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                A laboratory experiment was designed to evaluate different 

incubation periods for the development of Bactrocera zonata. Larvae of the 

same instar were subjected to cold incubation periods for 1-15 days as 

treatments at 5 ± 1 °C and 50% R.H. The periods to complete their life cycle 

after cold treatments were counted to detect the coldest period affecting the 

survival of B. zonata. Results revealed that, compared to the control which 

completed their life cycle normally, all treatment periods did not affect the 

life cycle of the cold-treated insects except those of the 9th-day treatment 

which produced about half of the population, while the treatments from 13th-

15th days resulted in the survival of the highest population of insects 

completing their life cycle. Also, it was noticed that, the preassociativity of 

B. zonzta in the orchards during January month at Fayioum through hanged 

both of pheromone and nutritive traps. 

 
 

     INTRODUCTION 

 

              Most orchards are subjected to the invasion with different pests mainly the 

polyphagous species Bactrocera zonata. (Saunders), (Tephiridae). Which is the most 

serious pest as it invades more than 50 host families like Mango (Magifera indica), peach 

(Prunus persica), guava (Psidium guajava) and citrus fruits Fletcher (1987); White and 

Elson (1992); Allwood et al. (1999), Hashim et al. (2004). The females deposit their eggs 

in the mature fruits, which develop into larvae feeding internally on fruit tissues causing 

decomposition of the fruits thus, yielding great economic losses Hallman et al. (2013). 

Nowadays, data concerning the presence of that invasive pest under the global climate 

changes. So, the authors hypothesized that B. zonata could be affected by weather changes 

mainly in the winter season at Fayoum Governorate, Egypt, which is characterized by 

special topography and a variety of host agricultural and horticultural crops. The idea of 

this work came from previous notifications by the authors when they notified the survival 

and development of many fully grown pupae came from samples of fallen guava fruits 

brought from certain fields and they were kept in the incubator. So, the authors designed an 
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experiment to detect the impact of the cold incubation of B. zonata for different periods on 

the suitability of that invasive pest under low temperatures to minify its presence in the 

winter season at Fayoum Governorate, aiming at, the early warning for farmers from that 

serious pest under the cold weather and its emergence to strong individuals invading the 

successive hosts, also, to be as a loud sound for the early facing and controlling that pest 

by means of an IPM strategy to prevent its spreading to the successive hosts. Earlier works 

by Back and Pembertan (1916) evaluated the cold treatments on fruit flies and proved that 

no tested eggs or larvae of fruit flies survived in refrigeration for 15 days. Eckenrode et al. 

(1975) reported that the thermal units had been used to predict the seasonal development 

and emergence of various insects. Previous studies were conducted on the impacts of cold 

incubation on Bactrocera zonata for different purposes as those of Younes and Akel 

(2010); Follett and Snook (2013); Hallman et al. (2011 and 2013) and Abd El-Maaboud et 

al. (2018) with different obtained results. The study of Zingore et al. (2020) suggested that 

the current global climatic changes may affect the invasion of B.zonata for horticultural 

crops, which has a negative effect on agricultural productivity, and as little is known 

regarding the effect of current climatic changes on B.zonata. So, this work was conducted 

to evaluate the impacts of cold incubation for certain periods on B.zonata development 

aiming at the prediction and the early warning of that serious pest threatening fruit 

production. 

 

               MATERIALS AND METHODS 

 

               This work was carried out at the laboratory of Trichogramma Mass-Rearing at 

Fayoum Governorate, Plant Protection, Research Institute, Agricultural Research Center, 

Egypt from (December 2022 to January 2023). Treatments were conducted simulating field 

conditions as the elder larvae and pupae of B.zonata may spend different periods subjected 

to cold weather. So, the experiments were designed aiming at the evaluation of cold 

incubation on the developmental stages of B. zonata mainly the larval stage in infested 

fruits. Fallen and infested guava fruits from the citrus orchard at Harfoush District-Fayoum 

Governorate were collected and transferred to the laboratory in paper bags, then separated 

for the full-grown larvae of B. zonata which were the basement of the experiments. Larvae 

were subjected to cold incubation at 5 ± 1°C and 50% RH for 1-15 days in the incubator as 

treatments (Where the lowest minimum temperature was recorded during the months of 

December 2022 and January 2023, 5-8°C, according to the Egyptian Meteorological 

Authority). After each cold incubation period, the treated larvae were transformed to the 

standard rearing conditions and maintained until the next development stage. Daily 

inspection and count for live and dead larvae and to record the time needed to the next stage 

of B. zonata larvae were reared under normal laboratory conditions. 

Experimental Techniques: 

               For each treatment (1-15 cold incubation days) which was repeated three times, 

about 90 larvae/ for each treatment were settled in small boxes kept at 5 ± 1°C and 50% 

RH. The treated larvae of B. zonata were inspected immediately after each incubation 

period by direct examination under laboratory conditions, then they were put in large 

transparent boxes bottomed with a thin layer of fine, sterilized sand for the pupation stage. 

Then separation for pupae was accomplished and put in separate jars and the 

developmental rate was calculated successively. The developmental pupae transferred from 

cold-treated parents’ larvae were kept in clean jars bottomed with a thin layer of sterilized 

sand and covered with a thin layer of cotton cloth tied with rubber and were maintained at 

the normal rearing conditions of the laboratory till the adult’s emergence. The mortality, 

emerged adults and emergence rate were recorded successively. 
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The incubation was carried out at the lowest minimum temperature of 5°C, as the 

appropriate temperature for the growth of larvae was 12 - 15 °C. The larvae were removed 

from the incubator one treatment after another to monitor the emergence of the adult insect 

after exposure to the low temperature for a period of one to 15 days. 

Traps Preparation: 

             Pheromone and nutritive traps were hanged according to evolution protocols in a 

citrus farm-sized one feddan located at Harfoush District, Fayoum Governorate on 1st 

January 2023. Both traps were hunged to detect the presence activity of B. zonata in the 

orchard fields during the coldest month of the year. 

Data Analysis: 

            Estimating the developmental rates of pupae and adults reflected the cumulative 

survival of cold-treated larvae to pupae and adults from refrigeration. It was the main 

criteria used to evaluate the impacts of cold incubation on B.zonata development. The 

periods of development to pupae and adults were counted. 

           The percentage of developed Pupae was calculated as the number of developed 

pupae vs. the number of cold-treated larvae x 100.of adults’ emergence was calculated as 

the number of emerged adults vs. the number of cold-treated larvae x 100 

            All data were compared to the control. Calculate the corrected efficacy percentage 

according to Abbott, (1925). 

Statistical Analysis: 

            Analysis of variance (ANOVA) was used and Duncans multiple range Duncan test 

(1955) was used for means separation Snedecor and Cochran (1980). 

 

               RESULTS AND DISCUSSION 

 

Pupae Development: 

             Presented data revealed that B. zonata larvae subjected to cold incubation for 1, 3, 

4, 5, 6, 7, 12, 13, 14 and 15 days were similar to controls in development to the next stage 

indicating 100% pupae development. Followed by the treatment of 2nd - and 8th-day cold 

incubation indicating 96.66% and 93.3% pupae development. The treatment after 9 days of 

cold incubation resulted in the least pupae development indicating 53.33%. Figure (1) 

illustrates that, this may be due to the fact that the first instar larvae and the new hatchlings 

(eggs) were affected by the decrease in temperature. 

 

 
Fig. 1: B.zonata Percentages Pupae development after cold incubation treatments and 

control. 

 



Mervat A. El-Genaidy1 and Amany N. Siam2 

 

94 

The time needed for development to the pupae stage differed significantly. 

Compared to controls which turned to full pupae in 5th days, treatments of 1st, 2nd and 10th 

days cold incubations were similar to control with the average of 5th days. The longest 

period counted for pupae development was with treatment of 9th days cold incubation as it 

counted after 10 days. The last period for pupae development averaged only one day and 

was counted with treatments of 12, 13, 14 and 15 days of cold incubation. Figure (2) 

illustrates that, number of B. zonata pupae development days after cold incubation 

treatments. 

 
Fig. 2: B.zonata Numbers Pupae development days after cold incubation treatments and 

control. 

 

Adults’ Emergence: 

               Data in Figures (1 and 2) illustrated that It was clear from the results data 

compared to control emerged B.zonata flies from pupae stage indicating 96.66%, the 

treatments of 2nd and 3rd cold incubation days were similar to controls averaging 96.66% 

for both treatments. Treatments of 1st, 4th, 5th, 6th, 7th, 12th, 13th, 14th and 15th cold 

incubation days resulted in adult emergence indicating 100% adults. The obvious effect of 

cold incubation was recorded with treatment of 9th day cold incubation indicated 53.33% 

as shown in Figure (3). This may be due to the insect’s adaptation to climate change and 

the emergence of generations resistant to temperature differences, whether low or high. 

 
Fig.3: B.zonata Percentage adults emergence after cold incubation treatments and control. 
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The periods of adult’s emergence from pupae differed significantly between 

treatments, compared to adults’ control which emerged after 11.5 days of pupae stage, 

treatments of 1- and 10-days cold incubation resulted in adult emergence after 11 days of 

pupae stage and it was close to the controls. The longest periods to emerge, adults, were 

recorded with the treatments of 6- and 7-day cold incubation as they averaged 19 and 17 

days respectively. The last period for an adult’s emergence after the pupae stage was 2 

days and it was counted with the treatment of 15 days of cold incubation as shown in 

Figure (4). 

 
Fig. 4: B.zonata numbers adults emergence days after cold incubation treatments and 

control. 

 

               Obtained results in this work revealed that the cold incubation periods of B.zonata 

brought from fields had no to moderate effects on its development except those of 9 days of 

cold incubation treatment which resulted in the production of about half of the population 

compared to the control. Also, present results revealed that the periods needed to complete 

the development of the immatures to the next instar differed among the treatments. It must 

be noted that the laboratory experiments were conducted on field samples to simulate field 

conditions and to detect what could happen with cold weather aiming at the early prediction 

and warning of the severe damage caused by that invasive pest in the next season. In 

addition, our suggestion about B.zonata survival after its treatment with cold incubation 

periods was accomplished by means of the pheromone and nutrition traps were hung on the 

farm in the coldest months of December 2022 and January 2023 at Fayoum Governorate to 

be as a monitor for the presence of the peach flies. Both traps proved the presence of 

complete individuals of B.zonata by collecting many individuals from the field. This point 

is consistence with Zingore et al. (2020) when they suggested that the global changing 

climatic changes could affect the presence of B.zonata flies. So, this work was focused on 

the cold tolerance of that pest after the cold treatments whether in the laboratory or in the 

fields, the matter demands more attention must be paid by farmers to care of their farms 

especially the soil beneath the trees by applying the agricultural practices to prevent and 

suppress that pest by killing the fallen elder larvae going to pupation and pupae found in 

the soil by applying an IPM strategy, especially with the current climate changes. Present 

results are consistent with the previous work of Back and Pemberton (1916) who worked 

on the effect of cold treatments but on another pest, the Mediterranean fruit fly, and they 
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reported that 3rd instar proved more resistant to cold than 1st and 2nd instar and the 3rd instar 

was found alive after refrigeration for 20 days. Many works tested cold treatments on B. 

zonata as those of Hallman et al. (2013) who evaluated the impacts of cold treatments for 

B. invadens and B. zonata compared with Ceratitis capitata, they found that the 3rd instar 

was the coldest tolerant for the three species, but they concluded that B. zonata was not 

colder tolerant than C. capitata. The present results are contrary to those obtained by Follett 

and Snook (2013) as they reported that, the survival of 3rd instars to the adults' stage 

generally decreased with increasing the cold incubation duration at 4- 11°C and Abd El-

Maaboud et al. (2018) who declared that cold treatment of immature stages of B.zonata at 

1.7°C for 14 days caused mortality for tested larvae. Works of (Ali (2016); Dohino, et al. 

(2019); Ware et al. (2005); Duycket et al. (2004); Grout et al. (2011); Mohamed (2000); 

Mohamed and El-Wakkad (2009) and Powell (2003)) evaluated the impacts of cold 

treatments on Bactrocera immatures with different obtained results which proved the 

efficacy of cold treatments on immature stages of that pest. 

Conclusion and Recommendations: 

              The experimental data reported in this work revealed that cold treatment had a 

moderate effect on the development of B.zonata. Also, it was undertaken primarily with 

the hope that it would be an aid in the prediction of the population of B.zonata at Fayoum 

Governorate to face that serious pest invading many fruit trees in the following seasons, but 

whatever its value in this direction it now appears that the results may be of much greater 

agricultural importance in defining the problem and the agricultural practices accomplished 

by the farmers themselves to avoid the dispersal of this pest to the alternative hosts. More 

studies and continuous monitoring and surveys for B.zonata mainly with the global 

climatic changes are required. 

               The phenomenon of the peach fly’s (B.zonata) adaptation to low temperatures 

requires studying the DNA to know the physiological changes of the pest. As well as climate 

changes on pest behavior in the open field during two years scurvily. 

 

              REFERENCES 

 

Abbott, W.S. (1925). A method of computing the effectiveness of an insecticide. Journal 

of Economic Entomology, 18: 265-267. 

Abd El-Maaboud A.S.; S.M. El-Oraby and A.M. Hassan (2018): Effect of cold treatment 

as a post-harvest treatment for killing immature stages of the peach fruit fly, 

Bactrocera zonata (Diptera: Tephritidae) and its effect on fruit quality of 

pomegranate. Journal of Plant Protection and Pathology Mansoura University, 

9(12): 843-847. 

Allwood A.J.; R.A.I. Chinajariyawong; E.L. Drew; D.L. Hamacek; C.Hengsawad; J.C. 

Jipanin; M. Jirasurat; C.T.S. Leong; S. Vijaysegaran (1999): Host plant records for 

fruit flies (Diptera; Tephritidae) in South East Asia. Raffles Bulletin of Zoology, 7: 

1-92. 

Dohino T.; S. Norihito; M. Isao; T. Masahiro; Y. Masakuni and S. Tamami (2019): 

Comparison of cold tolerance of eggs and larvae of B. dorsalis (Diptera: 

Tephritidae) among citrus fruits. Research Bulletin of the Plant Protection Service 

Japan, No. 55：1 – 10. 

Duncan D.B. (1955): Multiple range and multiple F tests. Biometrics, 11: 1-14. 

Duycket P.F.; J.E. Sterlin and S. Quilici (2004): Survival and development of different life 

stages of Bactrocera zonata (Diptera: Tephritidae) reared at five constant 

temperatures compared to other fruit fly species. Bulletin of Entomological 

Research, 94(1): 89-93. 



Cold Incubation Effect on The Development of Bactrocera zonata. 97 

Fletcher B.S. (1987): The biology of Dacine fruit flies. Annual Review of Entomology, Vol. 

32:115-144. https://doi.org/10.1146/annurev.en.32.010187.000555. 

Follett AP. and K. Snook (2013): Cold storage enhances the efficacy and margin of 

security in postharvest irradiation treatments against fruit flies (Diptera: 

Tephritidae). Journal of Economic Entomology, 106(5):2035-2042. 

George W. Snedecor and William G. Cochran (1989): Statistical methods. Seventh Edition. 

Ames: Iowa State University Press, xix + 491 pp. 

Guy J Hallman , Scott W Myers, Andrew J Jessup, and Amirul Islam (2011): Comparison 

of invitro heat and cold tolerances of the new invasive species Bactrocera 

invadens (Diptera: Tephritidae) with three known tephritids. Journal of Economic 

Entomology, 104(1): 21-25. 

Guy J. Hallman, Scott W. Myers, Mokhtar F. EL-Wakkad, Meshil D. Tadrous, and 

Andrew J. Jessup (2013): Development of phytosanitary cold treatments for 

oranges infested with Bactrocera invadens and Bactrocera zonata (Diptera: 

Tephritidae) by comparison with existing cold treatment schedules for Ceratitis 

capitata (Diptera: Tephritidae). Journal of Economic Entomology, 106(4): 1608-

1612. 

Hashem, A.G.; Nehad A. Soliman and Soliman, A.M. (2004): Effect of low temperatures 

on eggs and larvae of Mediterranean fruit fly and peach fruit fly inside fruits as a 

quarantine procedure. Annals Agricultural Science Moshtohor,42(1): 345-356. 

Kumbirai M. Zingore, George Sithole, Elfatih M. Abdel-Rahman, Samira A. Mohamed, 

Sunday Ekesi, Chrysantus M. Tanga, and Mohammed E. E. Mahmoud (2020): 

Global risk of invasion by Bactrocera zonata: Implications on horticultural crop 

production under changing climatic conditions. PLoS ONE, 15(12): 1-24 

(pone.0243047). 

Mahmoud Abbas Ali (2016): Effect of temperature on the development and survival of 

immature stages of the peach fruit fly, Bactrocera zonata Saunders (Diptera: 

Tephritidae). African Journal of Agricultural Research, 11(36): 3375-3381. 

Mark R. Powell (2003): Modeling the Response of the Mediterranean Fruit Fly 

(Diptera:Tephritidae) to Cold Treatment. Journal of Economic Entomology, 96(2): 

300-310. 

Mohamed WF. Younes and Faten A. Akel (2010): Effect of temperature on development 

and reproduction of peach fruit fly Bactrocera zonata Saunders (Diptera: 

Tephritidae). The Egyptian Society of Experimental Biology, 6(2): 255-261. 

Mohamed, A. M (2000): Effect of constant temperatures on the development of the peach 

fruit fly). Assiut Journal of Agricultural Sciences,31(2): 329- 337 . 

Tim G Grout, Peter R Stephen, John Henry Daneel, and Vaughan Hatfingh (2011): Cold 

treatment of Ceratitis capitata (Diptera: Tephritidae) in oranges using a larval end 

point. Journal of Economic Entomology, 104(4): 1174-1179. 

White, I. M. ; and Elson-Harris, M. M. (1992): Fruit flies of economic significance: Their 

identification and bionomics. CAB International Wallingford, UK. 601p. ( pp.xii + 

601 pp. ref.70 pp.). 

 

 

 

 

 

 

 

 

https://doi.org/10.1146/annurev.en.32.010187.000555
https://pubmed.ncbi.nlm.nih.gov/?term=Hallman%2BGJ&cauthor_id=21404834
https://pubmed.ncbi.nlm.nih.gov/?term=Myers%2BSW&cauthor_id=21404834
https://pubmed.ncbi.nlm.nih.gov/?term=Jessup%2BAJ&cauthor_id=21404834
https://pubmed.ncbi.nlm.nih.gov/?term=Islam%2BA&cauthor_id=21404834
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Mohamed%2c%2BA.%2BM.%22
https://pubmed.ncbi.nlm.nih.gov/?term=Grout%2BTG&cauthor_id=21882680
https://pubmed.ncbi.nlm.nih.gov/?term=Stephen%2BPR&cauthor_id=21882680
https://pubmed.ncbi.nlm.nih.gov/?term=Daneel%2BJH&cauthor_id=21882680
https://pubmed.ncbi.nlm.nih.gov/?term=Hatfingh%2BV&cauthor_id=21882680
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22White%2c%2BI.%2BM.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Elson-Harris%2c%2BM.%2BM.%22


Mervat A. El-Genaidy1 and Amany N. Siam2 

 

98 

ARABIC SUMMARY 

 

تحت   Bactrocera zonata (Saunders) (Diptera: Tephritidae) البارد في تطور مراحل تحضينتأثير ال

 الظروف المعملية بمحافظة الفيوم.

 
 مرفت عبد المنعم الجنيدي 1 وأماني نادي صيام2

ة  (، مركز البحوث الزراعيPPRIمعهد بحوث وقاية النبات )(، HIRDقسم بحوث الحشرات البستانية ) 1

(ARC( وزارة الزراعة ،)MOE.مصر ،) 

 (، مصر. MOE(، وزارة الزراعة )ARC(، مركز البحوث الزراعية )PPRIمعهد وقاية النبات ) 2

 

الفيوم موسم شتاء    تم تصميم تجربة معملية                لتقييم فترات الحضانة المختلفة لتطور    2022/2023بمحافظة 

Bactrocera zonataعند درجة   كمعاملاتيومًا    15-1لفترات حضانة باردة لمدة    قات نفس الطور. تم إخضاع ير

معالجات الباردة %. وتم حساب فترات استكمال دورة حياتها بعد ال50درجة مئوية ونسبة رطوبة نسبية    1±    5حرارة  

. أظهرت النتائج أنه بالمقارنة مع الشاهد الذي أكمل دورة B. .zonataللكشف عن الفترة الباردة التي تؤثر على بقاء  

طبيعي، فإن جميع فترات المعاملات لم تؤثر على دورة حياة الحشرات المعاملة بالبرد باستثناء معاملة اليوم حياته بشكل 

أنتجت حوا التي  الثالث عشرالتاسع  اليوم  المعاملات من  العدد، في حين أن  الخ  -لي نصف  اليوم  إلى  وأدى  امس عشر 

الحشرات مكملة دورة حياتها أكبر عدد من  الجنسية وقد تبين    بقاء  المصائد  للحشرة شهر يناير من خلال تعليق  نشاط 

 .والغذائية للحشرة تحت ظروف الحقل بالفيوم

 يوم. محافظة الف – دورة الحياة -التطور -الحضانة الباردة - B. .zonataذبابة فاكهة الخوخ  الكلمات المفتاحية:
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