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ABSTRACT: Confused flour beetle causes significant quantitative and qualitative losses to flour in the 
stores and silos. Pest susceptibility to diazinon as known insecticide in Iran was studied in 2013 and 
2014 under laboratory condition. Results showed that LC50 value was very close and determined 142.91 
and 142.21 ppm in 2013 and 2014, respectively. The calculated LC 50 values were very lower than that 
recommended dose for the other pest by company. Results suggest that diazinon can be used as 
contact insecticide in Tribolium confusum control in the stores as one part of the postharvest integrated 
pest management program. 
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INTRODUCTION 
 

      Confused flour beetle, Tribolium confusum Jacquelin du Val, is a serious stored pest in Iran. The losses 
created by this pest are more than the economic threshold level. This pest is known as primitive and secondary 
pest in worldwide and fed from various commodities like flour, grains, dried fruit, nuts, beans and etc (Park and 
Frank, 1984). Appearance of grayish color in the infested flours and occurring fungi infestations are main economic 
problems in the stores.  Although, using of traditional methods such a drying, temperature regulation and sorting by 
hand may be effective in small scale, but they are considered as time and cost wasting methods in the large scales 
(Rees, 2007). 
     Nowadays, using of chemical control as critic action to suppressing of the pest population is recommended in 
stores management (Lorini and Galley, 1999). Using of insecticide fumigants with high vapors pressure were 
proved as the best choice to the pest control in the air tight spaces (Zettler and Arthur, 2000). Several reports 
showed that T.confusum is resistance to different insecticides like phosphin, methyl bromide, cyclodiens 
compounds and some of the organophosphates chemicals (Anisur-Rahman and Shahjahan, 2010; Rossi et al., 
2010; Dhaliwal and Chawla, 1995; Haliscak and Beeman, 1983). In Iran, using of fumigants and contact insecticide 
is commonplace way that used in the stores. Although, there is not any report about resistance of this pest to 
organophosphates chemicals in Iran, but because of widespread using of these compounds in the pest control 
program in the fields, stores, medicine and veterinary medicine, resistance appearance is a potential threat 
continuously. 
      One of the main insecticides, an origin of the phosphorothioic acids, is Diazinon. Having some of ideal 
properties like residual activity, speed degradation in organisms, the low environmental risk and be free from 
chronic toxicity for the non target organisms converted its to appropriate choice for different users (Lemon, 1966). 
Diazinon as board- spectrum and non-systemic chemical is recommended insecticide in agriculture to control of 
soil and foliage pests (Barrett and Jaward, 2012). Also, it is proposed as secant insecticide in the postharvest IPM 
program. 
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     In this research, diazinon as abundant organophosphate insecticide in Iran was selected to investigate as 
potential candidate in management of T.confusum in the laboratory condition. The aim of this study is to examine 
which doses of the diazinon can be used for T.confusum management in the different stores. Also, final results may 
be increased our knowledge to find ways which reduce unwanted risks for workers and the other applicants in 
comparison with fumigant treatments. 
 

1. Material and methods  
1.1.  Insects 

     A laboratory population of T.confusum was selected for this experiment. The rate of sensitivity to diazinon in two 
years 2014 and 2013 were studied, independently. Insects were reared on the wheat flour at 25 ± 1 °C and 60 ± 
5% RH at least four generation for every year. One to thirty –days –old of adult insects were selected for bioassay.  
Diazinon 60 % EC was ordered from Ghazal Shimi Corporation, Iran.     
 

1.2. Bioassay 
     After preliminary test 500, 345, 300, 237, 113 and 0 ppm; and 833.3, 583.3, 333.3, 166.6, 83.3 and 0 ppm were 
determined as final concentrations in 2014 and 2013, respectively. All concentrations were prepared as trade 
formulation based.  Control treatments were performed with distilled water. The glass residue test was used for 
determination dose-response curve. Every clean Petri dish was treated with two ml of the prepared solution. One 
gram of wheat flour was added to every experimental unit. Three biological replicates with at least 10 unsexed 
adults were considered for every treatment. The mortality of treatments was recorded after 24 hours.  
 

1.3. Statistical analysis  
 
      Statistical analysis was performed by using one-way analysis of variance followed by Duncan,s studentized test 
in the SPSS software (P< 0.05). Correlation coefficient and related curves were drawled using Microsoft Excel. 
Also LCs was calculated using PoloPlus software. 
 

2. Results 
2.1. LCs determination in the 2013 

     The LC50 value found 142.91 ppm using probit analysis (Figure 1; Table 1). The other values contain LC 
5,10,20,30,40,60,70,80,90,95 and 99 were calculated using PoloPlus software (Table 2). There was a significant 
difference between control and toxic treatment (Figure 2) as the rate of mortality in the maximum concentration was 
2.4-fold more than of minimum concentration. 
 
 

2.2. LCs determination in the 2014 
     The LC50 value found 142.21 ppm using probit analysis (Figure 3; Table 1). The other values contain LC 
5,10,20,30,40,60,70,80,90,95 and 99 were calculated with PoloPlus software (Table 3). There was a significant 
difference between control and toxic treatment (Figure 4) as the rate of mortality in the maximum concentration was 
2.6-fold more than of minimum concentration. 
 

3. Discussion 
          Confused flour beetle was known as primary and secondary pest on the stored foodstuffs. The main infested 
materials are cereal grains, their products particularly different types of flours and everything with animal and plant 
origin (Park and Frank 1984).  It's control before and after entrance to stores can be performed to suppressing its 
damage. Several ways recommended for its management after occurrence, but the main decision is depended to 
existed condition in every location (Pugazhvendan et al., 2012; Evans, 1985). Non-chemical methods like 
temperature regulation can be applied against various stored pest (Hansen et al., 2013), but not certain results 
outbreak in the almost applications.  Park and Frank (1984) reported that mortality of T.confusum in larval stage 
increased in 34 °C but my observation (unpublished data) indicates that this temperature was not affected adult 
insects.  
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Figure 1. Dose- response curve of diazinion against adaults of Tribolium confusum, using Polo Plus Software. 

 
Figure 2. Mean percent of mortality in adults of Tribolium confusum after diazinon treatment in the 2013. Letters 
indicate significant difference among diazinon concentrations (p<0.05). 
 

 
Figure 3. Dose- response curve of Diazinion against adults of Tribolium confusum, using Polo Plus Software. 
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Figure 4. Mean percent of mortality in adults of Tribolium confusum after diazinon treatment in the 2014. Letters 
indicate significant difference among diazinon concentrations (p<0.05). 
 
     Nowadays, preventive approaches are preferred to curative approaches. Hence, insecticides application before 
occurrence of major pest recommended as preliminary action in pest management (Zettler and Arthur, 2000). The 
choice of insecticide in pest management is related to different factors such as the type of foodstuffs; the economic 
injury level; the cost of workers, food stuffs and chemicals; the environmental condition and etc (Rajashekar et al., 
2013; Rees, 2007). In Iran, Diazinon is known as general insecticide that recommended for different targets in 
agriculture, medicine and veterinary medicine. Result of this research showed that diazinon can be used as crucial 
chemical against T.confusum, too. Also, using of this pesticide in stores before starting of storing process can be 
recommended in management programs (Lemon, 1966). Although, unwanted risks of this chemical was not studied 
in this work but results showed that lethal concentrations were very lower than recommended concentration by 
company for the others pest.   
      In the present study toxicity slope of the dose- response curve in the 2014 was 1.85 times more than that in the 
2013. It is presumable that trend of resistance appearance in the 2014 was increased in comparison with that in the 
2013. Although, experiments were performed in two different years (2013 and 2014) but their LC50 values were 
very close. Similarity in the median lethal concentration in two years with same chemical may be help to this point 
that LC50 concentration can be used as index to comparison of the acute toxicity in toxicology researches.  
     Although results showed no any resistance in this research, but Rossi et al (2010) reported that T.confusum 
was more resistance to malathion, diazinon and pyrethrums in comparison to T.castaneum. Hence, monitoring of 
this pest in Iran is necessary to prevent of resistance occurrence. On the other hand, using of various insecticides 
with different mode of action should be main strategy for T.confusum control to avoiding of resistance risk in the 
stored pest management.   
     

4. Conclusion  
      As a whole, a developmental program for chemical control of local stored pest is necessary. Hence, the choice 
of suitable insecticide with residual activity against different stages of T.confusum will be lost key of the confused 
flour beetle management in stores. Using of appropriate insecticides and actual application rate are ensuring long-
term protection and preventing re-infestation of stored commodities. For future studies, using of the other 
insecticides against this pest can be suggest, if risk assessment performed as well as.  
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