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MATERIALS AND METHODS 
 
Insects used: 
(Trogoderma granarium) : 

T. granarium adults tested in this study were continuously reared free 
of any insecticidal contamination for several years at 30 + 2

o
C and 70 + 5 

R.H at Department of Stored Product Pests, Plant Protection Research 
Institute, Sakha Agriculture Research Station. The subculture was maintained 
under the same conditions, 200-400 adults from the previous culture were 
added in 850 ml glass jars containing 400 gm of crushed and whole wheat 
grain (Triticium aestivum L.) (variety of Sakha 69 with initial moisture content 
of 14%) as a culture medium. The jars were covered with muslin cloth to be 
tightly closed and was ranged by rubber bands. Newly emerged adults (1-2 
weeks old) were used in the experiments 
  
Chemicals used: 
Pirimiphos-methyl (actellic, 50%EC). 
Chemical name: O-2 diethyl amino-6-methyl-pyrimidin-4-yl-o,o-dimethyl 

phosphorthioate. 
 
Spinosad (tracer,24%SC): 
Chemical name: Mixture of spinosyn A and spinosyn D. Spinosyn A: (2R, 

3as, 5bs, 9s, 13s, 14R, 16bR)-2-(6-deoxy-2,3,3,4, Tri-O-

methyl-α-L-Mannopyranosyloxy)-13-(4-dimethylam-ino-
2,3,3a, 2, 3, 4, 6-tratdeoxy-B-D-erythropyranosyloxy)-g-
ethyl-2,3,3,a 5a, 5b, 6, 7, 9, 10, 11, 12, 13, 14, 15, 
16a,16b-hexadecahydro-14-methyl-1H-8-
oxacyclododeca[b]as-indacene-7, 15-dione. 

       Spinosyn D: (2s, 3aR, 5as, 5bs, 9s, 13s, 14R, 16as, 16bR)-2-(6-

deoxy-2,3,4-tri-o-methyl-α-L-Mannopyranosyloxy)13-(4-dimethylamino-2,3,4,6-

tetradeoxy-β-D-erythropyranosylo-xy)-9-ethyl-2,3 3a, 5a, 5b, 6, 7, 9, 10, 11, 12, 
13, 14, 15, 16a, 16b-hexadecahydro-4, 14-dimethyl-1H-8-oxacyclododeca[b]as-
indacene-7, 15-dioine. 
Lufenuron����( match 5% EC) 
Chemical name: (RS)-1-[2,5-dichloro-4-(1,1,2,3,3,3-hexafluoro-propoxy) 

phenyl]-3-(2-6, difluorobenzoyl) urea. 
 
Botanical dusts: 

Six plant materials were used as dusts against stored product insect 
(T.granarium).The target plant part was dried and finally ground into a fine 
powder in an electrical blender for five minutes. The powder was thoroughly 
sieved (300 mech) for obtaining the dust. Mixing of media bioassay method 
was used.10 gm of whole wheat grain was mixed with the desired amount of 
a plant powder in 1/4Kg glass jar and ten unsexed insects of T. granarium 
adults were introduced in glass jar which contains the treated wheat grain 
and tightly covered.% correct mortality was calculate according control 
treatment. 
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Effect of temperature on the T. granarium 
A laboratory experiment was conducted to evaluate the adverse action 

of four environmental temperatures (10, 15, 25 and 40
o
C) against T. 

granarium, where the temperatures were maintained using an incubator. Two 
types of packages, glass jars and plastic bags were also used for 
investigating the effect of package kind on the tested insects under the four 
tested temperatures. Ten adult of T. granarium were introduced into glass jar 
or plastic bag. Glass jars or plastic bags which contain 10 g of whole wheat 
(untreated) and 10 adult insects of T. granarium were kept in an incubator at 
10, 15, 25 and 40

o
C) for 3 and 7 days. mortality Percentages were recorded 

and corrected by Abbott’s formula (1925). 
Combined effect of temperature with used insecticides on T. granarium 

For each tested insecticide (Pirimiphos methyl, spinosad and 
Lufenuron), the suitable required series of concentrations were prepared by 
adding the desired amount of each material in distilled water, then 10 g of 
sterilized wheat grain were treated with the above mentioned concentrations. 
Ten adult of T. granarium (1-2 weeks old) were separately introduced into 
either glass jars or plastic bags each contain the treated wheat grain . Both 
glass jars or plastic bags were kept in an incubator at different rates of 
temperature, 10, 15, 25 and 40

o
C. Treatments which have no insecticide 

were used as control. Three replicates of each concentration were used for 
each incubated period (3 and 7 days). After each incubated period, samples 
of treatments were withdrawn and percent of corrected mortality was 
calculated .LC50’s were estimated and used for comparison between the 
potential activities of the tested toxic agents at the different degrees of 
temperature. 
Effect of packaging on % damage infestation: 

To prevent invasion of insect pests into stored grains and their 
products, the capacity of packaging were studied to prevent insects from 
infesting food products. 

Four plant powders (red pepper, nigella, kidney bean and green 
peas)were selected based on their efficacy to carry out further studies in 
combination with the backing materials. 

 Two assay methods i.e. the first, was the common packaging method 
where the wall of package is one layer. The second, was uncommon method 
where the wall of package contains two layers, the internal face of the two 
layers was treated with the selected plant powders. Untreated internal faces 
of package material was used  for comparison. 
A. The first method: (package of one layer): 

In this experiment polyethelene package was used. ½ kg polyethylene 
bags contain treated wheat grain with the powders of the tested plants (LC50 
of each) were used. For check treatment, bags containing untreated wheat 
grain were used. The all treatments were transferred into glass jars (50 x 50 x 
30 cm), number of 300 adult insects of T. granarium was introduced into the 
used glass jars and covered with lids. After 45 days of treatment, the bags 
were inspected and the percent of damage infestation was estimated. 
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spinosad and match Also.Also, the results demonstrated that the toxic effect 
increased with the increasing of concentrations at the different levels of 
temperature 

T. granarium (Everts) is a common pest of grain and other stored 
products in the tropics and subtropics. It has been distributed worldwide by 
trade but requires hot conditions for rapid breeding. Moderately low 
temperatures slow down development and induce diapause, so that cooling 
grain is an effective, ecofriendly method to control of T. granarium (Burges 
and Burrell, 1964). 
 
Table (5): Comparative and combined effect of temperatures, 

insecticides and glass jars on T. granarium adults 
mortality after 24 h of treatment 

Tested 
parameters 

Conc. 40
o
C 25

o
C 15

o
C 10

o
C 

10 ppm 96. 7 86.7 86.7 96.7 

5 ppm 90.0 76.7 83.3 93.3 
2.5 ppm 80.0 60.0 76.7 86.7 

T+g+p 

1.25 ppm 63.3 26.7 46.7 70.0 
150 ppm 83.3 73.3 76.7 86.7 
100 ppm 73.3 60.0 66.7 80.0 

50 ppm 50.0 36.7 43.3 63.3 
T + g + S 

25 ppm 33.3 20.0 20.0 43.3 

400 ppm 83.3 63.3 80.0 93.3 

200 ppm 76.7 53.3 60.0 83.3 
100 ppm 60.0 36.7 40.0 66.7 T + g + M 

50 ppm 40.0 20.0 46.7 46.7 
Control 0 0 0 0 

T = Temperature, G =glass jar, P = Pirimiphos-methyl, S = Spinosad, M = Match 

 
Table (6): Comparative and combined effect of temperatures, 

insecticides and polyethylene on T. granarium adults after 
24 h of treatment. 

Tested 
parameters 

Conc. 40
o
C 25

o
C 15

o
C 10

o
C 

10 ppm 96.7 86.7 93.3 100.0 

5 ppm 93.3 70.0 83.3 96.4 
2.5 ppm 76.7 63.3 73.3 86.7 

T+Po+p 

1.25 ppm 60.0 36.7 53.3 76.7 
150 ppm 90.0 66.7 83.3 93.3 

100 ppm 86.7 56.7 73.3 86.7 
50 ppm 63.3 43.3 53.3 66.7 

T + Po + S 

25 ppm 43.3 26.7 33.3 46.7 

400 ppm 86.7 70.0 76.7 93.3 

200 ppm 76.7 53.3 60.0 86.7 

100 ppm 63.3 36.7 43.3 76.7 T + Po + M 

50 ppm 46.7 20.0 26.7 63.3 
Control 0 0 0 0 

T = Temperature, Po=Polyethylene bags, P = Pirimiphos-methyl, S = Spinosad, M = Match. 
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Burges (2008), determined the low temperature limit for breeding of the 
khapra beetle T. granarium at constant temperatures in the laboratory. The 
length of female adult life, oviposition, egg incubation period and duration of 
larval plus pupal development were observed at 25, 22.5, 20 and 17.2

o
C, 

respectively at 80% R.H. The results show that breeding is slow at 25
o
C, very 

slow at 22.5
o
C and population decline at (20

o
C and below). Thus cooling of 

products to 20
o
C and retention at or below this temperature is a sound, safe, 

environmental friendly method for controlling of this pest. He also claimed 
that mortality (sex unknown) increased from 30.3% at 24.9

o
C to 100% at 

17.2
o
C. These findings are in agreement with our results where the highest 

mortality of T. granarium achieved by 10
o
C. 

In fact, 15
o
C is now the maximum storage temp. recommended by the 

Home-Grown Cereals Authority, to ensure control of other pest species 
(Burges, 2008). A technique that has been used successfully for many years 
against stored-product pest is the use of extreme temperatures (Fields, 
1992). Use of elevated temperatures in heat treatments has long been 
recognized as an effective strategy for managing stored product insects 
associated with food-processing facilities (Dean et al., 1998). Nakakital and 
Ikenaga (1997) studied the low temperatures to control insect pests in 
storage rice in Japan. They investigated the action of low temperature on the 
physiology of S. oryzae and S. zeamais the major insect pests on rice. They 
found that oxygen consumption by the adults of both species was reduced as 
temperature was decreased. Both species exhibited a biphasic declined in 
respiratory rate as the temperature was reduced, giving sharp fall in 
respiratory response between 30 and 20

o
C and a moderate fall between 15 

and 5
o
C. Population increase of S. oryzae was completely inhibited at 15

o
C, 

while a small number of S. zeamais emerged. Xial et al. (2009) examined the 
effect of four constant temperature (20, 24, 28 and 32

o
C) on the physiological 

properties (survival, development time, sex ratio, fecundity and longevity of 
females) in the laboratory at 85% RH. The total development time, longevity 
shortened as temperature increased. 
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