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ABESTRACT 
 
This investigation was carried out in laboratory at Vegetable Research Pests 

Dep. Plant Protection Research Institute Dokki,Giza.. To evaluate the effect of three 
temperatures (20, 25 and 30ºC) on the biological aspects of Phthorimaea 
operculella(Zell.) Threshold of development (t) and accumulated heats (k) for total 
preimaginal development of P. operculella were calculated to be 4.9 ºC and 741.7 
degree-days (DD`s). Development of egg stage required 68.66 dd`s above 8.6 ºC 
while larval stage demanded 451.2  dd`s  above  5.8 ºC  and this value 138.2 dd`s 
above 10.03   ºC for adult stage. Accumulation of 782.1 dd`s were sufficient for the 

completion of one generation. The accumulated thermal heat units (T.U.) or effective 
degree-days estimated through insect activity time The aim of this part of investigation 
is to establish the velocity constants (i.e the relationship between temperature and 
speed of development). 

 

INTRODUCTION 

 
Potato (Solanum tuberosum L.) is an important vegetable crop in 

Egypt, which is seriously infested by the potato tuber moth, Phthorimaea 
operculella (Zell.) (Lepidoptera : Gelechiidae) especially, in the field and in 
stores (Abd El-Salam et al., 1972), Shaheen (1979), Heeder (1983), Doss 
(1984), Iskander (1985); Khalil et al. (1987), Ahmed (1991), Dawood (1999) 
and Abd El-Wahab (2003). 

Integrated pest management programs, demonstrates a total system 
approach to the suppression of pest population which depend on the 
importance of the predicting the seasonal abundance of insects which has led 
to the formulation of many mathematical models that described the 
developmental rates as a function of temperature . 

Therefore, the aim of the current study was to estimate the influence of 
constant temperature on the biological aspects of P.operculella and thermal 
units (degree-days). 

 

MATERIALS AND METHODS 
 
 The stock culture of P. operculella was reared on potato tubers 
(Diamont variety) in cages, the front and back walls of the cage were 
protected and covered with fine wire gauze, and the top of each cage was a 
plate glass.  
 Infested potato tubers were placed in the breeding cages and after 
the emergence of moths; fresh tubers were placed for oviposition. The moths 
were fed on molasses supplied as small droplets on the inner surface of other 
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boxes to be left for pupation. When pupation was completed, the cocoons 
were carefully collected, to be used for starting the experimental cultures. 
Three incubators running constant temperatures of 20, 25 and 30ºC.The 
relative humidity was 70±5% R.H. were used for the tests. 
 One hundred eggs placed in ten glass jars were taken for each 
temperature. Hatched eggs were counted daily until no more eggs hatched 
and the incubation period of the eggs was estimated.    At the previously 
mentioned temperatures i.e. 20, 25 and 30◦C, and. 100 larvae were used. 
One/kg of the potato tuber was taken from the Diamont cultivar for the test. 
The larval, pupal periods, adult longevity and the life cycle were assessed 
during this study.  
Statistical analysis: 

Thermal units required to complete development of each stage was 
determined according to the equation of thermal summation (Blunk,1923). 
                 K= y(T-t0 ) 
     Where:  y = Developmental duration of a given developmental stage. 
                T =Temperature in degree centigrade. 
                t0 = Temperature threshold of development, in degree centigrade. 
                 K = Thermal units (degree –days). 

The developmental threshold value that has been estimated after 
constant temperature experiment carried out before. Where the zero 
development (t0) was  5.2     ºC for P. operculella  generation .Hereinafter, 
the following formula was used for computing the heat units (DD) according 
to Richmond et al .,(1983): 
H =  HJ 
H = Number of accumulated heat units to emergence. 
HJ = (Max.+Min.)/3-C,if max.>C&min.>C. 
= (max.-C)2/2(max.-min.).if max >C&min.<C 
= 0 if max. <C&min.<C  
C = Threshold temperature. 

 
RESULTS AND DISCUSSION 

 
Data obtained in Tables (1and 2) showed that the incubation period 

of Phthorimaea operculella at 30°C was 3.45±0. 7 days; being insignificantly 
shorter than those at 20 and 25 °C (7.6±0.65and 4.2±0.5) respectively 
(<P0.05).  

The duration of larval stage was also affected with the different 
degree of temperature.  whereas, the duration of the larval stage was 
32.6±2.9, 23.5±2.7and 7.9±1.96 at 20, 25, 30°C respectively, being 
insignificantly different from each other (P<0.05) (Table 1). From the 
aforementioned results, it could be concluded that P. operculella stayed 
longer developmental period at 20°C than the other tested temperature (25 & 
30). In three-tested temperature, however, the duration of the developmental 
stages of P. operculella was temperature dependent; i.e., the duration of 
each developmental stage decreased with increasing temperature. 
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Developmental rates and heat summations of P. operculella under 
different constant temperature degrees: 
Egg stage  

As mentioned before, the incubation period of P. operculella was 
markedly affected by temperature variations. The rate of embryo 
development was positively dependent on temperature; i.e. increased with 
increasing of tested temperatures. In this case, the percentage of egg 
hatchability was 75.24, 81.92, and 56.75% at the three tested temperatures 
(Table 1 ) The estimated threshold of egg development (t0) was (8.6°C) 
(Table 3). On the other hand, the average of thermal units or thermal 
summation was (86.64, 68.66 and 74.9 DD’s), respectively, at 20, 25 and 
30°C, with an average (76.81 DD’s) (Table 3). 

 

Table(1): Effect of various temperatures on the developmental periods 
of different stages and hatchability of potato tuber moth P. 
operculella reared on potato cultivar (Diamont) at 70±5% R.H. 
 

Temp. 
Potato 

cultivars 

Incubation 
period of 

eggs (days)  

Larval 
period 
(days)  

Pupal 
period 
(days) 

Total 
developme
ntal period 

(days)  

Adult 
longevity 

(days)  
Hatching%  

30◦C 

D
ia

m
o

n
t 

3.45 
±0.71 

7.89* 
±1.96 

7.82 
±0.5 

19.2* 
±0.98 

5.7 
±1.2 

75.24 

25◦C 
4.2* 

±0.53 
23.5* 
±2.73 

9.23* 
±0.69 

36.9* 
±1.4 

10.7 
±1.4 

81.92 

20◦C 
7.6 

±0.65 
32.6 
±2.93 

14.2** 
±0.28 

54.4** 
±1.3 

13.7 
±0.85 

56.75 

LSD 0.01  2.429 2.412 1.53 4.96 2  

 
Table (2): 

 
Effect of different temperatures on the longevity and number 
of eggs laid per female of, P. operculella reared on two potato 
cultivar (Diamont) at 70±5% R.H. 

Temp. 
Potato 
cultivars 

Pre-
oviposition 

period (days)  

Oviposition 
period (days) 

Post-
oviposition 

period (days) 

Female 
longevity 

(days)  

No. of eggs 
laid/female  

30◦C 

D
ia

m
o

n
t 

2.1 
±0.4 

2.4 
±0.23 

1.2 
±0.59 

5.7 
±1.2 

84.7* 
±7.6 

25◦C 
2.8 

±0.53 
6.3* 

±0.57 
1.6 

±0.03 
10.7 
±1.4 

142.1** 
±12.9 

20◦C 
3.6 

±0.19 
8.0* 
±0.5 

2.1 
±0.16 

13.7 
±0.85 

121.9* 
±15.3 

LSD 0.01   1.146   12.033 

 
Table (3): Rate of development, threshold of development (t0) and 

thermal units (DD’s) of eggs of P. operculella at constant 
temperatures 

 
Temperatures 

 

Incubation 
period of eggs 

(days) 

Rate of 
development

% 

Threshold of 
development 

(tо) 

Thermal 
units 
(DD) 

Hatchability% 

20◦C 7.6±65 13.2 

8.6 

86.64 56.8   

25◦C 4.2±0.5 23.8 68.66 81.9 

30◦C 3.5±0.7 29.0 74.9 75.2 

Average - - 76.81 - 



Abd El-Wahab, Horia A. et al. 

 2194 

The larval stage  
 Larvae of P. operculella passed through three larval instars. The 
larval duration was shortened with the increase of temperature (Table 1). 
Hence, the developmental rate of larvae increased as the temperature 
increase  from 20 to 30oC. 

 The threshold of larval development (t0) was estimated as (5.8oC) and 
the thermal units were (462.92, 451.2 and 191.2 DD’s, respectively, at 20, 25 
and 30°C (Table 4) with an average of 368.43 DD’s.    

 
Table (4):Larval development, pupation, threshold of development (t0) 

and thermal units (DD’s) of larvae of P. operculella at constant 
temperature 

 
The pupal stage 

As other developmental stages, the duration of the pupal stage 
decreased with temperature increase; while the rate of development was 
retarded at lower temperature. 

For P. operculella, the estimated threshold of pupal development (t0) 
was 10.03°C . The thermal units were   (141.6., 138.2 and 156.2 DD’s) at 20, 
25 and 30°C; with an average of 145.3 DD’s (Table 5). Adult emergence was 
highest (65.5%) at 25°C and decreased to reach 48.8 % at 20°C (Table 5). 
 

Table (5): Pupal development, adult emergence, threshold of 
development (t0) and thermal units (DD’s) of pupae of P. 
operculella at different constant temperatures  

 

Temperature 
 

Mean Pupal 
period± S.E. 

(days) 

Rate of 
development 

(%) 

Mean of adult 
emergence 

(%) 

0t 
C)o( 

Thermal 
units 

(DD’s) 

20◦C 14.2±0.28 7.04 48.8 

 
10.03 

141.6 

25◦C 9.23±0.69 10.86 65.5 138.2 

30◦C 7.82±0.5 12.82 61.5 156.2 

Average - - - 145.3 
 

Longevity: 
As in case of each developmental stage of P. operculella, the duration 

of Longevity decreased with increasing temperatures from 20 to 30°C. The 
development rates on the other hand increased with increasing of tested 
temperatures (Table 5). The estimated threshold of development differed in 
the three localities, being 4.6°C .  The thermal units for the Longevity as a 
whole also varied at the three tested temperatures, being 211, 218.3 and 
144.8 at 20, 25 and 30°C with an average 191.4 DDs  (Table 6). 

Temperature 
 

Mean of larval 
duration± S.E. 

(days) 

Rate of 
development 

(%) 

Mean of 
pupation 

(%) 

0t 
C )o ( 

Thermal units 
(DD’s) 

20◦C 32.6±2.9 3.1 550.9 

 
5.8 

462.9 

25◦C 23.5±2.7 4.25 487.6 451.2 

30◦C 7.89±1.96 12.65 215.8 191.2 

Average   418.1 368.43 
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Table (6): Longevity development, threshold of development (t0) and 
thermal units (DD’s) of P. operculella at different constant 
temperatures  

 
Temperature 

 

Longevity (days) 
(Mean±SE) 

Rate of  
development 

(%) 

Zero of 
development 

(oC) 
DD’s 

20◦C 13.7±0.85 7.3 

4.6 

211.0 

25◦C 10.7±1.4 9.3 218.3 

30◦C 5.7±1.2 17.5 144.8 

Average   191.4 

 
   The duration of total development and generation decreased with 

increasing temperatures from 20 to 30°C. The development rates on the 
other hand increased with increasing of tested temperatures, the estimated 
threshold of development differed in the three localities, being 4.8 and 5.2 
The thermal units for the total development and generation as a whole also 
varied at the three tested temperatures, being 821.4, 741.7&481.9 and852.6 , 
782.1 &526.1at 20, 25 and 30°C with an average 681.6 and720.2 DDs  
(Tables 7 and 8). 

In the present study, an explanation for variation in the number of 
annual generations was given here in for the first time on the basis of 
available data and calculated degree-days required for insect 
development.Similarly,the expected number of annual generation could be 
predicted by determining the date ate which 792 dd s have been accumulated 
at the beginning of spring. Sevacherian (1977), and   Johnson et al.(1979) 
developed similar degree-day systems for predicting the need for and timing  
of insecticide application for different insect species. 

 
Table (7): Total development, threshold of development (t0) and thermal  

units (DD’s) of P. operculella at different  constant 
temperatures . 

 
Temperature 

 

Total development 
(days) 

(Mean±SE) 

Rate of  
development 

(%) 

Zero of 
development 

(oC) 
DD’s 

20◦C 54.4±1.3 1.8 

4.9 

821.4 

25◦C 36.9±1.2 2.7 741.7 

30◦C 19.2±0.98 5.2 481.9 

Average   681.6 

 
Table (8): Generation development, threshold of development (t0) and 

thermal units (DD’s) of P. operculella at different constant 
temperature. 

 
Temperature 

 

Generation 
development 

(days) (Mean±SE) 

Rate of 
development 

(%) 

Zero of 
development 

(oC) 
DD’s 

20◦C 58.0±1.2 1.7 

5.3 

852.6 

25◦C 39.7±1.4 2.5 782.1 

30◦C 21.3±1.1 4.7 526.1 

Average   720.2 
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حرل وروج اال را ح اال د ااايا حرل ااي    مظااي  د جاايا حرااا ح ث حرريلتاال    حرتااير   
 وحروادحا حرا ح  ل

  وضل مامد حردحلي* و  إل ح  م**   لد حراتيح سعيد  ، او  ل   ي  لد حرو يب*
 حردقي ج زث –م كز حرلاوث حرز ح  ل  –معهد لاوث وقي ل حراليا  *  

 جيمعل قايث حرسو   –ليرع  ش   لك  ل حرع وم حرز ح  ل حرل ئ   **

 مقدمل :
محصول البطاطس أحد المحاصيل الهامة من الناحية الغذائية حيث  يغثغل التيتيثل اليابثد بلثد ال مث  
والذية والأيز والتيتيل الأول فى إنتاج الطاقة والثاني فى إنتاج البيوتينثا  بلثد فثول الصثويا وتب ث  

دولثة تنثت   541م يثون فثدانا فثى أ ثثي مثن  24صثول حثوالي المساحة المنزيعة عالميا من هذا المح
م يثثون طثثن بطثثاطسف أمثا فثثى صمهوييثثة مصثثي الليبيثة فالبطثثاطس هثثي أحثثد محاصثثيل  412حثوالي 

الخضي الهامة التي تنتغي زياعتها تح  ظيوف بيئية متباينة حي  يزيع منها سنويا ما ي ثيل ع ثى 
ول بين محاصثيل الخضثي التصثدييية حيث  ايت ثد ألف فدانا سنويا وتحتل البطاطس المي ز الأ 422

 232متوسط  ميا  البطاطس المصدية إلى بلض دول الإتحاد الأويبي والدول الليبية إلى حثوالي 
  صم من البطاطس سنويا.  41ـ  42ألف طن ويب   متوسط استهلاك ال يد فى مصي حوالي 

لح اي والدودة ال ايضة والصلل ذو مثل:ايتليض محصول البطاطس للاصابة باللديد من الحغيا  و
الظهي الصامد ومن الخوخ ودودة ويق ال طن وح اي سثاق الباذنصثان والصثا سثيد طنطاطثا  الأوياق  
والذبابثثة البيضثثاا و اللن بثثو  الأحمثثي وتلتبثثي دودة دينثثا  البطثثاطس أهثثم  فثثة تصثثيل المصمثثوع 

 الخضيي والدينا .

 .وتحديد ميلاد م افحة الحغيةالتنبؤ بأصيال الحغية  -:م ك ل حرلاث

  للاطثثواي المخت  ثثش لحغثثية فياغثثة دينثثا  t0حسثثال الحثثد الحثثيج ل نمثثو ط -:حرهاادم مااب حرلاااث

الللاقثثثة بثثثين ديصثثثة الحثثثياية وسثثثيعة  البطثثثاطس طصثثث ي النمثثثو  وحسثثثال الوحثثثدا  الحياييثثثة و
 وتحديد الصيل.النمو

 حرم خص

هثد بحثو  وقايثة النباتثا  بالثدقى . تم  هذه الدياسة فى ململ قسم بحثو   فثا  الخضثي بمل
البيولوصية المخت  ة لاطواي فياغة  مظاهيم ع ى ال º 41، 32، 42تأثيي ثلا  ديصا  حياية وهى 

ية ا حغثثية  ام ثثة  وقثثد اسثثتخدم  مصمثثوع ديصثثا  الحثثي -عثثذاي -ييقثثة-دينثثا  البطثثاطس طبثثيض
تلثين ملثدل  .ملثدل النمثولتحديد الللاقة بين ديصا  الحثياية و   Thermal summationال لالة

النمو ل ل طوي من أطواي الحغية. حسال ص ي النمو البيولثوصى ل ثل الاطثواي وايضثا الصيثل حيث  
غ ثثى التثثوالى.  Longevityل ثثل مثثن البثثيض والييقثثا  واللثثذاي  و 6,2و23,52، 8,1، 6,8 ب ثث  

وحثدة    7 84 ,5يحتثاج الثى م 3,1ºوصد أن ص ي النمو البيولوصى ل ياغة دينثا  البطثاطس وهثى 
 حيايية
  للاطثواي المخت  ثش لحغثية فياغثة دينثا  t0حسال الحثد الحثيج ل نمثو طإلي  هدف البح يو

الللاقة بين ديصة الحياية وسيعة النمووتحديد  البطاطس طص ي النمو  وحسال الوحدا  الحيايية و
 الصيل.

 
 
 


