
June 2019 | Volume 35 | Issue 2 | Page 369

Sarhad Journal of Agriculture

Research Article

Introduction

Potato (Solanum tuberosum L.) of Solanaceae 
family is a major vegetable food crop in Pakistan. 

It contains key nutrients including vitamin C, 
Potassium, carbohydrates and fiber (Weaver and 
Marr, 2013). Potato’s starch consists of amylopectin 
and amylose (Wikman et al., 2013; Bertoft, 2017). A 

small proportion of the starch in potato is resistant 
to enzymatic degradation in the small intestine of 
human promoting food digestion in human body 
(Higgins, 2004). The initial step in characterization 
of resistance is the selection of Antixenosis. 

The attack of many insect pests (e.g. aphids, psyllids 
and potato tuber moth) causes significant production 
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loss to potato crop in Pakistan. The green peach aphid 
[Myzus persicae (Sulzer)] is considered to be the 
most damaging pest to the crop (Meng et al., 2014). 
Widespread distribution of M. persicae in Pakistan and 
Khyber Pakhtunkhwa has previously been reported 
(Khan et al., 2011) and in many other countries 
around the globe (Spooner et al., 2004). Densities and 
population dynamics of M. persicae varies in different 
areas under potato crop in Pakistan mainly due to 
variations in agro-climatic conditions and presence or 
absence of natural enemies of M. persicae (Niaz and 
Ayub, 2007; Sabbaghan and Soleymannejadian, 2007; 
Carlo and Batyr, 2008). 
	
Myzus persicae sucks sap from the phloem tissues of 
potato’s leaves leading to reduced plant growth and 
development which ultimately results into major 
production losses of the crop. Myzus persicae also 
transmits viruses like potato leaf roll virus (PLRV) 
and potato virus Y (PVY) into the plant (Robert et 
al., 2000; Basky, 2002; Abbas et al., 2014). 

Myzus persicae is commonly controlled with the 
application of synthetic pesticides like Cypermethrin, 
bifenthrin and azadirachtin (Zafar et al., 2015). 
However, application of such pesticides creates a 
number of problems such as environmental pollution 
and resistance development by the M. persicae (Foster 
et al., 2000; Bass et al., 2014). Screening of resistant 
cultivars of potato against the attack of M. persicae 
could be one of the most desirable and environmental 
friendly approaches for the control of this potato pest. 

Plant resistance against insect pests is either present 
in plants inherently due to various resistant traits or 
induced through the transfer of resistant genes. In 
the present study, antixenosis is one of the resistance 
mechanism in plants which affects the behaviour of 
insect pests. The antixenosis technique for assessing 
resistance of potato germplasm has been undertaken 
previously to identify resistance of potato against 
aphids (Mottaghinia et al., 2010). The objective of 
the present study was to investigate the antixenosis 
resistance capacity of eight commercial potato 
cultivars against one of its worst insect pest M. persicae.

Materials and Methods

Provision of plant material and rearing of M. persicae
To examine the antixenosis potential of potato 
cultivars against green peach aphid (Myzus persicae) 

in a transparent glasshouse, tubers of eight different 
potato cultivars were obtained from Potato Research 
Station, Abbottabad, Khyber Pakhtunkhwa, Pakistan. 
The eight potato cultivars were Desiree, Patrones, 
Rocco, Sarpo Mira, Asterix, SH-5, FD-70 and 
Sahiwal Red. Desiree being a susceptible cultivar of 
potato to M. persicae (Leroux et al., 2008; Mottaghinia 
et al., 2010) was used as standard for comparison with 
the other seven cultivars.

Samples of M. persicae were collected from a field of 
potato crop near Nowshehra (Latitude 34° 0’ 57.0888’’ 
N, Longitude 71° 58’ 31.6164’’ E), Khyber Pakhtunkhwa 
and were reared on plants of Desiree in individual 
trays caged by nylon mesh cloth in a glasshouse 
at the Institute of Biotechnology and Genetics 
Engineering, University of Agriculture Peshawar. 

The experiments were performed during spring and 
autumn growing season of potato in 2016 in the 
glasshouse, where plants were grown in pots filled 
with typical soil mixed with farm yard manure (10 
kg per pot) in 21.5cm-diameter plastic pots. The 
temperature inside the glasshouse was maintained at 
30/25oC day/night and at the prevailing photoperiod 
14:10 hours (day/night). Antixenosis was determined 
following the protocols used by Flinn et al. (2001). 

Tubers of each potato cultivar were planted at an 
equal distance (12.5 cm) at the periphery of each of 
the experimental pot (19.0 × 21.5 cm diameter). The 
material was replicated in twenty experimental pots. 

In the first experiment during the spring, each of the 
pot containing 08 seedlings of each potato cultivar 
(each seedling at four leaves growth stage) was infested 
by releasing 100 adults of M. persicae into the center 
of each pot and in the parallel experiment, 200 adults 
of M. persicae were released into the center of each 
pot containing 08 seedlings (each seedling at four 
leaves growth stage) using a piece of paper. Similar 
procedure was performed for the repeated experiment 
during the autumn in 2016. The plants were covered 
with nylon mesh cages. Number of M. persicae on all 
replicated plants of all potato cultivars were counted 
12, 24 and 48-hour post M. persicae infestation.

Experimental design and statistical analyses
The experiments in both the growing season were 
arranged in a completely randomized design. The 
number of M. persicae on all potato cultivars were
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Figure 1: Antixenosis response of eight different potato cultivars (1 is Desiree, 2 is Patrones, 3 is Rocco, 4 is Sarpo Mira, 5 is Asterix, 6 is SH 
– 5, 7 is FD – 70 and 8 is Sahiwal Red) against Myzus persicae in pots infested by 100 Myzus persicae at 12, 24 and 48 hours post infestation 
during spring 2016. The data sets are the means (± SD) calculated for 10 replicates of each of the eight cultivars.

counted at 12, 24 and 48 hours post infestation. Data 
recorded during the spring and autumn were separately 
analyzed using Statistix 8.1. Mean data (with standard 
deviation bars) was constructed on total number of 
aphids on each of the eight potato cultivars. Means 
were separated using least significance difference 
(LSD) test at 0.5 level of significance. 

Results and Discussion

Antixenosis test in spring 2016	
Results showed that significant (P < 0.05) antixenosis 
effects was observed among different potato cultivars 
infested with 100 M. persicae insects for different time 
durations. The lowest number of M. persicae (3.3) were 
observed on Sarpo Mira at 12 hours post infestation 
in pots of 100 M. persicae. Other potato cultivars 
Rocco, SH – 5, Sahiwal Red, Patrones and Desiree has 

shown higher levels of infestations of >10 at this time 
duration. The cultivar FD-70 and Asterix, however, 
has shown higher levels of infestation of >13 at 12 
hours post infestation. Similarly, Sarpo Mira showed 
the least infestation of 2.3 and 3.6 at 24 and 48 hours 
post infestation in pots of 100 M. persicae adult. The 
remaining potato cultivars showed the same trend to 
M. persicae at the higher level of infestation after 24 
and 48 hours. The cultivar Sarpo Mira showed high 
resistant against M. persicae (Figure 1). 

Similarly, results for pots of 200 M. persicae per pot 
showed that significant antixenosis effect (P < 0.05) 
were observed among potato cultivars infested with M. 
persicae insects for different time durations. Similarly, 
significant effects of different durations of M. persicae 
infestation on potato cultivars were also observed. 
The lowest number of M. persicae (5.3) were observed 
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Figure 2: Antixenosis response of eight different potato cultivars (1 is Desiree, 2 is Patrones, 3 is Rocco, 4 is Sarpo Mira, 5 is Asterix, 6 is SH 
– 5, 7 is FD – 70 and 8 is Sahiwal Red) against Myzus persicae in pots infested by 200 Myzus persicae at 12, 24 and 48 hours post infestation 
during spring 2016. The data sets are the means (± SD) calculated for 10 replicates of each of the eight cultivars. 

on Sarpo Mira at 12 hours post infestation in pots 
of 200 M. persicae. Other potato cultivars Rocco, FD 
– 70, Asterix, SH – 5 and Desiree has shown higher 
levels of infestations of >18 at this time duration. The 
cultivar Sahiwal Red and Patrones, however, has 
shown higher levels of infestation of >23 at 12 hours 
post infestation. Similarly, Sarpo Mira showed the 
least infestation of 4.9 and 5.6 at 24 and 48 hours 
post infestation in pots of 200 M. persicae adult. The 
rest of the potato cultivars were all found to show the 
same response to M. persicae after 24 and 48 hours 
of infestation. The potato cultivar Sarpo Mira was 
found to be less attacked by M. persicae (Figure 2).

Antixenosis experiments in autumn 2016
Significant (P < 0.05) antixenosis effects was observed 
among different potato cultivars infested with 100 
M. persicae insects for three different time durations. 
Similarly, significant effects of three different time 

durations of M. persicae post infestation on potato 
cultivars were also observed. The lowest number of 
M. persicae (2.4) were observed on Sarpo Mira at 
12 hours post infestation in pots of 100 M. persicae. 
Other potato cultivars Rocco, SH – 5, Sahiwal Red 
and Patrones has shown higher levels of infestations 
of >10 at this time duration. The cultivar FD-70, 
Asterix and Desiree however, has shown higher levels 
of infestation of >13 at 12 hours post infestation. 
Similarly, Sarpo Mira showed the least infestation of 
2.0 and 2.9 at 24 and 48 hours post infestation in 
pots of 100 M. persicae adult. The remaining potato 
cultivars followed the same trend and showed the 
higher level of infestation after 24 and 48 hours 
count of M. persicae. The cultivar Sarpo Mira thus 
appeared resistant against M. persicae (Figure 3). 

In pots of 200 M. persicae per pot, significant antixenosis 
effects (P < 0.05) were also observed among potato
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Figure 3: Antixenosis response of eight different potato cultivars (1 is Desiree, 2 is Patrones, 3 is Rocco, 4 is Sarpo Mira, 5 is Asterix, 6 is SH 
– 5, 7 is FD – 70 and 8 is Sahiwal Red) against Myzus persicae in pots infested by 100 Myzus persicae at 12, 24 and 48 hours post infestation 
during Autumn 2016. The data sets are the means (± SD) calculated for 10 replicates of each of the eight cultivars. 

cultivars infested with M. persicae for different time 
durations. Similarly, significant differences among 
three different time durations of M. persicae post 
infestation on potato cultivars were observed. The 
lowest number of M. persicae (4.7) were observed on 
Sarpo Mira at 12 hours post infestation in pots of 
200 M. persicae. Other potato cultivars Rocco, Asterix, 
and Desiree showed the higher levels of infestations 
of >19 at this time duration. The cultivar Sahiwal Red, 
FD-70, SH-5 and Patrones, however, showed the 
higher levels of infestation of >22 at 12 hours post 
infestation. Similarly, Sarpo Mira showed the least 
infestation of 4.1 and 5.1 at 24 and 48 hours post 
infestation in pots of 200 M. persicae adult. This trend 
was also found for the rest of the potato cultivars 
after 24 and 48 hours of M. persicae infestation. M. 
persicae was found to show less infestation on Sarpo 
Mira cultivar due its greater resistance to the aphid 
(Figure 4).

The natural phytochemical and morphological 
characteristics that might be present in the different 
tested potato cultivars could play an important role 
against M. persicae infestation (Pickett et al., 1992; 
Eigenbrode et al., 2002; Leroux et al., 2008). To 
assess the antixenosis resistance of eight different 
commercial potato cultivars against M. persicae 
infestation two different densities of M. persicae (100 
and 200 adults per pot) for different time duration 
(12, 24 and 48 hours after infestation) were used. The 
experiments were conducted in spring and autumn 
growing season of potato. Results revealed that the 
potato cultivar Sarpo Mira cultivar showed the highest 
antixenosis resistance against M. persicae, while the 
remaining potato cultivars displayed susceptibility 
against this insect pest. Resistance capacity of the 
tested cultivars of potato against M. persicae could 
be attributed to the different phytochemical or 
morphological traits of the potato cultivars as has 
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Figure 4: Antixenosis response of eight different potato cultivars (1 is Desiree, 2 is Patrones, 3 is Rocco, 4 is Sarpo Mira, 5 is Asterix, 6 is SH 
– 5, 7 is FD – 70 and 8 is Sahiwal Red) against Myzus persicae in pots infested by 200 Myzus persicae at 12, 24 and 48 hours post infestation 
during Autumn 2016. The data sets are the means (± SD) calculated for 10 replicates of each of the eight cultivars.

been reported in earlier studies like Pickett et al. 
(1992) and Eigenbrode et al. (2002), where they 
reported that smells of plants around the external area 
perform a key role for aphids in host plant resistance.

Khan et al. (2009), reported that some inhibitory 
compounds present naturally in different crops, 
significantly affect the feeding level of insect pests. The 
different levels of M. persicae infestation on different 
potato cultivars during the antixenosis test could be 
due to the presence of natural inhibitory compounds 
in the potato plant. Earlier studies (Frei et al., 2003; 
Alvarez et al., 2006) have observed similar results 
using different potatoes cultivar Kardal depends upon 
the developmental stage of plant leaves.
 
In the present study the cultivars have shown range 
of response to M. persicae infestation. Differential 

resistance of potato cultivars against M. persicae has 
previously been reported by (Chen et al., 2015a, b; 
LeRoux et al., 2008). Our results are in agreement 
with the findings of LeRoux et al. (2004) who 
suggested that S. polyadenium and S. tarijense were 
highly resistant compared to Desiree against M. 
euphorbiae and M. persicae. Another similar finding 
was obtained in laboratory conditions by LeRoux et 
al., 2007, 2008, which reported that S. stoloniferum 
was highly resistant compared to Desiree against 
M. persicae, but susceptible to M. euphorbiae. On the 
other hand, some cultivars of potato crop such as 
Sahiwal Red, FD- 70, were more susceptible to M. 
persicae than Desiree. Our results match with those 
of Pelletier and Clark (2004) who revealed that S. 
pinnatisectum was more resistant to M. euphorbiae 
under laboratory conditions. The variations found 
maybe due to environmental changes in some potato 
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(Gianfagna et al., 1992; Nihoul, 1993). 

Sarpo Mira has shown lesser and delayed attraction 
for M. persicae on account of some deterrent factors 
such as presence of inhibitory compounds or 
glandular trichomes plant leaves different volatile 
compounds. Our results coincides with Mottaghinia 
et al. (2010) who observed least numbers of aphids 
on cultivar Cosmos showing antixenotic characters 
to M. persicae. The susceptibility of potato cultivars 
to M. persicae infestation in this study was more 
possibly due to the lack of those morphological or 
bio-chemical characteristics present in the resistant 
cultivars of potato. Previous studies (Alvarez et al., 
2006; Thomson et al., 2010; Mottaghinia et al., 2010) 
have also shown similar results where potato cultivars 
lacking resistant characteristics were susceptible to the 
attack of aphids. Numerous morphological characters 
of plants like roughness of the leaves epidermic 
tissues may effect the host plant acceptable quality for 
M. persicae (Dixon, 1998; Alvarez et al., 2007). Potato 
plants bear greater number of trichomes at younger 
growth stages than at later older growth stages. The 
resistance potential of a potato cultivar S. polyadenium 
at early growth stage was observed better than its later 
vegetative growth stage (Alvarez et al., 2006). 

Pelletier and Clark (2004) and Le Roux et al. (2007) 
have also reported varied response of potato genotypes 
against different species of aphids. For example, 
potato accessions S. stoloniferum was observed more 
resistant than the S. tuberosum against M. persicae 
while S. stoloniferum was reported susceptible to M. 
euphorbiae. M. persicae resistance in potato cultivars 
is highly desirable and most effective when used in 
combination with other control strategies such as 
biological control and use of insecticides.
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