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Abstract: Currently, the management and 
control of potato purple top syndrome is done 
by chemical control of the vector with massive 
applications of pesticides with a great adverse 
effect on the environment and human health. 
Therefore, it is essential to generate alternatives 
that allow a profitable and sustainable 
production for the producer, such as the use 
of varieties with characteristics of tolerance or 
resistance to the disease. The objective of this 
study was to select germplasm with tolerance 
characteristics to potato purple top syndrome, 
caused mainly by the bacterium Candidatus 
Liberibacter solanacearum. Ten potato 
genotypes (eight clones and the commercial 
varieties Gigant and Mondial) were evaluated. 
The variables evaluated for the selection of 
germplasm with tolerance characteristics 
to potato purple top syndrome were the 
percentage of tuber browning and sprouting. 
The damage values recorded based on tuber 
browning ranged from light (L) to very heavy 
(F+), especially when insecticides were not 
applied. Likewise, the percentage of tuber 
sprouting was variable among the different 
materials evaluated, highlighting clones 1-6-
1, 1-13-1, 4-5-6, 4 and the commercial variety 
Gigant. The bacterium was detected in all 
materials from DNA extracted from tuber 
pulp. However, this pathogen was not detected 
when using DNA extracted from shoots from 
the same tubers that tested positive. With 
these results, the clones that showed the 
least tuber browning damage and the highest 
percentage of sprouting are an alternative for 
the selection of materials with tolerance to 
potato purple top syndrome.
Keywords: potato, syndrome ZC - PMP, tuber, 
browning

INTRODUCTION
In Mexico, potato (Solanum tuberosum L.) is 

planted in an area of approximately 60,000 ha 
under irrigated and rainfed conditions, with an 
annual production of 1’784,000 t (SIAP, 2020). 
Production is affected by various phytosanitary 
problems, the most important being the Zebra 
Chip (ZC) - Punta Morada de la Papa (PMP) 
complex, which is associated with Candidatus 
Liberibacter solanacearum (CaLso) and Can-
didatus Phytoplasma spp. (CaPhy) (Munyane-
za, 2012). CaLso is a gram-negative αproteo-
bacterium αproteobacterium, not culturable in 
vitro, limited to the phloem vascular system, is 
an obligate parasite of plants and insects, and 
exhibits horizontal and vertical transmission 
(Munyaneza et al., 2008; Secor et al., 2009; 
Munyaneza, 2012; Bertolini et al., 2015). This 
bacterium is a bacillus between 2 and 3 μm 
long and 0.2 to 0.3 μm wide. CaPhy has also 
failed to be cultured in the laboratory, lacks 
several biosynthetic functions, and generally 
have an average diameter between 200 and 800 
nm (Marcone et al., 1999; Davis et al., 2005; Bai 
et al., 2006; Oshima et al., 2013). CaLso and 
CaPhy are transmitted mainly by the psyllid 
Bactericera cockerelli (Sulc) (Hemiptera: Psylli-
dae) (Almeyda-León et al., 2008; Butler and 
Trumble, 2012; Munyaneza, 2012; Ciubotaru et 
al. 2018), although some leafhopper species of 
the genera Empoasca and Aceratagallia are also 
implicated in CaPhy transmission (Almey-
da-León et al, 2008). Candidatus Liberibacter 
solanacearum is distributed in Central Ame-
rica, Mexico, United States and New Zealand 
(Munyaneza et al., 2007, Munyaneza, 2012). In 
Mexico, losses caused by this pathogen, range 
between 30 and 95%; in most of the potato pro-
ducing regions of Coahuila, Nuevo Leon and 
Guanajuato, there is up to 95% incidence of the 
bacterium, either as a simple infection and/or 
associated with CaPhy (Flores-Olivas, 2013; 
Gonzalez et al., 2014; Melgoza et al., 2018). In 
Mexico, an increase of 50% has been reported 
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in the use of insecticides for the control of the 
psyllid B. cockerelli Sulc, making up to 70 appli-
cations per cycle, which affects physicochemi-
cal and bromatological characteristics of the 
product, edaphological characteristics, the en-
vironment, insect resistance and the considera-
ble reduction of natural enemies, which causes 
an increase in production costs (Hernández et 
al., 2018). Therefore, it is essential to generate 
alternatives that allow obtaining a profitable 
and sustainable production for the producer, 
such as the use of varieties with disease toleran-
ce or resistance characteristics. Based on the 
above, the objective of this work was to select 
potato germplasm with tolerance characteristi-
cs to potato purple top syndrome.

MATERIALS AND METHODS
Tubers of 8 potato clones and two 

commercial varieties were collected in 
the State of Mexico and showed normal 
sprouts, without symptoms of infection 
by the bacterium Candidatus Liberibacter 
solanacearum (Figure 1). 

Figure 1. Potato tubers without apparent 
symptoms of PMP infection.

These materials were grown under field 
conditions with and without insecticide appli-
cation and the degree of browning and per-
centage of sprouting were recorded. Genomic 
DNA extraction was performed by the CTAB 
method reported by Almeyda et al (2001), 
using ribs from potato leaves with and without 
symptoms of infection by PMP syndrome. De-
tection of the bacterium was performed using 
the Polymerase Chain Reaction-Endpoint te-

chnique and the primers Lp16S-2F/Lp16S-2R, 
designed on the sequence of the gene coding 
for the 16S ribosomal RNA of the bacterium 
and amplifying a fragment of approximately 
872 bp (Hansen et al., 2008), were used. PCR 
reactions were performed in a final volume of 
25 μL containing: 5.0 μL of PCR Buffer (1X) 
including dNTP’s and NaCl2 , 2.0 μL of each 
indicator (25 pMoles), 100 ng of DNA and 0.3 
Units of the DNA Taq Polymesara and 13.7 μL 
of sterile H2O. The amplification program was: 
an initial denaturation cycle at 95 °C for 5 min, 
followed by 35 cycles at 95 °C for 1 min, 60 °C 
for 30 s and 72 °C for 1 min, and a final exten-
sion cycle at 72 °C for 10 min. The amplified 
fragments were fractionated on 1.5 % agarose 
gels, stained with Gel-Red dye and visualized 
in an ultraviolet light transilluminator.

RESULTS AND DISCUSSION
The degree of browning recorded ranged 

from light (L) to very heavy (F+), in the clones 
and varieties evaluated, the highest browning 
values were observed when insecticides were 
not applied. Clone 1-13-1 and the variety 
Gigant recorded moderate (M) to moderate-
strong (M-F) tuber browning values 
without insecticide application and even the 
percentage of sprouting was higher under this 
management condition (Table 1). 

However, it is important to note that the 
sprouting of the tubers of all clones and of the 
two varieties was of the type known as thread 
stalk, which is not desirable if this material is 
to be used as seed in a subsequent crop cy-
cle. The bacterium Candidatus Liberibacter 
solanacearum was detected from DNA ex-
tracted from tubers collected from all mate-
rials evaluated. However, the bacterium was 
not detected when using DNA extracted from 
sprouts from the same tubers that tested posi-
tive (Table 2 shows the results obtained from 
10 tubers and their sprouts).
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Clone
Treatment Degree of 

browning
Percentage of 

sprouting
Type of 

sproutingWith application No application
1-6-1 X M, F 73.8 Thin sprout
1-6-1 X F 56.2 Thin sprout
8-29 X M-F 30.0 Thin sprout
8-29 X F 0.0 -------

1-13-1 X L, M-F, F 51.5 Thin sprout
1-13-1 X M, M-F 71.4 Thin sprout
3-7-8 X M, M-F 71.8 Thin sprout
3-7-8 X F 27.5 Thin sprout
4-5-6 X M, M-F 72.7 Thin sprout
4-5-6 X F 42.8 Thin sprout
01-8 X M 40 Thin sprout
01-8 X F 6.8 Thin sprout
4-6-7 X M-F 44.1 Thin sprout
4-6-7 X M 10.0 Thin sprout

4 X F+ 79.1 Thin sprout
4 X M-F 38.7 Thin sprout

Gigant X M-F 92.3 Thin sprout
Gigant X M 100.0 Thin sprout

Mondial X F+ 77.5 Thin sprout
Mondial X F+ 50.0 Thin sprout

Degree of browning and percentage of sprouting of tubers of eight potato clones and two potato varieties 
with and without insecticide application.

L= Mild M= Moderate M-F= Moderate to Strong F= Strong F+= Very Strong

Sample Result Sample Result
Tuber 1 + Tuber 6 +
Outbreak 1 - Sprout 6 -
Tuber 2 + Tuber 7 +
Outbreak 2 - Sprout 7 -
Tuber 3 + Tuber 8 +
Outbreak 3 - Outbreak 8 -
Tuber 4 + Tuber 9 +
Outbreak 4 - Sprout 9 -
Tuber 5 + Tuber 10 +
Sprout 5 - Sprout 10 -

Table 2. Results of the analysis for the detection 
of Ca. Liberibacter solanacearum in tubers 

and their shoots.

Based on the detection of CaLso by PCR, it 
can be inferred that the degree of browning is 
related to the concentration of the bacterium, 
since this pathogen was detected with greater 
sensitivity in tubers from plants without 
insecticide application, i.e. where the pressure 

of the inoculum was greater due to the presence 
of the vector. It is important to note that the 
infection and appearance of symptoms of PMP 
syndrome, may be associated with the crop 
cycle, since late-cycle materials are subject for 
a longer period of time to the presence of the 
vector and to the pressure of a greater amount 
of inoculum (Hernández et al., 2018). On the 
other hand, when no symptoms of infection 
of the bacterium are observed in tubers and 
there are healthy sprouts, this does not mean 
that such material should be used as seed 
because, as Pitman et al. (2011) point out, 
the transmission of CaLso from tuber seed 
to plant is feasible and constitutes the initial 
inoculum for a following crop cycle, having 
a greater impact on the presence and spread 
of the disease than the vectors themselves as 
mentioned by Hernández et al. (2018).
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CONCLUSIONS
All the potato materials evaluated in this 

work show, to a greater or lesser degree, tuber 
browning damage, especially when chemical 
control of the bacterial vector, the psyllid Pa-

ratrioza cockerelli, is not carried out. Howe-
ver, Mexican materials such as clones 1-6-1, 
1-13-1, 4-5-6, 4, are an option in the selection 
of materials tolerant to PMP syndrome, since 
they presented the lowest values of browning 
and the highest percentage of tuber sprouting.
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