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ABSTRACT 

• Effect of low temperatures on the eggs and larvae of Mediterranean fruit 
fly, Ceratitis capitata (Wiedemann) and peach fruit fly, Bactrocera zonata 
(Saunders) inside fruits was studied using guava, orange and mango fruits. It was 
found that the storage of fruits infested with B.zonata at 4°C for 10 days and 
those infested with c.capitata at 1.7°C for 16 days would be acceptable as a 
quarantine treatment. Eggs, first, second and third larval instars ofboth pests were 
found susceptible to low temperatures mentioned above. 
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INTRODUCTION 

The export of Egyptian fruits to many countries is restricted unless fruits 
are guaranteed to be free of pests. Peach fruit fly, Bactrocera zonuta (Saunders) 
and Mediterranean fruit fly, Ceratitis capitata (Wiedemann) are very destructive 
pests to most fruit crops in Egypt. Chemical treatments such as ethylene 
dibromide and methyl bromide fumigation can be used for clisinfestations of 
freshly infested fruits with these pests. Unfortunately, such treatments may result 
in toxic residues. Restrictions on use of chemical treatments increased and it will 
be completely banned because of these chemicals' potential carcinogenicity 
(Anonymous 1984).Thus. non-chemical quarantine treatments are needed. Cold 
temperatures affect the development of different stages of Mediterranean fruit fly. 
C. capitata in citrus (Sproul 1976), Dacus tryoni in kiwifruit (Rippon and Smith 
1979) and Caribbean fruit fly. Anastrepha suspensa (Loew) in oranges 
(Benschoter 1983 and Hill et al., 1988) and Queensland fruit fly in Australian 
mandarin (Heather et al., 1996). The present work, was conducted to find out the 
effect of cold storage at 1.7°C and 4°C on the mortality of eggs and larval stages 
of C. capitata and B. zonata in guava, orange and mango fruits, respectively. 

MATERIAL AND METHODS 

Mature freshly harvested guava, orange (Navel and Valencia) and 
mango healthy fruits (contains no cuts, scratches or any type of infestation) grown 
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without use of insecticides were picked from local orchards in Ismailia and 
Alexandria Governorates, Egypt. 

1. Infestation of fruits: 
All fruits were artificially infested with eggs of Mediterranean fruit fly, 

Ceratitis capifata (Wiedemann) and peach fruit fly, Bactrocera zonata (Saunders) 
separately using a hypodermic syringe (Friend 1957; Hill et al., 1988 and Jessup 
et aJ., 1993) to introduce, approximately, equal number of eggs to each fruit. 
However, the location of eggs and larvae seemed to be easier to detect. In case of 
orange, small holes were made in fruits at different places by being punctured at 
depth of 3-4mm using a cork borer (0.2 nun in diameter) to facilitate the injection 
of eggs inside the fruits. The holes were covered by the core of fruit, then fixed 
\\1th plaster strips (3cm x 3cm) each to prevent fall of eggs. In case of guava and 
mango, a "V" letter shape openings were made in fruits core, then eggs were 
injected beneath them. These artificial openings were covered by plaster strips (3 
em X 3 em). Eggs aged 12 ± 2h old at the time of injection. The eggs had been 
collected from water-filled troughs placed under the fabric sides of flies' rearing 
cages. 

2. Storage of infested fruits: 
Infested fruits were stored at 23 ± 2°e and approximately 65% RH to 

allow larvae to develop. Trials in which susceptibility ofeggs to low temperatures 
was tested, infested fruits were stored at I.7°e and 4°e one day after infestation. 
Young and old larvae were allowed to develop for 5, 7 and 9 days for Ceratitis 
capitala and for Bactrocera zonata as well. In both species, young larvae were 
considered as the first and second instars, but old larvae are mainly third instars. 
E'ach infested fruit was packed separately in a fiberboard cage (20x20x20 em). 
Temperature of infested fruits was determined using fruit thennometers 
(measures the temperature inside tlle fruit) and the period of storage began when 
the infested fruit reached the desired temperature. Temperatures inside incubators 
were measured by means of hygrothennographs. Fruits were stored forl,3, S, 
7,10,12,14,16 and 18 days at 1.7°C and 4°e for both species. At completion of 
storage periods, fruits were stored at 23 :i 2°C on mesh trays over sand (as 
pupation medium) as described by Sea et al., (1971). A parallel control treatment 
was also carried out. 

J. ElllDlinatioD of infested fruits: 
Examination offruits and sand for survivors was made after 5, 10 and 15 

days and formation of nonnal puparium was considered as the standard surViVal 
(Baker 1939). Also, random samples of 20 treated fruits were dissected to 
determine the effect of cooling treatments on the developmental stages inside 
fruits. Percentage of mortality was detennined by relating number of survivors to 
the production of pupae expected from the number of treated fruits. This was 
estimated from the number of pupae produced from check control 5anlples. 

4. Determination of tbe most-tolerant developmental stage: 
Fruits contained tlilrd larval instar of both species were stored at 1.7°C 

and 4°C for 10, 16 and 18 days. A 5anlple (20 fruits) was dissected and examined 
to determine the number of dead and alive larvae present. The fruits were cut and 
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squeezed gently to extract juice and most of the larvae. The remained fibers and 
pulp were macerated under the running water using a brush (n° 1· and 2) aid a 
fine sieve to remove any remaining larvae. Microscopic examination detemined 
that this method extracted all the larvae present. Larvae and macerated fruit )lllps 
were examined under magnification and illumination and th;:- nwnber ofaliveand 
dead larvae was recorded. The rest of fruits were stored at 23 ± 2°C after each 
storage period for development of surviving individuals. This experiment was 
replicated three times for both species for each type of fruits. 

After cold storage, fruits were kept at 20°C for 15 days marketing period 
and were measured in diameter before and after cold storage. Also, examination 
of the external and intemal tissues was done. 

5. Statistical analysis 
Percentage of mortality w.lS determined for each treaunent, then 

converted to probits and plotted against the logarithm of days of exposure. The 
data were subjected to computer programmed probit regression analysil for 
estimation of probit 9 values. 

RESULTS AND DISCUSSION 

A total of 11,522 guava, orange (Navel and Valencia) and mango fruits 
containing an estimated population of 430,&85 eggs and larvae of Bactrocera 
zonata and Ceratitis capitata was tested. Larvae of both species showed the same 
pattern of development in all types of tested fruits used (Table 1). Data obllined 
showed that eggs and first instar larvae of both C. capitola and B. zonala were 
highly sensitive to cold storage and complete mortality was obtained after 3 days 
when stored either in 1.7°C or 4°C. Second and third larval instars of both species 
were most tolerant. Complete mortality of second and third larval instars of B. 
zonata was obtained after 10 days of cold storage in both 1.7°C and 4°C. Also, 
the same result was obtained for second larval instar of C.capitala. Third larval 
instar of C. capitala required 16 days in cold storage at 1.7°C and 18 days al4°C 
to obtain complete mortality. There was no pupal-development noticed after cold 
storage for the previously mentioned periods. The obtained data showed 
agreement with results obtained by Hill el aI., (1988) who found that eggs and 
first larval instar were the less-tolerant stages of C. capitata. when stored at 
\.5 °C ± 0.5. Also, these results agree with data published by Jessup el al., (1993) 
who tested the effect of IOC± 0.2 on immature stages of Dacus tryon; in lemon 
fruits. Burditt and Balock (1985) stated that cold storage of larvae of Dacus 
dorsalis and Dacus cucurbitae for 10 -12 days at 1.7D C were enough to prevent 
their development. The data also are in agreement with those obtained by Hashem 
el 01. (2002) who stated that cold storage at IDC and 2°C were sufficient to kill 
any alive stage (eggs and larvae)of C. capitala. Slight loss ofthe volume offruits 
was observed after the cold storage at \.7°C and the fruits kept all their normal, 
healthy and physical characteristics externally and internally. When the fruits 
were kept at 20°C after the cold storage. they were found still keeping their 
healthy appearance and nonnal marketing characteristics similar to that before 
cold storage. 
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Table (1): Effect of fruit type on egg batcb and lan:al development of C. 
CalJl'tata an . zon aad Batt 23±2°C 

Mean time needed fOf lan:ae%ofTotal Mean no. ofFruit No. of to develop from e2l!: in davs eggNo. ofvariety insects/fruitfnaits hatcbinsects 2.... instar 3rd instar1sliastar 
C. ctllJitata 

Guava 1826 74866 41.15:W.Ol 98.45 4.9±0.01 7.01:W.05 8. ll±O. 12 
Navel 
oran2e 

1,750 68,250 39.03%0.12 98.12 4.71%0.08 6.&±O.Q2 8.8±0.2 

Valencia 
Orange 1,670 63,460 38.17%0.03 98.56 4.22±O.01 6.53±Q.12 9.01:i:O.15 

Mango 1290 96,517 75.18±O.04 99.01 4.01±().03 6.71%0.41 8.63:i:O.01 
B. zonata 

Guava 1350 58050 43.72%0.32 98.85 4.5±O.12 7.01%0.45 8.96:1:0.01 
Navel 

orange 1,270 53,340 42.05±Q.24 98.99 4.3~.23 6.99%0.6 8.11±O.45 

Valencia 
Orange 1,438 43,140 30.01%0.12 99.01 4.96%0.63 7.13%0.25 8.95%0.85 

Mango 918 36,720 40.12%0.23 99.12 4.99%0.85 7.08±O.85 8.69:i:O.l8 

Table (2): SUn1val to pupation after cold storage of C capitata and B. zonata eggs 
and larvae in 2:~ava rults at erent stofl1?:e peno s at .f' diffi . d 17°C 

Fruit No. of TobI No. of 1\...... No of Days In M... No ofsumvJn& pu.-I ti'uIt 
,1lriety fruib InsedsIfmlt IIL'ledsIf'n1It cold MIen tmlle<! i1s: 

. storage eggo 1­

Imtar 
2­

instar 

3" 
Instar 

C capitata 
Guava 913 30,409 41.15:i:O.Ol 0 38.13" 38.87" 39.15" 38.75" 

I 10.13 12.03 11.15 18.12 
3 1.01 1.12 8.27 15.13 
5 0 0 5.62 13.95 
7 0 0 2.57 7.95 
10 0 0 0 4.91 
12 0 0 0 2.18 
14 0 0 0 1.02 
16 0 0 0 0 
18 0 0 0 0 

B. wnata 
Guava 675 29,513 43.72%0.32 0 43.02" 42.13 " 41.23 " 41.13" 

I 8.97 8.13 9.13 12.15 
3 1.12 1.09 6.78 8.03 
5 0 0 2.01 5.03 

.. 7 0 0 1.03 2.13 
10 0 0 0 0 
12 0 0 0 0 
14 0 0 0 0 
16 0 0 .0 0 
18 0 0 0 0 

" Mean numbers of survivors of fnuts 
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Table 3: Effect of cold storage at 4°C on development of eggs and larvae C. capitata 

and B. zonata in guava fruits at different storage periods. 

Fruit No. Total No. Mean No of Days in Mean No of pupae surviving / fruit 
variety of 

fruits 
of 
insects/frui t 

insects/fruit cold 
storage 

when treated as: 
eggs 15t 20d 3'd 

instar instar instar 
C. capitata 

Guava 907 35,409 41.1S± 0.01 0 40.13" 39.87" 37.15 " 35.75 " 
1 15.13 19.03 19.15 23.12 
3 3.23 1.19 12.08 21.13 
5 0 0 10.27 17.95 
7 0 0 3.49 9.11 
10 0 0 0 6.24 
12 0 0 0 4.03 
14 0 0 0 2.13 
16 0 0 0 1.11 
18 0 0 0 0 

B. zonata 

Guava 775. 32,513 43.72± 0.32 0 43.02" 42.13 • 41.23 a 41.13" 
I 8.97 8.13 9.13 12.15 
3 2.56 1.02 5.01 9.03 
5 0 0 3.12 4.12 
7 0 0 1.01 1.09 
10 0 0 0 0 
12 0 0 0 0 
14 0 0 0 0 
16 0 0 0 0 
18 0 0 0 0 

a Mean numbers of survivors of fruits 
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Table 5: Survival to pupation after cold storage at 4°C of eggs and larvae of C. 
capitala and B. zonata in Navel and Valencia orange fruits at different storage 
periods. 

Fruit No. of Total No. Mean No of Days in Mean No of pupae surviving I fruit 
variety fruits of insects! cold when lTeated as: 

insects/fruit fruit storage eggs I" - 2"" 31"d 

instar inslar instar 
C. capilata 

Navel 865 27.154 30.93:1:0.12 0 26.13" 25.87" 26.15" 25.75· 
1 5.13 8.03 10.15 19.12 
3 1.12 3.32 5.65 14.13 
5 0 0 2.11 9.12 
7 0 0 1.17 9.09 
10 0 0 0 7.36 
12 0 0 0 4.19 
14 0 0 0 3.01 
16 0 0 0 1.15 
18 0 0 0 0 

Valeneia 813 28.179 31.17±0.03 0 28.98" 28.92" 28.03 " 27.02 • 
1 8.15 10.01 10.12 19.14 
3 1.32 3.38 1.02 13.01 
5 0 0 1.02 10.23 
7 0 0 1.01 7.35 
10 0 0 0 4.12 
12 0 0 0 3.66 
14 0 0 0 1.96 
16 0 0 0 1.01 
18 0 0 0 0 

B. zOllala 
Navel 678 27,513 30.72±0.32 0 28.02" 27.13 " 27.23 " 29.13 " 

1 8.97 8.13 9.\) 12.15 
3 2.19 3.99 4.11 6.19 
5 0 0 2.77 3.09 
7 0 0 1.91 1.99 
10 0 0 0 0 
12 0 0 0 0 
14 0 0 0 0 
16 0 0 0 0 
18 0 0 0 0 

Valencia 635 28,701 30.01± 1.02 0 27.79" 28.12" 29.54" 29.94" 
1 7.02 10.12 13.02 12.23 
3 3.91 5.16 .9.1l 8.03 
5 0 0 3.98 3.18 
7 0 0 1.11 1.99 
10 0 0 0 0 
12 0 0 0 0 
14 0 0 0 0 
16 0 0 0 0 
18 0 0 0 0 

• Mean numbers of survivors of fruits. 
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Table 6: Survival to pupation, after cold storage at 1.7°C, of eggsafid larvae C. 

capitata and B. zonata in mango fruits. 

Fruit No. of Total No. Mean Noaf Days in Mean No of pupae surviving I fruit 
variety fruits of 

insects/fruit 
insectsl 

fruit 
cold 

storage 
when treated as: 
eggs 1'[ 2"d 3'd 

• instar instar instar 
C. capitala 

Mango 645 27.179 38.93±O.12 0 38.13" 38.87" 38.15 • 38.75 " 
fruits 1 9.13 12.03 12.15 20.12 

3 4.19 6.09 7.14 15.Q2 
5 0 0 3.27 11.13 
7 0 0 1.67 5.95 
10 0 0 0 3.11 
12 0 0 0 3.09 
14 0 0 0 1.28 
16 0 0 0 0 
18 0 0 0 0 

B. zonata 
Mango 459 18,365 40.01±0.33 0 39.02 " 39.13 " 39.23 6 39.13 6 

fruits I 8.97 8.13 9.13 12.19 
3 3.12 5.15 8.65 8.79 
5 0 0 3.62 5.89 
7 0 0 1.01 2.98 
10 0 0 0 0 
12 0 0 0 0 
14 0 0 0 0 
16 0 0 0 0 
18 0 0 0 0 

a Mean numbers of survivors of fruits. 
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Table 7: Survival to pupation after cold storage at 4 DC of eggs and larvae of C. 
capitata and B. zonata in mango fruits. 

Fruit No. of Total No. Mean No of Days in Mean No of pupae surviving / fruit 
variety fruits of insects/ cold when treated as: 

insects/fruit fruit storage eggs lsi 2nd Jrd 

instars instars instars 
C. capilata 

Mango	 641 27.062 37.93±0.12 0 38.13" 38.87 a 38.15" 38.75 " 
fruits I 10.13 13.03 14.15 29.12 

3 1.14 3.99 7.27 22.13 
5 0 0 3.89 15.79 
7 0 a 1.19 7.16 
10 0 a 0 7.02 
12 0 0 0 5.78 
14 0 0 0 4.66 
16 0 a a 2.33 
18 0 0 0 a 

B. zOllata 
Mango 450 18,315 39.01±0.33 a 38.92 a 38.83 n 38.23 n 38.13 a 

fruits I 3.97 9.13 17.13 20.15 
3 0.93 3.12 9.16 15.03 
5 0 0 4.16 6.36 
7 0 0 2.01 4.33 
10 0 0 0 0 
12 0 0 0 0 
14 0 a 0 0 
16 0 a a 0 
18 0 0 0 0 

a Mean numbers of survivors of fruits. 
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Table (8): Responses to, cold storage at 1.7°C, of immature stages of C.capitata and B. Zonata in different fruit types. 

lJ,l 
LT99.998 Ul 

T}pe of Estimated Life stage (95% FL) 
~ 

fruits population 
C. capitata Estimated population B. zonata 

~ 
~ 
~ 
I::lEggs 3.87 (3.01,5.79) Eggs 3.71 (2.92,5.38) r;;­

Guava 30,409 1st instars 3.82 (3.04,5.45) 29,513 lSI instars 3.71 (2.91,5.47) .Q
2nd instars 9.28 (8.33 , 11.16) 2nd instars 8.18 (6.89,10.73) 

~ 
3rd instars 14.74 (13.81 , 17.22) 3rd instars 8.82(7.79,11.15) ~ ....... 

:"l 
Eggs 4.79 (2.82,6.38) Eggs 4.77 (3.59 , 7.65) V:l 

Navel 24,154 151 instars 4.62 (3.04 , 5.95) 27,179 1'I instars 4.89 (3.67, 7.81) fl 

Orange 2nd instars 8.85 (6.46, 14.72) 2nd instars 8.01 (7.02 , 10.93) ~ ...,3rd instars 15.83 (14.59, 19.67) 3rd instars 8.13 (6.84 , 14.24) ;:-­
c -;:-­Eggs 4.48 (3.43 , 7.24) Eggs 4.45 (3.96 , 5.97) c 
~...Valencia 27,179 151 instars 4.11 (3.27,6.14) 26,701 151 instars 4.83 (3.97 , 6.03) 

Orange 2nd instars 9.8 (7.86 ,14.44) 2nd instars 7.95 (7.11 ,9.92) ~ 
l"'­3rd instars 15.77 (14.79,17.99) 3rd instars 9.78 (8.16,14.65) 
·t 
~ 

Eggs 4.12 (3.05,6.19) Eggs 4.66 (3.16 , 7.32) ~ 

Mango 27,179 1sl instars 4.65 (3.3 1 ,6.64) 18,365 151 instars 4.65 (3.85 , 7.99) ~ 
~ 

2nd 
instar~ 9.14(7.70,14.27) 2nd instars 8.14 (7.13 , 11.36) ~ ..... 

3'd instars 15.24 (14.22 , 18.25) 3'd instars 10.11 (8.71,13.61) 
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CONCLUSION 

It is clearly obvious from the results obtained from this work that fruits 
which may be infested with either C. capitata or B. zonata could be stored at 
1.7°C for 16 days as a quarantine security procedure for these pests. 
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