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              Solar heating is a promising technique for controlling stored product 

insect pests. In this study, we investigated the effect of a solar heating system 

at different exposure times (0, 5, 10, 15, 20 and 30 min) on different 

developmental stages of Trogoderma granarium (Coleoptera: Dermestidae) 

and Stegobium paniceum (L.) (Coleoptera: Anobiidae) on wheat. Exposing 

wheat to 75 °C for 20 min resulted in complete mortality of adult beetles for 

both species. Solar heating for immature stages (eggs, larvae, and pupa) 

resulted in complete suppression in adult emergence after 15 min at 70°C and 

after 20 min at 75°C in both species. From the bioassay, the pupal stage was 

the most tolerant stage to solar heating. The effect of solar heating on the two 

antioxidant enzymes peroxidase (POD) and glutathione S-transferases 

(GSTs) as well as the total protein amount was also investigated. The total 

protein content of the larvae of T. granarium and the adults of S. paniceum 

exposed to solar heating was significantly lower than the total protein of the 

parallel control samples. Furthermore, there was a highly significant 

difference in GST and POD activity between the control and treated samples 

in both species. In addition, the viability of the wheat grains was not affected 

by heat treatment. Thus, solar heating is recommended as an effective 

alternative to chemical control for stored grain insect management. 

 
 

    INTRODUCTION 

 

             Protecting cereals and their products against insect pests is a critical concern for 

future food security. Wheat is the most significant cereal crop as a staple food all over the 

world, and it plays a key role in the country's food and nutritional security. Wheat provides 

around 20% of the calories consumed by nearly 55% of the world's population (Kumar et 

al., 2014). Due to weather fluctuations in several places, global wheat output in 2022 has 

decreased by 2.7 million metric tonnes (FAO, 2022). 

            Egypt is the world's largest wheat importer with an annual wheat consumption of 

approximately 20.5 million tons in 2021–2022: only 9 million tons are produced annually, 

and 13 million tons are imported from outside (USDA, 2022). Egypt has implemented a 

strategy to minimize the production-consumption gap by growing wheat fields on newly 

reclaimed lands, thus, raising grain productivity and reducing post-harvest wheat loss. The 
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harvest and post-harvest losses along the wheat value chain are estimated at more than 1 

million tons of grain. These losses represent about 13–15% of the local wheat production 

(Yigezu et al., 2021). This huge loss in quantity and quality is mainly due to the attack of 

storage insects (Kalsa et al., 2019; Demis & Yenewa, 2022). 

             The Khapra beetle, Trogoderma granarium (Everts) (Coleoptera: Dermestidae), 

which is predominantly known as a pest of stored wheat and is responsible for postharvest 

losses of up to 30%, is classified as an A2 quarantine organism and one of the 100 worst 

invasive species in the world (Ahmedani et al., 2011; EPPO, 2011). 

            The drugstore beetle, Stegobium paniceum (L.) (Coleoptera: Anobiidae), is a serious 

pest that attacks a wide variety of foods and materials. It is quoted as saying that it "eats 

anything but cast iron.” (Cabrera, 2001) Larval feeding causes most of the product damage 

(Hagstrum and Subramanyam, 2009; Abdelghany et al., 2010). 

             Globally, fumigation with phosphine (PH3) is the common technique for controlling 

stored-product insects because of its efficiency, ease of use, and low cost. However, the high 

resistance of treated insects to PH3 is a major disadvantage (Venkidusamy et al., 2017). Thus, 

it is crucial to create safe alternatives that provide the same advantages as phosphine while 

avoiding its hazards. 

            Solar heat has been used as a thermal control method against stored-product insects. 

Several studies revealed that solar radiation and thermal control are very promising for 

controlling stored product insect pests without affecting the quality of the treated product 

(Strang, 2014; Abdullahi et al., 2019; Fawki et al., 2022; FAO, 2023). 

            The objective of this research is to evaluate the effect of solar heating on all 

developmental stages of T. granarium as well as the larval, pupal, and adult stages of S. 

paniceum. Furthermore, the present study was carried out to investigate the impact of solar 

heating on the antioxidant enzymes peroxidase (POD), glutathione S-transferases (GSTs), 

and the total protein of T. granarium larvae and S. paniceum adults. 

 

               MATERIALS AND METHODS 

 

1. Rearing Technique:  

               The insect stocks (T. granarium and S. paniceum) that were used in this research 

were obtained from a stock culture that was maintained at the Department of Stored Grain 

and Product Pests, Plant Protection Research Institute, Agriculture Research Center, Cairo, 

Egypt. The insect cultures were maintained in glass jars on 200 g of the food media (T. 

granarium on whole wheat and S. paniceum on wheat flour) and covered with muslin. The 

cutlers were incubated in the optimum rearing conditions at 28 ± 2°C and 65 ± 5% RH.  The 

wheat and flour used for the bioassay were kept in the freezer for 10 days to eliminate any 

previous insect infestation. The target insect was reared for several generations before 

starting the experiments. 

2.  Solar Heat System Technique:  

               Solar heating was conducted using an obtuse-base-angle metal box described by 

Fawki et al. (2014). The box was designed from 1 mm thick galvanized metal plates with 

upper dimensions of 51 x 20 cm, length by width. A glass plate was provided in the middle 

horizontal plane of the box to hold all experimental treatments. This glass plate improves the 

greenhouse effect and the heating capacity of the box (El-Adawi and Shalaby, 2007) Before 

sun exposure, a black polystyrene sheet was spread beneath the box to absorb solar radiation. 

During the experiment, the box was closed with a clear plastic cover (0.15 mm thickness) to 

generate a greenhouse effect for heat disinfestation of grains and flour samples (Aalfs, 2011). 

Temperatures, relative humidity inside the box, and ambient weather conditions were 

recorded using thermometers and hygrometers. All the experiments were done on sunny 
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clear days between April and August 2020 and 2021. Sun exposure was conducted between 

12-3 pm when sun rays are perpendicular to the earth with maximum solar radiation density. 

Five exposure times of solar heating (5, 10, 15, 20, and 30 min) were tested against (Egg, 

larvae, pupa and adult) stages of T. granarium and (larvae, pupa and adult) stages of S. 

paniceum. All tested treatments were repeated four times, and for each treatment, another 

untreated group was kept in an incubator at 28 ± 2°C and 65 ± 5% RH as a control group. 

3. Effect of Solar Heating on Different Stages of T. granarium and S. paniceum: 

               Newly emerged adults (0–24 h) were carefully separated by sieving and transferred 

to glass tubes containing 10 g of wheat grains in the case of T. granarium or wheat flour in 

the case of S. paniceum g (20 adults per tube). The tubes were covered with muslin and 

placed on the glass plate in the center of the metal heater as previously mentioned. 

Afterwards, the metal box was covered with a transparent plastic sheet. At the end of each 

exposure period, the tubes were kept in the laboratory for about 24 h then adult mortality 

was recorded. 

              To obtain T. granarium eggs for experimentation, 200 unsexed adults, 

approximately 3 days old, were transferred from the culture to a 250 ml glass jar that 

contained 125 g of soft white wheat flour for 1 day (Papanikolaou et al., 2019). Then, the 

separation of adults and eggs from the flour was conducted with a standard testing sieve. 

The eggs that remained on the mesh openings of the sieve were put in a Petri dish and kept 

for 3 days before the beginning of the experiments at 28 ± 2°C and 65 ± 5% RH. Egg 

development takes place within 4.68 and 4.81 days (Kavallieratos et al., 2019). On the fourth 

day, a group of ten eggs was transferred carefully to a glass dish using a slender-haired brush 

(ten eggs per dish) then was covered with muslin secured tightly by rubber bands.  All 

treatments were exposed to the sun radiation in the metal box under the same conditions 

mentioned for the adult stage. After sun exposure, all tested dishes were transferred into an 

incubator set at 28 ± 2°C and 65 ± 5% RH. The mortality percentage per replicate was 

calculated.  Afterwards, 10 g of wheat was put into each replicate until adult emergence. The 

number of emerging adults was counted in the treatment and the control groups. 

                For larval and pupal stages, thirty larvae and thirty pupae were put into glass tubes 

and provided with 10 g of wheat grains in the case of T. granarium or wheat flour in the case 

of S. paniceum. Then covered with muslin secured tightly by rubber bands and exposed to 

solar radiation in the metal box under the same circumstances as mentioned for the adult 

stage. After sun exposure, all tubes were transferred to an incubator at 28 ± 2°C and 65 ± 

5% RH.  For each larval replicate, the larval mortality (%) was recorded while for the pupal 

stage, the number of adult emergence was recorded for each treatment and the control group 

as well. 

4. Effect of Solar Heating on Germination of Wheat Grains: 

              The germination experiment was conducted according to the International Seed 

Testing Association's criteria for grain testing (Wang et al., 2012). To find out the effect of 

solar heating for 30 min (the longest exposure duration time) on the quality of wheat grains. 

Glass tubes of all treatments were placed in the heating box along with 20 g of grains and 

after 24 hours of sun exposure, samples were taken for the germination test.  

5. Effect of Solar Heating on Some Biochemical Analyses: 

              A sample of 1 g of T. granarium larvae and S. paniceum adults were selected 24 h 

post-exposure to sun heat for 15 min at 70°C (half of the longest exposure duration time). 

Treated and untreated samples were kept in the deep freezer until used for physiological 

analysis. Glutathione S-transferase (GST) and peroxidase (POD) were determined according 

to the methods of Habig et al. (I974) and Hammerschmidt et al. (1982), respectively. Adults 

and larval protein contents were extracted and determined according to the method described 

by Bradford (1976).  
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5. Statistical Analysis:  

             For statistical analysis, the mortality (%) of different insect stages was calculated 

and corrected using Abbott’s formula (Abbott, 1925). The no. of dead insects, insect 

mortality (%) and adult emergence were analyzed using one-way analysis of variance 

(ANOVA) and performed at a 5% significance level using (SPSS) computer program. Then 

a pairwise analysis was performed using Duncan multiple range tests (Duncan, 1955).  

 

               RESULTS  

 

1. Effect of Solar Heating on the Adult of T. granarium and S. paniceum: 

              Results concerning the evaluation efficacy of solar heating on the adult mortality of 

T. granarium and S. paniceum are shown in Table 1. The adult mortality of the two species 

increased with the increase in exposure periods. Complete adult mortality was observed in 

both species after 20 min. 

 

Table 1: No. of dead adults and adult mortality of Trogoderma granarium and Stegobium 

paniceum post-exposure to different duration of solar energy. 

 
N.B. Means followed by different letters are significantly different at P < 0.05. 

 

2. Effect of Solar Heating on Different Developmental Stages of T. granarium: 

             The number of adult survivorships from different developmental stages of T. 

granarium after sun exposure of infested wheat grains to different duration of solar heating 

is shown in Table 2. For both eggs and larval groups, complete inhibition of adult emergence 

was obtained at 70°C after just 15 min of sun exposure, while for the pupal stage, complete 

inhibition was achieved at 75°C after 20 min exposure to solar heating. This indicates that 

the pupal stage was the most tolerant stage to solar-powered heat.  
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Table 2. No. of dead eggs/ larvae, mortality, and no. of emerged adults from different 

developmental stages of Trogoderma granarium after exposure to different 

duration of solar energy. 

 
N.B. Means followed by different letters are significantly different at P < 0.05. 

 

3. Effect of Solar Energy on Different Developmental Stages of S. paniceum: 

             The number of adult survivorships from different developmental stages of S. 

paniceum after exposure of infested wheat grains to different duration of solar heating is 

shown in Table 3. In the larval stage, complete inhibition of adult emergence was obtained 

at 70°C after just 15 min of sun exposure, but in the case of the pupal stage, complete adult 

inhibition was obtained at 75°C after 20 min of exposure. This indicates that the pupal stage 

was the most tolerant stage of solar heating. 

4. Effect of Solar Heating on Some Biochemical Analyses: 

            Changes in GST, POD enzymes activity and total protein of T. granarium larvae and 

S. paniceum adults after exposure to 15 min (half of the longest exposure duration time) of 

solar heating are shown in Table 4. The total protein content of both T. granarium larvae 

and S. paniceum adults that were exposed to 15 min (half of the longest exposure duration 

time) of solar heating was significantly decreased by half as compared to the control samples, 

(F=179.5; P < 0.0002) and (F=273.2; P < 0.0001), respectively. The application of 15 min 

of solar heating on T. granarium larvae resulted in a significant decrease in GST (F=113.38; 

P < 0.0004) compared to the control sample. Contrary a significant increase was observed 

in GST (F=28.6; P < 0.006) of S. paniceum adults after exposure to 15 min of solar heating 

as compared to the control sample. For POD, the enzyme production was significantly 

increased in both T. granarium larvae and S. paniceum adults (F=68.58; P < 0.001) and 

(F=206.66; P < 0.0001), respectively, when exposed to 15 min of solar heating compared to 

the control sample.  
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Table 3: No. of dead insects, mortality and no. of adult emergence from different 

developmental stages of Stegobium paniceum after exposure to different duration 

of solar energy. 

 
N.B. Means followed by different letters are significantly different at P < 0.05. 

 

Table 4: Changes in total protein, glutathione S-transferase (GST), and peroxidase (POD) 

enzymes activity in Trogoderma granarium larvae and Stegobium paniceum adults 

after solar radiation exposure for 15 min at a temperature range from 43 to 70°C 

inside a metal box.  

 
N.B. Means followed by different letters are significantly different at P < 0.05. 

 

5.Effect of Solar Heating on The Germination of Wheat Grains: 

               Solar heating slightly decreases the wheat germination of treated samples 

compared to the control group, but this difference was not significant (Table 5) (F=3.12; P 

< 0.15).  

 

Table 5: Effect of solar heating on the germination of wheat grains after 30 min of exposure 

 
 

             DISCUSSION 

 

             Using of solar heating system method is one of the management of grains and insect 

pests with the help of physical agents, such as temperature, humidity, and pressure (Sahadia 
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and Aziz, 2011). Every insect species has a favourable environment that promotes its growth, 

healthy development, and high reproductive rates. This environment includes ambient 

temperature, relative humidity, and photoperiod. Hence, by altering the temperature and 

relative humidity from their optimum values, it is possible to slow down or even stop the 

developmental growth of insect pests (Hajam & Kumar, 2022). Different solar heating 

systems, including metal boxes, plastic sheets, plastic bags, solar pillows, and storage bins 

have been reported as effective thermal control methods for controlling stored product 

insects. Thermal control is an eco-friendly technology for controlling insect pests in 

agricultural commodities that are nontoxic for humans or the environment and have no or 

limited adverse effect on the quality of the treated product (Abdullahi et al., 2019; Fawki et 

al., 2022). The results indicated that there was a positive relationship between the mortality 

percent of T. granarium and S. paniceum and different durations of solar heating. The 

mortality percent was found to be time-dependent, it increased with increasing the duration 

of the exposure time. The metal heating box can capture solar energy, raising the temperature 

above ambient, and causing complete mortality in coleopteran beetles used in the current 

study in just 15 to 20 min. This indicates that exposure to solar heating for 20 min at about 

70°C is enough to control both the khapra beetle and the drugstore beetle. In line with these 

findings, Fields (1992) reported that a temperature above 55°C is enough to kill all stored 

product pests in a few minutes. Fawki et al. (2014) revealed that a metal box heater can kill 

all adult beetles of Callosobruchus maculatus within 15 min at 54°C. In other cases, solar 

heating has also been reported as a good option against bruchids infesting mung beans, 

cowpeas, and other pulses. It can make pulses completely free from any insect infestations 

(Chauhan and Ghaffar, 2002; Mbata et al., 2005; Moumouni et al., 2014). 

Present data showed that for both T. granarium and S. paniceum, a complete 

suppression in adult emergence has been detected when immature stages such as eggs and 

larvae exposed to solar radiation for 15 min at 70°C, and for the pupal stage, a complete 

adult suppression was achieved after exposure for 20 min at 75°C. Our results suggested that 

20 min of exposure would control most stored product coleopteran pests by preventing their 

reproduction or adult emergence. These results agree with Lale and Vidal (2003) and suggest 

that temperature plays a more influential role than the humidity in limiting the development 

and survival of stored products coleopterans exposed to different temperature ranges. 

Brokerhof (2003) reported that the solar tent has proved to be effective in killing all stages 

of the carpet beetle Anthrenus verbasci, the cigarette beetle Lasioderma serricorne, the grain 

weevil Sitophilus granarius, and the saw-toothed grain beetle Oryzaephilus surinamensis 

after one day of exposure. Mekasha et al. (2006) discovered that after 45 min of exposure in 

a box heater at 60°C, the various developmental stages of C. maculatus infesting adzuki bean 

seed were completely controlled. Fawki et al. (2014) reported that a complete inhibition of 

adult emergence was achieved when immature stages of C. maculatus were exposed to solar 

heat for 20 min (58–64°C). In addition, the different developmental stages such as egg, larva, 

and pupa of various Callosobruchus spp. have been killed by allowing the exposing infested 

grains to high temperatures up to 60–65°C for a few minutes or too low temperatures below 

12°C (Sahadia and Aziz, 2011). Upadhyay and Ahmad (2011) studied the two pulse seeds 

(cowpea and moth bean) and found that the eggs and larvae of C. maculatus can also be 

killed by lowering the pressure and increasing temperature. The temperature of the seeds can 

be increased from 52°C to 65°C when these were kept on a black polythene sheet under the 

sun. This method causes the death of eggs and developing stages of Callosobruchus 

effectively (Gbaye et al., 2011; Baoua et al., 2012a, b; Ajayi et al., 2021). Lale and Vidal 

(2003) reported that a heat of 40°C had a dramatic effect on adult bruchid beetles. Mostly, 

no progeny development occurs or at least results in minimal adult survivals, but with a very 

low growth rate. 
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In the current study, the pupae were the most solar heating tolerant of all S. paniceum 

and T. granarium stages. This agrees with Johnson et al. (2010) who found that the pupal 

stage of C. maculatus was the most heat tolerant. Adler (2002) found that pupae were the 

most tolerant stage for L. serricorne, whereas C. maculatus pupae and adults were equally 

heat tolerant (Loganathan et al., 2011). Lü, J. (2017) reported that the pupae of S. paniceum 

were the most heat-tolerant stage. 

The physiological processes of the insect are significantly influenced by the stress 

conditions (Mowlds et al., 2008; Duarte et al., 2020). Once there is a weakness in the 

immunity of the insects there will be a chance of more susceptibility to the routine control 

practices of the pests (Ajamhassani, 2015; El-Samad et al., 2021). The insect’s blood cells 

(hemocytes) are the most important hemolymph components that are sensitive to 

environmental changes, such as temperature, population density, starvation, nutrition, and 

other foreign agents such as pollutants, insecticides, the spores of entomopathogenic fungi 

and bacteria (Lee et al., 2008, Ghasemi et al., 2014; Pourali and Ajamhassani, 2018). In 

insects, antioxidants and detoxifying enzymes play a main role in protecting tissue from 

damage through reactive oxygen species (ROS) elimination (Ajam and Mahmoudzadeh, 

2020; Koirala et al., 2022). In normal conditions, there is a balance between the two 

processes of ROS generation and ROS removal. However, this balance is disturbed under 

environmental stress. Thermal stress is responsible for increasing ROS, which consequently 

causes oxidative stress and cell damage (Lalouette et al., 2011). To maintain cellular 

homeostasis and prevent ROS damage, organisms have evolved antioxidant systems and 

anti-oxidative enzymes to eliminate ROS and restore the normal equilibrium level 

(Toxopeus and Sinclair, 2018). These physiological adaptations have been reported in many 

insects, including Corythucha ciliate (Ju et al., 2014), Bactrocera dorsalis (Jia et al., 2011), 

Plutella xylostella (Zhang, 2015) and Propylaea japonica (Zhang et al., 2015). 

The current data showed that solar heating applied on T. granarium larvae and S. 

paniceum adults for 15 min significantly reduced the total protein levels compared to the 

parallel control sample. The same trend has been also seen in adults and larvae of Tribolium 

castaneum and Trogoderma granarium after exposure to non-thermal atmospheric pressure 

plasma discharge (Abotaleb et al., 2021). An explanation for this could be that the heat stress 

decreased the insect metabolic processes and this consequently reduces the production of 

many vital molecules and proteins (Holmstrup et al., 2011). The reduction in total protein 

levels may be also due to the reduced ability of an insect to convert carbohydrates to proteins 

(Manjula et al., 2020). Under stressful conditions, the production of ROS might destroy vital 

molecules such as DNA and proteins (Hermes-Lima, 2004; Korsloot et al., 2004).  

In the case of T. granarium larvae, the GST was down-regulated in heat-treated 

larvae compared to the untreated ones, while the POD enzyme was up-regulated. This 

indicates that POD has a significant role in antioxidative stress management in the larval 

stage of T. granarium. The downregulation in GST production in T. granarium larvae has 

been reported in previous work in response to non-thermal atmospheric pressure plasma 

discharge (Abotaleb et al., 2021). It has been reported that GSTs enzymes have an optimal 

range of production in response to thermal stress from 25 to 40°C (Balakrishnan et al., 2018). 

Some heat shock proteins have been reported to be up-regulated in moderate temperatures 

less than 40°C and decreased in high temperatures between 40-45°C (Miao et al., 2020). The 

same trend might be possible in the case of GST and the enzyme production might have 

different levels according to temperature range. In our work, the temperature was about 70°C 

and this might explain the downregulation of GST. On the other hand, S. paniceum adults 

showed upregulation of both GST and POD. Therefore, both enzymes seem to have an 

important role in cellular detoxification.  

Another study revealed that GST production in a species of aphids is time-dependent 
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(Balakrishnan et al., 2018). Thus, the GST level elevated 12 h after insecticidal stress 

compared to the control group, while after 24 h and 36 h, the GST activity decreased in 

comparison to the control group (Balakrishnan et al., 2018). It is quite obvious that the 

oxidative enzymes’ activity as well as GST activity is mainly depending on environmental 

stress severity and the interaction between temperature and time. Therefore, future studies 

are needed to investigate the antioxidant activity of different oxidative enzymes under 

different temperature and time combinations.  It should be noticed to investigate the 

enzymatic activity in different developmental stages of the same species, as the enzymatic 

expression is quite different between different stages of the same species (Enayati et al., 

2005).  

Several studies go in line with our investigation, exposure to high or low-temperature 

stress may lead to oxidative damage and generate surplus ROS in insects (An and Choi, 

2010). To relieve the adverse oxidative stress, insects increase antioxidant defence to 

maintain a balance in ROS metabolism (Krishnan et al., 2008; Zhu et al., 2017). 

Antioxidative enzymes are the most important components for protecting cells and 

maintaining homeostasis involved in various stress conditions by scavenging ROS 

(Toxopeus & Sinclair 2018; Liu et al. (2020). This defence system includes several enzymes 

catalysing the detoxification of ROS. Examples include superoxide dismutase (SOD), 

catalase (Cat), glutathione peroxidase (GPx) and glutathione-S-transferase (GST) (Hermes-

Lima, 2004; Korsloot et al., 2004).  

Our findings suggest that there was no adverse effect of solar heating on grain 

germination. This agrees with previous studies, that solar heating had no significant effect 

on the cooking time and percentage germination of cowpea seeds (Chauhan and Ghaffar, 

2002). Solar disinfestation was also found to be effective in controlling bruchids in pigeon 

peas without negatively affecting germination (Gunewardena, 2002). It has been reported 

that solarization had no negative effect on the seed viability of the cowpea seeds exposed to 

different solar radiation when compared to the control cowpea seeds (Ajayi et al., 2021). It 

has also been reported that heat treatment prevents insect pests outbreak during storage 

conditions, and in some cases, stimulates the germination of treated seeds compared to the 

untreated ones (Maina and Lale, 2004; Fawki et al., 2014).  

Conclusion 

Solar heating is a safe alternative technique to control khapra beetle T. granarium 

and the drugstore beetle S. paniceum. Solar energy treatment had no negative effect on the 

germination of wheat grains. On the other hand, the pupal stage had higher tolerance to solar 

heating compared to the other stages. Solar heating affected some of the biochemical 

analyses of two insects after exposure. Under thermal stress, oxidative enzymes might be 

up-regulated or down-regulated. To fully understand the enzymatic activity in the 

thermotolerance mechanism of insects, different times and temperature combinations should 

be investigated. Another important factor that should be considered is using different 

developmental stages of the insect as the enzymatic activity is different between different 

insect life stages.  
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ARABIC SUMMARY 

 

في خنفساء الصعيد وخنفساء  فعالية نظام التسخين الشمسي في النفوق والتكاثر والإنزيمات المضادة للأكسدة 

 العقاقير 

 

 * ٢، شمس فوقي ١ حعبد الفتا، نيللي أحمد حسن ١عبير عمر أبو طالب ،١رشا أحمد زينهم

الدقي، الجيزة،    ١٢٦١٩ البحوث الزراعية النباتات، مركزبحوث وقاية  دالمخزونة، معهقسم أفات الحبوب والمواد  -١

 مصر

العباسية، القاهرة، مصر ١١٥٦٦، عين شمس العلوم، جامعة الحشرات، كليةم  قسم عل-٢  

 

الشمسي              الحبوب والمواد    التسخين  أفات  لمكافحة  الدراسة قمنا   المخزونة.يعتبر وسيلة واعدة  من خلال هذه 

 علىدقيقة(    0،5،10،15،20،30فترات تعريض مختلفة )  علىباستخدام صندوق معدني    التسخين الشمسي  تأثيربدراسة  

% في الحشرات 100محصول القمح. وقد كانت نسبة الموت    علىالعقاقير    وخنفساءالاطوار المختلفة لخنفساء الصعيد  

 النوعين.دقيقة في    20،  15بعد    15ملة بعد  االكوكذلك في الجيل الناتج من الاطوار غير    يقة.دق  20البالغة في النوعين بعد  

وقد وجد أن محتوى البروتين في يرقات خنفساء الصعيد   تحملا. النتائج تؤكد ان طور العذراء هو أكثر الاطوار    وهذه

. علاوة المجموعة الضابطةعن    لتسخين الشمسيلعند التعريض    معنويا بالسالب  تأثروالحشرة الكاملة لخنفساء العقاقير  

ينة المعاملة الع  البيروكيداز بين  ولإنزيم  نشاط العامل الحفاز جلاثيون ترانسفراز  يف  على ذلك كان هناك فرق معنوي كبير

يمكن    وبالتاليالى ذلك لم تتأثر حبوب القمح بالتعرض لحرارة الشمس    بالإضافة      الحشرتين لإنزيمملة لكلا  المعاوغير  

 الاجنحة.  غمديهان يوصى بالتسخين الشمسي كطريقة بديلة فعالة لمكافحة حشرات الحبوب المخزونة ذات الرتبة 
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