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Abstract 
Ali, H.M., Z. Fathy, S.S. Ibrahim and R.M. Sayed. 2024. Genetic Profile of Gamma Irradiated Locusta migratoria 

migratorioides: A Futuristic Eco-friendly Control Approach. Arab Journal of Plant Protection, 42(1): 75-81. 

https://doi.org/10.22268/AJPP-001212  
Locusta migratoria migratorioides (L.) is the most common species of grasshopper in Africa, and it causes severe crop losses worldwide. 

The L. migratoria species developed resistance to insecticides because of overuse, which also polluted the environment. The purpose of the 

current study is to assess the effectiveness of gamma radiation to control this pest and to estimate the DNA alterations caused by radiation 

exposure to both male (♂) and female (♀) insects. Pest mortality rate of male and female adults were measured following exposure to radiation 

doses of 10, 20, 30, and 40 Gy, and Start codon targeted polymorphism (SCoT-PCR) analysis was carried out. The results obtained revealed 

that the mortality rate increased significantly with increasing gamma radiation dose  and males were more tolerant than females with LD50 of 

33.94 and 51.55 Gy, for males and females, respectively. According to the SCoT assay, the adults' irradiation resulted in genomic alterations 

as witnessed by the the disappearance of some bands and the appearance of new additional bands, with slight differences between males and 

females.  It can be concluded that the utilization of radiation technology could be a potential approach for the control of L. migratoria 

migratorioides after further field studies. 
Keywords: African migratory Locust, Gamma radiation, Mortality, DNA, SCoT-PCR. 

 

Introduction1 

 
The African migratory locust, Locusta migratoria 

migratorioides (L.), is an invasive pest with long-distance 

migration. Throughout the world, locusts are known to be 

pests that causes severe losses to agricultural crops and 

threatens food security and human livelihoods (Muhammad 

et al., 2022). This pest has primarily been controlled over 

time by the application of several insecticides (Ma et al., 

2004). The wide use of chemical insecticides led to increased 

environmental pollution and development of insecticides 

resistance in insect pests, which encouraged the search for 

less dangerous approaches (Guo et al., 2011). The use of 

irradiation procedures appeared to be a promising as it works 

well against the majority of insects at dosages that don't 

reduce the quality of goods (Follet, 2004), don't develop 

insect resistance or leave a residue on foods (Kwon et al., 

2004). Radiation causes genetic changes in insects that can 

reduce their life span. Dushimirimana et al. (2010) reported 

that exposure to 4Gy of ionising radiation caused destruction 

of the epithelium layer of the desert locust; Schistocerca 

gregaria male midgut 9-days after treatment and increased 

mortality of all insect stages in two weeks. Additionally, 

applying radiation can cause genomic abnormalities that can 

lead to increased pest mortality (Rhee et al., 2012). 

Numerous molecular tests, such as the polymerase 

chain reaction (PCR) or the start codon targeted (SCoT) 
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polymorphism, were employed to explore the genomic 

changes made by irradiation (Collard & Mackill, 2009).  

The goal of this work is to evaluate the efficiency of 

gamma radiation in controlling L. migratoria migratorioides 

and to investigate the induced changes in DNA in both male 

and female irradiated insects. 
 

Materials and Methods  
 

Rearing and irradiation of Locusta migratoria 

migratorioides 

Individuals of the migrating African locust were captured in 

Egypt's Abu Rawash hamlet for laboratory rearing according 

to the method of Hill & Taylor (1933). Five adults (males or 

females) in each jar were exposed to doses of 10, 20, 30, and 

40 Gy using a Cobalt-60 gamma cell at the National Centre 

for Radiation Research and Technology in Cairo (NCRRT), 

which has a dose rate of 0.766KGy/h. Unirradiated male or 

female adults were used as control. Five replicates were used 

for each treatment. All experiments were approved by 

National Research Centre, Medical Research Ethics 

Committee (20-103). 
 

Mortality assessment 

Males and females were placed in separate jars, and each day 

fresh food was provided. The number of dead males and 

females was counted 5 days after irradiation, and the 

mortality rate was computed. The lethal doses LD50 and LD95 

values were calculated using the LdPLine® software. 

https://doi.org/10.22268/AJPP-001212


 ( 2024)  1، عدد 42مجلة وقاية النبات العربية، مجلد  76

DNA isolation and start codon targeted polymorphism 

(SCoT-PCR) analysis 

Fresh (unirradiated) and irradiated adults were used to 

obtaining genomic DNA using the DNeasy insect micro kit 

(bio basic), which was employed as a template for PCR 

amplification with seven SCoT primers, which were all taken 

from Dataset I's highly expressed genes as described by 

Sawant et al. (1999). The sequences of the utilized primers 

are listed in Table 1. The PCR procedure was carried out 

according to the method of Xiong et al. (2011). The 

Molecular Distances MD (Dissimilarity) for the binary data 

matrix was calculated using the Dice coefficient (Nei & Li, 

1979), and the Agglomerative Hierarchical Clustering 

(AHC) analysis, which was derived from the Unweighted 

Pair-Group Average (UPGMA) method, was carried out 

using the XLSTAT.7 program. Since the SCoT 1, 4, 6, and 

15 primers were the only ones for which similarity indices 

were estimated, those bands were produced by separate 

primers. 
 

Statistical analysis 

Minitab program was used to analyze the mortality 

percentages results using ANOVA, which were significantly 

compared by Tukey Pairwise Comparisons test (P≤0.05). 

 

Table 1. Sequence of primers used for SCoT-PCR analysis. 
 

Primer name Sequences (5` to 3`) 

SCoT 1 ACG ACA TGG CGA CCA CGC 

SCoT 4 ACC ATG GCT ACC ACC GCA 

SCoT 6 CAA TGG CTA CCA CTA CAG 

SCoT 8 ACA ATG GCT ACC ACT GAG 

SCoT 13 ACC ATG GCT ACC ACG GCA 

SCoT 14 ACC ATG GCT ACC AGC GCG 

SCoT 15 CCA TGG CTA CCA CCG GCT 

 

Results and Discussion 

 
The accumulative mortality of Locusta migratoria 

migratorioides adults after 5 days of irradiation with 

different doses (10, 20, 30, and 40 Gy) are shown in Figure 

1. Gamma irradiation led to a progressive significant 

increase in mortality along with the increase of the radiation 

dose for both males and females. Furthermore, the obtained 

results exposed that males L. migratoria were more sensitive 

(higher mortality) than females in all irradiated doses.  

The estimated LD50 values for males and females were 

33.94 and 51.55 Gy, respectively. Likewise, the estimated 

LD95 values against males and females were 161.13 and 

207.95 Gy, respectively. The tabulated resistance ratio 

exposed that adult’s female were more resistant to gamma 

radiation than adult males (Figure 2, Table 2). 

The results of the current study on the effects of gamma 

radiation on adult male and female L. migratoria 

migratorioides showed that irradiation led to a progressive, 

significant increase in mortality rate in response to the 

increase of radiation dose. This is in agreement with previous 

studies which revealed that insect mortality was dependent 

on the dose of gamma radiation (Sayed & Zahran, 2017; 

Tabikha, 2022). Kinipling (1955), reported earlier that 

exposure to ionizing radiation causes somatic damage that 

interferes with the biological functions of the insects, induces 

genetic dominant fatal mutation with eventual insect 

sterilization and reduces the lifespan of insects. Furthermore, 

the results obtained showed that adult males were more 

sensitive to gamma radiation than adult females. This 

outcome was in agreement with Datkhile et al. (2009) who 

specified that female Chironomus ramosus was more 

tolerant to gamma irradiation than males. 

The DNA fragment amplified by 7 SCoT primers and 

separated using agarose gel electrophoresis (Figure 3) ranged 

in size from 175 bp in SCoT 1 to 1185 bp in SCoT 12. The 

total number of amplified bands varied from 1 (for SCoT 4 

+ SCoT 6) to 7 (for SCoT 15) (Table 3).  
 

 

 
 

Figure 1. Accumulative mortality of Locusta migratoria 

migratorioides adults 5 days after applying different doses of 

gamma irradiation. Values represent the mean±SE of 5 replicates 

each of 5 adults. Means (for males or females) marked with the 

same letters are not significantly different at P=0.05 (Tukey 

Pairwise Comparisons). 

 
Table 2. LD50 and LD95 levels, resistance ratio, slope values, 

and toxicity index of gamma radiation against Locusta 

migratoria adults.  

 

 Insect sex 

Male Female 

LD50 33.94 

(29.65–40.86) 

51.5 

(42.74–71.27) 

LD95 161.13 

(106.5–327.39) 

207.95 

(126.75–530) 

Slope 2.432±0.33 2.715±0.43 

Resistance ratio 1 1.518 

Toxicity Index 100 65.855 

Toxicity index and resistance ratio were calculated in comparison 

with accumulative mortality of adults’ males based on LD50. 

 

Different levels of polymorphism were evident when 

different primers were used (Table 3 and Figure 3). When 

SCoT 1 primer was used, 5 bands were produced, 4 

monomorphic and 1 polymorphic. With SCoT4 primer, 5 

bands were observed, 4 polymorphic and 1 monomorphic. 

When SCoT 6 primer was used, a 425bp band was amplified 

in the male group irradiated with 30 Gy, and the female 

groups (control and irradiated with 30Gy). Using the 

SCoT15 primer amplified seven clear bands, 5 monomorphic 

(215, 440, 500, 600, and 1185 bp) and 2 polymorphic (335 
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and 1140 bp). In addition, the generated patterns from SCoT 

1, SCoT 4, and SCoT 6 primers identified a difference in the 

genetic structure between normal (unirradiated) males and 

females. When insects were irradiated with 40 Gy, the total 

no. of amplified bands in males were 5, 3, and 3, whereas in 

females were 5, 5, and 2 bands for SCoT 1, SCoT 4, and 

SCoT 6 primers, respectively. Using SCoT 4, SCoT 6, and 

SCoT 15 primers showed an alteration in the DNA of males 

and females of L. migratoria after gamma irradiation, with a 

difference in the no. of the produced fragments.  

 

 
 

Figure 2. LD50 values of Locusta migratoria adults 5 days after 

irradiation with gamma rays. 

 
Based on the similarity index (SI) (Table 4), a 

dendrogram was developed (Figure 4). The highest IS values 

(0.92308) was estimated between 30 Gy irradiated male or 

female and other treatments when SCoT 15 primer was used. 

Whereas, the lowest value (0.3333) was obtained with SCoT 

4 primer when comparing control male with 10 Gy irradiated 

male, control female, 10 Gy irradiated female or 20 Gy 

irradiated female.  

According to our knowledge, this is the first instance 

in which SCoT markers are used to describe the genetic 

alteration caused by gamma radiation in insect pests. Herein, 

the present results revealed that gamma radiation caused 

changes in the DNA structure of males and females, which 

were apparent by different estimated similarities among the 

tested doses and the tested sexes. Gamma-radiation caused 

some bands to appear and others to disappear, resulting in 

variances in SCoT-PCR patterns across the various samples. 

This was in line with what has been reported by Zahran et al. 

(2017), and Ali et al. (2017). The formation of new bands 

may be caused by variations in oligonucleotide primer sites 

as a result of DNA changes and other mutations 

(Dhakshanamoorthy et al., 2011).  

The primary cause of the mutation load in living things 

is oxidative DNA damage. Indirect action, which requires 

energy transfer from another molecule, and direct action, 

which ionizes the target molecule directly, are the two ways 

that ionizing radiation can alter biochemistry and DNA. 

These mechanisms are well-defined in biological systems 

where water is a key component. Proteins, carbohydrates, 

lipids, and enzyme molecules make up the biological system 

of an insect's essential nutrients. Any alteration to this 

component consequently has an impact on the biological 

system and adult functioning (Ravi et al., 2017). 

The recorded difference in female and male mortality 

by gamma radiation was clarified by the difference in 

generated fragments by SCoT-PCR. That variance might be 

due to the basic difference between the germ cells of males 

and those of females besides the genetic variation between 

them, therefore, they vary in their response toward gamma 

radiation (Limohpasmanee et al., 2017). 

 

Table 3. Polymorphism rate in irradiated Locusta migratoria 

adults reflected in the generated bands by SCoT primers. 
 

Primer 

name 

Total 

bands 

Monomorphic 

bands 

Polymorphic 

bands 

Polymorphism 

rate (%) 

SCoT 1 5 4 1 20 

SCoT 4 5 1 4 80 

SCoT 6 3 1 2 66.66 

SCoT 8 2 2 - - 

SCoT 13 3 3 - - 

SCoT 14 4 4 - - 

SCoT 15 7 5 2 28.57 

Total 29 20 9 31.03 

 

 

 
 
Figure 3. Agarose-gel electrophoresis of SCoT product generated 

with the primers in unirradiated and irradiated Locusta migratoria 

adults. (1) Control male, (2) Male irradiated with 10Gy, (3) Male 

irradiated with 20Gy, (4) Male irradiated with 30Gy, (5) Male 

irradiated with 40Gy, (6) Control female, (7) Female irradiated with 

10Gy, (8) Female irradiated with 20Gy, (9) Female irradiated with 

30Gy, (10) Female irradiated with 40Gy. 
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Table 4. Similarity index using SCoT data from control and irradiated Locusta migratoria adults. 

 

Group 1 2 3 4 5 6 7 8 9 10 

SCoT 1 

1 1          

2 1 1         

3 1 1 1        

4 1 1 1 1       

5 1 1 1 1 1      

6 0.88889 0.88889 0.88889 0.88889 0.88889 1     

7 1 1 1 1 1 0.88889 1    

8 1 1 1 1 1 0.88889 1 1   

9 1 1 1 1 1 0.88889 1 1 1  

10 1 1 1 1 1 0.88889 1 1 1 1 

SCoT 4 
1 1          

2 0.33333 1         

3 0.4 0.88889 1        

4 0.5 0.75 0.85714 1       

5 0.5 0.75 0.85714 1 1      

6 0.33333 1 0.88889 0.8 1 1     

7 0.33333 1 0.88889 1 0.5 1 1    

8 0.33333 1 0.88889 0.5 0.8 0.66667 1 1   

9 0.4 0.88889 1 0.8 0.8 0.66667 0.5 1 1  

10 0.33333 1 0.88889 0.8 0.8 0.66667 1 0.5 1 1 

SCoT 6 
1 1          

2 0.66667 1         

3 1 0.66667 1        

4 0.5 0.8 0.5 1       

5 0.66667 1 0.66667 0.8 1      

6 0.5 0.8 0.5 1 0.8 1     

7 1 0.66667 1 0.5 0.66667 0.5 1    

8 0.66667 1 0.66667 0.8 1 0.8 0.66667 1   

9 0.66667 0.5 0.66667 0.8 0.5 0.8 0.66667 0.5 1  

10 0.66667 1 0.66667 0.8 1 0.8 0.66667 1 0.5 1 

SCoT 15 
1 1          

2 1 1         

3 1 1 1        

4 0.92308 0.92308 0.92308 1       

5 1 1 1 0.92308 1      

6 1 1 1 0.92308 1 1     

7 0.90909 0.90909 0.90909 0.83333 0.90909 0.90909 1    

8 1 1 1 0.92308 1 1 0.90909 1   

9 0.92308 0.92308 0.92308 1 0.92308 0.92308 0.83333 0.92308 1  

10 1 1 1 0.92308 1 1 0.90909 1 0.92308 1 

1: Control male, 2: Male irradiated with 10Gy, 3: Male irradiated with 20Gy, 4: Male irradiated with 30Gy, 5: Male irradiated with 40Gy, 6: 

Control female, 7: Female irradiated with 10Gy, 8: Female irradiated with 20Gy, 9: Female irradiated with 30Gy, 10: Female irradiated with 

40Gy 
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Figure 4. Dendrogram analysis using SCoT data for cDNA from unirradiated and irradiated Locusta migratoria adults. (1) Control male, (2) 

Male irradiated with 10Gy, (3) Male irradiated with 20Gy, (4) Male irradiated with 30Gy, (5) Male irradiated with 40Gy, (6) Control female, 

(7) Female irradiated with 10Gy, (8) Female irradiated with 20Gy, (9) Female irradiated with 30Gy, (10) Female irradiated with 40Gy. 

 

 ملخصال
اما: نهج مستقبلي للمكافحة جبأشعة    عوراثية عن الجراد المهاجر المشع  . صورة2024م.، زينب فتحي، س.س. إبراهيم و ر.م. سيد.    علي، هناء

   https://doi.org/10.22268/AJPP-001212 .81-75 (:1)42. مجلة وقاية النبات العربية، صديق للبيئةو 
في جميع   يزراعنتاج العلى ال   ا  دشدي  ا  في إفريقيا، وي عتقد أنه يشكل خطر   ا  شيوعالمهاجر    رادأكثر أنواع الج  .Locusta migratoria migratorioides L  د  عي  

الدراسة الحالية   هدفتتلوث البيئة.  كما أنها عامل مهم في ، المستخدمةللمبيدات  مقاومة  هذه الآفة  رت طو   ،المبيدات الحشرية بسبب الفراط في استخدامو أنحاء العالم. 
تم  .  (الذكور والناثة )الحشر جنسي  التعرض للإشعاع في كل من    نتيجهالحمض النووي  التغير في    تقييمو ى هذه الحشرة  لجاما في القضاء ع  أشعةتقييم فعالية    إلى

إجراء تحليل  ، كما تم الذكور والناثلكل من   الموتنسبة   تحسب ثم ،  رايج 40و  30  ، 20 ،10 مختلفةجرعات إشعاعية )الحشرات البالغة( لالذكور والناث    تعريض
من    حساسية أن الذكور أكثر    تبي ن و ،  الشعاعية جرعات  الزيادة  ب  زاد بشكل ملحوظ   الموت (. أظهرت النتائج أن معدل  SCoT-PCR)   ة المستهدفالوراثية  البنية  تعدد أشكال  

إلى اختفاء    بالغات الحشرة ، أدى تشعيع  SCoT  تقييمل  ا  على التوالي. وفق  ، راي ج  51.55و    33.94للذكور والناث    (50LD)  النصفيةالجرعة المميتة حيث كانت  ، الناث

https://doi.org/10.22268/AJPP-001212
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أنه يمكن اقتراح  هذه الدراسة  حسب  يمكن الاستنتاج  وعليه،   إختلافات طفيفة بين الذكور والناث.  ت وجد، كما  إضافية جديدة  شرائطوظهور  الحمض النووي قطع  بعض 
 بعد مزيد من الدراسات الميدانية.ولكن  ستخدام تكنولوجيا الشعاع، إمن خلال  مكافحة الجراد المهاجر 

 . DNA  ،SCoT-PCRتشعيع بأشعة جاما، الوفيات، الفريقي المهاجر، الجراد  كلمات مفتاحية:
( 2) ؛ الجيزة، مصر، المركز القومي للبحوث، الدفي،  قسم الوراثة والسيتولوجي ( 1. )*4و ر. م. سيد  3، س. س. إبراهيم2، زينب  فتحي1هناء م. علي عناوين الباحثين:

ة النباتات،  ايالقطن، معهد بحوث وق  ديدان( قسم  3)  ؛ الدقي، الجيزة، مصر،  ، معهد بحوث وقابة النباتات، مركز البحوث الزراعيةقسم فسيولوجيا الآفات

  لطاقة الذريةا، هيئة  وتكنولوجيا الإشعاعلبحوث    المنتجات الطبيعية، المركز القومي( قسم بحوث  4)  ؛ الدقي، الجيزة، مصر،  مركز البحوث الزراعية

 rehab.omar@yahoo.com البريد الإلكتروني للباحث المراسل: * ، القاهرة، مصر.المصرية 

 

References 
 

Ali, H., H. Moustafa and R. Sayed. 2017. Alterations in 

biomarkers associated with sterility in Pectinophora 

gossypiella (Saunders) induced by gamma irradiation. 

Brazilian Achieves of Biology and Technology, 60: 

e17160634.  

http://dx.doi.org/10.1590/1678-4324-2017160634 

Collard, B.C.Y. and D.J. Mackill. 2009. Start codon 

targeted (SCoT. polymorphism: a simple, novel DNA 

marker technique for generating gene-targeted markers 

in plants. Plant Molecular Biology Reporter, 27:86-93.  

https://doi.org/10.1007/s11105-008-0060-5 

Datkhile, K.D., T.K. Dongre, R. Mukhopadhyaya and 

B.B. Nath. 2009. Gamma radiation tolerance of a 

tropical species of midge, Chironomus ramosus 

Chaudhuri (Diptera: Chironomidae. International 

Journal of Radiation Biology, 85(6):495-503.  

https://doi.org/10.1080/09553000902883786 

Dhakshanamoorthy, D., R. Selvaraj and A. 

Chidambaram. 2011. Induced mutagenesis in 

Jatropha curcas L. using gamma rays and detection of 

DNA polymorphism through RAPD marker. Comptes 

Rendus Biologies, 334(1):24-30.  

https://doi.org/10.1016/j.crvi.2010.11.004 

Dushimirimana, S., F. Muratori, D. Damiens and T. 

Hance. 2010. Gamma Radiation Consequences on 

Desert Locust Schistocerca Gregaria (Forsk.) 

Digestive System. Communications in Agricultural 

and Applied Biological Sciences, 75(3):433-439. 

Follet, P.A. 2004. Irradiation to control insects in fruits and 

vegetables for export from Hawaii. Radiation Physics 

and Chemistry, 71:161-164. 

Guo, W., X. Wang, Z. Ma, L. Xue, J. Han, D. Yu and L. 

Kang. 2011. CSP and takeout genes modulate the 

switch between attraction and repulsion during 

behavioral phase change in the migratory locust. PLoS 

Genetics, 7(2):e1001291.  

https://doi.org/10.1371/journal.pgen.1001291 

Hill, L. and H.J. Taylor. 1933. Locusts in sunlight. 

Nature, 132(3329):276-276. 

Kinipling, E.F. 1955. Possibilities of insect control or 

eradication through the use of sexually sterile males. 

Journal of Economic Entomology, 48(4):459-462. 

https://doi.org/10.1093/jee/48.4.459 

Kwon, J.H., Y.J. Kwon, M.W. Byun and K.S. Kim. 2004. 

Competitiveness of gamma irradiation with fumigation 

for chestnuts associated with quarantine and quality 

security. Radiation Physics and Chemistry, 71(1):41-

44. 

http://dx.doi.org/10.1016/j.radphyschem.2004.04.013 

Limohpasmanee, W., T. Kongratarpon and T. Tannarin. 

2017. The effect of gamma radiation on sterility and 

mating ability of brown planthopper, Nilaparvata 

lugens (Stål) in field cage. Journal of Physics: 

Conference Series, 860:012004.  

https://doi.org/10.1088/1742-6596/860/1/012004 

Ma, E.B., Y.P. He and K.Y. Zhu. 2004. Comparative 

studies of acetylcholinesterases purified from two field 

populations of the oriental migratory locust (Locusta 

migratoria manilensis): Implications of insecticide 

resistance. Pesticide Biochemistry and Physiology, 

78:67-77. 

https://doi.org/10.1016/j.pestbp.2003.09.001 

Muhammad, J., Z. Fathy and S. Moussa. 2022. 

Entomopathogenic bacteria Photorhabdus 

luminescens as natural enemy against the African 

migratory locust, Locusta migratoria migratorioides 

(Reiche & Fairmaire, 1849) (Orthoptera: Acrididae). 

Egyptian Journal of Biological Pest Control, 32:92. 

https://doi.org/10.1186/s41938-022-00592-w 

Nei, M. and W.S. Li. 1979. Mathematical model for 

studying genetic variation in terms of restriction 

endonucleases. Proceedings of the National Academy 

of Sciences of the USA, 76(10):5269-5273. 

https://doi.org/10.1073%2Fpnas.76.10.5269 

Ravi, M., U.G. Elayidam and M. Damodaran. 2017. 

Radiation induced DNA damage evaluation of insects 

using comet assay. Journal of Entomological Research, 

41(2):119-124.  

http://dx.doi.org/10.5958/0974-4576.2017.00019.6 

Rhee, J.S., B.M. Kim, C.M. Kang, Y.M. Lee and J.S. Lee. 

2012. Gamma irradiation-induced oxidative stress and 

developmental impairment in the hermaphroditic fish 

Kryptolebias marmoratus embryo. Environmental 

Toxicology and Chemistry, 31(8):1745-1753.  

https://doi.org/10.1002/etc.1873 

Sawant, S.V., P.K. Singh, S.K. Gupta, R. Madnala and R. 

Tuli. 1999. Conserved nucleotide sequences in highly 

expressed genes in plants. Journal of Genetics, 78:123-

131. https://doi.org/10.1007/BF02924562 

Sayed, R.M. and N.F. Zahran. 2017. Biological and 

Biochemical Alterations Associated with Sterility 

Induced by Gamma Radiation on Parents and First-

Generation Males of Helicoverpa armigera (Hübner.) 

Egyptian Academic Journal of Biological Sciences: A, 

Entomology, 10(3):43-51.  

https://doi.org/10.21608/eajbsa.2017.12645 

  

http://dx.doi.org/10.1590/1678-4324-2017160634
https://doi.org/10.1007/s11105-008-0060-5
https://doi.org/10.1080/09553000902883786
https://doi.org/10.1016/j.crvi.2010.11.004
https://doi.org/10.1371/journal.pgen.1001291
https://doi.org/10.1093/jee/48.4.459
http://dx.doi.org/10.1016/j.radphyschem.2004.04.013
https://doi.org/10.1088/1742-6596/860/1/012004
https://doi.org/10.1016/j.pestbp.2003.09.001
https://doi.org/10.1186/s41938-022-00592-w
https://doi.org/10.1073%2Fpnas.76.10.5269
http://dx.doi.org/10.5958/0974-4576.2017.00019.6
https://doi.org/10.1002/etc.1873
https://doi.org/10.1007/BF02924562
https://doi.org/10.21608/eajbsa.2017.12645


81 Arab J. Pl. Prot. Vol. 42, No. 1 (2024) 

Tabikha, R.M. 2022. Impacts of gamma radiation, as 

hygiene physical control agent, on population growth 

of Tribolium castaneum (Coleoptera: Tenebrionidae) 

in wheat flour. Journal of Radiation Research and 

Applied Science, 15(1):179-186.  

https://doi.org/10.1016/j.jrras.2022.03.001 

Xiong, F.Q., R.C. Zhong, Z.Q. Han, J. Jiang, L.Q. He, 

W.J. Zhuang and R.H. Tang. 2011. Start codon 

targeted polymorphism for evaluation of functional 

genetic variation and relationships in cultivated peanut 

(Arachis hypogaea L). genotypes. Molecular Biology 

Reports, 38:3487-3494.  

https://doi.org/10.1007/s11033-010-0459-6 

Zahran, N.F., A.F. Hamza and R.M. Sayed. 2017. 

Changes in genetic characteristics of males peach fruit 

fly, Bactrocera zonata irradiated with gamma radiation 

by RAPD-PCR technique. Pakistan Journal of 

Zoology, 49(3): 951-956.  
http://dx.doi.org/10.17582/journal.pjz/2017.49.3.951.956 

 

 

 

 Received: January 16, 2023; Accepted: May 3, 2023 3/5/2023؛ تاريخ الموافقة على النشر: 16/1/2023تاريخ الاستلام: 

 

https://doi.org/10.1016/j.jrras.2022.03.001
https://doi.org/10.1007/s11033-010-0459-6
http://dx.doi.org/10.17582/journal.pjz/2017.49.3.951.956

