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ABSTRACT 
 

The toxicity of five (5) commercially formulated insecticides viz. Fenitrothion 
(organophosphate); Thiodicarb (Carbamet); Deltamethrin (Pyrethroid), Imidacloprid 
(Neonecotinoide) and Nimbicidine (Azadirachtin) were investigated following 
residual film method (RFM) and treated flour method (TFM). Adults and larvae (1, 
10, 20, 30 and 40-days old) of Alphitobius diaperinus Panzer were used in the 
experiment. The mortality data were recorded after 24, 48 and 72 hours of 
exposure. All tested insecticides were found to be toxic on the beetles.  

The insecticides were moderately and less toxic on adults in residual film method 
having LD50 values as 3082.80 (Imidacloprid), 3033.83 (Fenitrothion), 1229.48 
(Deltamethrin), 376.39 (Thiodicarb), and 61.85 (Azadirachtin) µg/cm2 after 24 hrs 
exposure. Azadirachtin and thiodicarb were the most toxic and fenitrothion and 
imidacloprid were found to be comperatively less toxic to adults in RFM test. The 
order of toxicity for adults was Azadirachtin > Thiodicarb> Deltamethrin > 
Fenitrothion > Imidacloprid.  The LD50 values for the mature larvae (40 days old) at 
same test were 361.78 (Deltamethrin), 257.76 (Fenitrothion), 215.48 (Imidacloprid), 
78.47 (Thiodicarb) and 25.28 (Azadirachtin) µg/cm2 after 24 hours respectively. The 
toxicity was higher than that of adults and the order of toxicity was Azadirachtin > 
Thiodicarb > Imidacloprid> Fenitrothion> Deltamethrin. The LD50 values for the 
newly hatched larvae (1 day old) at same test were 49.74 (Fenitrothion), 19.62 
(Imidacloprid), 4.49 (Azadirachtin), 4.43 (Thiodicarb) and 3.05 (Deltamethrin) 
µg/cm2 after 24 hours exposure. Most of the insecticides were found to be highly 
toxic on 1 day old larvae. The toxicity was higher than mature larvae and the order 
of toxicity was Deltamethrin> Thiodicarb > Azadirachtin > Imidacloprid> 
Fenitrothion. 

In Residual Film Method (RFM) imidacloprid was less toxic on adults. Deltamethrin 
was less toxic on mature larvae but highly toxic on newly hatched larvae. Fenitrothion 
was less toxic on newly hatched larvae than other insecticides. Azadirachtin and 
thiodicarb were found highly toxic on all stages of beetles.   
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In treated food method (TFM), the LD50 values after 24 hours for adults were 
2044.41 (Deltamethrin), 901.08 (Fenitrothion), 579.83 (Azadirachtin), 
359.46(Imidacloprid) and 194.23 (Thiodicarb) ppm. For the mature larvae these 
values were 1095.90 (Deltamethrin), 436.41 (Fenitrothion), 340.98 (Azadirachtin), 
307.99 (Imidacloprid) and 49.28 (Thiodicarb)ppm. For the newly hatched larvae 
these values were 168.90 (Deltamethrin), 161.34 (Fenitrothion), 81.42 
(Azadirachtin), 22.39 (Imidacloprid) and 14.62 (Thiodicarb)ppm.  

In treated food method, thiodicarb was the most toxic, and deltamethrin was the least 
toxic against all stages of beetles. The order of toxicity on all stages of beetles was, 
Thiodicarb > Imidacloprid> Azadirachtin> Fenitrothion> Deltamethrin. 

In all type of methods for the larvae and adults, the toxicity of all insecticides were 
increased with time and decreased with age of insects. 

Synergistic effect with azadirachtin in combination with all insecticides was 
evaluated. The synergistic effects were calculated by using co-toxicity coefficient (> 
100) values. The interaction between insecticides and synergist was analyzed for co-
toxicity co-efficient and through plotting isoboles of the LD50 values. Azadirachtin 
considerably increased the toxicity of all insecticides in both adults and mature 
larvae after 72 hours exposure.  

The co-toxicity coefficient of all insecticides indicates synergistic action. The co-
toxicity coefficient of azadirachtin indicates synergistic action when combined with 
deltamethrin and imidacloprid on adults in RFM test. The combination of 
deltamethrin and imidacloprid with azadirachtin was the most effective for 
controlling adults in residual film method (RFM). 

Deltamethrin+ azadirachtin was the best combination for controlling of mature larvae 
in both residual film method (RFM) and treated flour method (TFM). Imidacloprid+ 
azadirachtin combination was the best for controlling of adults in both residual film 
method (RFM) and treated flour method (TFM).  

Thiodicarb and imidacloprid was the most toxic at single action. Deltamethrin was 
less toxic at single action but when combined with azadirachtin then it was the most 
toxic on A. diaperinus. 
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High populations of A. diaperinus in poultry houses sometimes are of concern due 
to the potential for insects to harbor pathogens that cause poultry diseases (Eidson 
et al 1966; De Las Casa et al 1976,). The beetles harbor and potentially spared a 
wide variety of viral, bacterial and fungal pathogens of poultry and serve as 
intermediate hosts of custodies parasitizing poultry (Mc Allister et al 1995a). 

Chemical pesticides are still indispensable in controlling insect pests both in field 

and storage due to their quick knockdown and killing properties and due to their 

easy availability to the farmers/growers. The efficacy of insecticides against storage 

pests varies greatly after treatment (Suchita et al 1989, Pinto et al 1997). But the 

indiscriminate and large-scale use of broad spectrum synthetic pesticides has 

serious demerits including their persistence in the environment (Smith 1970, Wilkin 

and Fishwick 1981, Jolly et al 1989, Bryne et al 1994, Laliberte 1995, Bell et al 1999, 

Rajappan et al 2000), toxicity to human beings (Anon 1981, Oudejans 1982, 

Hasanuzzoha 2004), wild life including pollinator and economically beneficial insects 

(Munakata 1977, Pimentel 1981, 1983), development of insect resistance to the 

insecticides (Georghiou and Mellon 1983, Champ 1986, Reichmuth 1992) and finally, 

higher costs (Khan and Mannan 1991). Moreover, both multi-resistance and cross-

resistance to pesticides have been reported in a large number of insects (Metcalf 

1980, Georghiou and Mellon 1983). It is now a constant concern in the post-harvest 

ecosystems throughout the world particularly in developing countries including 

Bangladesh (Champ 1979, Subramanyam and Hagstrum 1995). 

In spite of insecticides being the major means of defense against insect pests, the 
above mentioned problems have generated a sustained search for either alternative 
means of insect control methods of reducing the amounts of insecticides required for 
the pest management (Mondal 1984a, Smet et al 1990, Burkholder and Faustini 1991).  

In this respect, plant materials may play important role because of their low 
mammalian toxicity to both human and environment (Jacobson 1990). In several 
countries locally available plant materials are being widely used to protect stored 
products against insect pests. The plant materials possessing insecticidal properties 
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are known as botanical pesticide or biopesticide (Rashid et al 2006). Botanicals have 
broad spectrum activity. They are safe, relatively specific in their mode of action, 
easy to process and use. (Odderskaer et al 2003).  

Keeping this in mind, the azadirachtin- a botanical pesticide was used in the present 
experiment in order to investigate whether it causes synergistic effect on the 
insecticides against A. diaperinus. It may be mentioned that limited numbers of 
research works on the effect of Azadirachtin on beetle species have been conducted 
(Malik and Naqvi 1984, Mukherjee and Ramachandran 1989, Hu and Chiu 1993, Xie 
et al 1995, Suss et al 1997, Khalequzzaman and Nahar 2003, Banu 2004, Das et al 
2006, Khatun 2010). 
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   Plate 1: Neem tree                                 Plate 2: Neem fruits  

 

Plate 3: Molecular structure of Azadirachtin   Plate 4: Nimbicidine 0.03% 
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1.1. Background of the Study 

In Bangladesh during the storage of grains and cereals or milled products use of 
insecticides is limited. Even within this limited application scientific methods or 
processes are not duly followed. This may be due to lack of proper knowledge, 
training and skill (Ferdous 2006). Chemical control, in spite of its so many demerits 
has been the primary method of pest control and is still in use. As mentioned 
earlier, pesticide use in Bangladesh started from mid-fifties and gained momentum 
in late 1960 (Alam 1991). Until 2000, 17 companies (national and multinational) 
were involved in pesticide formulation, repacking, distribution and supply through 
their own sales and distribution network in Bangladesh (Hasanuzzoha 2004). 

In Bangladesh farmers or grain stockers use pesticide whimsically and irrationally. 
Most of them do not know the significance of using right pesticides in right time 
with right dosage using right equipments. These inappropriate and misuse of 
pesticides have led to the loss of effective pesticides due to the development of 
resistance (Forrester 1990) and cause human health hazards like nausea and 
vomiting, stomach pain and diarrhoea, eye and skin irritations, as are detected after 
pesticide application, and environmental pollution (Mclnlyre et al 1989). 

However, in our country the stored product entomologists are trying to get rid of the 
hazards of conventional neurotoxic insecticides and endeavour is being made to find 
out potent alternative control measures for insect pests in the food stores, which 
would be safer for non-target organisms including human beings. In this regard, they 
are trying to manipulate insect growth and development rather than to kill them within 
the food grains. The plant materials are being used in this regard as the botanical 
insecticides. From this effort, the present experiments were planned. 

 

1.2. Objectives of the Study 

Pesticides are being used to kill, repel, or regulate the growth of biological 
organisms. The release of these chemicals into the environment creates a potential 
for unintended adverse health impacts to both humans and non target wildlife. 
Mixtures of pesticides are common in the human food supply (National Research 
Council 1992). 
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Another concern regarding the wide spread use of pesticide is the development of 
resistant pest strains to insecticides. Resistance to one or more pesticides has been 
reported in at least 477 species of insects and mites (Geoghiou and Mellon 1983). 
Resistance within or between whole classes of insecticide is an ever increasing 
problem for control of major crop pests; when in order to have a same level of 
control, the amount of insecticide use needs to be increased. 

With a view to overcome these problems, a need to find an alternative to this 
reliance on pesticides has become imperative so that the benefits of insecticides 
probably outweigh the risks, and to safety to human health, improve the World's 
food supply and be friendly to the environment. 

The above problem has generated a sustained search for their alternative means of 
insect control as methods of reducing the amount of insecticide required for the post 
management. The toxicity of azadirachtin is increased with time (Tang et al 2001). In 
toxicology, synergism is defined as the case where the toxicity of two compounds 
applied together is greater than would be expected from the sum of their individual 
effects (Olkowski et al 1991).  

Keeping this in mind the present study was undertaken. The research reported here 
was initiated to investigate the toxicity of fenitrothion (Sumithion 50 EC), 
deltamethrin (Decis 2.5 EC), imidacloprid (Confidor 70WP), thiodicarb (Larvin 75WP) 
and azadirachtin (Nimbicidine .03%) both independently and in combination against 
A. diaperinus. The goal was to minimize the use of insecticides which will ultimately 
help reducing environmental pollution and human health hazards.  

With a view to achieve the above objectives, the following experiments were 
conducted: 

> To observe the toxicity of deltamethrin, fenitrothion, imidacloprid, thiodicarb and 
azadirachtin alone on A. diaperinus adults and different aged larvae (1, 10, 20, 30 
and 40 days old) after 24, 48 and 72 hours in Residual Film Method (RFM) and 
Treated Food Method (TFM).  

> To observe the toxicity of Deltamethrin, Fenitrothion, Imidacloprid, Thiodicarb combined 
with Azadirachtin on A. diaperinus adults and matured larvae (40 days old) after 72 hours 
in both Residual Film Method (RFM) and Treated Food Method (TFM).  

> To study the biology of A. diaperinus. 
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insulation for protection against predators and cannibalism from adult and larval 
conspecifics (Ichinose et al. 1980, Despins et al. 1987, Geden and Axtell 1987). 
Geden and Axtell (1987) evaluated the behavior of the larvae in both field and 
laboratory conditions and found that climbing occurred primarily at night between 
2000 and 2400 h, and that it is influenced by both soil availability as a pupation 
substrate and larval density (Boozer 2011). 

The pupae wiggle when disturbed and lay motionless otherwise. They are found in 
lower, compressed litter, dry manure, or in the soil. They are also found in the 
insulation and the result is extensive damage to all type of insulation (Adams 2003) 

 The adults are very active and burrow into litter when disturbed. They are also 
found crawling on walls, hiding in cracks and crevices or feeding on the underside of 
bird carcasses. Adult beetles can fly for approximately ½ mile. They lay eggs in the 
manure and litter, especially under feed and water lines (Adams 2003). 

2.1.2 Origin & distribution:  

A. diaperinus is believed to have originated in sub-Saharan Africa in association with 
bird nests and bat caves (McFarlane 1971, Vaughan et al 1984, Lambkin 2001). It has 
been imported into temperate regions via commerce, in stored food products 
(Crook et al 1980). 

They are cosmopolitan in distribution. A. diaperinus was first known as a secondary 
pest usually found in flour-mill basements infesting damp or musty flour or grain, 
preferring cereal products that are slightly out of condition (USDA 1953). It is 
believed to have first infested Indiana brooder houses from crushed corn cobs that 
were used as insulation for the walls (Gould and Moses 1951) as well as in Maryland 
from corn cob litter (Harding and Bissell 1958). Although A. diaperinus is well known as 
a pest of seeds, grain, feed, and cereal, this beetle has a long list of hosts worldwide, 
including an assortment of other plant and animal matter (Crook et al 1980). 

2.1.3 Life cycle & Biology 

The life cycle of A. diaperius is temperature dependent. The life cycle varies from one to 
three months depending on environmental condition. The temperature in the poultry 
house and the accumulation of feed and organic matter promote ideal conditions for 
beetle infestation (Fabio and Rafael 2011). 
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Plate 5: Lifecycle of A. diaperinus. 

      

       

Plate 6: Eggs of A. diaperinus 




































































































































































































































































































































