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Abstract 

Life table studies for potato tuber moth, Phthorimaea operculella (Zeller) were 

carried out to compare an artificial medium to potato tubers, Solanum tuberosum 

L. for rearing Ph. operculella larvae. The calculated biological parameters were: 

Net reproductive rate of increase (R0), Generation time (Gt), Intrinsic rate of 

increase (rm), Finite rate of increase (λ) and Population doubling time (Dt). The 

obtained results indicated that potato tubers proved to be more favorable for 

achieving the highest developmental and multiplication rates of Ph. operculella, 

than artificial diet. The natural mortality figures; Apparent Mortality (AM), Real 

Mortality (RM) and Indispensable Mortality (IM) for larvae reared on potato 

tubers were 46.77, 29 and 20.21%, respectively. Meanwhile, the highest 

mortality rates were 51.72, 30 and 19.29% when larvae were fed on artificial diet.  

It is quite worth to mention out here that potato tubers are more attractive feeding 

source than artificial diet for rearing Ph. operculella for research purposes.  

Keywords: Potato tuber moth, Phthorimaea operculella, Life table, Artificial 

diet. 

Introduction: 

Potato Solanum tuberosum L., is the most important vegetable crop all-over the world. In terms of global 

production, potato ranks fourth after corn, rice and wheat as a food crop. The potato plays a strong role 

in developing countries with its ability to provide nutritious food for the poor and hungry people. The 

demand for potato is growing as both fresh and processed food (Flanders et al., 1999); Omar et al., (2011) 

and Abdallah et al., (2012). 

The potato tuber moth (PTM), Phthorimaea operculella (Zeller) (Lepidoptera: Gelechiidae), is the most 

damaging pest of potato under warm and dry environments of field and stores. (Radcliffe 1982; Fenemore 

1988; Westedt et al., 1998; El-Aw et al., 2005; Gomaa et al., 2005; Visser 2005; Malakar and Tingey 

2006; Patricia et al., 2009). Larvae cause defoliation by mining mesophyll layers in the leaves or by 

tunneling through tubers. Damage occurs principally in storerooms, where previously-infested tubers 

engender continuous generations of Ph. operculella and damage un infested potatoes in storage. In the 

field, larvae feed on both the potato foliage and the tuber, reducing the quality of production and 

increasing the risk of pathogen infection (Trivedi and Rajagopal, 1992; Ferro and Boiteau, 1993; 

Sporleder et al., 2008; Rondon, 2010; Rivera 2011; Al saooud et al., 2017) 
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The construction and analysis of age-specific life tables are powerful and necessary tools in measuring 

population growth capacity and understanding the effect of external factors and host plants on the 

dynamics, growth, survival, reproduction and intrinsic rate of increase of a species population under 

specified conditions  (Southwood and Henderson, 2000; Chi and Su, 2006; Bajonero and Parra, 2017). 

In applied entomology, life tables are most commonly used and the estimated parameters, are crucial for 

studying population dynamics and for establishing management tactics for pest control. life tables 

synthesize data on reproduction and mortality of a population thus may be used to evaluate the food 

suitability for insects. (Royama, 1981; Carey, 1989, 1993; Buonaccorsi and Elkinton, 1990; Van 

Driesche et al., 1991; Bellows et al., 1992; Maya et al., 2000; Peterson et al., 2009; Golizadeh and 

Razmjou, 2010; Abdallah et al., 2012; Ibrahim et al., 2013)  

The artificial medium is useful for maintaining potato tuber moth cultures round the year and also it can 

be used for determining the effectiveness of insecticidal agents by incorporating them into such mediums. 

Possibility of homogenous mixing of test compounds in artificial medium ensures better and accurate 

information on lethal concentrations (LC) as compared to the conventional methods, in which the test 

substances are applied to leaves and tubers. There are few reports on rearing of PTM on artificial or semi-

artificial diet (Broodryk, 1971; Singh, 1974; Meisner et al., 1974 a, b; Singh and Charles, 1977; Sharaby 

and Saleh, 1985; Gleave et al., 1998; Badegana and Ngameni, 2000; Kashyab et al., 2008). However, a 

little attention has been paid to the mediums and nutrition of either larvae or adults (Singh and Charles, 

1977). Because the growth and development of insects are affected by their host plants and various 

abiotic factors, an ecologically-based pest management program for Ph. operculella requires life tables 

constructed under different conditions and using different food sources (Jha et al., 2012). So, it is crucial 

to study life tables to obtain comprehensive, precise, and meaningful analytical results. The present 

research aims to compare life tables for potato tuber moth reared on both potato tubers and artificial 

medium.  

Materials and Methods:  

1- Insect rearing techniques. 

Naturally infested potato tubers were collected from potato fields of Qalyubyia Governorate in Egypt, at 

harvest of potato yield in 2009 season. The infested potato tubers were medium sized and supplied with 

sound tubers and a 5 cm layer of wood sawdust to help successful pupation. Theses tubers were placed 

in wire gauze wooden rearing cages measuring 40 x 40 x 40 cm. The culture was maintained at laboratory 

conditions of 27± 2ºC and 60±5% R.H. and a light regime of approximately 12h daily light periodicity 

at the laboratory of insects in Agriculture college of Ain Shams University, Egypt. The front of the 

rearing cage which served as a door for inserting selected tubers was provided with cloth sleeves to 

facilitate daily examination; i.e. counting emerged moths and preventing their escape.  

The newly emerged moths were collected by means of vacuum suction equipment.  Moths were then 

sexed and grouped, in 10 couples (5♂+ 5♀) each in an oviposition cage consisting of a glass chimney 

measuring 17cm in depth and 7- 8.5 cm in diameter. The lower rim which rested on the bottom of a Petri-

dish was lined with a disc of filter paper. The upper rim was covered with black muslin-upon which most 

of eggs are laid - fixed with a rubber band. Pieces of cotton stalks 6 cm in length soaked in 10% honey 

solution were supplied for moth feeding and were changed when needed. Deposited eggs were collected 

daily from the oviposition cages and kept in large test tubes covered with pieces of cotton. Daily 

examinations were carried out until adult emergence. Cages were cleaned and sterilized, saw dust was 
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changed biweekly. 

2- Artificial medium preparation: 

A simple recommended artificial medium was made to facilitate mass- rearing of potato tuber moth with 

a minimum expenditure of time and money. The artificial medium consists of the following materials: 

*600 ml water and 48 g of agar as luting components. 

*860 g of soaked seeds of bean, 128 g of dried brewer yeast and 11 g of ascorbic acid as nourishing 

components. 

*5.5 ml methyl Þ-hydroxybenzoate, 5.5 g of sorbic acid and 17 ml formaldehyde 40 % as antimicrobial 

agents. 

The medium ingredients were blended with 1/2 of the total amount of water. Agar slides was separately 

dissolved in the remaining water at 100ºC. The agar solution was cooled to less than 70ºC and then mixed 

with the other blended ingredients. This artificial medium was left and used after 24 hours. This method 

was worked out according to Shorey and Hale, (1965).  

3- Life table studies:    

This experiment was conducted under controlled conditions of 25±2°C and 60±5% R.H. An equal weight 

of potato and artificial medium were prepared for this experiment. Potato tubers were put in plastic cups 

measuring 10x7cm. One hundred newly deposited eggs were transferred gently by a fine brush in access 

to potato tubers. The plastic cups were covered with muslin by rubber band to prevent larvae from 

escaping. 

The artificial medium was distributed in 100 test tubes each measuring 10 x 2 cm filled up to about 1/3 

of its volume by a compressor. Only one egg was transferred for each tube gently by a fine brush. The 

tubes were covered with a piece of cotton to prevent larvae from escaping. 

Newly formed pupae were transferred to a glass test tube covered with cotton till moth emergence. The 

newly emerged adults were sexed and transferred on the same day of emergence to an ovipositor glass 

chimney cage (♂+♀) in each cage which was covered with muslin and provided with piece of cotton 

soaked in 10 % honey solution for feeding of moths.  

Daily examinations were carried out and the following biological aspects were measured; egg and larval 

duration and mortality, percentage of pupation, duration of pupal stage, percentage of adult emergence, 

adult longevity, female relative fecundity and specific fertility rates.  

4 - Construction of life table data figures and estimating life table parameters. 

Data obtained for evaluating the effect of the food type on Ph. operculella survivors were used for 

constructing life tables according to Anderwartha and Brich (1984) (Table 1).  

5- The mortality data figures were estimated through the following: 

*Apparent mortality (AM %) = (Dx1/Lx1) x 100, (Dx2 /Lx1) x 100 

 *Real mortality (RM %) = (Dx1/Lx1) x 100, (Dx2 /Lx2) x 100 

* Indispensable mortality (IM %): this is that part of generation mortality that would not occur, should 

the mortality factor in question be removed from the life system. Where: (Lx) age specific survival rate, 

(Dx) number of dead individuals during the age interval (x) Ibrahim, (2000). 

 

 

 

 



 

Youssef – Syrian Journal of Agricultural Research – SJAR 6(4): 538-548 December 2019 
 

 2019  ديسيمبر/ كانون األول 548-538(:  4) 6الزراعية  السورية للبحوث  المجلة  –  يوسف 541

Table 1. Age specific life table data figures expressed as definitions and corresponded formulae. 

Symbol Definitions Formula 

X Age (in days) ------------------------ 

Lx Probability of an individual surviving to age x. ------------------------ 

Mx Reproductive expectation of a female at age x. ------------------------ 

R0   
Net reproductive rate, number of daughters that replace an 

average female in course of a generation. 
R0 = ∑ Lx Mx 

Gt 

Mean generation time, mean of the period over which 

progeny are produced. 

 

Gt = (∑x Lx Mx)/R0 

 

rm 
Intrinsic rate of increase, number of progeny produced per 

unit time 
rm = (log eR0)/Gt 

λ 
Finite rate of increase, number of times a population 

double itself in unit time. 
λ      = erm 

Dt    Doubling time. Dt = (log e2)/rm 

Results and Discussion: 

a- Survival and fecundity rates  

Data presented in Tables (2 and 3) show the life table constructed for testing the effect of medium type 

on the different age classes and age structure of potato tuber moth. Larvae were fed on potato tubers and 

artificial medium. The careful examination of these data reveals the strong effect of food type on the 

development of larvae (Figs. 1 and 2). Data in Table (2) demonstrate the shortest duration of females 

resulted from larvae fed on potato tubers (16 days). Age-specific and fecundity rates were 130 

eggs/female. Immature stages completed 28 days. Oviposition period started 3 days after female 

emergence and lasted for 10 days; while the post-oviposition period lasted for 3 days. Net reproductive 

rate was 10.087 eggs/female. Mean duration of generation was 34.61 days. The total generation duration 

was 44 days.     

Data in Table (3) reveal that the longevity duration of female moths emerging from larvae fed on artificial 

diet was (14 days), age-specific fecundity rate was 53.7 eggs/female. Immature stages completed 39 

days. Oviposition period started 4 days after female emergence, and lasts for 8 days while the post-

oviposition period lasted for 2 days. Net reproductive rate was 2.24 eggs/ female. Mean duration of one 

generation was 55.973 days. The total generation duration was 53 days.     
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Table 2. Life table parameters expressed as number of survivors (Lx) and fecundity rates (Mx) of Ph. 

operculella when larvae were fed on potato tubers at (25±2ºC and 55-60% R.H.) 

 

Stage 

Age (days) 

X 

No. of 

observation 

Survivorship 

Lx 

Fecundity 

Mx 
LxMx LxMxX 

Eggs 

Larvae 

Pupae 

Females 

 

4 

15 

9 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

100 

62 

33 

12 

12 

12 

10 

10 

9 

8 

7 

5 

4 

3 

3 

2 

1 

1 

1 

1.00 

0.62 

0.33 

0.12 

0.12 

0.12 

0.10 

0.10 

0.09 

0.08 

0.07 

0.05 

0.04 

0.03 

0.03 

0.02 

0.01 

0.01 

0.01 

 

 

 

0 

0 

0 

4.5 

17.5 

35.0 

30.0 

15.0 

20.0 

5.0 

1.5 

0.9 

0.5 

0 

0 

0 

 

 

 

0 

0 

0 

0.45 

1.75 

3.15 

2.40 

1.05 

1.005 

0.2 

0.045 

0.027 

0.01 

0 

0 

0 

 

 

 

0 

0 

0 

14.4 

57.75 

107.1 

84.0 

37.8 

37.19 

7.6 

1.76 

1.08 

0.41 

0 

0 

0 

Total     130 R0 = 10.09 349.08 
Gt = 349.08/10.09 = 34.607   

Table 3. Life table parameters expressed as number of survivors (Lx) fecundity rates (Mx) of Ph. 

operculella when larvae were fed on recommended artificial diet at 25±2ºC and 55-60% R.H. 

 

Stage 

Age 

(days) 

X 

No. of 

observation 

Survivorship 

Lx 

Fecundity 

Mx 
Lx Mx Lx MxX 

Eggs 

Larvae 

Pupae 

Females 

 

4 

23 

12 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

100 

58 

28 

10 

10 

10 

9 

7 

6 

6 

5 

3 

2 

2 

1 

1 

1 

1.00 

0.58 

0.28 

0.10 

0.10 

0.10 

0.09 

0.07 

0.06 

0.06 

0.05 

0.03 

0.02 

0.02 

0.01 

0.01 

0.01 

 

 

 

0 

0 

0 

0 

8.0 

15.0 

9.8 

7.5 

6.3 

4.4 

2.1 

0.6 

0 

0 

 

 

 

0 

0 

0 

0 

0.06 

0.90 

0.59 

0.38 

0.19 

0.09 

0.04 

0.006 

0 

0 

 

 

 

0 

0 

0 

0 

24.64 

40.5 

27.05 

17.63 

9.07 

4.31 

2.10 

0.31 

0 

0 

Total  

 
   53.7 R0 = 2.24 125.60 

Gt = 125.603/2.244 = 55.973 
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Fig. 1. The fluctuations in the age-specific survival rates (Lx) of Ph. operculella adult females 

resulted from larvae fed on two different food sources. 

 

Fig. 2. Age-specific rate (Mx) of Ph. operculella adult females obtained from larvae fed on 

two different food sources. 

b) Intrinsic rate of increase(rm): 

The population intrinsic rates (rm) decreased from 0.126 to 0.017 individuals/female/day when larvae 

were fed on potato tubers and artificial diet, respectively. The fore-mentioned results confirm that potato 

tubers demonstrated higher degree of feed sources and preferred by the pest as indicated by R0, Gt and rm 

values (Table 4). 

c) Finite rate of increase (λ): 

The finite rates of increase (λ) were tabulated in Table (4) and it were 1.134 and 1.017 

individuals/female/day for larvae fed on both potato tubers and recommended artificial diet, respectively. 

It is obvious from the obtained data that the highest finite rate of increase (λ) of potato tuber moth was 

obtained for potato tubers thus reveal the most importance of potato tubers as a food. 
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d) Population doubling time (Dt): 

The population of potato tuber moth was able to double every 6.894 and 51.093 days when the larvae 

were feed on potato tubers and artificial diet, respectively.  

Table 4. Life table parameters of Ph. operculella larvae reared on two food sources. 

Food 

source 

Net reproductive 

rate 

(R0) 

Generation 

duration (in 

days) 

(Gt) 

Intrinsic rate 

of increase 

(rm) 

Finite rate 

of increase 

(λ) 

Population 

doubling time 

(Dt) 

Potato tubers 10.087 34.61 0.126 1.134 6.894 

artificial diet 2.244 55.97 0.017 1.017 51.093 

e) Natural mortality analysis  

When the values of different types of natural mortality namely, apparent mortality (AM), real mortality 

(RM), and indispensable mortality (IM) were estimated. Potato tubers tended to harbor the lowest 

percentages of natural mortality expressed as number of deposited eggs throughout one generation thus 

revealing its strong suitability as a food source for feeding. The natural mortality data figures for larvae 

reared on artificial diet were 51.72, 30 and 19.29%, respectively (Table 6).  

The natural mortality data figures for larvae reared on potato tubers were 64.77, 29 and 20.21 (Table 5) 

for AM, RM and IM%, respectively. For pupae similar natural mortality trends were observed when Ph. 

operculella larvae were fed on potato tubers were 30.30, 10 and 10 (Table 5), while the values 35.71, 10 

and 10% were obtained for artificial diet (Table 6).  

It is quite worth to mention out here that potato tubers are considered more attractive feeding source for 

Ph. operculella than artificial diet.  

Table 5. Changes in the natural mortality of the developmental stages of potato tuber moth when larvae 

were fed on potato tubers under 25±2ºC and 55-60% R.H. 

Developmental stage 

Age class Egg  Larvae  Pupae  Adults 

X (0-4)  (5-19)  (20-28)  (29-44) 

Lx 100  62  33  23 

dx  38  29  10  

A.M.% 38  46.77  30.30   

R.M.% 38  29  10   

I.M.% 14.1  20.21  10   

Numbers between parentheses represent the range of duration in days  

Table 6. Changes in the natural mortality of the developmental stages of potato tuber moth when larvae 

were fed on artificial diet under 25±2ºC and 55-60% R.H. 

Developmental stage 

Age class Egg  Larvae  Pupae  Adults  

X (0-4)  (5-27)  (28-39)  (40-53) 

Lx 100  58  28  18 

dx  42  30  10  

A.M.% 42  51.72  35.71   

R.M.% 42  30  10   

I.M.% 13.04  19.29  10   
Numbers between parentheses represent the range of duration in days  

The life table parameters were estimated for potato tuber moth when feeding on artificial medium was 

studied by many investigators such as; Meisner et al., (1974a, b) who studied the phagostimulant effects 
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of sucrose, fructose, and a few amino acids, and the variation in fecundity induced by different food 

plants eaten by larvae. Singh and Charles, (1977), also reared potato tuber moth from egg to adult for 3 

generations on an artificial diet, at 30±2°c with a 16-h photoperiod. They found that the total life cycle 

was completed in 23 days, compared with 18.5 days on potato tubers. Average life cycle data from the 3 

generations reared on diet (with corresponding data from tubers in parentheses) are: larval period, 

13.0(11.8) days; pupal period, 5-6(4-5) days; survival to adult, 76.1(100)%; fecundity, 102(169) eggs/ ; 

pupal wt-  female 8.3(11.4) mg, male 7.7(9.1) mg. Badegana and Nagameni, (2000), reared potato tuber 

moth under laboratory conditions (23 to 27°c, R.H.  80-90%, and 12h photoperiod). The larvae were fed 

with potato flour, aureomycin [chlortetracycline], and vitamin C [ascorbic acid]. The adult food was a 

sugar solution at supplied at different concentrations (8.5, 12.75, 17 and 21.25%). The development cycle 

lasted 23-34 days, egg incubation 4-7 days, larval stage 14-18 days and the hatching rate reached 88.4%. 

The life span of the Ph. operculella females was longer than that of the males. The longest average life 

span of females and males was 10.20 and 6.46 days, respectively, with the 17% sugar solution. Females 

fed with 17% sugar solution laid the most eggs (208). Kashyab et al., (2008), found that potato tuber 

moth completed its life cycle on artificial diet and produced a new generation. Bionomics of potato tuber 

moth, reared on artificial diet, were compared to those reared on potato leaves. The percent survival of 

the larvae on exclusive artificial diet was less (51.2%) than on potato leaves (89.6%). Survival could be 

increased significantly on artificial diet (89.2%) when the neonates were initially reared on potato leaves 

up to first instar and then released on artificial diet for completion of rest of the larval stages. The mean 

durations of different life cycle stages were longer on artificial diet as compared to control reared on 

potato leaves. Numbers of the hatchlings per adult pair per day were greater in control than in artificial 

diet. On the other hand, in similar study; Jha et al., (2012), found that the artificial diet is more suitable 

for the mass rearing of Helicoverpa armigera (Hubner) than hybrid sweet corn (Zea mays L. variety 

saccharate).  

Conclusion: 

The results indicated that reproductive bionomics of PTM was better on potato tubers as compared to 

artificial diet for rearing potato tuber moth for research purposes.  
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 Phthorimaea درنات البطاطا لتربية فراشة درنات البطاطاببيئة  ة البيئة الصناعيةمقارن 
operculella (Zeller)  معايير جداول الحياةعلى باالعتماد 

 ( 1*) غسان يوسف 

 (. المؤسسة العامة إلكثار البذار، حمص، سورية.1)
 (.ghassanyoussef@hotmail.com)*للمراسلة: د. غسان يوسف. البريد اإللكتروني: 

 07/09/2019تاريخ القبول:    21/03/2019تاريخ االستالم: 

 الملخص
في كلية الزراعة بجامعة عين شمس في القاهرة بمصر عام  مخبرية في مخبر الحشرات أجريت تجربة 

لمقارنة   Phthorimaea operculella (Zeller) ل الحياة لفراشة درنات البطاطاجداو لدراسة  2009
على كل   عند تغذية يرقات الحشرةعليها  التربية فراشة درنات البطاط ادرنات البطاطبالبيئة الصناعية 

  (λ)  نهائيوال )mr(  معدلي الزيادة األولي  و   ،(0R)  ظهرت النتائج عند دراسة معدل الزيادة الطبيعيأ  منهما.
لتغذية يرقات فراشة درنات   كثر تفضيلا أهي    اطدرنات البطا  أن t(D  (  معدل التضاعفو   G)t(  مدة الجيلو 

كانت أقل قيم لنسب الموت  عند حساب معدالت الموت الطبيعيبالبيئة الصناعية.  مقارنةا عليها  االبطاط
لكل من النسبة المئوية للموت   ا% عند التربية على درنات البطاط  20.21و  ،29.00  ،46.77  الطبيعي  
على التوالي. بينما كانت أعلى قيم  ( IM )  والموت الجوهري  RM)) الموت الحقيقيو  ، (AM) الظاهري 

 ،الموت الحقيقيو   ،% لكل من النسبة المئوية للموت الظاهري   19.29و  ،30.00و  ،51.72لنسب الموت  
أفضل لتربية مما يؤكد أن درنات البطاطا  .البيئة الصناعيةعند التغذية  ، والموت الجوهري على التوالي

 .من أجل األغراض البحثية مقارنة بالبيئة الصناعية  عليها افراشة درنات البطاط
 .بيئة درنات البطاطا ،البيئة الصناعية ،جداول الحياة ا،فراشة درنات البطاط الكلمات المفتاحية:
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