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ABSTRACT 
 
The lesser grain borer, Rhyzopertha dominica, is considered a critical, global pest of stored cereal grains especially wheat cereal grains. 

Developed a new strategy to control it was a paramount. Herein, we evaluate the toxicity of selected novel fungicides, thiophanate-

methyl 70% WP, methylbenzimidazole 50% WP, myclobutanil 10% WP, iminoctadine 40% WP, carbendazim 50% WP, and 
fenbuconazole 5% EW on R. dominica adults after 24, 48, 72, 96, 120, 144, 168-h exposure under laboratory conditions. As results, 

after 24-h exposure, thiophanate-methyl was considered the most toxic fungicide with LC50 and LC90 values of 0.56% and 2.56%. 

Fenbuconazole was the lowest toxic one among the tested compounds (the LC50 and LC90 values were 62.53% and 90.82%). Little 
changes after 48-h exposure, iminoctadine was the most potent fungicide among the selected fungicides with LC50 and LC90 values of 

0.19% and 1.36%, whereas fenbuconazole still exhibited the minimal toxicity pesticides among the tested compounds (the LC50 and 

LC90 values were 52.87% and 96.48%). Noticeably, the same trend was revealed at the rest of the experiment especially after 168-h 
exposure. Based on the slope values of the tested fungicides, R. dominica revealed relative high homogeneity response to the 

fenbuconazole (4.40) after 168-h exposure, and low homogeneity to the remainder of the tested fungicides (slope values ranged from 

0.11 to 0.57). According to the LT50 values, thiophanate-methyl and iminoctadine showed high efficiency against R. dominica adults 
(30.33 and 35.07 hours), and carbendazim was the least effective (119.23 hours). Acquired effects that obtained can deliver a better 

knowledge to the stored grain managers regarding to the prospective selected fungicides to control R. dominica. 
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INTRODUCTION 

 

Wheat is an important crop that extensively cultivated for its cereal grains. Wheat is taken into 

consideration worldwide staple meals for numerous regions specifically inside the growing nations [1]. Egypt is 

counted to be the most serious importer of wheat worldwide. For numerous decades, wheat has been a critical 

element of the everyday diet of the country’s citizens. Egypt is predicted to be highest within the international 

per capita consumption of this cereal [2]. Importantly, wheat is sizeable supply of vegetal protein in human 

meals (protein content of approximately 13%), that’s exceedingly high as compared to other most important 

cereals in Egypt [2]. Wheat is a supply of a couple of vitamins and dietary fiber. The home wheat industry 

provides a vital contribution to employment and fee delivered in the agricultural region [3]. 

The primary motive of cereal storage is to increase the net price of crops through conserving grain until the 

prices might be less expensive [3-4]. Cereal storage strategies in growing nations are not appropriate, because 

http://creativecommons.org/licenses/by/4.0/
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the loss in storage grain may be reached to 30 -50% in Africa [5]. Unfortunately, the insect pests prompted 

tremendous quantitative and qualitative damage to plentiful of stored grains [3, 6]. 

Lesser grain borer, R. dominica (F.) is critical pests of stored cereal grain which attacks abundant stored 

cereal grain products for instance, flour, cereals, meal, crackers, beans, spices, pasta, nuts, and seeds [7-9). Wise 

control of the pest populations which infested stored products is a top paramount investigation these days, 

especially using insecticides become greater restrained [10]. The substantial reliance on insecticides associated 

with these corporations for control pests of stored grains manipulate result in the ensuing upward thrust in vast-

spectrum resistances that could make many of these insecticides useless [11]. Thus there is an urgent 

requirement for alternative and secure insecticides which have precise mode of actions to control R. dominica 

[11, 12]. 

Fungicides are type of insecticides that destroys or inhibits the increase of fungi and their spores. In this 

regards, their particular mode of actions come to be very essential additives in integrated pest management 

(IPM) and integrated resistance management (IRM) techniques [13]. Plus, the chemical compatibility of certain 

insecticides with common fungicides against insect pests at their LC50 values recorded numerous intensity of 

synergism [13, 14]. Thus, it’s far bestead for positive fungicide to illustrate their efficacy on primary pests of 

stored grains inclusive of R. dominica. 

In this study, we have focused on the assessment of selected fungicides that have unique mode of action 

such as sterol fungicides that inhibits sterol demethylation (DMI) processing in the cell (e.g. fenbuconazole 5% 

EW and myclobutanil 10% WP), fungicides acting on mitosis and cell division that inhibit the spindle 

microtubules assembly (e.g. carbendazim 50% WP, methylbenzimidazole 50% WP, and thiophanate-methyl 

70% WP) and a multi-site actions fungicide (e.g. iminoctadine 40% WP) to determine their efficacy of mortality 

rates on R. dominica adults at 24, 48, 72, 96, 120, 144, and 168-h as an alternative strategy in the global control 

of this serious pest. 

 

MATERIALS AND METHODS 

 

1- Rearing technique: 

R. dominica adults that used in this study were obtained from naturally infested wheat cereal grains in the 

central laboratory at Faculty of Agriculture, Al-Azhar University, Assiut. Adults were cultured in incubator at 

constant temperature of 30 ± 2 °C and 70 ± 5% R.H. Uninfected wheat cereal grains were purchased from a 

local market in Assiut Governorate and disinfested in an oven at 60 °C for 1 hour before using them as substrate 

for insect rearing. 

Stock culture was set up by 50 pairs of R. dominica which were introduced into the rearing bottles 

containing 250 g wheat cereal grains. The bottle were covered with muslin cloth and secured with rubber bands. 

The parent beetles were sieved out for 7 days of oviposition period. Subsequence the wheat cereal grains were 

kept in the incubator for adult emergence which used for this study. 

 

2- Insecticides: 

Thiophanate-methyl 70% WP, methylbenzimidazole 50% WP, myclobutanil 10% WP, iminoctadine 40% 

WP, carbendazim 50% WP, and fenbuconazole 5% EW were acquired from Central Agricultural Pesticides 

Laboratory (CAPL) in Dokki, Giza, Egypt (table 1). 

 
Table 1: Selected fungicides used in this toxicity test 

Trade 

name 
Common name IUPAC name Chemical structure 

Thio-M 

70% WP 
Thiophanate-methyl 

Dimethyl4,4′-(o-phenylene)bis(3-

thioallophanate) 

 

Bendazin 
50% WP 

Methylbenzimidazole 1-methyl-1H-benzo[d]imidazole    

 

Mokka  
10% WP 

Myclobutanil 
2-(4-Chlorophenyl)-2-(1,2,4-triazol-1-
ylmethyl)hexanenitrile 
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Belkute 
40% WP 

Iminoctadine 

Bis(8-guanidinooctyl)amine;1,9-

Diguanidino-9-

azaheptadecane;Iminobis(octamethyle
ne) 

diguanidine;1,1’-
(iminobis(octamethylene))diguanidine  

Carbendate 

50% WP 
Carbendazim 

Methyl1H-benzimidazol-2-

ylcarbamate 

 

Indar  

5% EW 
Fenbuconazole 

4-(4-chlorophenyl)-2-phenyl-2-(1,2,4-

triazol-1-ylmethyl)butanenitrile 

 

 

3- Toxicological test: 

To assess the efficacy of the selected fungicides on R. dominica adults, quantitates of 100 g wheat cereal 

grains were placed in plastic jars (500 ml) and treated with the concentrations of 0.5, 1, 2, 2.5 g/100 g wheat 

cereal grains for each fungicide. The jars were shacked for adequate time to ensure the even coating of the 

wheat cereal grains. Then infested with 10 pairs of 1-2 day old adults of R. dominica for each jar. Each jar was 

covered with muslin cloth. Control (untreated wheat cereal grains) was treated the same as the previous 

description and were run concurrently with each series of tests. Three replicates were conducted for each 

treatment. The content of each jar was spread out in a try and the dead insects were secluded and counted. The 

adult mortalities were counted after 24, 48, 72, 96, 120, 144, and 168-h of treatment, and corrected according to 

Abott’s formula [15].  

Data for the toxicity test were compiled and analyzed (LC50, LC90, LT50, LT90, and 95% CL values) by using 

Proban probit analysis program version 1.1. Figures were created by using GraphPad Prism 6.01 software (San 

Diego, CA, USA). 

 

RESULTS AND DISUCSIONS 

 

The lethal toxicity of novel selected fungicides on R. dominica adults after 24, 48, 72, 96, 120, 144, and 

168-h was presented in Tables 2-8 and Figure 1. After 24-h exposure, the highest toxic fungicide was 

thiophanate-methyl with LC50 and LC90 values of 0.56% and 2.56%. Methylbenzimidazole, myclobutanil, 

iminoctadine, and carbendazim showed moderate toxicity. However, fenbuconazole demonstrated the lowest 

toxicity pesticides among the tested compounds (the LC50 and LC90 values were 62.53% and 90.82%).  

After 48-h exposure, iminoctadine was the most potent fungicide among the selected fungicides with LC50 

and LC90 values of 0.19% and 1.36%. Further, fenbuconazole still exhibited the minimal toxicity pesticides 

among the tested compounds (the LC50 and LC90 values were 52.87% and 96.48%). Subsequently, the same 

trend was revealed at the rest of the experiment.  

According to the slope value of the LCP lines of the tested fungicides, R. dominica showed relative high 

homogeneity response to the fenbuconazole (4.40) especially after 168-h exposure, and low homogeneity to the 

rest of the tested fungicides (slope values ranged from 0.11 to 0.57). 

 
Table 2: Lethal toxicity of selected novel fungicides on R. dominica adults after 24-h of exposure. 

Compounds 
LC50

 a 

(95% CL)  
LC90

 a 

(95% CL)  
Slope (± SE) n b 

Thiophanate-methyl 70% WP 0.56 (0.17-0.78) 2.56 (1.53-40.06) 0.14 (± 0.71) 180 

Methylbenzimidazole 50% WP 0.87 (0.54-1.18) 3.54 (2.23-12.23) 0.14 (±0.54) 180 
Myclobutanil 10% WP 1.04 (0.86-1.31) 2.48 (1.78-5.65) 0.13 (±0.78) 180 

Iminoctadine 40% WP 1.23 (0.83-2.16) 39.24 (3.57-49.79) 0.12 (±0.52) 180 

Carbendazim 50% WP 3.27 (2.25-22.67) 8.58 (4.07-59.06) 0.25 (± 1.10) 180 
Fenbuconazole 5% EW 62.35 (41.21-80.71) 90.82 (14.17-98.82) 1.54 (± 0.51) 180 

 a Concentrations are expressed in %. 
b n, no. of adults tested including control. 
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Table 3: Lethal toxicity of selected novel fungicides on R. dominica adults after 48-h of exposure. 

Compounds 
LC50

 a 

(95% CL)  

LC90
 a 

(95% CL)  
Slope (± SE) n b 

Thiophanate-methyl 70% WP 0.24 (0.0003-0.44) 1.06 (0.72-7.65) 0.19 (± 0.87) 180 

Methylbenzimidazole 50% WP 0.47 (0.03-0.80) 4.10 (2.06-33.36) 0.14 (±0.54) 180 
Myclobutanil 10% WP 0.62 (0.42-0.77) 1.63 (1.23-3.15) 0.15 (±0.75) 180 

Iminoctadine 40% WP 0.19 (0.0003-0.42) 1.36 (0.88-8.81) 0.14 (±0.63) 180 

Carbendazim 50% WP 2.20 (1.66-4.59) 7.52 (3.92-64.16) 0.14 (± 0.66) 180 
Fenbuconazole 5% EW 52.87 (39.78-62.14) 96.48 (67.65-99.43) 3.16 (± 1.12) 180 

 a Concentrations are expressed in %. 
b n, no. of adults tested including control. 

 

 

 

Table 4: Lethal toxicity of selected novel fungicides on R. dominica adults after 72-h of exposure. 

Compounds 
LC50

 a 

(95% CL)  

LC90
 a 

(95% CL)  
Slope (± SE) n b 

Thiophanate-methyl 70% WP 0.08 (0.02-2.37) 0.94 (0.36-4.91) 0.19 (± 0.90) 180 
Methylbenzimidazole 50% WP 0.39 (0.16-0.52) 0.93 (0.73-1.54) 0.23 (±0.97) 180 

Myclobutanil 10% WP 0.15 (0.08-1.52) 0.93 (0.62-2.85) 0.39 (±1.81) 180 

Iminoctadine 40% WPC - - - 180 
Carbendazim 50% WP 1.74 (1.17-9.15) 15.40 (4.78-29.76) 0.12 (± 0.53) 180 

Fenbuconazole 5% EW 50.24 (36.09-93.64) 88.29 (73.44-97.95) 3.60 (± 1.28) 180 
 a Concentrations are expressed in %. 
b n, no. of adults tested including control. 
C All concentrations gave 100% mortality. 

 

 

 

Table 5: Lethal toxicity of selected novel fungicides on R. dominica adults after 96-h of exposure. 

Compounds 
LC50

 a 

(95% CL)  
LC90

 a 

(95% CL)  
Slope (± SE) n b 

Thiophanate-methyl 70% WP 0.02 (0.009-0.85) 6.28 (3.74-9.59) 0.24 (± 1.17) 180 

Methylbenzimidazole 50% WP 0.38 (0.17-0.52) 0.98 (0.73-1.69) 0.23 (±0.83) 180 
Myclobutanil 10% WP 0.03 (0.01-0.61) 0.41 (0.17-1.89) 0.24 (±1.21) 180 

Iminoctadine 40% WPC - - - 180 

Carbendazim 50% WP 0.92 (0.53-1.28) 5.41 (2.79-7.41) 0.11 (± 0.52) 180 
Fenbuconazole 5% EW 48.30 (36.78-77.73) 81.19 (72.81-98.89) 3.54 (± 1.26) 180 

 a Concentrations are expressed in %. 
b n, no. of adults tested including control. 
C All concentrations gave 100% mortality. 

 

 

 

Table 6: Lethal toxicity of selected novel fungicides on R. dominica adults after 120-h of exposure. 

Compounds 
LC50

 a 

(95% CL)  

LC90
 a 

(95% CL)  
Slope (± SE) n b 

Thiophanate-methyl 70% WPC - - - 180 
Methylbenzimidazole 50% WP 0.31 (0.05-0.45) 0.75 (0.56-1.29) 0.29 (±1.17) 180 

Myclobutanil 10% WPC - - - 180 

Iminoctadine 40% WPC - - - 180 
Carbendazim 50% WP 0.46 (0.01-0.75) 4.36 (2.15-10.77) 0.12 (± 0.53) 180 

Fenbuconazole 5% EW 44.48 (26.74-54.70) 80.90 (70.85-87.25) 3.42 (± 1.22) 180 
 a Concentrations are expressed in %. 
b n, no. of adults tested including control. 
C All concentrations gave 100% mortality. 

 

 

 

Table 7: Lethal toxicity of selected novel fungicides on R. dominica adults after 144-h of exposure. 

Compounds 
LC50

 a 

(95% CL)  

LC90
 a 

(95% CL)  
Slope (± SE) n b 

Thiophanate-methyl 70% WPC - - - 180 

Methylbenzimidazole 50% WP 0.21 (0.08-1.05) 2.43 (1.71-5.24) 0.23 (±1.21) 180 
Myclobutanil 10% WPC - - - 180 

Iminoctadine 40% WPC - - - 180 

Carbendazim 50% WP 0.30 (0.0005-0.58) 2.93 (1.62-7.17) 0.12 (± 0.55) 180 
Fenbuconazole 5% EW 34.67 (30.49-53.03) 78.24 (66.32-90.14) 3.61 (± 1.28) 180 

 a Concentrations are expressed in %. 
b n, no. of adults tested including control. 
C All concentrations gave 100% mortality. 
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Table 8. Lethal toxicity of selected novel fungicides on R. dominica adults after 168-h of exposure. 

Compounds 
LC50

 a 

(95% CL)  

LC90
 a 

(95% CL)  
Slope (± SE) n b 

Thiophanate-methyl 70% WPC - - - 180 

Methylbenzimidazole 50% WP 0.06 (0.02-0.87) 4.72 (2.62-7.09) 0.57 (±0.15) 180 

Myclobutanil 10% WPC - - - 180 
Iminoctadine 40% WPC - - - 180 

Carbendazim 50% WP 0.26 (0.0004-0.84) 6.28 (2.93-10.62) 0.11 (± 0.58) 180 

Fenbuconazole 5% EW 19.58 (10.28-49.42) 77.33 (48.63-86.09) 4.40 (± 1.59) 180 
 a Concentrations are expressed in %. 
b n, no. of adults tested including control. 
C All concentrations gave 100% mortality. 
 

Table 9. LT50, LT90, 95% confidence limits, and slope values for selected novel fungicides tested at 0.5% against R. dominica adults. 

Compounds 
LT50

 a 

(95% CL)  

LT90
 a 

(95% CL)  
Slope (± SE) n b 

Thiophanate-methyl 70% WP 30.33 (22.18-37.30) 77.38 (64.16-100.28) 3.15 (± 0.47) 180 

Methylbenzimidazole 50% WP 50.27 (29.10-67.81) 413.07 (232.29-801.40) 1.40 (±0.33) 180 

Myclobutanil 10% WP 46.04 (39.56-52.25) 85.92 (74.68-103.75) 4.73 (±0.57) 180 
Iminoctadine 40% WP 35.07 (28.92-40.70) 68.36 (58.64-84.06) 4.42 (±0.59) 180 

Carbendazim 50% WP 119.23 (105.07-138.79) 271.13 (211.44-423.76) 3.59 (± 0.57) 180 

Fenbuconazole 5% EW 57.57 (30.12-70.36) 105.58 (96.71-193.07) 0.58 (± 0.32) 180 
 a Time is expressed in hours. 
b n, no. of adults tested including control. 

 

Based on the LT50 and LT90 values (Table 9), thiophanate-methyl and iminoctadine demonstrated high 

efficiency against R. dominica adults (30.33 and 35.07 hours), and carbendazim was the least effective (119.23 

and 271.13 hours). 

The toxicity index of selected fungicides was shown in Figure 1. In this regards, for LC50 values after 24-h 

exposure, the values were 100, 64, 54, 46, 17, and 0.90 for thiophanate-methyl, methylbenzimidazole, 

myclobutanil, iminoctadine, carbendazim, and fenbuconazole, respectively, whereas for the LC50 values after 

48-h exposure were 79, 40, 31, 100, 9, and 0.36. thiophanate-methyl was more toxic than methylbenzimidazole, 

myclobutanil, iminoctadine, carbendazim, and fenbuconazole by 1.55-, 1.86-, 2.20-, 5.84-, and 111.34-fold, 

respectively. However, after 48-h exposure, iminoctadine was more potent than thiophanate-methyl, 

methylbenzimidazole, myclobutanil, carbendazim, and fenbuconazole by 1.26-, 2.47-, 3.26-, 11.58- and 278.26-

fold, respectively. 

At the end of the experiment, a severe damage has been illustrated through the whole wheat cereal grains 

compared to the treatments (Fig. 2). 

To date, few scientists had been performed studies to evaluate fungicides on stored grain pests, and not to 

mention the possible efficacy on R. dominica. 
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Fig. 1: Toxicity index from LC50 values (A) after 24-h exposure and (B) after 48-h exposure of selected 

fungicides tested against R. dominica adults.  

Toxicity index = [(LC value of the most toxic tested fungicide / LC value of the tested fungicide) × 100]. 

 

In this study, iminoctadine was demonstrated the most potent fungicide among the tested fungicides 

whereas fenbuconazole was the least toxic one that could be related to its multi-site effect. In general, the 

selected novel fungicides were spectacled extraordinary efficacy on R. dominica adults which may be due to the 

precise mode of movements. The selected fungicides had unique mode of actions that could effects the insect 

pests too. For instar, DMI fungicides inhibit particular enzymes that are considered vital to shape sterols, lipids, 

which located between positive phospholipids inside the cell membrane. Sequentially, the essential role of 
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phospholipids is to adjust the permeability of the membrane of the cell. However, the Inhibition of sterol 

manufacturing leads to unbalance the filtering of the objectionable substances to accumulate inside the cell 

without excretes them [16, 17]. 

 

                               
 

Fig. 2: Symptoms of the damage of R. dominica adults on wheat cereal grains (A) compared to the treatment 

(B). 

 

Fungicides exhibited potency of few insect pests such as mosquitoes. In this interim, Ahmed and Saba, 

2016 [14] concluded that fenbuconazole (5% EW) was the most potent fungicide on fourth instar larvae of 

Culex pipiens (LC50=4.48, 3.72, and 3.70 μg/ml for 24, 48, and 72-h exposure, respectively) whereas, 

azoxystrobin (25% SC) was the least toxic fungicide (LC50=434.91, 106.29, and 21.19 μg/ml for 24, 48, and 72-

h exposure, respectively) among the tested fungicides.  

Another excellent mode of action that may affect the function of the cell in pests by using fungicides, 

strobliurin fungicides inhibit the cell capacity to gain energy via each FADH2 and NADH. Further, that is 

finished by way of inhibiting the transportation of the electrons throughout the mitochondrial membrane in the 

cell which ensuing in dissolution the cellular through electricity diminution [14, 18, 19].  

Ordinarily, stored grain pests populations of many species have evolved resistance to chemical pesticides 

which is a serious threat to managing R. dominica as a result of the frequently use of pesticides in controlling 

process. Importantly, it takes many years and cost massive dollars to develop and test new compounds that able 

to use in controlling pests. Thus it is important that insecticide resistance is prevented from spreading. This may 

be achieved by appropriate use of new strategy rather than using conventional methods in control stored grain 

pests [11, 20].  

Further biochemical and molecular biological investigation must be done to get better understanding about 

the possible unique mode of action of the selected fungicides which extend the advantages on R. dominica in the 

future of its control. 
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