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Abstract. The species Opuntia ficus-indica is
affected by pests and diseases, one of the most
important of these being golden spot. The latter
has been reported in various countries, including
Mexico. Symptoms similar to those of golden
spot in O. ficus-indica have been observed in the
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Resumen. La especie Opuntia ficus-indica es
afectado por varias plagas y enfermedades, sien-
do una de las mas importantes la mancha dorada.
Esta ha sido reportada en varios paises, incluyendo
Meéxico. Sintomas similares a los causados por la
mancha dorada en O. ficus-indica se han observa-
do en el cultivo de xoconostle (Opuntia matudae
Scheinvar, cv. Rosa). El objetivo de este estudio
fue aislar e identificar el agente causal que ocasio-
na en este cultivo, los sintomas que se asemejan
a los de la mancha dorada en O. ficus-indica. Se
realizd un muestreo (10 parcelas) simple al azar en
campo sobre plantas de xoconostle que presenta-
ban los sintomas descritos. Se realizaron cortes de
tejido vegetal enfermo y se sembraron en cajas con
medio PDA. El cumplimiento de los postulados de
Koch demostré que el aislamiento (un aislado) de
la especie obtenida de las muestras de campo, co-
lonizoé los cladodios después de las inoculaciones
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xoconostle crop (Opuntia matudae Scheinvar, cv.
Rosa). The objective of this study was to isolate
and identify the causative agent that causes the
symptoms, which resembled those of the disease
described as golden spot in O. ficus-indica. Simple
random sampling in the field (10 plots) was carried
out on xoconostle plants that presented the described
symptoms. Slices of diseased plant tissue were
cut and placed in Petri plates with PDA medium.
Compliance with Koch’s postulates showed that the
isolated (one aislated) of Alternaria sp. obtained
from the field samples colonized the cladodes after
inoculations in the greenhouse. Through taxonomic
keys, Alternaria sp. was identified as the causative
microorganism. Molecular characterization of the
isolated Alternaria sp. was identified as Alternaria
alternata. This is the first report worldwide of
Alternaria alternata as the causal agent of golden
spot in a xoconostle crop.

Key words:
cladode, chlorotic spots.
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The genus Opuntia is a natural resource that
is used as live fencing and is also cultivated on
commercial plantations as a source of fodder and
as an edible vegetable for the nutritional value of
cladodes and fruits (Griffith, 2004; Defelice, 2004;
Saenz et al., 2006). It is a crop with high demand
as a food worldwide, and it is exported to the U.S.,
Europe and Japan (Flores ef al., 2013). Among the
species of the genus Opuntia, we find a set of wild
cultivars generically known as xoconostles or acidic
cactus pears, the name deriving from the Nahuatl
(xoco = sour and nochtli = prickly pear) (Gallegos-
Vazquez et al., 2012). These species are considered
of high ecological adaptability and their anatomy
and morphology enable them to adapt to conditions
of environmental stress, being considered valuable
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en el invernadero. Mediante claves taxonomicas,
se identifico a Alternaria sp. como microorganismo
causante. La caracterizacion molecular del aislado
de Alternaria sp. fue identificado como Alternaria
alternata. Este es el primer reporte a nivel mundial
de A. alternata como el agente causante de golden
spot en el cultivo de xoconostle.

Palabras clave: Opuntia spp., cladodio, fruto del
cladodio, manchas cloroticas.

El género Opuntia es un recurso natural que
se usa como cercado vivo, también se siembra en
campos comerciales como fuente de forraje y como
verdura comestible por el valor nutricional de sus
cladiodos y frutas (Griffith, 2004; Defelice, 2004;
Saenz et al., 2006). Es un cultivo con alta demanda
a nivel mundial y se exporta a EE.UU., Europa y
Japon (Flores et al., 2013). Entre las especies del
género Opuntia se encuentran un conjunto de culti-
vares silvestres genéricamente conocidos como xo-
conostles o tunas acidas, cuyo nombre proviene del
nahuatl (xoco = agrio y nochtli = tuna) (Gallegos-
Vazquez et al., 2012). Estas especies son conside-
radas de alta adaptabilidad ecoldgica y, su anatomia
y morfologia les permite adaptarse a condiciones
de estrés ambiental, siendo considerados alimentos
vegetales valiosos en América Latina. Los cultiva-
res del xoconostle poseen una cantidad importante
de fibra y compuestos antioxidants tales como acido
ascorbico, mientras que las semillas son fuente de
fibra, fenoles, flavonoides, acidos grasos poliinsa-
turados y tocoferoles (especialmente y-tocoferol),
que le proporcionan buena capacidad antioxidante
(Morales et al., 2012), asi como compuestos bio-
activos de alta calidad que se podrian incorporar
en formulaciones alimenticias funcionales (Morales
et al., 2014; Morales et al., 2015). Esto hace de la
planta un cultivo ideal en zonas donde el desarrollo
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vegetable foods in Latin America. Xoconostle
cultivars possess
soluble fiber and antioxidant compounds such as
ascorbic acid, while the seeds are a source of fiber,
phenolics, flavonoids, polyunsaturated fatty acids,
and tocopherols (especially y-tocopherol), which
provide good antioxidant capacity (Morales et al.,
2012), as well as high-quality bioactive compounds
that could be incorporated into functional food
formulation (Morales et al., 2014; Morales et al.,
2015). This renders the plant an ideal crop in zones
where the growth of other species-of-agricultural-
interest is a challenge (Saenz et al., 2006).

In common with O. ficus-indica and O.

an appreciable amount of

monacantha, the xoconostle species also present
phytosanitary problems
microorganisms that affect the quality and yield of
the crop (Rodriguez et al., 2001; Choueiri et al.,
2005). Among the most common of these problems
in Opuntia we find golden spot (Quezada et al.,
2006), necrosis of the cladode (Swart and Kriel
2002), and golden spot produced by Alternaria
alternata (Granata and Sidoti, 1997; Swart and
Kriel, 2002). The symptoms of the latter disease
have been described as an infection that begins
in the areoles of the cladode, near the site of
penetration, where a slight bump appears, with the
tissue changing color from the original dark to light
green until becoming golden (Méndez et al., 2008).

Similar symptomatology to that of golden spots
in O. ficus-indica has recently been observed on
both faces of the cladodes of xoconostle (Personal
observation). However, to our knowledge, there
have been no reports of this disease in xoconostle.
Therefore, the aim of this study was to perform a
comparative analysis ofthe disease symptomatology
in xoconostle with those reported in other Opuntia
species and to identify the microorganism that

caused by different

cause this symptomatology.
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de otras especies de interés agricola representa un
desafio (Saenz et al., 2006).

Al igual que con O. ficus-indica 'y O. monacan-
tha, la especie del xoconostle también presentan
problemas fitosanitarios causados por diferentes
microorganismos que afectan la calidad y el rendi-
miento del cultivo (Rodriguez et al., 2001; Chouei-
ri et al., 2005). Entre los problemas mas comunes
de este tipo en Opuntia se encuentran la mancha
dorada (Quezada et al., 2006), necrosis del clado-
dio (Swart y Kriel 2002), y la mancha dorada pro-
ducida por A. alternata (Granata y Sidoti, 1997;
Swart y Kriel, 2002). Los sintomas de esta ultima
enfermedad han sido descritos como una infeccion
que comienza en las areolas del cladodio, cerca
del sitio de penetracion, donde aparece una ligera
protuberancia, en la que el tejido cambia de color
de un verde oscuro original a un verde claro hasta
volverse dorado (Méndez ef al., 2008).

Una sintomatologia similar a la mancha dorada
en O. ficus-indica ha sido observado recientemente
en ambos lados del cladodio del xoconostle (ob-
servacion personal). Sin embargo, no conocemos
reportes de esta enfermedad en el xoconostle. Por
lo tanto, el objetivo de este studio fue realizar un
analisis comparativo de la sintomatologia de la en-
fermedad en xoconostle con aquellas reportadas en
otras especies de Opuntia e identificar al microor-
ganismo que causa esta sintomatologia.

El estudio se llevo a cabo durante los afios 2017-
2018 en Chapantongo (2017-2018) en Hidalgo,
Meéxico (20° 17° N y 99° 24’ O, a 2,120 metros so-
bre el nivel del mar) en un area agricola estableci-
da en suelos tipo Phaecozem y Vertisol. El clima es
templado-subhtimedo con una precipitacion anual
promedio de 550 mm y una temperatura anual pro-
medio de 18 °C. Los sitios de estudio presentan una
inclinacion de 7% norte-sur (INEGI, 2009); los si-
tios fueron previamente ocupados por pastizales y
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The study was conducted during the years 2017-
2018 in Chapantongo (2017-2018) in Hidalgo,
Mexico (20° 17° N and 99° 24’ W, at 2,120 meters
above sea level) in an agricultural area established
in Phacozem and Vertisol soil types. The climate
is temperate-subhumid with an annual average
precipitation of 550 mm and an average annual
temperature of 18 °C. The study sites feature a
north-south slope of 7% (INEGI, 2009), the sites
were previously occupied by pastureland, and
present an arable layer of up to 20 cm in depth.

Field sampling. Simple random sampling was
performed from a field crop established in 10 plots
on one-hectare with 13 rows containing 1,250 O.
matudae cv. Rosa plants. A total of 200 plants were
sampled with symptoms that resembled those of
the disease described as golden spot in O. ficus-
indica were found. Of these, 100 samples were
randomly selected for isolation and purification of
the pathogen causing the disease. The symptoms
on the cladodes of the infected plants of O. ficus-
indica are chlorotic spots around the spines. The
spots develop into round and prominent golden
yellow scabs, then the center necrotized leaving a
yellowish halo. The disease caused by A. alternata
in O. ficus-indica is also seen on the fruits, which
often presents the same symptoms observed on
the pads (Granata and Sidoti, 1997). Cladodes of
O. matudae cv. Rosa plants presenting symptoms
of the disease were collected, wrapped in sterile
paper, and stored at 4 °C until their analysis. Plant
samples were identified and deposited in the culture
collection in the Laboratory of Phytopathology
of the Xochimilco Metropolitan Autonomous
University.

Isolation and purification of fungus. The plant

material was washed with potable water and 2 cm? of
tissue were disinfected during 3 min with a solution
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presentan una capa arable con una profundidad de
hasta 20 cm.

Muestreo en campo. Un muestreo aleatorio sim-
ple se llevo a cabo en un campo establecido en 10
parcelas que ocupaban una hectarea de superficie,
con 13 hileras que contenian 1,250 plantas de O.
matudae cv. Rosa. Un total de 200 plantas fueron
muestreadas con sintomas que se asemejaban a los
de la enfermedad descrita como mancha dorada en
O. ficus-indica. De estas, 100 muestras fueron se-
leccionadas al azar para realizar el aislamiento y la
purificacion del patégeno causante de la enferme-
dad. Los sintomas de los cladiodos de las plantas
infectadas de O. ficus-indica son manchas cloréti-
cas alrededor de las espinas. Las manchas se de-
sarrollan hasta convertirse en costras redondas de
color amarillo dorado, luego el centro se necrotiza
dejando un halo amarillento. La enfermedad cau-
sada por A. alternata en O. ficus-indica también se
observa en las frutas, que con frecuencia presenta
los mismos sintomas que se observan en los cla-
diolos (Granata y Sidoti, 1997). Cladiodos de plan-
tas de O. matudae cv. Rosa con sintomas de la en-
fermedad fueron recolectados, envueltos en papel
estéril y almacenados a 4 °C hasta su analisis. Se
identificaron muestras de plantas y se depositaron
en la coleccion de cultivos del Laboratorio de Fito-
patologia de la Universidad Autonoma Metropoli-
tana - Xochimilco.

Aislamiento y purificacién de hongos. El material
vegetal se lavo con agua potable y se desinfectaron
2 cm? de tejido durante 3 min con una solucion de
5% de hipoclorito de sodio y 50% de alcohol. Des-
pués de enjuagarse tres veces con agua destilada
estéril, fueron colocados sobre papel estéril para
retirar el exceso de agua y después se colocaron
fragmentos de 0.5 cm? en cincuenta cajas con Papa
Dextrosa Agar (PDA) y otros cincuenta con Agua y
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of 5% of sodium hypochlorite and 50% alcohol.
After washed three times with sterile distilled
water they were placed on sterile paper to remove
residual water, and then 0.5 cm? fragments were
placed onto fifty plates containing Potato Dextrose
Agar (PDA) and fifty containing Water Agar (WA).
They were randomly placed and incubated at 28 +
2 °C for five days. The fungi were identified using
specific keys (Simmons, 2008). The same amount
was used during purification.

The strains identified as Alternaria sp. were
isolated with the hyphal tip technique in WA
media and PDA and incubated at 28 + 2 °C until
sporulation was confirmed. The spores were
collected, placed in an Eppendorf tube with 1 mL
of Tween 20 solution (0.5%), and then stirred for
1 min. The samples were centrifuged for 30 s and
then the supernatant was removed. Sterile distilled
water was added to resuspend the spores. From this
spore suspension 10 dilutions were prepared, 0.5
mL was placed on PDA and WA plates, and were
incubated at 28 + 2 °C. After 24 h a fragment of
the culture medium containing germinated spores
was cut out and placed on PDA and WA plates and
incubated at 28 £ 2 °C until sporulation (Montiel
et al., 2016). Fragments of monosporic cultures
in Rose Bengal Agar culture media, Czapek Dox-
agar and Sabouraud Agar plates were incubated
at 28 = 2 °C for 24 h. The spores were identified
morphologically with taxonomic keys (Simmons,
2008).

Morphological and molecular identification.
A fragment of two pure Alternaria colony were
placed in PDA medium and incubated at 28 °C
until maximum development;
developed was macerated with liquid nitrogen
until a fine powder was obtained. From this colony
genomic DNA extraction was performed with 0.5
g of powdered mycelium (Shure et al., 1983),

the mycelium
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Agar (WA). Fueron colocados de manera aleatoria
e incubados a 28 + 2 °C por cinco dias. Los hongos
fueron identificados mediante el uso de claves es-
pecificas (Simmons, 2008). Las mismas cantidades
se usaron para la purificacion.

Las cepas identificadas como Alternaria sp. se
aislaron mediante la técnica de punta de hifa en los
medios WA 'y PDA y se incubaron a 28 + 2 °C has-
ta que se confirmd la esporulacion. Las esporas se
colectaron, y se colocaron en un tubo Eppendorf
con 1 mL de solucion Tween 20 (0.5%) y se agita-
ron por 1 min. Las muestras se centrifugaron por
30 s y el sobrenadante se descart6. Se agregd agua
estéril destilada para resuspender las esporas. De
esta suspension de esporas se prepararon dilucio-
nes al 10, 0.5 mL se colocaron en cajas con PDA
y WA y se incubaron a 28 + 2 °C. Después de 24 h
se cortd un fragmento del medio de cultivo con
esporas germinadas y se coloco en cajas con PDA
y WA y se incubd a 28 £ 2 °C hasta la esporulacion
(Montiel et al., 2016). Se incubaron fragmentos de
cultivos monosporicos en un medio de cultivo Agar
Rosa de Bengala, agar modificado Czapek Dox y
Agar Sabouraud a 28 &= 2 °C por 24 h. Las esporas
se identificaron morfol6gicamente mediante claves
taxonomicas (Simmons, 2008).

Identificacién morfologica y molecular. Un frag-
mento de dos cultivos puros de Alternaria se co-
locaron en un medio PDA y se incubaron a 28 °C
hasta alcanzar su desarrollo maximo; el micelio
desarrollado se macer6 con nitrégeno liquido has-
ta obtener un fino polvo. A partir de este cultivo
se realizd una extraccion de ADN gendmico con
0.5 g of de micelio en polvo (Shure et al., 1983), se
verificd con la técnica de electroforesis en gel de
agarosa a 0.8%, se tifiid con bromuro de etidio y la
concentracion se determiné con el espectrofotome-
tro NanoDrop 1000. E1 ADN fangico se usé para la
amplificacion del gen ARN 18S ribosomal.
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verification was performed with the technique
of electrophoresis in 0.8% agarose gel, stained
with ethidium bromide and the concentration
was determined with the NanoDrop 1000
spectrophotometer. The fungal DNA extracted was
used for the amplification of the ribosomal RNA
18S gene.

The fungal DNA extracted was used for the
amplification of the ribosomal RNA 18S gene
using the oligonucleotides NS5 / NS6, and
the intergenic region ITS1 (ITS5 / ITS2) and
ITS2 (ITSS5 / ITS4) of the genes that encode for
ribosomal RNAs 18S, 5.8S and 28S, respectively
(White et al., 1990). The amplification of the
fragments (ITS1 was a length of 234 bp and ITS2
was a length of 565 bp) was done with the PCR
technique (30 pL of a reaction mixture: JumpStart
T™ Reaction mix 2x, 50 ng of fungal gDNA and
10 pM pL! of oligonucleotides). The mixture was
placed in the TC-5000 Techne® thermal cycler
according to the program (denaturalization at 94
°C, 160/35 s, 35 cycles; alignment at 55 °C, 35
cycles; extension at 72 °C, 45 s, 35 cycles and
final extension at 72 °C, 300 s 35 cycles) (White
et al., 1990). The PCR products were separated
by electrophoresis in agarose gel at 0.8% and
purified with the Sigma® GenElute Gel extraction
kit. The purified PCR products were bound in
pGEM T-Easy vector (Promega), transformed into
competent cells of Escherichia coli strain DH5a,
re-sowed in liquid medium LB with ampicillin,
incubated at 37 °C with constant movement during
24 h. From the obtained colonies the plasmid DNA
was purified with Illustra plasmidPrep Mini Spin
Kit of GE Healthcare and the digestion was done
with the restriction enzymes EcoRI and Pstl; the
digestion was separated by electrophoresis in
agarose gel at 0.8% with ethidium bromide, photo-
documented on the BIO-RAD Fluor-S® Max Multi
Imager and quantified on the NanoDrop 1000
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El ADN fungico extraido se usé para la ampli-
ficacion del gen ARN 18S ribosomal mediante los
oligonucledtidos NS5/ NS6, y la region intergénica
ITS1 (ITS5/1TS2) y ITS2 (ITS5/1TS4) de los ge-
nes que codifican para los ARN ribosomales 18S,
5.8S y 28S, respectivamente (White et al., 1990).
La amplificacion de los fragmentos (ITS1 fue de
un largo de 234 bp y ITS2, de 565 bp) se llevo a
cabo con la técnica PCR (30 pL de una mezcla de
reaccion: JumpStart ™ Reaction mix 2x, 50 ng de
gADN fungico y 10 pM pL! de oligonucledtidos).
La mezcla se coloco en el termociclador TC-5000
Techne® de acuerdo con el programa (desnaturali-
zacion a 94 °C, 160/35 s, 35 cycles; alineamien-
to a 55 °C, 35 ciclos; extension a 72 °C, 45 s, 35
ciclos y extension final a 72 °C, 300 s 35 ciclos)
(White et al., 1990). Los productos PCR se sepa-
raron por electrophoresis en gel de agarose a 0.8%
y se purificaron con el kit de extraccion Sigma®
GenElute Gel. Los productos de PCR purificados
fueron unidos en pGEM T-Easy vector (Prome-
ga), transformados en células de Escherichia coli
cepa DH5a, re-plantados en medio liquido LB con
amplicilina, e incubados a 37 °C con movimiento
constante durante 24 h. De los cultivos obtenidos,
el ADN plasmido se purificd con Illustra plasmi-
dPrep Mini Spin Kit de GE Healthcare y la diges-
tion se realizo con las enzimas de restriccion Eco-
RI y Pstl; la digestion se separd por electroforesis
en gel de agarosa a 0.8% con bromuro de etidio,
se fotodocumentd en el BIO-RAD Fluor-S® Max
Multi Imager y se cuantifico en el espectrofotome-
tro NanoDrop 1000. Las secuencias se llevaron a
cabo en la Unidad de Sintesis y Secuenciacion del
Instituto de Biotecnologia de la UNAM. Las se-
cuencias obtenidas se editaron mediante FinchTV y
fueron identificadas como Altal-ITS1 y Altal-ITS2.
Para determinar sus especies se uso la herramienta
BLAST de la base de datos del Centro Nacional
de Informacion Biotecnologica (NCBI) database
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spectrophotometer. The sequences were performed
in the DNA Synthesis and Sequencing Unit of the
Biotechnology Institute of UNAM. The obtained
sequences were edited on FinchTV and identified
as Altal-ITS1 and Altal-ITS2. To determine their
species, the BLAST tool was used in the National
Center Biotechnology Information (NCBI)
database (http://www.ncbi.nlm.nih.gov/BLAST).
To determine the sequence identity of the Altal-
ITS1 and Altal-ITS2 (234 and 565 bp respectively),
the isolates used were Alternaria alternata isolate
wxm90 (GenBank: HMO051066.1); Alternaria
sp. ZH7-C2 (GenBank: FJ037737.1); Uncultured
fungus clone AA45-2 (GenBank: GU065589.1);
Septoria lycopersici isolate NW574B (GenBank:
EUS520171.1); Alternaria sp. ALT3 (GenBank:
HM114272.1); Alternaria alternata strain KHF-
5 (GenBank: MN173818.1); Alternaria alternata
isolate Altal-ITS1 (GenBank: MW092952.1);
Altal-ITS2 (GenBank: MWO092953); Alternaria
sp. JM-1 (GenBank: GQ389617.1); Alternaria
azukiae strain wxm133 (GenBank: HM037984.1);
Alternaria alternata (GenBank: LC269969.1)
and Alternaria alternata isolate R1-1 (GenBank:
FJ827039.1). The Altal-ITS1 and Altal-ITS2
sequence was aligned with the previous sequences
and the phylogenetic tree was constructed using
Unipro UGENE v. 41.0 (Okonechnikov et al.,
2012).

Pathogenicity test. Field evaluation was carried
out under greenhouse conditions, in which mature
cladodes of xoconostle (O. matudae cv. Rosa) were
obtained from healthy plants. Prior to performing
the seeding, twenty cladodes were washed with
sterilized water and disinfected with a solution of
5% sodium hypochlorite; these cladodes were left
in the shade during 20 days for scarring of the cut.
Later, they were established in 35 x 35 c¢m plastic
bags filled with a mixture of tezontle (volcanic
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(http://www.ncbi.nlm.nih.gov/BLAST). Para de-
terminar la identidad de la secuencia de Altal-ITS1
y de Altal-ITS2 (234 y 565 bp respectivamente),
los aislados usados fueron Alternaria alternata ais-
lado wxm90 (GenBank: HM051066.1); Alternaria
sp. ZH7-C2 (GenBank: FJ037737.1); Clon fingico
no-cultivado AA45-2 (GenBank: GU065589.1);
Septoria lycopersici aislado NW574B (GenBank:
EUS520171.1); Alternaria sp. ALT3 (GenBank:
HM114272.1); Alternaria alternata cepa KHF-5
(GenBank: MN173818.1); Alternaria alternata
aislado Altal-ITS1 (GenBank: MW092952.1); Al-
tal-ITS2 (GenBank: MW092953); Alternaria sp.
IJM-1 (GenBank: GQ389617.1); Alternaria azukiae
cepa wxml133 (GenBank: HM037984.1); Alterna-
ria alternata (GenBank: 1.C269969.1) y Alternaria
alternata isolate R1-1 (GenBank: FJ827039.1). Las
secuencias de Altal-ITS1 y Altal-ITS2 se alinearon
con las secuencias previas y se contruy6 un arbol
filogenético mediante el uso de Unipro UGENE v.
41.0 (Okonechnikov et al., 2012).

Prueba de patogenicidad. Se realizé una evalua-
cion de campo bajo condiciones de invernadero, en
la que se utilizaron cladodios maduros de xoconos-
tle (O. matudae cv. Rosa) de plantas sanas. Antes
de realizar la siembra, se lavaron 20 cladodios con
agua esterilizada y se desinfectaron con una solu-
cion de hipoclorito de sodio al 5%. Estos cladodios
se dejaron a la sombra durante 20 dias para dejar
cicatrizar los cortes. Luego, se sembraron en bolsas
de plastico de 35 x 35 cm llenas con una mezcla de
tezontle (piedra volcanica) y arena de silice (2:1).
Antes de la inoculacion llevada a cabo en el in-
vernadero, se realizd la activacion de un aislado de
forma separada en matraces de 250 mL con un me-
dio de cultivo Papa Dextrosa Agar (PDA). Después
de 8 dias de incubacion a 28 + 2 °C, se agregaron
a cada matraz 20 mL adicionales de Tween 80 a
0.05%, y éstos se colocaron bajo agitacion orbital
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rock) and silica sand (2:1).

Prior to the inoculation carried out at the
greenhouse,
performed separately in 250 mL flasks in Potato
Dextrose Agar (PDA) culture medium. After
8 days of incubation at 28 £+ 2 °C, an additional
20 mL of Tween 80 at 0.05%, was added to each
flask and these were placed under orbital shaking
during 1 min. The solution obtained from the
shaking was passed through a Whatman #40 filter
and the filtrate was diluted with 130 mL sterile
water, which was applied to the cladodes of the
xoconostle plants. The cladodes inoculated by
aspersion of 13 mL of a solution and a control
(water) were constituted in the treatments. Each
treatment had 10 repetitions (cladodes) distributed
in an arrangement completely at random. Every 15
days, observations were performed in the search
for the appearance of symptoms similar to those of
golden spot, noting the treatment and the number
of plants in cases in which the symptoms appeared.
In case of the appearance of the symptomatology
similar to those of golden spot 0.5 cm? fragments
of the cladodes were disinfected in the 2% sodium
hypochlorite solution and seeded onto PDA plates
and incubated at 28 + 2 °C. After 8 days of growth,
the colonies were identified morphologically with
taxonomic keys (Simmons, 2008).

activation of one isolated was

Statistical analysis. Data were submitted to
tests of normality (Shapiro-Wilk W test) and
homoscedasticity =~ (Levene).  Kruskal-Wallis
Analysis of Variance (ANOVA) and means
comparison (Steel-Dwass) tests were used when
the supposed normality could not be corrected
using transformations. ANOVA and the Tukey test
(p <0.05) were used to separate treatments. Data
analysis and processing was carried out with JMP®
ver. 11 statistical software packages (SAS, 2012).
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durante 1 min. La solucidn obtenida de la agitacion
se paso a través de un flitro Whatman #40 y el fil-
trado se diluy6 con 130 mL de agua estéril, la cual
se aplico a los cladodios de las plantas de xoco-
nostle. Los cladodios inoculados por aspersion con
13 mL de una solucién y un control (agua) fueron
los dos tratamientos evaluados. Cada tratamiento
constd de 10 repeticiones (cladodios) distribuidos
en un arreglo completamente al azar. Cada 15 dias
se realizaban observaciones en busca de sintomas
similares a los de la mancha dorada, anotando el
tratamiento y el nimero de plantas cuando apare-
cian sintomas. En el caso de aparecer la sintomato-
logia similar a la de la mancha dorada, se desinfec-
taban fragmentos de 0.5 cm? de los cladodios en la
solucion de hipoclorito de sodio al 2%, se sembra-
ban en cajas con PDA y se incubaban a 28 = 2 °C.
Después de 8 dias de crecimiento, los cultivos se
identificaron morfolégicamente con claves taxono-
micas (Simmons, 2008).

Analisis estadistico. A los datos se les realizé una
prueba de normalidad (prueba Shapiro-Wilk W) y
de homocedasticidad (Levene). Se recurrié a las
pruebas de Analisis de Varianza Kruskal-Wallis
(ANDEVA) y comparacion de medias (Steel-
Dwass) cuando la supuesta normalidad no pudo ser
corregida usando transformaciones. Se usaron las
pruebas ANOVA y de Tukey (p <0.05) para sepa-
rar tratamientos. El analisis y el procesamiento de
datos se desarrollaron con los paquetes de software
estadisticos JMP® ver. 11 (SAS, 2012).

Muestreo en campo. La presencia de sintomas se
observo en 100% de las plantas muestreadas del
cultivo de xoconostle. La enfermedad se presenta-
ba, por lo general, en el borde superior del clado-
dio previo al cladodio en fructificacion (Figura 1A,
B). Esta comienza en los cladodios como puntos
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Field Sampling. The presence of symptoms
was observed in 100% sampled plants of the
xoconostle crop. The disease presented generally
in the cladode on the upper edge or on that prior to
fruting cladode (Figure 1A, B). This begins in the
cladodes as points of yellow color or spot chlorosis
that often presented near the areoles (Figures 1C,
D), similar to those caused by 4. alternata and
reported by Granata and Sidoti (1997) on cactus
pear, and these evolved until they formed a golden
spot and necrosis on the epidermis (Figures 1E,
F). Subsequently, these acquired the appearance of
burns as a result of the fusion of the spots, with
elevation of the cuticle, dehydration of the tissue,
and crusting. Similar symptomatology has been
reported for Opuntia ficus (Swart and Kriel, 2002;
Granata and Sidoti, 1997). The symptoms found in

amarillos o manchas cloréticas que normalmente se
presentan cerca de las areolas (Figuras 1C, D), si-
milares a las causadas por A. alternata y reportadas
por Granata y Sidoti (1997) en tuna y que evolucio-
naron hasta formar una mancha dorada y necrois en
la epidermis (Figures 1E, F). Mas adelante, adqui-
rieron la apariencia de quemaduras como resultado
de la fusion de las manchas, con la elevacion de
la cuticula, deshidratacion del tejido y formacion
de una costra. Una sintomatologia similar ha sido
reportada en O. ficus-indica (Swart y Kriel, 2002;
Granata y Sidoti, 1997). Los sintomas hallados en
la planta del xoconostle en este estudio no corres-
pondian con los descritos por Ammar ef al. (2004)
y Flores et al. (2013) producidos por Botryodiplo-
dia theobromae, Alternaria alternata y Fusarium
solani en cladodios y pudricion de frutas del tunar,

Figure 1. Expression of golden spot in Opuntia matudae, var. Rosa in plants sampled in the field. The symptomology generally
presented on the upper edge of cladode (A); and on that prior to fruting cladode (B); golden spot on the epithelial
tissue (C); presence of golden spot in the areole and thickening of the epithelial tissue (D); thickening of the tissue
caused by fusion of the golden spots, mainly on the upper edge of the cladode (E) and concentric lesion in cladode

tissue and necrosis on the epidermis (F).

Figura 1. Expresion de mancha dorada en Opuntia matudae, var. Rosa en plantas muestreadas en el campo. La sintomatologia
por lo general se presentaba en la orilla superior del cladodio (A); y en el previo al cladodio en fructificacion (B);
mancha dorada en el tejido epitelial (C); presencia de mancha dorada en la areola y el engrosamiento del tejido
epitelial (D); engrosamiento del tejido causado por la fusion de las manchas doradas, principalmente en el borde
superior del cladodio (E) y lesiones concéntricas en tejido del cladodio y necrosis en la epidermis (F).
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the xoconostle plant in this study did not correspond
to those described by Ammar et al. (2004) and
Flores et al. (2013) produced by Botryodiplodia
theobromae, Alternaria alternata and Fusarium
solani on cladodes and fruit rots of prickly pear
cactus, nor to those described by Méndez et al.
(2008) for golden spot caused by Alternaria sp.,
Hansfordia sp., Ascochyta sp. in O. ficus-indica.
These authors state that the damage presents in the
fruiting cladode and that it affects the entire area of
the cladode in this species, unlike in the xoconostle,
where the damage is observed in the cladode prior
to the apical cladode and that does not present in
the fruits (Figure 1A, B).

The lesions reported by Swart and Kriel (2002)
for golden spot in the cladodes of O. ficus-indica
present a similar pattern, since these authors
describe chlorosis around the spines, which was
observed in our study; however, the presence of
exudates in the lesions, reported by Ammar et al.
(2004), was not found.

Morphological and molecular identification.
Purification allowed for the elimination of
saprophytic organisms. From a 100 samples A.
alternata was identified in 100% of the incubated
plates. The distinctive feature of the colony in PDA
culture medium was greenish-grey plush, concentric
with whitish rim, dark brown plate underside. The
conidiophores were 3 to 6 pm thick and 50 pm long
on average The conidia were generally short in
chains of 3 to 5 conidia, secondary conidiophores
were also observed, short, straight, ovoid, with
short cylindrical beak, 7-25 pm long, 5-12 pum
wide, olive colored, with 3 transverse septa and 2
longitudinal septa. According to McKenzie (2013),
the morphology corresponds to 4. alternata (Figure
2C-D).

The Altal-ITS1 (length of 234 bp NCBI

Access num: MWO092952) and Altal-ITS2
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ni con los descritos por Méndez et al. (2008) para la
mancha dorada causada por Alternaria sp., Hans-
fordia sp., Ascochyta sp. en O. ficus-indica. Estos
autores exponen que el dafo se presenta en el cla-
dodio en fructificacion y que afecta al area com-
pleta del cladodio en esta especie, a diferencia del
xoconostle, donde el dano se observo en el clado-
dio previo al cladodio apical y no se presenta en las
fructificaciones (Figura 1A, B).

Las lesiones reportadas por Swart y Kriel (2002)
para la mancha dorada en los cladodios de O. ficus-
indica presentan un patron similar, ya que estos
autores registran la presencia de clorosis alrededor
de las espinas, lo cual se observod en el presente es-
tudio. Sin embargo, la presencia de exudados en las
lesiones reportada por Ammar et al. (2004), no fue
encontrada.

Identificaciéon morfolégica y molecular. La pu-
rificacion permitié la eliminacion de organismos
saprofiticos. De 100 muestras, se indentificé a 4.
alternata en 100% de las cajas incubadas. La ca-
racteristica distintiva del cultivo en el medio de
cultivo PDA fue una capa color gris verdoso con-
céntrica con un borde blanquecino y un color café
oscuro en el fondo de la caja. Los conidi6éforos
median de 3 a 6 pm de grosor y un promedio de
50 um de largo. Los conidios eran cortos, por lo
general, con cadenas de 3 a 5 conidios. También
se observaron conidioforos secundarios cortos, rec-
tos, ovoides, con un pico corto y cilindrico de 7-25
pum de largo, 5-12 um de ancho, color olivo, con 3
septas transversales y 2 longitudinales. De acuerdo
con McKenzie (2013), la morfologia corresponde a
la de A. alternata (Figura 2C-D).

La secuencia de Altal-ITS1 (234 bp de largo
Numero de accession NCBI: MW092952) y Altal-
ITS2 (largo de 565 bp Numero de accession NCBI:
MW092953) present6 un porcentaje de homologia
(98%). Los lineamientos de la base de datos de
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Figure 2. Symptoms caused by the inoculation of Alternaria alternata in cladodes of xoconostle under greenhouse conditions:
without the presence of the chlorotic halo (A); with the presence of the chlorotic halo (B); A. alternata colony
sporulation pattern in short (C); branched chain in the second conidium (D).

Figura 2. Sintomas causados por la inoculacién de Alternaria alternata en cladodios de xoconostle en condiciones de
invernadero: sin la presencia del halo clorético (A); con la presencia del halo clorético (B); patron de esporulacién
del cultivo de Alternaria alternata en cadenas cortas (C); cadenas de conidios (D).

sequence (length of 565 bp NCBI Acces num:
MW092953) showed a homology percentage
(98%). According to alignments in the National
Center Biotechnology Information database and
the previous morphological characterization,
allowed the identification of Alternaria alternata
(Figure 3).

Greenhouse experiment. Ten months after
inoculation carried out at the greenhouse, the
appearance of symptoms similar to those caused by
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National Center Biotechnology Information y la
caracterizacion morfoldgica previamente descrita,
permitieron la identificacion de Alternaria alterna-
ta (Figura 3).

Experimento en invernadero. Diez meses des-
pués de la inoculacion realizada en el invernadero
comenzo la aparicion de sintomas similares a los
causados por la mancha dorada en O. ficus-indica.
Una diferencia significativa (P<0.05) se observo
entre los tratamientos evaluados, y se encontr6 que
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Figure 3. Phylogenetic tree construction comparing the Altal-ITS1 and Altal-ITS2 amplified regions in Alternaria alternate.
Figura 3. Construccion del arbol filogenético comparando las regiones amplificadas Altal-ITS1 y Altal-ITS2 en Alternaria

alternata.

golden spot in O. ficus-indica began. A significant
difference (P<0.05) was observed among the
treatments evaluated, finding that those in which
the solution containing the strain, were those that
presented experimental units with symptomatology,
while the control treatment did not present these. In
cladodes inoculated with solution containing the
isolated were identified areas in brown color with a
diameter of between 1 and 5 mm and an elevation
of the tissue; but chlorotic halos were not registered
(Figure 2A). However, there were also cladodes in
which the chlorotic halo was present (Figure 2B).
The microorganisms identified from the isolates
corresponded to Alternaria alternata, observing
the presence of their conidia in the spines of the
cladodes.
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aquellos en que se aplico la solucion contenien-
do los aislados, fueron los que presentaron la
sintomatologia, mientras que el tratamiento control
no la presentd. En cladodios inoculados con la so-
lucion con el aislamiento se identificaron areas en
color café con un didmetro de entre 1 y 5 mm y una
elevacion del tejido, pero los halos clordticos no
se registraron (Figura 2A). Sin embargo, también
hubo cladodios en los que el halo clorotico estaba
presente (Figura 2B). Los microorganismos identi-
ficados a partir de los aislamientos correspondieron
con Alternaria alternata, observando la presencia
de sus conidios en las espinas de los cladodios.
Observaciones morfologicas permitieron iden-
tificar a Alternaria alternata como el agente causal
de la mancha dorada en O. matudae y los sintomas

142



FuLLy BILINGUAL

MEXICAN JOURNAL OF PHYTOPATHOLOGY
REvISTA MEXICANA DE FITOPATOLOGIA

Morphological observations allowed to identify
A. alternata as the causal agent of the Golden spot
in O. matudae and the symptoms are similar to that
of the golden spot in O. ficus-indica. The molecular
characterizations of the Altal-ITS1 and Altal-ITS2
isolation coincided with the A. alternata species.
More research is needed to investigate the effect
of the integrated management and specially of
fungicides on the growth of the pathogenic fungi 4.
alternata in xoconostle.
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