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ABSTRACT 
 
Environmental and human health problems associated with the use of synthetic 
pesticides have prompted the demand for non-polluting, biologically specific 
insecticides. The current study assessed the losses caused by Tribolium confusum and 
its control by diatomaceous earth and the effect on Aspergillus flavus spore dispersal 
during storage of groundnuts. When losses due to Tribolium confusum were assessed 
over a period of 60 days, it was found that an increase in insect population in stored 
groundnuts resulted in increased weight loss of stored groundnuts. The true weight 
loss due to insect feeding was 0.60 g per 400 g of stored groundnuts. When 
diatomaceous earth (DE) was applied to groundnuts followed by the introduction of 
insects in a compartment (A), increased mortality of insects with increased 
diatomaceous earth concentration was observed. For a concentration range of 0-2.5 g 
DE/kg groundnut, 2.5 g/kg treatment was the most effective (only 5 surviving T. 
confusum adults out of 50 were recovered in samples treated with 2.5 g/kg compared 
to 38 adults in the control samples). Larval emergence from groundnuts treated with 
DE also declined with increased diatomaceous earth concentration. When groundnuts 
were inoculated with A. flavus spores, followed by DE application and T. confusum 
introduction into compartment A, the transfer of spores between inoculated groundnut 
samples in compartment A and uninoculated samples in compartment B was reduced. 
The mean A. flavus spore concentration recovered from initially sterile compartment 
B was1.08x103; while it was 45 in the control and in samples treated with 2.5 g/kg 
dosage respectively. There was a significant difference in the mean numbers of spores 
recovered from groundnuts in different compartments (A, B) (H = 13.99, df = 4 and P 
= 0.007). Thus, from this study, losses due to T. confusum on groundnuts and fungal 
spore transfer in storage by this insect can be minimized by the application of 
diatomaceous earth (Protect-It) to stored groundnuts. 
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INTRODUCTION 
 
Storage of agricultural produce is part of the post-harvest system through which food 
material passes on its way from field to consumer. It is generally accepted that 5-15% 
of the total weight of all cereals, oilseeds, and pulses is lost after harvest [1]. There is 
a continuous need to protect the stored products against deterioration, especially loss 
of quality and weight during storage. Quantitative and qualitative losses of stored 
grains may result from the feeding and waste production by insects, mites, rodents 
and birds or from the growth of microorganisms all of which are influenced by 
environmental conditions. Insects, mites and fungi may cause hydrolysis and 
oxidation and decrease the level of certain nutrients in stored products or even form 
toxic substances such as mycotoxins. Mould contamination in stored groundnuts has 
been found to be closely associated with insect infestations [2, 3, 4, 5]. Controlling 
insects during storage may also contribute towards reducing spread of fungal spores 
within the storage system. The mean % incidence of Aspergillus flavus in insect 
damaged samples of wheat was much higher (87%) than in insect-free samples (25%) 
[6]. In damaged wheat kernels, A. flavus growth was observed inside the holes caused 
by the insects [6]. This report is in agreement with the findings on the migration of the 
mite Tyrophagus putrescentiae Schrank and its ability to disperse the toxigenic 
fungus A. flavus from artificially contaminated lots of maize grains [5]. Fungal growth 
was more marked in compartments containing grains inoculated with both mites and 
fungi than in compartments containing grains inoculated with fungi only [5]. This is 
indicative of the fact that mites constantly move within the storage site, and hence 
improving the dispersal of fungi and other microorganisms that are carried around on 
their body surfaces or delivered on their faeces. 
 
When investigating the impact of grain pests on seed deterioration and aflatoxins 
production,   fungal growth was observed on legs, antennae, at the joints and even 
over the whole body surface of insects [4]. In the same study, a decrease in insects, 
Tribolium castaneum Herbst and Sitophilus oryzae L., in A. flavus infected maize was 
reported [4]. The decline was attributed to the ability of A. flavus to modify a 
favourable insect growth environment into an unfavourable one. Various storage 
fungi, including Aspergilli, have been found to be valuable dietary supplements to 
insects found in storage [7, 8]. The insect mortalities may be due to aflatoxins in the 
contaminated grains [4]. 
 
On the contrary insects on mouldy grain may be able to metabolize toxic fungal 
metabolites [9]. For example, the fungus feeding Carpohilus hemipterus L. is 
unaffected by 25 ppm of aflatoxin B1 in the diet and is ten times more efficient in 
metabolizing the Fusarium-produced 4-monoacetxyscirpenol than non-fungus-
feeding caterpillars. Insect damaged seeds tend to have higher levels of aflatoxins 
than undamaged seeds. The level of aflatoxin B1 on insect-damaged wheat samples 
varied from 113 to 1248 µg/kg while the two insect-free samples contained 85 and 
113 µg/kg [6]. 
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The use of pesticides is one of the ways of controlling storage insect pests. However, 
the choice of pesticides for storage pest control is very limited because of the strict 
requirements imposed for the safe use of synthetic insecticides on or near food. The 
continuous use of chemical pesticides for control of stored-grain pests has resulted in 
serious problems such as insecticide resistance [10]. Chemicals used for the control of 
stored product pests, or as protectants, need also to be compared with the suitability 
and effectiveness of alternative methods of control. Non-chemical methods are 
attractive since they neither leave chemical residues in the commodity nor do they 
cause resistance in insects. In recent years, awareness of the consequences of 
environmental pollution, the increasing cost of storage insecticides and the growing 
problem of insect resistance, has led pest management specialists to reappraise inert 
dusts. Inert dusts include silica aerogels, kaolin, sand and diatomaceous earths 
(diatomite). 
 
Diatomaceous earths (DE) are the fossilized remains of diatoms, composed mainly of 
amorphous hydrated silica, but also other minerals including aluminium, iron oxide, 
magnesium, sodium and lime. Source of these dusts are either of marine or fresh-
water origin; the former are said to be more effective [11, 12, 13].  Diatomaceous 
earths of marine origin are effective against storage insects at about 0.1% (w/w), but 
commercially available products are often enhanced by other compounds, e.g. 
ammonium fluorosilicate. Products of fresh-water origin require at least twice the 
dosage to produce similar levels of insect control [11]. 
  
Unlike conventional contact insecticides, DEs like other inert dusts function through 
their physical properties and are, therefore, generally slower acting [11]. Insect 
mortality is induced primarily as a result of desiccation. Water loss is a consequence 
of the destruction of the wax cuticle [12, 13]. Although DEs, having small dense 
particles of silicon dioxide, were said to abrade the cuticle, they also function by 
adsorbing the wax [14]. The action of DEs is not dependent on metabolic pathways 
and therefore, it has been postulated that insects will not be selected genetically by the 
action of these dusts, leading to physiological resistance. Nevertheless, it may be 
possible for insects to develop a behavioural response to the dust and avoid contact 
[11]. 
 
Another advantage of DEs over conventional insecticides is their low mammalian 
toxicity. In the USA, diatomaceous earths are ‘Generally Recognised as Safe’ by the 
US Food and Drug Administration and are registered for use as food additives [14]. 
 
Studies on the effectiveness of diatomaceous earths have been reported. Insecto, a 
diatomaceous earth formulation containing 86.7% armophous silica (silicon dioxide), 
3% crystalline silica; and 10% food grade additives was shown to effect total 
mortality of 1st instars of T. castaneum when applied to maize, Zea mays L. at 0.5 and 
1 g/kg rates. At the same rates of Insecto, mortality of Oryzaephilus surinamensis L. 
and Plodia interpunctella Hübner 1st instars was 96-97 and 86-97% respectively [15]. 
Complete suppression in emergence of T. castaneum and P. interpunctella adults at 1 
g/kg Insecto application rate and 98% emergence of O. surinamensis have been 
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reported [15]. The efficacy of Protect-It (Mississauga, Ontario, Canada) formulation 
of diatomaceous earth (DE) to control internal infestations of rice weevil and maize 
weevil has been reported [13]. The mortality of S. oryzae and Sitophilus zeamais 
Motschulsky emerging from kernels in wheat treated with DE was always greater than 
controls, and ranged from 56 to 90% at 220C and was > 90% at 27 and 320C [13]. 
Diatomaceous earth product Fossil Shield® was shown to be lethal to adult Tenebrio 
molitor L. and Tribolium confusum J. du Val [16].  Fossil Shield® was lethal to 1st 
instar larvae of P. interpunctella, but not lethal to older larval stages, while two-week 
old larvae of T. confusum were more sensitive to diatomaceous earth than P. 
interpunctella at the same age [13]. Contact with diatomaceous earth caused adult 
Sitophilus granarius L. to lose weight and reduced their water content, suggesting 
disruption of ‘the water barrier’ [16]. Increased mortality of T. castaneum and T. 
confusum with increased temperature and exposure interval to diatomaceous earth 
(Protect-It) has been reported [12]. On- farm trials in Buhera and Binga districts in 
Zimbabwe demonstrated that maize can effectively be protected from insect damage 
by admixture with either Protect-It or Dryacide at 1 g/kg of grain [17].  The 
application diatomaceous earth (Protect-It) to commodities already infested with 
internal feeders, such as S. oryzae and S. zeamais, could help eliminate or suppress the 
infestation [13]. 
 
Work on the use of diatomaceous earth to control stored product insect pests and 
hence suppress fungal spore dispersal is non-existent in Botswana. This fact forms the 
basis of the research reported here.  
 
MATERIALS AND METHODS 
 
Groundnut samples 
Fifty kilograms of shelled, sound, and mature kernels of groundnuts, variety Nyanda 
were purchased from Botswana Agricultural Marketing Board and used in this study.   
 
Rearing of Insects 
One hundred (100) of Tribolium confusum adult insects selected previously as the 
most predominant species in groundnuts were introduced into 6 aquarium boxes (30 x 
20 x 20 cm) containing 800g of standard medium (maize/sorghum/glycerine, 8:8:1, 
w/w/w) [18], for oviposition. The rearing boxes were covered with muslin cloth for 
aeration. The cultures of T. confusum boxes were kept at room temperature range 
17.5–26.5oC and 45–72% relative humidity. The ambient readings were taken using a 
thermohygrograph (Isuzu, Seisakusho Co. Ltd, Japan) in the Insectary of the 
Department Biological Sciences of the University of Botswana. After four weeks, the 
introduced adults T. confusum were removed using an aspirator to allow for the 
development of only the newly hatched larvae. Newly emerged adults (one month 
old) were used in subsequent experiments. 

 
Experimental set-up 
Plastic lunch boxes (220 x 110 x 65 mm) with two compartments and a single cover 
for both compartments were used in the study. The covers were perforated using a 
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hardened Entopin (38 x 0.55 mm, Newey Goodman, England) to allow for aeration. 
The lunch boxes, plus the covers, were sterilized using 1% sodium hypochlorite 
solution and then wiped with paper towel that had been dipped in 70% alcohol. The 
two compartments of the lunch boxes were labeled as A and B. Experimental insects 
were introduced initially in compartment A and none in compartment B, to check 
migration from A to B. 
 
Loss assessment 
For the loss assessment studies, two separate lots of groundnuts (400 g each) were 
placed in each of the two compartments of the lunch boxes (compartment A and B). 
The lunch boxes were then kept in the Insectary of the Biological Science Department 
of the University of Botswana at temperature range 25-33oC and 51–72% R.H. for 2 
weeks to allow for moisture equilibration. To determine the moisture content, the 
kernels were ground using a mortar and pestle and 2 g of the ground samples were 
dried at 1050C overnight to a constant weight. The loss in weight was calculated as 
percent moisture. Water activity was determined using the Novasina 
Thermoconstanter (LABOTECH, Switzerland). The moisture content after 
equilibration ranged between 6.5 and 7% while the measured water activity ranged 
between 0.43 and 0.48. After equilibration, 50 newly emerged adults (one month old) 
of T. confusum were introduced in compartment A, four replications were made. 
Controls were also set up comprising four lunch boxes with 400 g of groundnuts per 
compartment and no insects were introduced. The lunch boxes were left undisturbed 
for two months in the Insectary. After 2 months (60 days), the contents of both 
compartments were separately sieved. The loss in weight of groundnuts for each 
compartment was calculated as the difference between the initial and the final weights 
of the groundnuts (taking into consideration the weight of the insects and the weight of 
the powdery residue). 

 
Control of insects by diatomaceous earths 
In the current study Protect-It (Hedley Technologies Inc, USA), and inert dust 
formulation containing 90% diatomaceous earth (DE) and 10% silica gel was tested 
for effectiveness to control T. confusum. The experimental procedures up to the 
introduction of T. confusum into compartment A were repeated.  Sets of four 
replicates were treated as follows: The groundnuts in compartment A of the lunch box 
were thoroughly mixed with diatomaceous earth (DE) at the following concentrations: 
(i) 0.05% (w/w), (ii) 0.1% (w/w), (iii) 0.2% (w/w) and (iv) 0.25% (w/w); which are 
equivalent to 0.2g/400g, 0.4g/400g, 0.8g/400g and 1.0g/400g of groundnuts. Controls 
containing no DE were set up. Fifty newly emerged T. confusum adults (one month 
old) were introduced in compartment A of all lunch boxes including the controls and 
kept for two months in the Insectary. After two months (60 days), the number of live 
insects, larvae and dead insects were recorded. The amount residue formed due to 
insect feeding was also recorded.  
 
The data were then subjected to ANOVA and Student-Newman-Keuls (SNK) method 
for pairwise comparison using Sigma Stat Version 2.03 (SPSS Inc. 1992-1997), with 
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the different concentrations of DE as main effects and insect and larvae survival as the 
response variables. 
 
Aspergillus flavus-Tribolium confusum interaction during storage 
Groundnuts were sterilized by moistening with distilled water and autoclaving for 15 
minutes at 121oC. This was followed by oven drying for 24 hours to eliminate 
moisture which affects the effectiveness of diatomaceous earth [11]. The experimental 
set-up was similar to the one described under control of insects by diatomaceous 
earths except that in addition to insect introduction and DE application to the 
compartment A, the groundnuts in compartment A were also inoculated with A. flavus 
spore suspension. 
 
Fungal culture 
Toxigenic strain BCA22-53141 of A. flavus was isolated from Core collection 522. 
The fungus was cultured on PDA at 25oC until sporulation occurred. Conidial 
suspension of about 1.1 x 105 conidia/ml; number of conidia counted using a 
haemocytometer in 0.01 Tween 80 aqueous solution. Eight milliliter was poured into 
a flask containing 500 g autoclaved white rice and maintained at 25oC for 15 days to 
mass produce the conidia. The mass culture on rice was air dried for 7 days and then 
ground to a powder using a grinder. Twenty-five grams of fungal formulation, milled 
rice and A. flavus, were applied to the groundnuts and shaken to evenly cover the 
groundnuts kernels. The inoculated groundnut kernels were distributed into 
compartment A of the lunch boxes and separately mixed with the different dosages of 
DE as specified earlier. Groundnut kernels in compartment B were not mixed with 
either DE or fungal formulation. Treatments were replicated four times. The controls 
comprised 1): groundnuts inoculated with fungal formulation plus diatomaceous earth 
and 2): groundnuts inoculated with fungal formulation plus insects all in compartment 
A. No diatomaceous earth, fungal formulation or insects were added to compartment 
B. 
 
Insect infestation 
Tribolium confusum adults (one month old) were sterilized by immersion in 0.6% 
sodium hypochlorite solution for 3 minutes and rinsed with sterile water three times 
to remove external fungal contaminants [19]. The insects were placed on filter paper 
and allowed to dry and only insects that recovered were used in subsequent 
experiments. Fifty active adults were placed into compartment A of each lunch box. 
The boxes were left undisturbed for two months (60 days) after which damage caused 
by T. confusum and fungal conidia dispersal were evaluated. At the end of the 
experiment, groundnut kernels from compartment B of each lunch box were 
examined for fungal contaminations and insect infestation. 

 
Determination of beetles and fungal levels 
At the end of the experiment, the groundnut kernels from the compartments of each 
lunch box were examined for insect contaminations. The contents of each 
compartment for all the treatments were sieved and the number of live insects, dead 
insects and live larvae were recorded. Groundnuts (10g) from each compartment of 
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lunch box were ground and diluted in 90 ml of sterile distilled water. Serial dilutions 
up to 10-4 (in duplicates) were made and 1 ml of each dilution then plated on a Petri 
dish containing Aspergillus flavus and parasiticus agar (AFPA). The plates were 
incubated at 250C and examined after 4 days and plates that contained 15-30 colonies 
were counted and the results expressed as CFU per gram of sample [5]. The data were 
analyzed using the ANOVA procedure of the Sigma Stat version 2.03 (SPSS Inc. 
1992-1997) with concentrations of diatomaceous earth as main effects and insect 
survival and fungal levels in the two compartments as response variables. 

 

RESULTS 
 
Loss assessment and insect distribution 
Losses caused by T. confusum (adults and larvae) were also assessed. The distribution 
of the insect in the storage compartments at temperature range of 22-29oC and relative 
humidity (R.H.) range of 45-65% are given in Table 1. In the treatment where T. 
confusum adults were introduced in compartment A, the mean weight of powdery 
residue formed in compartment A (0.60±0.12g) was greater than its counterpart B 
(0.36 ± 0.02g). The mean numbers of T. confusum adults and larvae in compartment 
A were also greater than those recorded for the initially sterile compartment B (Table 
1). The observed loss in weight in the control treatment (groundnuts only) was only 
attributable to loss of moisture by the groundnut kernels.  

 

Control of T. confusum by diatomaceous earth (Protect-It) 
Groundnuts were treated with different concentrations of diatomaceous earth (DE) 
before inoculating them with T. confusum. The average number of live T. confusum 
adults surviving decreased with increased concentration of DE (Table 2). For 
example, in samples treated with 2.5 g/kg DE only 5 surviving insects were recovered 
from compartment A compared to 38 insects in the control samples. The number of T. 
confusum adults reaching the initially sterile compartment B decreased with increased 
DE concentrations; from approximately 14 T. confusum adults in control samples to 
approximately 2 T. confusum adults at 2.0g/kg DE concentration. No T. confusum 
adults were recorded in compartment B of the 2.5g/kg DE concentration.  
 
The number of dead T. confusum adults also increased with an increased DE 
concentration. No dead T. confusum adults were recovered from compartment B of 
the control samples or compartment B of both 2.0g/kg and 2.5g/kg concentrations of 
DE. However, the number of dead T. confusum adults in compartment A of both DE 
concentrations 2.0g/kg and 2.5g/kg were approximately 37 and 45, respectively. At 
2.5g/kg concentration, no larvae were recovered from both compartment A and B as 
compared to the compartments A and B of the untreated control, from which 
approximately 42 and 36 T. confusum larvae in compartment A and B, respectively 
were recovered. In general, the number of larvae declined with increased DE 
concentration.  
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Analysis of variance revealed significant difference in the numbers of both live and 
dead insects due to different application rates of DE (F = 1.08, P < 0.001 for live 
insects and F = 4.48, P < 0.001 for dead insects). 

 
Effect of DE on the dispersal of A. flavus spores by Tribolium confusum  
The efficacy of diatomaceous earth (DE) in controlling T. confusum in stored 
groundnuts and its effect on Aspergillus flavus spore dispersal was investigated. In 
general, groundnut samples from compartment A (initially inoculated with T. 
confusum, A. flavus with no DE applied) and compartment B (to which T. confusum 
subsequently dispersed) presented greater mean numbers of live T. confusum adults 
and A. flavus spores compared to compartment A and B of samples into which DE 
was applied. For example, at 0.0g/kg DE, the mean number of T. confusum adults 
recovered from compartment B was approximately 42 compared to approximately 0 
number of adults recovered from compartment B of samples containing 2.5g/kg DE 
concentration and the corresponding mean A. flavus spore concentration 1.08x103 for 
0.0g/kg (control) concentration and 45 for 2.5g/kg DE concentration (Table 4.11). At 
every DE concentration level, the mean number of A. flavus spores in compartment A 
was significantly greater than of its counterpart B  (0.0% (w/w): t = 11.82, df = 6, P 
=< 0.001; 0.05% (w/w): t = 10.26, df = 6, P =< 0.001; 0.1% (w/w): t = 27.42, df = 6, 
P =< 0.001; 0.2% (w/w): t = 12.22, df = 6, P =< 0.001; 0.25% (w/w): t = 5.92, df = 6, 
P =< 0.001). Kruskal-Wallis ANOVA on ranks analysis of mean numbers of A. flavus 
spores in compartment B of the different DE concentrations revealed a significant 
difference between the treatment means (H = 13.99, df = 4 and P = 0.007). Table 3 
shows the mean number of A. flavus spores recovered from groundnuts which had 
been treated with different concentrations of DE. 

 
DISCUSSION 
  
Assessment of losses caused by T. confusum on stored groundnuts 
In the present study on loss assessment in groundnuts, the number of T. confusum 
adults and larvae increased during the storage period in groundnut samples containing 
T. confusum, illustrating the rapid proliferation potential of this species on 
groundnuts. No T. confusum adults or larvae were detected in the control samples 
containing groundnuts only, confirming the absence of naturally occurring beetles or 
eggs of beetles in the groundnut kernels selected for investigation, as well as the 
absence of accidental contamination with beetles from external sources during the 
study period.  
 
The numbers of adult T. confusum and larvae in the initially sterile compartment B 
were always lower than those recorded for the compartment where they were 
introduced (compartment A) (Table 1). Similar observations were made for the mite 
Acarus siro L, which, once settled in an appropriate substrate, start to seek new 
potentially nutritional sites whenever the original population has attained critical level 
[5]. This is a slow process [5]. In the present study, the lower population densities of 
T. confusum in compartment B as compared to compartment A show that, the 
nourishing content of the initial substrate in compartment A had not been fully used 
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up for the period of study (2 months). If the experiments had been conducted for 
longer storage period, the numbers of T. confusum in compartment A would probably 
decrease in comparison with those in B. 
 
Increased weight loss and damage caused to groundnuts were related to the adult and 
larvae populations in the current study (Table 1). The residue due to insect feeding 
obtained from the two compartments corresponds to the different insect populations 
found in the two compartments. A greater insect population in compartment A 
resulted in an increased loss in weight of groundnuts compared to compartment B 
where T. confusum population was smaller. The observed correlation between insect 
numbers and increased weight loss in the groundnut samples agrees with other 
observations [20]. When P. interpunctella was reared on groundnuts, the weight loss 
of infested groundnuts was directly correlated with the total number of emerged adults 
[21]. Losses caused by insect pests of stored products have been assessed [22, 23]. 
  
Control of T. confusum by diatomaceous earth (Protect-It) 
In recent years, awareness of the consequences of environmental pollution, the 
increasing cost of storage insecticides and the growing problem of insect resistance 
conventional insecticides have lead to pest management specialists reappraising inert 
dusts. Unlike conventional contact insecticides, inert dusts function through their 
physical properties and are, therefore, generally slower acting [11]. Insect mortality is 
induced primarily as a result of desiccation. Water loss is a consequence of adsorption 
of waxy particles from the cuticle surface. In the current study, Protect-It (Hedley 
Technologies Inc., USA), an inert dust formulation containing 90% diatomaceous 
earth (DE) and 10% silica gel was tested for effectiveness to control T. confusum. The 
results of the study showed that adult mortality of T. confusum increased with 
increased application rates of DE (Table 2). For example, in samples treated with 2.5 
g/kg DE only 5 surviving insects were recovered from compartment A compared to 
38 insects in the control samples. The number of T. confusum adults reaching the 
initially sterile compartment B decreased with increased DE concentrations; from 14 
T. confusum adults in control samples to approximately 2 T. confusum adults at 
2.0g/kg DE concentration. No T. confusum adults were recorded in compartment B at 
2.5g/kg DE concentration. Generally, the number of live insects, live larvae and dead 
insects in compartment B of the lunch boxes containing groundnuts were lower than 
those recorded for the compartment where DE was applied to groundnuts infested 
initially with T. confusum (compartment A) (Table 2). DEs have low mammalian 
toxicity and are ‘Generally Recognized as Safe’ by US Food and Drug Administration 
and are registered for use as food additives. The current dosage levels utilized are 
within the safe limits. 
 
Various studies on the efficacy of inert dusts have been reported [12, 13, 14, 15, 17, 
24, 25]. Attapulgite-based clay dust was shown to control Corcyra cephalonica, T. 
castaneum and Caryedon serratus when applied to groundnuts at 0.5% (w/w) [24]. 
Activated kaolin clays (aluminium silicate) have been shown to be effective against a 
range of stored product beetle pests [25]. A relatively new diatomaceous earth of 
marine origin, Insecto, has been extensively assessed in the USA [14]. Dosages up to 
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0.15% (w/w) gave complete mortality of T. castaneum adults [14]. The effectiveness 
of Insecto applied to shelled maize against various stored-product insect larvae has 
been investigated. For example, all 1st instars of T. castaneum were killed at 0.5 and 1 
g/kg rates of Insecto and at these rates; mortality of O. surinamensis and P. 
interpunctella 1st instars was 96-97 and 86-97%, respectively [15].  Diatomaceous 
earths are extremely effective and persistent grain protectants against the major insect 
storage pests attacking sorghum, maize and cowpeas [17]. Damage levels remained 
low in all grains treated with 0.5% (w/w) and 0.2% (w/w) of Protect-It in contrast to 
the untreated controls [17].  
 
When evaluating the effects of temperature and relative humidity on the toxicity of 
diatomaceous earth (Protect-It) on T. castaneum and T. confusum, it was reported 
that mortality of both T. confusum and T. castaneum after they were held one week, 
was greater than initial mortality for nearly all exposure intervals, indicating delayed 
toxic effects from exposure to diatomaceous earth [12]. It has been shown that adults 
of S. oryzae and S. zeamais emerging from infested kernels of wheat are susceptible to 
Protect-It [13]. 
 
Effect of DE on the dispersal of A. flavus spores by Tribolium confusum  
Groundnut samples from compartment A (initially inoculated with T. confusum and A. 
flavus) and compartment B (initially not inoculated with T. confusum and A. flavus 
but to which T. confusum subsequently dispersed) contained greater numbers of adult 
beetles and A. flavus spores compared to compartments A and B of samples into 
which DE was applied.  The fact that A. flavus spores were recovered from initially 
sterile compartment B, coupled with isolation of A. flavus from T. confusum adults 
found in the same compartment confirms that insect pests carry fungal spores which 
may be transferred to other kernels [6]. On the contrary, the presence of DE led to 
insect mortality and hence fewer fungal spore recoveries from initially sterile 
compartment B of all treatments except control (Table 3). This is indicative of the 
potential of DE for use as an insecticide [12]. 
 
CONCLUSION 
 
The present study has shown that T. confusum causes damage and losses to stored 
groundnuts and also disperses fungal spores. Diatomaceous earth (Protect-It) was 
found to be effective against T. confusum.  Thus applying environmentally benign 
diatomaceous earth to stored food commodities may help control infesting insects and 
also suppress fungal spore dispersal by insect pests.  
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Table 1: Distribution of T. confusum in lunch boxes and weight loss caused 

 

Condition Control*  Groundnuts + T. confusum# 

 Compartment A Compartment B  Compartment A Compartment B 

Initial wt .(Wi) (g) 400.35±0.12 400.21±0.09  400.22±0.10 400.27±0.07 

Final wt. (Wf) (g) 400.17±0.15 

 

400.06±0.12  399.59±0.09 

 

399.91±0.15 

Wt. Loss due to 

moisture loss 

0.18±0.04 

 

0.15±0.05  a a 

% Moisture loss 0.04 0.04  a a 

Apparent wt. Loss 

(insect feeding) 

- -  0.63±0.06 0.37±0.08 

True wt. Loss 

(insect feeding) 

(Wf- Wi)X¶ 

- -  0.60±0.12 0.36±0.02 

No. live T. 

confusum (adults) 

- -  38 (25-54)b 

 

14 (0-23) 

 

No. live T. 

confusum (larvae) 

- -  42 (23-72) 36 (0-77) 

 

N = 4      

 

*No insects (T. confusum) in control 
#50 T. confusum adults initially introduced; N = number of replicates. 
aWeight loss due to loss of moisture in (groundnut + T. confusum) treatment was not 
determined because the loss in weight was also combined with loss due to insect 
feeding; a moisture correction factor had to be used to calculate the true weight loss 
due to insect feeding 
¶
X = 0.96 (moisture correction factor) 

bNumbers in parentheses denote ranges 
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Table 2: Mean number T. confusum after treatment with DE# 

 

 Mean no. live T. 

confusum adults ± 

S.E.* 

 Mean no. dead T. 

confusum adults ± 

S.E 

 Mean no. live T. 

confusum larvae ± 

S.E. 

Dosage 

(g/kg) 

A B  A B  A B 

0.0 38a  

(25-54)¶ 

 

14 

(0-23) 

 

 1a 

(0-4) 

 

0 

 

 42 

(23-72) 

 

36 

(0-77) 

 

0.5 27ab 

(16-32) 

6 

(2-8) 

 

 17b 

(11-24) 

0 

(0-2) 

 5 

(2-8) 

0 

(0-2) 

 

1.0 19bc 

(13-28) 

6 

(0-13) 

 

 22b 

(18-27) 

0 

(0-2) 

 

 1 

(0-5) 

 

0 

2.0 12cd 

(6-17) 

2 

(0-7) 

 

 37c 

(28-44) 

0  3 

(0-6) 

 

0 

2.5 5d 

(1-13) 

 

0.00  45d 

(37-49) 

 

0  0 0 

N = 4         

#50 T. confusum adults were initially introduced into compartment A; N = number of 
replicates. 
¶ Figures in parentheses indicate ranges 
*Means within a column for each variable followed by the same letter are not 
significantly different (P<0.05) Student-Newman-Keuls method for multiple 
comparison used  
A = Compartment A; B = Compartment B 
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Table 3: Mean number of T. confusum# adults and A. flavus spores recovered 
from compartment A and B 

 

Dosage 

(g/kg) 

Mean no. live T. confusum adults 

± S.E. 

 A. flavus¶ (CFU/g) ± S.E. 

 A B  A B 

0.0 27 

 

42  1.42x104 

 ±1100 

1.08x103 

±110 

0.5 32 6  1.23x104 

±1180 

1.25x102 

±20.00 

1.0 35 1  1.33x104 

±479 

1.25x102 

±28.90 

2.0 22 1  9.25x103 

±750 

75.00 

±39.26 

2.5 5 0  7.50x103 

±1260 

45.00 

±25.33 

N = 4      

#50T. confusum adults were initially introduced into compartment A; no insects 
introduced in compartment B 
¶Aspergillus flavus spores initially introduced into compartment A 

  



Volume 10 No. 6 
June 2010 

 
 
 
 

 

2692

REFERENCES 

 

1 Padin S, Dal Bello G and M Fabrizio Grain loss caused by Tribolium 
castaneum, Sitophilus oryzae and Acanthoscelides obtectus in stored durum 
wheat and beans treated with Beauveria bassiana. Journal of Stored Products 
Research 2002; 3: 69-74. 

2 Lisker N and EB Lillehoj Prevention of mycotoxin contamination 
(principally aflatoxins and Fusarium toxins) at the preharvest stage. In: J E 
Smith and R S Henderson (Eds) Mycotoxins and Animal Feeds, CRC Press, 
Florida, USA. 1991; pp. 689.  

3 Lynch RE and DM Wilson Enhanced infection of peanut, Arachis hypogaea 
L., seeds with Aspergillus flavus Group fungi due to external scarification of 
peanut pods by the lesser cornstalk borer, Elasmopalpus lignosellus (Zeller). 
Peanut Science 1991; 18: 110-116. 

4 Sinha KK and AK Sinha Impact of stored grain pests on seed deterioration 
and aflatoxin contamination in maize. Journal of Stored Products Research 
1992; 28: 211-219. 

5 Franzolin MR, Gambale W, Cuero RG and B Correa Interaction between 
toxigenic Aspergillus flavus Link and mites (Tyrophagus putrescentiae 
Schrank) on maize grains: Effects on fungal growth and aflatoxin production. 
Journal of Stored Products Research 1999; 33: 215-224. 

6 Sinha AK and KK Sinha Insect pests, Aspergillus flavus and aflatoxin 
contamination in stored wheat: A survey at North (India). Journal of Stored 
Products Research 1990; 26: 223-226. 

7 Sinha RN Fungus as food for stored insects. Journal of Economic Entomology 
1971; 64: 3-6. 

8 Wright VF, Harein PK and NA Colins Preference of confused flour beetle 
for certain Penicillium isolates. Environmental Entomology 1980; 9: 213-216. 

9 Wicklow DT The mycology of stored grain: An ecological perspective. In: 
DS Jayas, White NDG and WE Muir (Eds.) Stored Grain Ecosystems, Marcel 
Dekker, Inc., New York, USA. 1995: pp. 197-249. 

10 Suchita MG, Reddy GPU and MMK Murthy Relative efficacy of 
pyrethroids against rice weevil (Sitophilus oryzae L.) infesting stored wheat. 
Indian Journal of Plant Protection 1989; 17: 243-246. 



Volume 10 No. 6 
June 2010 

 
 
 
 

 

2693

11 Golob P Current status and future perspectives for inert dusts for control of 
stored product insects. Journal of Stored Products Research 1997; 33: 69-79. 

12 Arthur FH Toxicity of diatomaceous earth to red flour beetles and confused 
flour beetles (Coleoptera: Tenebrionidae): Effects of temperature and relative 
humidity. Journal of Economic Entomology 1999; 93: 526-532. 

13 Arthur FH and JE Throne Efficacy of diatomaceous earth to control internal 
infestations of rice weevil and maize weevil (Coleoptera: Curculionidae). 
Journal of Economic Entomology 2003; 96: 510-518. 

14 Subramanyam Bh, Swanson CL, Madamanchi N and S Norwood 
Effectiveness of Insecto a new generation diatomaceous earth formulation, in 
suppressing stored-grain insect species. In: E Highley, EJ Wright, HJ Banks 
and BR Champ (Eds), Proceedings of the 6th International Working 
Conference on Stored-Product Protection Canberra, Australia, 1994; pp 650-
659. 

15 Subramanyam Bh, Swanson CL, Madamanchi N and S Norwood 
Effectiveness of Insecto applied to shelled maize against stored-product insect 
larvae. Journal of Economic Entomology 1998; 91: 280-286. 

16 Mewis I and Ch Ulrichs Action of armophous diatomaceous earth against 
different stages of the stored product pests Tribolium confusum, Tenebrio 
molitor, Sitophilus granarius and Plodia interpunctella. Journal of Stored 
Products Research 2001; 37: 153-164. 

17 Stathers T and T Mvumi Farmers help to test grain protectants. In: T 
Sibanda (Ed) Crop Post-Harvest Programme, issue No. 16 Jan.-March 2001, 
Harare, Zimbabwe. 

18 Simpanya MF, Allotey J and S Mpuchane Insect and mycoflora interactions 
in maize flour. African Journal of Food and Nutrition Science 2001; 1: 3-8. 

19 Demianyk CJ and RN Sinha Effects of pyralid moth infestation on fat 
acidity, seed germination, and microflora on stored wheat. Journal of 
Economic Entomology 1981; 74: 526-531. 

20 Allotey J and L Goswami Damage caused to maize and groundnuts by the 
moths Plodia interpunctella (Hübn.) and Ephestia cautella (Wlk.) and control 
using local plant materials. Insect Science and Its Application 1994; 15: 323-
329. 

21 Mbata GN and FNC Osuji Some aspects of the biology of Plodia 
interpunctella (Hubner) (Lepidoptera: Pyralidae), a pest of stored groundnuts 
in Nigeria. Journal of Stored Products Research 1983; 19: 141-151. 



Volume 10 No. 6 
June 2010 

 
 
 
 

 

2694

22 Allotey J and R Kumar Insect pest spectrum of stored palm kernel and 
damage caused by them. Insect Science and Its Application 1988; 9: 617-623. 

23 Allotey J Storage insect pests of cereal in small scale farming community and 
their control. Insect Science and Its Application 1991; 12: 679-693. 

24 Mittal S and JA Wightman An inert dust protects stored groundnuts from 
insect pests. ICRISAT Newletter, 1989; pp.21-22. 

25 Permual D and G Le Patourel Laboratory evaluation of acid activated kaolin 
to protect stored paddy against infestation by stored product insects. Journal of 
Stored Products Research 1990; 26:149-153. 


