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Resumen. La papa (Solanum tuberosum L.) es
uno de los cultivos de mayor consumo humano a
nivel mundial. El cultivo es amenazado desde sus
inicios por distintos organismos; algunos de ellos
ocasionan dafios superficiales en los tubérculos,
que reducen la calidad y apariencia lo que provo-
ca el rechazo por el consumidor. De un total de 34
muestras de tubérculos de papa destinados para
consumo humano, obtenidas mediante muestreo
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Abstract. The potato (Solanum tuberosum L.) is
one of the crops with the highesthuman consumption
worldwide. The crop is threatened from its
beginnings by different organisms; some of them
cause superficial damage to the tubers, which reduce
the quality and appearance and causes rejection
by the consumer. Out of a total of 34 potato tuber
samples destined for human consumption, obtained
through directed visual sampling, at the Central de
Abastos de Ecatepec, microorganisms associated
with some physical damage or superficial alteration
were identified; in addition, of atypical spots on
the surface of tubers. Of the total samples, in the
50% were identified bacterial damages caused by
Enterobacter aerogenes, Pseudomonas fluorescens
and Streptomyces sp. In the 41% were identified
fungi and protozoa like Fusarium oxysporum,
F. solani, F. verticillioides, Rhizoctonia solani,
Alternaria sp., Colletotrichum sp., Clonostachys
sp., Geotrichum sp., and Spongospora subterranea
f. sp. subterranea. 9% of the remaining samples,
no organism related to the damage was identified.
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visual dirigido, en la Central de Abastos de Eca-
tepec, se identificaron a los microorganismos aso-
ciados a algun dafio fisico o alteracion superficial;
ademas, de manchas atipicas en la superficie de
tubérculos. Del total de las muestras en el 50% se
identificaron a las bacterias Enterobacter aeroge-
nes, Pseudomonas fluorescens y Streptomyces sp.
En el 41% se identificaron a hongos y protozoarios
como Fusarium oxysporum, F. solani, F. vertici-
llioides, Rhizoctonia solani, Alternaria sp., Colle-
totrichum sp., Clonostachys sp., Geotrichum sp., y
Spongospora subterranea f. sp. subterranea. Del
9% de las muestras restantes no se identifico nin-
gun organismo relacionado al dafio.

Palabras clave: Solanum tuberosum, microorga-
nismos, hongos, bacterias.

La papa (Solanum tuberosum L.) es uno de los
cultivos mas utilizados para el consumo humano a
nivel mundial. De este tubérculo se producen 381
millones de toneladas anualmente en el mundo
(FAO, 2014). En México ocupa el quinto lugar en
importancia alimenticia, superado por el maiz, trigo,
frijol y arroz. Del total de la produccion nacional, el
56% se destina para consumo en fresco, 29% para
la industria y el 15% como semilla (Mora-Aguilar,
2014). A nivel mundial, se han reportado alrede-
dor de 70 enfermedades y desordenes fisiologicos
que afectan a este cultivo y causan severos dafios
especialmente en los tubérculos (Herrera y Scott,
1993; Stevenson, 2001). Entre los sintomas de las
enfermedades que afectan tubérculos se identifican
agallas, manchas y pudriciones (Fiers et al., 2012),
principalmente; estos pueden ser ocasionados por
hongos, bacterias, nematodos y virus. Asimismo,
existen otros factores que ademas de la apariencia
fisica, demeritan la calidad de los tubérculos pro-
vocando el rechazo por el consumidor; sin embar-
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Key words: Solanum tuberosum, microorganisms,
fungi, bacteria.

The potato (Solanum tuberosum L.) is one of
the crops with the highest human consumption
worldwide. Every year, 381 million tons of this
crop are produced worldwide (FAO, 2014).
In Mexico, it is number five in terms of food
importance, after maize, wheat, beans and rice. Out
of the total of the country’s production, 56% is used
for consuming fresh, 29% for industrial use, and
15%, as a seed (Mora-Aguilar, 2014). Worldwide,
roughly 70 diseases and physiological disorders
have been reported to affect this crop and cause
severe damages, particularly in tubers (Herrera and
Scott, 1993; Stevenson, 2001). Some of the main
symptoms of the diseases that affect tubers are
root nodules, spots, and rotting (Fiers et al., 2012),
which may be caused by fungi, bacteria, nematodes
and viruses. There are also other factors that, aside
from the physical appearance, can downgrade the
quality of the tubers, leading to rejection from
consumers; however, Fiers et al. (2010) mentioned
that surface spots only affect the epidermis of the
tubers, and do not alter their taste or nutritional
properties (Jemison et al., 2008; Vazquez-Carrillo
et al.,2013). Some of these surface alterations that
affect the peridermis of the tubers are a result of
the presence of pathogens such as Colletotrichum
coccodes, Helminthosporium solani, Rhizoctonia
solani, Spongospora f. sp subterranea and
Streptomyces spp., as well as, in many cases, a
means of entry for opportunist microorganisms that
lead to the rotting of tubers. Fungi species such as
Fusarium sp. frequently damage relevant damages
to tubers on fields and in storage worldwide; in the
latter, it may affect up to 60% of the production
(Boyd, 1972). Other conditions may also appear
that lead to poor quality and appearance. They may
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go, Fiers et al., (2010) menciond que las manchas
superficiales afectan solamente la epidermis de los
tubérculos, sin alterar su sabor y propiedades nu-
tricionales (Jemison et al., 2008; Vazquez-Carrillo
et al., 2013). Algunas de estas alteraciones super-
ficiales que afectan la peridermis de los tubérculos
son el resultado de la presencia de patdgenos como
Colletotrichum coccodes, Helminthosporium sola-
ni, Rhizoctonia solani, Spongospora f. sp subterra-
neay Streptomyces spp.; ademas, de ser en muchos
casos via de entrada para otros microorganismos
oportunistas que conducen a la pudricion de tubér-
culos. Especies de hongos como Fusarium sp., con
frecuencia causan dafos relevantes a nivel mundial
en tubérculos que se encuentran en campo y alma-
cenamiento, en esta ultima puede llegar a afectar
hasta el 60% de la produccion (Boyd, 1972). Tam-
bién se pueden presentar otras condiciones que
provocan la mala calidad y apariencia, estas pue-
den ser debidas a dafios mecanicos, por insectos,
factores abioticos como la humedad y temperatu-
ra, el uso de productos quimicos, deficiencias nu-
trimentales, y otros dafos que se desconocen sus
causas, conocidos como manchas atipicas (Fried-
mans, 1960; Stevenson ef al., 2001; Fiers, 2010;
Naerstad et al., 2012). Por otra parte, las bacterias
y hongos que ocasionan pudriciones o dafios mas
severos en la peridermis de tubérculos, producen
una amplia gama de enzimas como pectinasas, ce-
lulasas, xilanasas y proteasas, responsables de la
maceracion del tejido y muerte celular (Olivieri et
al., 2004). Los sintomas incluyen ya sea pudricio-
nes secas o blandas, decoloracion del tubérculo y
pudricién anular, y son debidas a diversos hongos
como Fusarium spp., Verticillium spp.; bacterias,
como Pectobacterium carotovorum subsp. caroto-
vorum, Pectobacterium carotovorum subsp. atro-
septicum, Ralstonia solanacearum, entre otras (de
Haan et al., 2008; Czajkowski et al., 2011; Fiers et
al., 2012; Gashgari y Gherbawy, 2013). Debido a
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be due to mechanical damages, insects, abiotic
factors such as humidity and temperature, the
use of chemical products, nutritional deficiencies,
and other damages of unknown causes, known
as atypical spots (Friedmans, 1960; Stevenson et
al., 2001; Fiers, 2010; Naerstad et al., 2012). On
the other hand, the bacteria and fungi that cause
rotting or more severe damage to the peridermis
of tubers produce a wide range of enzymes such
as pectinases, cellulases, xylanases and proteases,
responsible for the maceration of tissues and cell
death (Olivieri et al., 2004). Symptoms include dry
or soft rotting, discoloring of the tuber and annular
rotting, and they are caused by fungi such as
Fusarium spp., Verticillium spp.; bacteria such as
Pectobacterium carotovorum subsp. carotovorum,
Pectobacterium carotovorum subsp. atrosepticum,
Ralstonia solanacearum, and others (de Haan et
al., 2008; Czajkowski et al., 2011; Fiers et al.,
2012; Gashgari and Gherbawy, 2013). Due to
the above, the aim of this study was to identify
the microorganisms related to the symptoms and
damages potato tubers in postharvest, produced
for human consumption which can be found in
commercial places, such as the Central de Abastos
of Ecatepec.

Sampling. Potato tubers destined for human
consumption were collected in August, 2017,
from the Central de Abastos de Ecatepec, State
of Mexico. For this, samples were taken, aimed
at those that displayed some physical damage or
superficial alteration, as well as atypical spots.
Each tuber was wrapped in a paper towel and
placed inside polyethylene bags. They were then
transported to the Mycology and Bacteriology Lab
of'the National Plant Health Reference Center. They
were classified according to the symptoms and/or
typical damages caused by the presence of fungi,
bacteria or insects, such as necrosis, dry rotting,
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lo anterior, el objetivo de este estudio fue identifi-
car a los microorganismos asociados a sintomas y
dafios en postcosecha de tubérculos de papa des-
tinados para consumo humano que se pueden en-
contrar en sitios comerciales, como la Central de
Abastos de Ecatepec.

Muestreo. Se recolectaron tubérculos de papa en
agosto de 2017 destinados para consumo humano
en la central de abastos de Ecatepec, Estado de
México, para esto se realizd6 un muestreo dirigido
a aquellos que presentaban algiin dafio fisico o al-
ternacion superficial, ademas de manchas atipicas,
cada tubérculo se envolvio en papel absorbente y
depositados en bolsas de polietileno, inmediata-
mente fueron transportadas al laboratorio de Mi-
cologia y Bacteriologia del Centro Nacional de
Referencia Fitosanitaria, se clasificaron de acuerdo
a los sintomas y/o dafios tipicos por la presencia
de hongos, bacterias o insectos, como necrosis,
pudriciones, pudriciones secas, manchas, lesiones
corchosas, costras negras, obteniendo un total de
34 muestras, las cuales fueron procesadas el mismo
dia para su diagnostico.

Aislamiento de hongos. De cada muestra sospe-
chosa para hongos y bacterias se tomaron fotogra-
fias de los sintomas o dafos. Posteriormente, de
manchas en tubérculos y de la transicion de tejido
sano-enfermo se tomaron secciones de 1 cm?, se
desinfestaron con hipoclorito de sodio al 1% du-
rante 1 minuto, se lavaron con tres cambios de agua
destilada estéril por tres minutos cada uno y seca-
ron en papel absorbente estéril, posteriormente se
colocaron sobre medio PDA (agar-papa-dextrosa)
contenido en cajas Petri de 90 x 15 mm. Por otra
parte, para propiciar el desarrollo de microorganis-
mos sobre el tubérculo, se realizaron camaras hu-
medas de cada tubérculo y sintoma sembrado en
PDA, se tomaron dos muestras de cada tubérculo
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spots, corklike lesions, black scabs, obtaining a
total of 34 samples, which were processed on the
same day for their diagnosis.

Isolation of fungi. Photographs were taken of
symptoms or damages from each sample suspected
of having fungi and bacteria. Later, 1 cm? sections
were taken from the stains in tubers and the
transition from healthy to diseased tissue. They
were disinfected with 4% sodium hypochlorite for
1 minute, washed three times with distilled water
for 3 minutes each, and dried using sterilized paper
towels. They were then placed in a PDA (potato-
dextrose-agar) medium in 90 x 15 mm Petri-dishes.
On the other hand, in order to promote the growth
of microorganisms on the tuber, humidity chambers
were performed for each tuber and symptom
planted in PDA, two samples were taken from
each tuber, and they were disinfested following the
method described above. In both cases, incubation
was performed at a temperature of 2242 °C and a
photoperiod of 12 hours. After five days, from the
dishes that presented fungal culture, we performed
monospore culture growth in new dishes with PDA.
The identification was carried out using taxonomical
codes and morphometric characteristics (Sneh et
al., 1991; Barnett and Hunter, 2006; Leslie and
Summerell, 2006; Seifert and Gams, 2011).

In the case of tubers with symptoms of pustules
and root nodules suspected to have been caused by
Spongospora subterranea, the present structures
were observed under the microscope, histological
cuts were made, and permanent preparations
were made for the identification of S. subterranea
using taxonomic codes. To confirm the presence
of Spongospora subterranea f sp. subterranea
a PCR test was carried out using specific Sosl
(5’-CCTGGGTGC-GATTGTCTGTT-3’) and Sps2
(5’-CACGCCAATGGTTAGA-GACG-3") primers
reported by Bell et al. (1999).
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y se desinfestaron siguiendo la metodologia antes
mencionada. En ambos casos la incubacion se rea-
liz6 a una temperatura de 2242 °C y fotoperiodo
de 12 horas. Después de cinco dias, de las cajas
que presentaron desarrollo de colonias fungicas, se
realizaron cultivos monosporicos en nuevas cajas
con PDA. La identificacion se realizo mediante cla-
ves taxonomicas, y caracteristicas morfométricas
(Sneh et al., 1991; Barnett y Hunter, 2006; Leslie y
Summerell, 2006; Seifert y Gams, 2011).

En el caso de tubérculos con sintomas de pustu-
las y agallas sospechosas a las causadas por Spon-
gospora subterranea, se observaron las estructuras
presentes bajo el microscopio, se realizaron cortes
histologicos y se elaboraron preparaciones per-
manentes para la identificacion de S. subterranea
mediante claves taxondmicas. Para confirmar la
presencia de Spongospora subterranea f sp. sub-
terranea se realizd una prueba de PCR utilizando
iniciadores especificos Sosl (5’-CCTGGGTGC-
GATTGTCTGTT-3") y Sps2 (5’-CACGCCAAT-
GGTTAGA-GACG-3’) reportados por Bell et al.
(1999).

Aislamiento de bacterias. Para realizar la iden-
tificacion de bacterias se utilizaron tubérculos ya
sea con presencia de pudricion o necrosis. Bajo la
misma metodologia descrita para el aislamiento de
hongos se obtuvo las cepas bacterianas en medio B
de King; de cada una se realizaron pruebas bioqui-
micas, mediante técnicas serologicas y enzimaticas
(ELISA) (Schaad et al., 2001); ademas, de pruebas
de patogenicidad en tubérculos de papa (Goszczyn-
ska et al., 2000).

Del total de las muestras analizadas el 50% re-
sultd positivo a bacterias, el 41% a hongos y del
9% no se identificoé ningn organismo relacionado
al dafo. En lo que respecta a hongos, se identificd
a: Fusarium sp. (F. oxysporum, F. solani, F. ver-
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Isolation of bacteria. In order to identify bacteria,
tubers were used with signs of either rotting or
necrosis. Using the same methodology described
by the isolation of fungus, we obtained the bacterial
strains in King’s B agar; biochemical tests were
run on each one, using serological and enzyme
techniques (ELISA) (Schaad et al.,2001), as well as
pathogenicity tests in potato tubers (Goszczynska
et al., 2000).

Out of the total samples analyzed, 50% tested
positive for bacteria, 41% for fungi, and 9% tested
negative for any organism related to the damage.
In regard to fungi, we identified: Fusarium sp. (F.
oxysporum, F. solani, F. verticillioides), Rhizoctonia
solani, Alternaria sp., Colletotrichum  sp.,
Clonostachys sp., Geotrichum sp., and the protozoa
Spongosporasubterraneafsp. subterranea (Figures
1 and 2). The species Alternaria, Colletotrichum,
Clonostachys,  Fusarium, Rhizoctonia, have
been related previously to the colonization of the
surfaces of tubers (Fiers et al., 210; Naerstad et al.,
2012; Gherbawy and Gashgari, 2013; Zimudzi et
al.,2017).

On the other hand, in the tubers that displayed
symptoms of necrosis or rotting, we identified
Enterobacter  aerogenes and  Pseudomonas
Sfluorescens (Figure 3). Likewise, the bacteria
Streptomyces sp., was found in 11.7% of the tubers
and only defined at the genus level. This bacteria
is very commonly reported in potato tubers, and
produces severe symptoms such as irregular,
brown corklike lesions, or lesions in polyhedral
shapes that can connect and give the tuber a poor
appearance and quality (Fiers, 2010; Fiers et al.,
2010).

Potato tubers can display different surface
damages that downgrade their commercial value.
Some are caused by pathogens or insects, or by
abiotic factors or another series of alterations of

unknown causes, that is, physiological disorders.
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ticillioides), Rhizoctonia solani, Alternaria sp.,
Colletotrichum sp., Clonostachys sp., Geotrichum
sp., y al protozoario Spongospora subterranea f sp.
subterranea (Figura 1 y 2). Las especies del Alter-
naria, Colletotrichum, Clonostachys, Fusarium,
Rhizoctonia, han sido asociadas anteriormente a
colonizar la superficie de los tubérculos (Fiers et
al., 210; Naerstad et al., 2012; Gherbawy y Gash-
gari, 2013; Zimudzi et al., 2017).

Por otra parte, de los tubérculos que presenta-
ron sintomas de necrosis o pudricion, se identificd
a Enterobacter aerogenes y Pseudomonas fluores-
cens (Figura 3). Asi también, en el 11.7% de los

Fiers et al. (2010), reported Fusarium spp.,
Rhizoctonia spp., Penicillium spp., Alternaria
spp., Clonostachys spp. as the most common
genera that colonize the surface of potato tubers
in storage conditions. Likewise, Gherbawy and
Gashgari (2013), identified Fusarium, Penicillium,
1lyonectria, Alternaria, and Rhizoctonia, in a study,
as the most common genera isolated in different
types of symptoms in potato tuber spots. On the
other hand, Naerstad et al. (2012) pointed out
that the pathogens that most commonly produce
spots in tubers, and reduce yield and quality, are
Rhizoctonia solani, Spongospora subterranea

Figura 1. A) Tubérculos de papa con manchas oscuras superficiales, realacionadas a Clonostachys sp. y Colletotrichum
sp. B) Pudriciones secas, donde se identificaron los hongos Fusarium sp., Rhizoctonia solani, Alternaria sp., y
Geotrichum sp. C) Hundimiento del corazén del tubérculo. D) Pustulas o costras circulares sobre la superficie
del tubérculo caracteristicas debidas a Spongospora subterranea. E) Manchas o lesiones corchosas en forma de
figuras poliédricas, dafios caracteristicos de Streptomyces sp. F) Costras negras, duras similar a la tierra, que son
esclerocios que forma Rhizoctonia solani sobre la peridermis del tubérculo.

Figure 1. A) Potato tubers with dark surface spots related to Clonostachys sp. and Colletotrichum sp. B) Dry rotting, where
the fungi Fusarium sp., Rhizoctonia solani, Alternaria sp., and Geotrichum sp. were identified. C) Sinking of the
heart of the tuber. D) Pustules or circular scabs on the surface of the tuber, characteristics caused by Spongospora
subterranea. E) Spots or corklike lesions in polyhedral shapes, damages characteristically caused by Streptomyces
sp. F) Hard, black scabs, similar to soil, that are sclerotia formed by Rhizoctonia solani on the periderm of the

tuber.

PUBLICACION EN LINEA, MAYO 2018
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Figura 2. Microorganismos (hongos y protozoario) aislados de tubérculos de papa. A) Macroconidios de Fusarium
oxysporum. B) Macroconidios de Fusarium solani. C) Conidios en cadena de Fusarium verticillioides. D) Hifas
de Rhizoctonia solani. E) Conidios de Alternaria sp. F) Conidios de Colletotrichum sp. G) Fidlides y conidios de
Clonostachys sp. H) Artroconidios de Geotrichum sp. 1) Esporosoros de Spongospora subterranea {. sp. subterranea

Figure 2. Microorganisms (fungi and protozoa) isolated from potato tubers. A) Fusarium oxysporum macroconidia.
B) Fusarium solani macroconidia. C) Fusarium verticillioides chain conidia. D) Rhizoctonia solani hyphae. E)
Alternaria sp., conidia. F) Colletotrichum sp., conidia. G) Clonostachys sp., phialides and conidia. H) Geotrichum
sp., arthroconida I) Spongospora subterranea f. sp. subterranea sporosori.

tubérculos se identificod a la bacteria Streptomyces
sp., la cual, solo se determind a nivel de género.
Esta bacteria es muy comun reportada en tubér-
culos de papa, que ocasionando severos sintomas
como lesiones corchosas irregulares de color ma-
rrén, o lesiones en forma poliédrica que pueden lle-
gar a unirse y proporcionan una mala apariencia y
calidad (Fiers, 2010; Fiers et al., 2010).

PUBLICACION EN LINEA, MAYO 2018

f. sp. subterranea, Helminthosporium solani,
Colletotrichum  coccodes, Fusarium sp. and
Streptomyces sp. Regarding Fusarium sp., the
results obtained in this investigation coincide with
reports from earlier studies, since it was identified
as being one of the genera most frequently isolated
from the peridermis of potato tubers (Chelkowski,

1989; Fiers et al., 2010; Gherbawy and Gashgari,
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Figura 3. Tubérculos de papa con sintomas de necrosis en la peridermis del tubérculo, en todos los casos se aislo e identificé
a las bacterias Enterobacter aerogenes y Pseudomonas fluorescens.

Figure 3. Potato tubers with symptoms of necrosis in the peridermis of the tuber; in all cases, the bacteria Enterobacter
aerogenes and Pseudomonas fluorescens were identified.

En tubérculos de papa se pueden presentar di-
ferentes dafios superficiales que demeritan su valor
comercial. Algunos son causados por patdgenos o
por insectos, o por factores abioticos y otra serie de
alteraciones que se desconocen sus causas, es decir,
desordenes fisiologicos. Fiers et al. (2010), repor-
td a Fusarium spp., Rhizoctonia spp., Penicillium
spp., Alternaria spp., Clonostachys spp., como los
géneros mas comunes que colonizan la superficie
de tubérculos de papa en condiciones de almace-
namiento. De igual forma, Gherbawy y Gashga-
i (2013), en un estudio realizado identificaron a
Fusarium, Penicillium, Ilyonectria, Alternaria, y
Rhizoctonia, como los géneros mas comunes ais-
lados en diferentes tipos de sintomas de manchas
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2013; Zimundzi et al., 2017) and the species
F. oxysporum has been isolated from most of
the cultivars studied (Manici and Cerato, 1994;
Zimundzi et al., 2017). Apart from Fusarium spp.,
other fungi were found to colonize the same spots
of'the tubers, such as Alternaria sp., Colletotrichum
sp., Clonostachys sp., Rhizoctonia solani, and
Geotrichum sp. The latter has not been reported
to colonize or cause damages to the crop or potato
tubers, but is found throughtout the soil, although
only one specie is important as a pathogenic
agent: Geotrichum candidum, a specie that has
been reported as the causaling agent of bitter
rotting in post-harvest citrus fruits (Brown 1988;
Lopez-Garcia et al., 2003; Talibi et al., 2012), as
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en tubérculos de papa. Por su parte, Naerstad et al.
(2012), senalaron que los patégenos mas comu-
nes que ocasiona manchas en tubérculos, reducen
el rendimiento y calidad son: Rhizoctonia solani,
Spongospora subterranea f. sp. subterranea, Hel-
minthosporium solani, Colletotrichum coccodes,
Fusarium sp. y Streptomyces sp. En cuanto a Fu-
sarium sp., los resultados obtenidos en este trabajo
coinciden con los reportados en estudios previos
ya que este se identificé como uno de los géneros
mas frecuentemente aislado en la peridermis de tu-
bérculos de papa (Chelkowski, 1989; Fiers et al.,
2010; Gherbawy y Gashgari, 2013; Zimundzi et
al., 2017) y la especie F. oxysporum se ha aislado
de la mayoria de los cultivares estudiados (Manici
y Cerato, 1994; Zimundzi et al., 2017). Ademas,
de Fusarium spp, se identifico a otros hongos co-
lonizando las mismas manchas de los tubérculos,
como Alternaria sp., Colletotrichum sp., Clonosta-
chys sp., Rhizoctonia solani, y Geotrichum sp., este
ultimo no se ha reportado colonizando u ocasio-
nando dafios en el cultivo o tubérculos de papa, se
encuentra cosmopolitamente en el suelo, pero solo
una especie es importante como agente patogénico,
Geotrichum candidum, especie que se ha reporta-
do como el agente causal de la pudricién amarga de
los citricos en postcosecha (Brown 1988; Lopez-
Garcia et al., 2003; Talibi et al., 2012); ademas,
de pudriciones blandas en postcosecha en fresa
(Fraire-Cordero et al., 2003) y otros cultivos; por
lo que se recomienda realizar estudios subsecuen-
tes para poder determinar su condicion patogénica.
En el caso de tubérculos de papa, no se ha asocia-
do como agente patogénico, y podria considerarse
como contaminante en la superficie de los tubércu-
los de papa en postcosecha o como supresor de los
microrganismos patogénicos en este estudio.

Los diferentes géneros y especies de hongos
que se han identificado colonizando la superficie
de la peridermis de tubérculos de papa; ademas de
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well as soft rottings in post-harvest strawberry
(Fraire-Cordero et al., 2003) and other crops, and
therefore, further studies are recommended in
order to determine their pathogenic condition. In
the case of potato tubers, it has not been related
as a pathogenic agent, and could be considered as
a pollutant on the surface of the potato tubers in
post-harvest or as a suppressor of the pathogenic
microorganisms in this study:.

The different genera and species of fungi that
have been identified as colonizing the surface of
the periderm of potato tubers, not only have a
pathogenic behavior on the crop, but some genera
may have an antagonistic behavior with pathogenic
organisms, which have been evaluated to determine
their potential as biocontrol agents. The fungus
Clonostachys spp., known for its antifungal
capability and mycoparasitic
pathogens, produces a wide range of volatile organic
compounds. Studies show that Clonostachys sp.
presents antibiosis and an effective colonization
of the lesions caused by mechanical damages,
avoiding the entry of pathogenic agents (Gan et
al., 2007; Assefa, 2013), and limiting the growth
of other organisms in the potato tuber (Gan et al.,
2007). On the other hand, the species Gliocladium
roseum (anamorph: Clonostachys rosea) has been

action against

reported as a pathogen in potato and a causing
agent of dry rotting (Theron, 1991).

Danyluk et al. (2013), pointed out that the
microbiota that dominates in freshly-harvested
orchards is composed of bacteria Enterobacter,
Bacillus spp., Pantoea spp., Cyanobacterium,
Erwinia spp., Pectobacterium and Pseudomonas,
resulting from contact with the soil, air and water.
In the areas damaged by necrosis or rotting in some
of the tubers collected in this investigation, bacteria
were identified and we found a marked delimitation
that stopped the rot from advancing, which may
suggest that the antagonistic bacteria identified
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tener un comportamiento patogénico en el cultivo,
existen algunos géneros que pueden tener un com-
portamiento antagénico con organismos patogé-
nicos, los cuales se han evaluado para determinar
su potencial como agentes de biocontrol. El hon-
go Clonostachys spp., conocido por su capacidad
antifingica, y accidn micoparasitica contra pato-
genos, produce una amplia variedad de compues-
tos organicos volatiles. Estudios demuestran que
Clonostachys sp., presenta antibiosis y una efectiva
colonizacion de las heridas ocasionadas por dafios
mecanicos, protegiendo de la entrada de agentes
patogénicos (Gan et al., 2007; Assefa, 2013), y li-
mitando el crecimiento de otros organismos en el
tubérculo de papa (Gan et al., 2007). Por otro lado,
la especie Gliocladium roseum (anamorfo: Clo-
nostachys rosea) se ha reportado como patéogeno
en cultivos de papa y agente causal de pudriciones
secas (Theron, 1991).

Danyluk et al. (2013), sefialaron que la micro-
biota dominante sobre hortalizas recién cosechadas
esta constituida por bacterias Enterobacter, Baci-
llus spp., Pantoea spp., Cyanobacterium, Erwinia
spp., Pectobacterium 'y Pseudomonas, provenientes
del contacto con el suelo, agua y aire. En las areas
dafiadas por necrosis o pudricion en algunos de los
tubérculos colectados en este trabajo, se identifica-
ron bacterias, se observo una delimitacion marcada
que detuvo el avance de la pudricién, lo que puede
sugerir que las bacterias antagonistas identificadas
Enterobacter aerogenes y Pseudomonas fluores-
cens impidieron el crecimiento necrotrofico de al-
gun agente patogénico que estuviera colonizando
el tubérculo. El-Ghaouth et al. (1998) mencionaron
que estos organismos no causan algun dafio al estar
en contacto con el tejido vegetal. Cabe senalar que
se han reportado a distintas especies de Enterobac-
ter spp., y Pseudomonas fluorescens como agentes
de biocontrol debido a que pueden suprimir enfer-
medades como la pudricion seca en tubérculos de
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as FEnterobacter aerogenes and Pseudomonas
Sfluorescens stopped the necrotrophic growth of a
pathogenic agent that may have been colonizing
the tuber. El-Ghaouth et al. (1998) mentioned
that these organisms cause no damage when in
contact with plant tissues. It is worth pointing out
that different species of Enterobacter spp. and
Pseudomonas fluorescens have been reported as
biocontrol agents, since they can cure diseases such
as dry rotting in potato tubers, caused by Fusarium
spp., by producing different antifungal metabolites
(Schisler, 1994), and can also reduce the severity of
thedisease by upto25% (Chelkowski, 1989; Schisler
et al., 1995; Schisler et al., 2000). Pseudomonas
Sfluorescens was also reported as a biocontrol agent
for bacteria such as Erwinia carotovora subsp.
atroseptica, since it produces the antimicrobial
component 2,4-diacetylphloroglucinol (DAPG),
which inhibits the growth of this bacteria in in vitro
conditions (Cronin et al., 1997).

In 9% of the samples analyzed, no clear relation
was established between a microorganism and the
damages or symptoms in the tuber; symptoms were
identified as brown cavings in the center of the tuber.
The main causes of the physiological disorders
are a response of the plant to stress, including
inadequate cultural practices during planting,
including the choice of susceptible cultivars,
handling and storage, extreme temperatures, soil
pH, humidity levels, and inadequate levels of
nutrients (Fiers, 2010; Mikitzel, 2014). Zotarelli et
al. (2013), mention that the leaching of nutrients
such as nitrate lead to nutritional stress in the plant,
leading to physiological alterations, such as the
brown center, hollow heart, necrosis due to internal
heat, cracking, and others.

The aim of this study was to identify the
organisms related to damage in potato tubers. In
conclusion, we found a diversity of pathogenic
microorganisms colonizing one same tuber, as well
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papa, ocasionada por Fusarium spp., al producir di-
ferentes metabolitos antifingicos (Schisler, 1994);
ademas, puede reducir la severidad de la enferme-
dad hasta un 25% (Chelkowski, 1989; Schisler et
al., 1995; Schisler et al., 2000). Pseudomonas fluo-
rescens también se reportd como agente de biocon-
trol de bacterias como Erwinia carotovora subsp.
atroseptica al producir el componente antimicro-
biano 2,4-diacetylphloroglucinol (DAPG) que in-
hibe el crecimiento de esta bacteria en condiciones
in vitro (Cronin et al., 1997).

En el 9% de las muestras analizadas, no se es-
tablecid una relacion clara entre un microorganis-
mo con los dafnos o sintomas en el tubérculo, los
sintomas se identificaron como hundimientos en
el centro del tubérculo de color marrén. Las prin-
cipales causas de los desoérdenes fisiologicos son
una respuesta de la planta a estrés, estos incluyen
practicas culturales inadecuadas durante el cultivo,
incluida la eleccion de los cultivares susceptibles,
la manipulaciéon o almacenamiento, temperaturas
extremas, el pH del suelo, niveles de humedad y
niveles de nutrientes inadecuados (Fiers, 2010; Mi-
kitzel, 2014). Zotarelli et al. (2013), mencionaron
que debido a la lixiviacion de nutrientes como el
nitrato conduce a un estrés nutricional de la plan-
ta, lo que da lugar a alteraciones fisiologicas, como
son el centro marrén, corazoén hueco, necrosis por
el calor interno, agrietamiento, entre otros.

El objetivo de este estudio fue identificar los or-
ganismos asociados a dafios en tubérculos de papa.
En conclusion, se encontré una diversidad de mi-
croorganismos patogénicos colonizando un mismo
tubérculo; ademas de distintas bacterias conocidas
por ser antagonicas de microorganismos patogenos.
En este estudio el hongo Alternaria sp., se aislo con
mayor frecuencia en los tubérculos colectados. Se
encontraron asociados de manera consistente ya
sea sintomas de necrosis o pudriciones, 0 ambos a
las bacterias antagonicas Enterobacter aerogenes 'y
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as different bacteria known for being antagonistic
of pathogenic microorganisms. In this study, the
fungus Alternaria sp. was isolated more frequently
in the tubers collected. Symptoms of either necrosis
or rotting, or both, were found to be consistently
associated to the antagonistic bacteria Enterobacter
aerogenes and Pseudomonas fluorescens, limiting
the advancement of the necrosis in the potato tuber
tissue. However, further research is required to
understand the interaction of these organisms on
the surface of potato tubers.

End of the English version ~~—~——~—~

Pseudomonas fluorescens, limitando el avance de
la necrosis en el tejido del tubérculo de papa; sin
embargo, se requiere mas investigacion para cono-
cer la interaccion de estos organismos en la super-
ficie de los tubérculos de papa.
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