  

Synthetic pesticides have been 
considered the most effective means to 
control insect pests of stored products. 
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Indiscriminate use of these chemicals have 
given increase to many serious problems, 
including resistance of pest species, toxic 
residues, and environmental and human 
health concerns (SANNA et al., 2004; 
TAPONDJOU et al., 2005; KOUL et al., 2008). 
For example, the use of organophosphate 
was decreased, because of increasing 
resistance incidence in stored-product 
insects against these chemicals (FANG et al., 
2002). Fumigants such as phosphine and 
methyl bromide have been applied to 
control stored-products insects for a long 
time. Development of insect resistance to 
phosphine has been repoted recently 
(BENHALIMA et al., 2004; COLLINS et al., 
2005) and application of methyl bromide 
has been largely scaled down because of its 
carcinogenicity and effect on the depleting 
ozone layer (MBTOC, 2002). There is, 
therefore, an urgent need to develop eco-
friendly materials and methods with slight 
adverse effects on the environment and on 
consumers. 

Spinosad is a secondary metabolite 
from the soil actinomycete Saccharopolyspora 
spinosa Mertz & Yoa. The parent strain was 
originally isolated from an abandoned rum 
still in the Caribbean by Elanco in 1982 and 
introduced commercially in 1997 by Dow 
AgroScience (KIRST et al., 1992). This is a 
mixture of spinosyns A (C41H65NO10) and D 
(C42H67NO10) and through contact and 
ingestion is highly toxic on a number of 
insect pests (COPPING & DUKE, 2007). It 
affects on target insects through the 
activation of the nicotinic acetylcholine 
receptor, but at a different site than nicotine 
or the neonicotinoids. It also affects on 
GABA receptors, but their role in the overall 
activity is unclear. There is currently no 
known cross-resistance to other insecticide 
classes. The mode of action causes rapid 
death of target phytophagous insects. Its 
moderate activity reduces the possibility of 
the onset of resistance (THOMPSON et al., 
2000). Spinosad is sold as a water-based 
suspension concentrate (SC) formulation 
under the trade names Tracer®, Conserve, 
Success, SpinTor (Dow AgroSciences) and 
etc. Spinosad with high efficacy such as a 
broad insect pest spectrum, low mammalian 

toxicity, and minimal environmental profile 
is unique among existing products currently 
used for stored-grain protection (HERTLEIN 
et al., 2011). Spinosad is considered to be 
practically non-toxic to birds but slightly to 
moderately toxic to fish. It is highly toxic to 
honey bees, with less than 1 mg/bee of 
technical material applied topically resulting 
in mortality. Once residues are dry, 
however, they are non-toxic (CISNROS et al., 
2002). Spinosad is rapidly degraded on soil 
surfaces by photolysis and, below the soil 
surface, by soil microorganisms (SAUNDERS 
& BRET, 1997; TOEWS et al., 2003). Moreover, 
spinosad does not have carcinogenic, 
mutagenic and tumorigenic effects 
(SCHOONOVER & LARSON, 1995). Spinosad 
is classified by the U.S. Environmental 
Protection Agency as an environmentally 
and toxicologically reduced risk material 
(CLEVELAND et al., 2002).  

Therefore, the objective of this research 
was to investigate the toxicity of Tracer® as a 
biological control agent against two major 
stored-grain insects: R. dominica and S. 
oryzae. 

 
Materials and Methods 
Tracer®. The Tracer® (48% SC) used in 

this study was purchased from American 
Dow AgroSciences Company (Zionsville 
Road, Indianapolis, IN 46268). Cytowet oil 
as a 100% pure liquid was used to distribute 
the insecticides evently on glasses (5 cm 
diameter and 15 cm height). Distilled water 
was used for dilution of Tracer®. 

Insect rearing. Both insect species were 
kept in stored-products insects rearing room 
in Agriculture Faculty of Tehran University 
at 27 ± 2ºC, 65 ± 5% relative humidity and 14 
D: 10 L photoperiod. The rearing medium 
was wheat for R. dominica and soft wheat for 
rearing S. oryzae. 

Bioassay. After preliminary tests with 
different concentrations and concentration 
fixing (ROBERTSON et al., 2007), the main 
tests were performed using 5 concentrations 
of Tracer® - 60, 95, 150, 250 and 400 ppm for 
R. dominica and 15, 23, 36, 52 and 80 ppm for 
S. oryzae. The concentrations were prepared 
by diluting of insecticide in distilled water. 
A drop of cytowet oil which decreased the 
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surface tension was used for even 
distribution of insecticide on the foodstuff 
surface (one drop of cytowet oil was used 
for a 50 milliliters of solution). All the 
surfaces of foodstuff (40 grams of wheat) 
were impregnated by 9 milliliters of a given 
concentration. After treatment of the wheat, 
their were dried under ambient conditions. 
Fifteen adult insects were introduced to 
each glass and glasses were covered with 
muslin cloth and kept under rearing 
conditions. All stages were done for control 
group without insecticide adding. Each 
concentration was replicated four times and 
for each concentration totally 60 adult 
insects were used. 

Statistical analysis. The data were 
corrected using Abbott’s formula (ABBOT, 
1925) for the mortalities in the controls. 
Experiments were arranged in a completely 
randomized design and a two way analysis 
of variance was used to analyze the effect of 
varying concentrations and exposure 
periods on insect mortality. The means were 
separated by the Tukey test at the 5% level. 
The lethal concentration LC50, chi-square, 
and 95% confidence intervals for each 
regression coefficient were calculated by 
using probit analysis (FINNEY, 1971). All 
statistical analyses were performed using 
the statistical software SPSS version 16.0 
(SPSS, 2007). 

 
Results and Discussion 
Present study showed strong toxicity of 

Tracer® on the adults of R. dominica and S. 
oryzae. Results indicated that Tracer® with 
concentration of 250 ppm caused 100% 
mortality on R. dominica at 20 days' 
exposure time (Fig. 1). Figure 1 also displays 
the 88% mortality in S. oryzae adults with 
concentration of 80 ppm after 20 days. On 
the other hand, maximum mortality was 
occurred in the concentration of 250 and 80 
ppm after 20 days exposure for R. dominica 
and S. oryzae, respectively. Compare means 
of mortalities revealed direct relationship 
between mortality of both insects with con-
centration and exposure times (Fig. 1). Con-
centration-mortality response lines for both 
insects exposed to different concentrations 
of Tracer® have shown in Fig. 2, too. 

 

 
 
 

Fig. 1. Mean mortality (%) of Rhyzopertha 
dominica and Sitophilus oryzae adults exposed 

to different concentrations of Tracer® after 
10 and 20 days of exposure times. Different 

letters on top of columns indicate significant 
differences according to Tukey's test at p = 
0.05. Columns with the same letter are not 

significantly different. 
 

Probit analysis demonstrated that R. 
dominica (10-days LC50 = 49.89 and 20-days 
LC50 = 31.39 ppm) was susceptible than S. 
oryzae (10-days LC50 = 50.75 and 20-days 
LC50 = 36.53 ppm) (Table 1). From the probit 
analyses, the calculated regression line 
equations of the first and second days’ data 
were Y = 1.99X - 2.37 and Y = 2.85X - 4.27 for 
R. dominica and Y = 3.31X – 5.65 and Y = 
3.57X – 5.58 for S. oryzae, respectively (Table 
1). The concentrations were used as 
followed: 60, 95, 150, 250 and 400 ppm for R. 
dominica and 15, 23, 36, 52 and 80 ppm for S. 
oryzae. Number of insects for each time was 
360 (15 insects × 4 replications × 6 
concentration). 
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Fig. 2. Concentration-mortality response lines for adult of Rhyzopertha dominica and  
Sitophilus oryzae exposed to different concentrations of Tracer®. 

 
Table 1. Probit analysis of diffirent treatments of Tracer® against  

two experimented insects in 10 and 20 days exposure times. 
 

Insect Time 
(day) LC50 a LC90 a Intercept ± SE Slope ± SE χ2 

(df=3) ρ b 

R. dominica 10 49.89 (24.46 ± 70.87) 411.72 (275.59 ± 962.62) -2.37 ± 0.61 1.99 ± 0.29 0.29 0.96 
20 31.39 (10.54 ± 45.63) 88.31 (71.20 ± 112.92) -4.27 ± 1.45 2.85 ± 0.75 0.84 0.84 

S. oryzae 10 50.75 (45.16 ± 58.30) 123.74 (86.62 ± 174.45) -5.65 ± 0.62 3.31 ± 0.38 2.03 0.57 
20 36.53 (32.84 ± 40.71) 83.46 (70.27 ± 106.47) -5.58 ± 0.57 3.57 ± 0.57 4.72 0.19 

a 95% lower and upper fiducial limits are shown in parenthesis.   
b Since goodness−of−fit Chi square is not significant (P > 0.15), no heterogeneity factor is used. 

 
These results is similar to the results of 

FANG et al. (2002), MCLEOD et al. (2002) and 
TOEWS et al. (2003) that they have worked 
on some stored-products insect pests.  

Spinosad is purposed for the control of 
a very wide range of important pests. For 
example, AHMED (2004 Cyro, Egypt, pers 
comm.) reported that the spinosad was the 
most effective compound against the newly 
hatched larvae of both pink and spiny 
bollworms after 12 days for laboratory and 
field strain, respectively. He added that 
spinosad contacts and affects the receptors 
of acetylcholine in different place contacts of 
acetylcholine, which caused hyper-activity 
in nervous system for a long time. SADAT & 
ASGHAR (2006) indicated that liquid 
formulation of spinosad (Tracer® 22.8%) had 
considerable contact toxicity against adults 
of Callosobrochus maculatus (F.). In that 
study, spinosad caused 75–100% mortality 
in 4 concentration rates: 400, 300, 185 and 
150 ppm. In the study of SEMIZ et al. (2006), 
insecticidal effects of spinosad were 
expressed against the pine processionary 
moth, Thaumatopoea wilkinsoni Tams. In the 

other study, toxicity of Tracer® was 
evaluated to larve of common green 
lacewing, Chrysoperla carnea Stephens. In 
contact bioassay tests, a direct relationship 
was detected between the concentration of 
spinosad and mortality rate of first instar 
larvae so that the employing of 250 and 2500 
ppm of Spinosad caused 33 and 67 percent 
mortality, respectively (MAROUFPOOR et al., 
2010). Toxicity of spinosad (Tracer® 24% SC) 
were evaluated against cotton leaf worm, 
Spodoptera littoralis (Boisd.) by KORRAT et al. 
(2012). Along with toxicity, pupation, 
fecundity, hatchability and sterility rates 
and adult emergence percentages of insect 
were affected by spinosad. Effectiveness of 
spinosad was evaluated against adults C. 
maculatus on four commodities: chickpea, 
split pea, cowpea and lentil by KHASHAVEH 
et al. (2011). Mortality of exposed 
individuals in all treated commodities was 
low at 1-day exposure even at 0.3 g/kg and 
did not exceed 20%. As expected, mortality 
increased with the increase of exposure 
interval and dose rates. After 10 days of 
exposure, mortality reached 100% in all 
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commodities except for split pea. The 
application of spinosad significantly 
reduced progeny production in four 
commodities tested in comparison with the 
untreated ones. Recently PIRI et al. (2014) 
displayed sublethal effects of spinosad 
including reduction in glutathione S-
transferase activity, percentage of larval 
pupation and female fecundity against 
lesser mulberry pyralid, Glyphodes pyloalis 
Walker (Lepidoptera: Pyralidae). 

Results of the present and mentioned 
studies adequately expressed the toxicity of 
spinosad against a wide variety of insect 
pest along with stored product insect pests. 
With retrospect, it could be concluded that 
spinosad and Tracer® as one of the spinosad 
based traditional formulation is merit to be 
considered as a potential compound in 
controlling the insects in question. 
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