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Six named potato cultivars were compared for degree of tuber infestation by potato tuber moth, 
Phthorimaea operculella Ziller in two seasons trials. A statistical study of correlation and multivariate 
analysis on the susceptibility of six cultivars of potato harvested in Egypt was carried out to establish the 
relationships between the physic-chemical compounds of crust and varieties susceptibility to potato 
tuber moth. The main characters studied were tuber crust colours; number and depth of eyes and some 
agricultural practices were evaluated. Differences occurred between cultivars in the mechanical 
resistance of the crust of tubers to puncture and in the number of eyes per tuber. When cultivars were 
ranked according to percentage of infestations, there was close correlation with ranking based on the 
degree of infestation in the field. Agriculture at a depth of 30 cm delay and reduce the proportion of 
tubers infestation, ( Cara after 51.0 and 49.0 days, Hermis 47.0 and 51.0 days, Sponta 44.0 and 49.0 
days, Nicola 43.0 and 49.0 days, Lady Rosetta 41.0 and 39.0 days and finally Diamonda 41.0and 49.0 
days, season 2016 and season 2017, respectively ). These important results in the study can be 
summarized according to sensitivity and the beginning of tuber infestation ascending: Lady Rosetta 
(43.75 days); Nicola (51.95 days); Hermis (56.4 days); Diamonda (63.75 days) and Sponta and Cara 
(65.75 days) season, 2017. Otherwise, the sensitivity of different varieties is as follow season, 2016 
Lady-Rosetta (42.0 days); Hermis (51.0 days); Nicola (55.5days); Diamonda (61.0 days); Cara (63.5 
days) and Sponta (66.5days). It was revealed that, the less preference varieties for adults are Sponta, 
Cara and Diamond, (66.5 and 65.75 days; 63.5 and 65.75 days and 61.0 and 63.75 days, season 2016 
and season 2017, respectively. The tuber crust colour, the number and depth eyes, the early types of 
maturing and the dryness of the soil are important factors in determining the rate of infections among the 
tested varieties. 
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INTRODUCTION 

The potato belongs to the plant species and it 
considered one of the most important plants and 
herbaceous plant in the home of the original 
South America and ranks fourth in the economic 
in the world. The genetic environmental and 
morphological characteristics of the species affect 

the infestation rates of potato tuber moth.    
The potato tuber moth Phthorimaea 

operculella Zeller, is the most important insect in 
potato field and stores under subtropical warms 
and dry summer conditions. The serious stage 
attack both canopy and tubers in the field and 
infested tubers brought into heaps in not 
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refrigerated, the normal store at open yard in 
villages are the main reason for the subsequent 
rapid population build up at ambient temperature 
conditions. Previous studies have shown that the 
development of the P. opeculella damage during 
storage is epidemic and depends on the initial 
infestation level (Von Arx et al., 1987). Hence, 
cultural practices which reduce tuber infestation in 
the field are very important step to a successful 
control during potato storage (Akjade et al., 1970); 
(Shelton and Wyman, 1979 a, b); (Salem et al., 
2009). In developing countries some farmers 
cannot afford to increase the cost of storing 
potatoes in refrigerators (4 -5 ºC) so the tubers 
often heaped under a tree (Essamete et al., 
1988). The larvae attack both foliage and tubers in 
the field and infested tubers brought into heaps      
(not refrigerated). Differences occurred between 
cultivars in the mechanical resistance of the skin 
of tubers to puncture and in the number of eyes; 
the crust pigments around eyes or in the potato 
crust composition (Mendel 1997); (Ricardo et al., 
2002).  
 
MATERIALS AND METHODS 

Field trials were conducted in 2016 and 2017 
cropping system on special farm at Menoufyia 
Governorate. The soil types are sandy-clay with 
organic matter content. Temperature during the 
experimental seasons ranged between 8-25 ºC 
(from 15th Jan.to 30th May 2016) and from 9-30 ºC 
(from 15th Jan. to 20th May  2017). The field used 
for this experiment was an area of one feddan 
(4200 m2 ). The potato cultivars used are Sponta; 
Nicola; Diamonda; Hermis, Lady Rosetta and 
Cara. The tubers were placed out of the cooling 
depots (4ºC) for two weeks at room temperature 
until the modern growths reached 1cm. The whole 
tubers were planted with a medium size 50-60 
gm. weighting. The distance between two rows is 
about 70 cm apart and the distance between each 
plant is 30 cm. The depths of planting used are 20 
and 30 cm. from the soil surface with a plant 
density of about 6 plants in a 1 m2. The tubers 
were planted on January 15th in both seasons. 
The emergence of germination began to 
appearance at different times by category. 
Inspection of plants began according to category 
at different times (plant length is about 25 cm.) to 
search the beginning of infestation by potato tuber 
moth. The final collection or the harvesting time of 
the yield began after 100 to 130 days according to 
the maturing duration of different potato cultivars. 
After the harvesting of the yield, hundred tubers 
from each variety were counted and inspected by 

hand lens (10 x) to count and recorded the 
number of infested tubers and the number of eyes 
/ one tuber. To determine the beginning of injury 
of the tubers, 20 tubers of each variety especially 
the tubers near the surface of the soil are 
examined and the number of eyes and its depth is 
defined and recorded.     

Follow up in the implementation of the 
research design of random distribution of the total 
and the study included six coefficients and three 
replicates and the total number of plants 180 
plants. The obtained data were subjected to 
regular analysis of variance of randomized 
complete design (RCBD). T test distribution 
outline by     (Gomes and Gomez 1984).    
 
RESULTS 

1- Field evaluation of the target pest 
infestation to different tested varieties as affected 
by agricultural practices 

Each potato variety under investigation is 
characterized by epiphylaxis and endophylaxis 
factors. Thus, the varieties infestations or its 
susceptibility depends upon its characters, 
agricultural practices and environmental 
conditions.  

The present work was carried out in order to 
evaluate such characters under field conditions 
and at the same time, the other factors were 
neglected. The effects of morphological; physical 
and chemical components were studied. The first 
observation and inspection of potato foliage 
indicated that there is some foliage infected when 
high stem is about 30 cm.  

Results presented in (Table 1 seasons 2016 & 
2017) show that the planting depths of the potato 
tubers play a role for the beginning of infestation; 
30 cm depth decrease the beginning of 
infestation. The data of the effectiveness of deep 
plantation on tubers indicated that these was a 
significant differences (P > 0.05) among all tested 
varieties to the number of infested tubers  at 20 
cm depth. The variation between the two 
plantation depth categories varied from one to 
other according to potato varieties, Diamonda, 
Lady Rosetta and Nicola  at 20 cm depth, had 
susceptibility for earlier infestation (  after 31.0 , 
33.0 and 37.0 days and 43.0, 38.0 and 43.0 days  
season 2016 and season 2017, respectively ) 
than the other varieties, Cara, Hermis and Sponta 
which had less susceptibility (late infestation, 
43.0,40.0 and 40.0 days  and 48.0, 44.0 and 45.0 
days season 2016 and season 2017, respectively 
).  
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Table (1): Susceptibility of some potatoes cultivars to potato tuber moth as effected by agricultural practices. 

 

Potatoes 
varieties 

Depth of 
agriculture 

by cm 

Season 2016 Season 2017 
Mean 
No.of 

eyes/tuber 

Seedling appearance 
above soil surface 

(days) 

Main average ±SE 
(days) 

Starting of 
canopy injury 

(days) 

Seedling appearance 
above soil surface 

(days) 

Main average 
±SE (days) 

Starting of 
canopy injury 

(days) 

Sponta 
20.0 20.0-25.0 22.5±0.01 40.0±0.1 19.0-22.0 20.5±0.01 45.0±0.1 

10-12 
30.0 26.0-32.0 29.0±0.02 44.0±0.3 24.0-27 25.5±0.02 49.0±0.3 

Nicola 
20.0 21.0-24.0 22.5±0.03 37.0±0.2 22.0-25.0 23.5±0.02 43.0±0.2 

11-13 
30.0 28.0-33.0 30.5±0.01 43.0±0.2 26.0-28.0 27.0±0.04 49.0±0.2 

Diamonda 
20.0 22.0-25.0 23.5±0.02 31.0±0.3 22.0-25.0 23.5±0.03 43.0±0.1 

10-13 
30.0 35.0-37.0 36.0±0.01 41.0±0.4 25.0-28.0 26.5±0.02 49.0±0.09 

Hermis 
20.0 30.0-33.0 31.5±0.01 40.0±0.4 30.0-33.0 31.5±0.03 44.0±0.5 

10-11 
30.0 35.0-39.0 37.0±0.03 47.0±0.2 35.0-37.0 36.5±0.01 51.0±0.2 

Lady 
Rosetta 

20.0 25.0-27.0 26.0±0.01 33.0±0.1 24.0-26.0 25.0±0.02 38.0±0.2 
8 -11 

30.0 30.0-33.0 31.5±0.02 41.0±0.3 31.0-34.0 32.5±0.04 39.0±0.4 

Cara 
20.0 35.0-38.0 36.5±0.01 43.0±0.3 32.0-33.0 32.5±0.03 48.0±0.6 

11-13 
30.0 39.0-43.0 41.0±0.03 51.0±0.3 37.0-40.0 38.5±0.04 49.0±0.3 

 
 

Table (2): Ovipositional preference of PTM on tubers to different potato cultivars under field conditions. 

Potatoes 
varieties 

Depth of 
Agricultur

e 
by cm. 

Season 2016 Season 2017 

Seedling 
appearance

/ 
days± SE. 

Plant height 
at injury by 

cm.±SE. 

Starting of 
tuber 
injury 

/ days ± 
SE. 

Main 
Average 
/ days 
± SE. 

Plant 
age at 

harvest 
time 

/  days 

Seedling 
Appearance 

/days 
± SE. 

Plant 
height 

At 
injury by 
cm.± SE. 

Starting of 
tuber 
injury 
/days 
± SE. 

Main 
average 
/ days 
±SE. 

Plant 
age at 

harvest 
time 

/ days 

Sponta 
20.0 20.2±0.02 25.5±0.05 65.0±0.03 

66.5±0.01 95.0 
19.1±0.01 19.7±0.04 64.7±0.04 

65.75±0.01 103.0 
30.0 25.6±0.03 22.0±0.03 68.0±0.01 24.7±0.04 24.5±0.04 66.8±0.02 

Nicola 
20.0 21.3±0.05 20.3±0.03 53.0±0.05 

55.5±0.01 120.0 
22.3±0.03 22.5±0.06 50.2±0.01 

51.95±0.03 117.0 
30.0 28.8±0.04 19.4±0.09 58.0±0.02 26.9±0.05 26.4±0.03 53.7±0.03 

Diamonda 
20.0 22.1±0.05 23.4±0.07 60.0±0.04 

61.0±0.03 125.0 
22.4±0.04 22.7±0.05 62.3±0.06 

63.75±0.02 133.0 
30.0 25.0±0.04 20.8±0.02 62.0±0.06 25.3±0.06 25.3±0.04 65.2±0.04 

Hermis 
20.0 30.5±0.04 28.4±0.04 50.0±0.01 

51.0±0.02 135.0 
30.5±0.05 30.2±0.07 55.1±0.05 

56.4±0.01 124.0 
30.0 25.2±0.07 25.7±0.05 52.0±0.04 35.1±0.04 33.4±0.07 57.7±0.01 

Lady 
Rosetta 

20.0 30.4±0.04 19.9±0.04 41.0±0.06 
42.0±0.02 110.0 

24.3±0.03 24.8±0.05 42.3±0.05 
43.75±0.02 115.0 

30.0 35.0±0.04 21.9±0.03 43.0±0.03 31.7±0.04 27.3±0.06 45.2±0.07 

Cara 
20.0 35.3±0.04 25.8±0.03 61.0±0.07 

63.5±0.01 145.0 
32.6±0.03 30.2±0.07 62.3±0.04 

65.75±0.01 138.0 
30.0 39.1±0.05 23.7±0.04 66.0±0.02 37.3±0.07 35.4±0.03 69.2±0.07 
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On the other hand, agriculture at a depth of 30 
cm delay and reduce the proportion of tubers 
infestation, ( Cara after 51.0 and 49.0 days, 
Hermis 47.0 and 51.0 days, Sponta 44.0 and 49.0 
days, Nicola 43.0 and 49.0 days, Lady Rosetta 
41.0 and 39.0 days and finally Diamonda 41.0and 
49.0 days, season 2016 and season 2017, 
respectively ). Actually, negative correlation 
between planting depth and tuber infestations.  

Generally, the appearance of potato plants 
after cultivation depends upon environmental 
conditions, plantation depth and potato varieties. 
The data recorded during the two experimental 
seasons Table 1 was equal with some exception 
due to the variation of environmental conditions 
during the two seasons (2016, Temperatures 
ranged, 8-25 ºC and 2017, Temperatures ranged, 
9-30 ºC).  

2- Ovipositional preference  
 Results presented in Table 2 show the role of 

crust chemical contents of the different potato 
varieties in the preference of the PTM females to 
the tuber eyes for laying eggs. The data observed 
after inspection of tubers, indicated that there was 
a significant difference       (P > 0.05) among 
some varieties according to the fakes of larval 
penetrate the tuber eyes. Generally, at all 
probability for the differentiation, there are 
correlation between the percentage of tuber 
infestations and plant age, plantation depth, 
canopy size and the number of eyes /one tuber 
and its texture. From the aforementioned 
investigation, it was revealed that, the less 
preference varieties for adults are Sponta, Cara 
and Diamond, (66.5 and 65.75 days, 63.5 and 
65.75 days and 61.0 and 63.75 days, season 
2016 and season 2017, respectively. Also plant 
age at harvest time / days are ( 95.0 and 103.0 
days , 145.0 and 138.0 days and 125.0 and 133.0 
days, season 2016 and season 2017, 
respectively. While, Lady Rosetta, Hermis and  
Nicola are the most preference varieties for adults 
Oviposition,      ( 42.0 and 43.75 days, 51.0 and 
56.4 days and 55.5 and 51.95 days, season 2016 
and season 2017, respectively, at the two deep 
surface of plantations tested. Also plant age at 
harvest time / days are (110.0 and 115.0 days, 
135.0 and 124.0 days and 120.0 and 117.0 days, 
season 2016 and season 2017, respectively. 
These observations may be related to external 
protection agencies, this finding supported by the 
finding by (Mumford 1931). In this respect, 
(Fenemore 1978) confirmed the role of the 
surface texture of potato varieties in preference or 

determining the ovipositional behaviour (suitable 
substrate). From these results, it can conclude 
that the difference between varieties may be 
related to the peel of the tuber (barrier) when 
larvae try penetrating the peel (Fenemore 1980). 
Also, level of sugar glycol and amino acid 
contents in the tubers play a role in this case. 
(Yathon,1968). 

Finally, these important results in the study 
(Table 2) can be summarized according to 
sensitivity and the beginning of tuber infestation 
ascending: Lady Rosetta (43.75 days); Nicola 
(51.95 days); Hermis (56.4 days); Diamonda             
( 63.75 days) and Sponta and Cara (65.75 days) 
season, 2017. Otherwise, the sensitivity of 
different varieties is as follow season, 2016 Lady-
Rosetta (42.0 days); Hermis (51.0 days); Nicola 
(55.5days); Diamonda (61.0 days); Cara (63.5 
days) and Sponta (66.5days). 

 
DISCUSSION 
      The field trial conducted in both seasons 
(2016 & 2017) clearly indicated significant 
differences between potato cultivars in degree of 
tuber infestation. A curious feature of this study 
was that the foliage received the first infestation 
by potato tuber moth larvae. In other side, 
suggesting that odour differences were involved, 
odour may be also had a role in preferences 
between tubers, but would have been complicated 
by differences in surface texture. The deep 
surface of plantations of the eyes (deep or 
surface), which allow to keep eggs from being 
exposed to adverse environmental conditions and 
the nature of the skin in their immediate vicinity 
may be important factors (Nasr, 2014). Another 
factors such as phenolic compounds, 
phytoalexins, protease inhibitors and 
glycolalkaloids as a protection against the target 
pest, need to more studies (Mendel 1997). Tuber 
infestation can also be reduced by harvesting the 
potato crop as early as possible and by using cut 
seed tubers (Von Arx et al., 1990; Salem et al., 
2009). During the formation of tubers, the soil 
surface should not be left to dry, so that the tubers 
are not attacked to females of the target pest and 
to protect the tubers from the sun. The study 
proved several important observations in the 
selection of cultivars, there is an inverse 
relationship between the tubers skin texture and 
the incidence of the lesion, Hermis is considered 
to be one of the most common types of coarse 
texture. There is positive relationship between the 
size of the tubers and the infection rates, where 
the infection rate increases as the size of the 



Salem  et al,                  Role of physic-chemical contents in tuber crust on protection 

 

                                               Bioscience Research, 2018 volume 15(4): 2938-2943                                             2942 

 

tubers increases. This is due to the large size of 
the tubers leading to the rupture of the soil, but 
the relationship between the size of the tubers 
and the number of eyes is inverse. Therefore, the 
number of eyes in the Sponta cultivar is lower 
than the other varieties in the unit area. Therefore, 
cultivars Sponta verity is preferred at the depth of 
30 cm so as not to be infected. 
 
CONCLUSION 

There is positive relationship between the size 
of the tubers and the infection rates, where the 
infection rate increases as the size of the tubers 
increases. This is due to the large size of the 
tubers leading to the rupture of the soil, but the 
relationship between the size of the tubers and 
the number of eyes is inverse. Therefore, the 
number of eyes in the Sponta cultivar is lower 
than the other varieties in the unit area. Therefore, 
cultivars Sponta verity is preferred at the depth of 
30 cm so as not to be infected.  
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