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Introduction (Hypothesis and aims) 

With due attention to constrains concerning the use of chemical pesticides, 

substitution control methods such as using plant compounds, insect growth 

regulators, biological control, microbial control and inert dusts have attracted more 

attentions. Plant secondary metabolites have biological effects on different plant 

pests. Plant essential oils, which are derivatives of secondary metabolites, could be 

applied as a potential substitution control method for chemical pesticides. Having 

low toxicity for mammals, these compounds also have severe fumigant toxicity, 

repellency and antifeedant activities, and harmful reproductive effects on insects. 

Applying inert dusts, especially DEs, is one of the most promising substitution 

methods for controlling stored-products pests. As very tiny particles, DEs can absorb 

lipids of insect’s epicuticle, hence, when they contact with the integument they 

absorb cuticular lipids and scratch its surface. Finally, the insects would desiccate 

and die because of loss of their body water. In addition, their low toxicity to 

mammals and natural enemies has reported.   

Highlights 

► The main effects of plant essential oil (PEO) concentration, diatomaceous earth 

(DE) dose rate and exposure interval on insecticidal efficacy of DE Sayan® in 

combination with myrtle essential oil (MG® formulation) against adults of the 

Granary weevil were significant (P = 0.0000). 

► Using PEO and DE in combination increased the mortality significantly, so that 

adult percentage mortality was notable after 48, especially 72, hrs and increased from 

12.25% by using the LC50-0.125 g/kg during 48 hrs up to 92.25% by using the LC50-

1.5 g/kg. After 72 hrs, LC50 in combination with 0.5, 1.0 and 1.5 g/kg caused 

98.25%, 100% and 100% mortality, respectively. 

► The interaction between Sayan® in combination with MG® was synergistic in 

most cases. 

► After 45 days, number of progenies produced by using the 0.125, 0.25 and 0.5 

g/kg dose rates of Sayan® in combination with LC10, LC20 and LC50 of MG® were 

very low (max. 7 adults) but their mortalities were 100%. Progeny production did not 

observe in combination treatments of 1.0 and 1.5 g/kg dose rates with different 

concentrations of MG®. Mortality of progenies by using Sayan® alone was much 

lower in comparison to the combination treatments. Progeny production after 90 days 

showed the same condition.  
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Importance 

Amongst the insects, coleopterans undoubtedly cause the most damages to stored-

products. In the other words, the most dangerous pests of stored-products belong to 

this insect order. Amongst the coleopterans, the weevils form one of the most 

important families both for number of species and damages they cause to agricultural 

crops. The Granary weevil Sitophilus granarius (L.) is one of the most destructive 

stored-products pests all over the world that easily attacks to stored grains. Larvae 

develop inside the kernels. This insect is a serious pest of wheat and barley that feeds 

from kernels and causes heavy damages.  

Some limitations concerning the use of plant essential oils have led to their 

applying in combination with other less harmful methods including DEs. There are 

very few studies (four important fulfilled works) that assess the insecticidal efficacy 

of DEs in combination with PEOs. In these studies, increasing the insecticidal 

efficacy of DEs in combination with PEOs has been reported. It is reported by all 

these researches that the interaction of DE in combination with PEO was synergistic; 

hence, this kind of application could decrease the used amount and unsuitable 

properties of both compounds.  

Due to the economic importance of the Granary weevil in Iran and Golestan 

province, hazardous effects of conventional chemical pesticides, limitations 

concerning the use of PEOs (such as need to high concentrations, leaving smell, 

volatility, low permanency, and low penetration into the food materials) and 

limitations concerning the use of DEs (such as physical and chemical changes in 

stored kernels by using high doses, and having dilatory effect), in this study the 

possible increasing of insecticidal efficacy of an Iranian DE formulation (Sayan®) in 

combination with formulated myrtle EO as an Iranian plant drug (MG®) and 

remedying its dilatory effect were evaluated. 
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Other Information (including tables and figures) 

Many researchers have reported that different DE formulations have dilatory 

insecticidal efficacy that is time-dependent, so that, in many investigations the 

exposure intervals were considered up to 7 and 14 days, but after these long periods, 

and in many cases, mortality never reached 100%. For instance, it has reported that 

the lethal effect of Sayan® against adults of the Rice weevil at 2.0 g/kg dose rate on 

wheat, barley and rice kernels, after 14 days was only notable on wheat kernels (ca. 

95.0%). These results indicate the dilatory effects of DEs. It is evident, with due 

attention to the mechanism of action of DEs, that the longer the exposure interval the 

more particles will adsorb to the body surface. Therefore, increasing the produced 

scratches and increasing body water loss as a result are the reasons of time-dependent 

mortality. Despite this, we showed that using Sayan® in combination with the PEO 

remedied its dilatory effect and after 72 hrs, 100% mortality occurred at the highest 

doses and concentrations.  

According to the results, after 24 hrs, synergistic effect in general was observed 

by using 1.0 and 1.5 g/kg dose rates in combination with different concentrations of 

MG®. After 48 hrs, synergistic effect was also observed by using 0.25 and 0.5 g/kg 

dose rates with different concentrations of MG®. After 72 hrs, all interactions were 

synergistic (except for the combination of LC50-0.125 g/kg that evaluated additive by 

the “co-toxicity factor” method). 


