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Abstract. 2020,
(Chamaedorea quezalteca) plantations in the

Since camedor palm
Frailesca region, Chiapas, Mexico, have been
affected by foliar diseases that induce leaf spot
and anthracnose symptoms that reduce production,
leaf quality and thus the loss of their commercial
value. The objectives of this work were to identify
the causal agents and to quantify the incidence and

ONLINE PUBLICATION, MAY 2023

Resumen. Las plantaciones de palma camedor
(Chamaedorea quezalteca) de la region Frailesca,
Chiapas, México, desde el 2020 son afectadas por
enfermedades foliares que inducen sintomas de
mancha foliar y antracnosis que reducen la produc-
cion, calidad de las hojas y con ello la pérdida de
su valor comercial. Los objetivos de este trabajo
fueron identificar los agentes causales y cuantifi-
car la incidencia y severidad de las enfermedades
foliares en plantaciones de palma camedor. De
manera recurrente se aislaron dos hongos, uno
de hojas con sintomas de mancha foliar y otro de
antracnosis, ambos fueron identificados morfold-
gicamente y molecularmente mediante la secuen-
ciacion del espaciador de transcrito interno (ITS5/
ITS4), las pruebas de patogenicidad se realizaron
en plantas sanas donde se inocularon conidios de
los hongos, y en campo se cuantifico la incidencia
y severidad de la enfermedad con apoyo de una es-
cala pictografica. Los hongos identificados fueron
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severity of foliar diseases in plantations of camedor
palm. Two fungi were recurrently isolated, one
from leaves with leaf spot symptoms and the
other with anthracnose, both were identified
morphologically and molecularly by sequencing
the internal spacer (ITS5/ITS4),
pathogenicity tests were performed on healthy
plants where fungal conidia were inoculated, and
in the field the incidence and severity of the disease
were quantified with the support of a pictographic
scale. The fungi identified were Neopestalotiopsis
sp. in leaf spot symptoms and Colletotricum karstii
in anthracnose, both pathogens reproduced the
same symptoms observed in the field, by means
of pathogenicity tests. Disease incidence and
severity percentages were transformed to area
under the disease progress curve (AUDPC), these
diseases presented an annual average incidence
and severity of 35.33% (AUDPC= 14180) and
39.16% (AUDPC=12885) for leaf spot, 19.5%
(AUDPC= 7123) and 55.83% (AUDPC= 20380)
for anthracnose, respectively.

transcribed

Key words: Palmae, Areacaceae, leaf spot,
anthracnose.

The Palmae family (Arecaceae) is classified
into six subfamilies with 4,000 species and
200 genera worldwide (Ahmad er al., 2020).
Palms present a morphological and ecological
diversity, and they are usually found in regions
with tropical, subtropical and Mediterranean
climates. For the most part, palms are used for
esthetic and ornamental purposes, but some
species are also used for food (Howard, 2001).
In the horticultural industry, ornamental palms
represent 404 million dollars, that is, 10% of the
total production (Hodges et al., 2011). In addition,
from the ecological standpoint, these plants reduce
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Neopestalotiopsis sp. en sintomas de mancha foliar
y Colletotricum karstii en antracnosis, ambos pa-
togenos reprodujeron los mismos sintomas obser-
vados en campo, a través de las pruebas de patoge-
nicidad. Los porcentajes de incidencia y severidad
de las enfermedades se transformaron a area bajo
la curva del progreso de la enfermedad (ABCPE),
estas enfermedades presentaron un promedio anual
de incidencia y severidad de 35.33% (ABCPE=
14180) y 39.16% (ABCPE=12885) para mancha
foliar, 19.5% (ABCPE="7123) y 55.83% (ABCPE=
20380) para antracnosis, respectivamente.

Palabras clave: Palmae, Areacaceae, mancha fo-
liar, antracnosis.

La familia Palmae (Arecaceae) se clasifica en
seis subfamilias con 4000 especies y 200 géneros
en todo el mundo (Ahmad ef al., 2020). Las palmas
presentan una diversidad morfoldgica y ecoldgica,
se encuentran habitualmente en regiones climaticas
tropicales, subtropicales y mediterraneas. En su
mayoria, las palmas se usan con fines estéticos y de
ornato, pero algunas especies se utilizan también
para alimentacion (Howard, 2001). En la industria
horticola, las palmas ornamentales representan 404
millones de dolares, es decir, el 10% de la produc-
cion total (Hodges et al., 2011). Ademas, desde el
punto de vista ecoldgico estas plantas disminuyen
la contaminacion ambiental y tienen un efecto posi-
tivo en la atmosfera (El-Juhany, 2010). Las palmas
ornamentales son afectadas por factores bioticos,
como los insectos y las enfermedades, y abidticos,
como la temperatura, la nutricion y la composicién
del suelo (Schmidhuber y Tubiello, 2007; Aldana
et al., 2009). Diferentes hongos fitopatdgenos, bac-
terias, virus y nematodos reducen el valor estéti-
co de las palmas en diferentes etapas, provocando
sintomas que incluyen marchitez, tizon, manchas,
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environmental pollution and have a positive effect
on the atmosphere (El-Juhany, 2010). Ornamental
palms are affected by biotic factors, such as
insects and diseases, and abiotic factors such as
temperature, and soil nutrition and composition
(Schmidhuber and Tubiello, 2007; Aldana et al.,
2009). Different phytopathogenic fungi, bacteria,
viruses and nematodes reduce the esthetic value
of plants in different stages, causing symptoms
that include wilting, blight, spot, root rot, stem and
petiole rot, diamond scale and leaf sheath diseases,
as well as wilting from Fusarium oxysporum
(Broschat et al., 2014). Recent studies carried out
on Chamaedorea cataractarum, C. seifrizii and C.
costaricana reported some pathogens responsible
for the diseases of these palms, as in Ganoderma
spp., which causes stem base rot, a lethal disease
with an enormous potential for spreading (Shakeel
et al., 2020). Another one of the main pathogens
in palms is Phytophthora palmivora, which causes
the devastating disease called lethal palm bud
rot (Broschat et al., 2014; Shakeel et al., 2020).
Likewise, there have been reports of the leaf spot
disease complex Helminthosporium, caused by a
group of fungi (Drechslera setariae, Exserohilum
rostratum and Phaeotrichoconis  crotalariae)
(Shakeel et al., 2020).

In Central America, the genus Chamaedorea is
distributed in Guatemala, El Salvador, Honduras
and in southern Mexico, as part of the montane
cloud forest and tropical evergreen forest
(Granados et al., 2004; Lopez et al., 2005). In
Chiapas, the genus Chamaedorea is found in
depressions of the Sierra Madre de Chiapas and in
the Lacandona jungle (Buda Arango et al., 2014) in
altitudes ranging from 900 to 2300 masl (Martinez
et al., 2011). For the case of the region known as
the Frailesca, Chiapas, Chamaedorea quezalteca,
commonly known as the camedor palm, is the most
planted species for commercial use.

ONLINE PUBLICATION, MAY 2023

podredumbre de la raiz, podredumbre del tallo y
del peciolo, cascarilla de diamante y enfermedades
de la vaina de la hoja, asi como marchitamiento por
Fusarium oxysporum (Broschat et al., 2014). Estu-
dios recientes realizados en Chamaedorea catarac-
tarum, C. seifrizii y C. costaricana reportaron al-
gunos patdgenos responsables de las enfermedades
en estas palmas, como Ganoderma spp., causante
de la podredumbre basal del tallo, enfermedad le-
tal que tiene un enorme potencial de propagacion
(Shakeel et al., 2020). Otro de los principales pa-
togenos de las palmas es Phytophthora palmivo-
ra, que provoca la enfermedad devastadora deno-
minada pudricion letal del cogollo de las palmas
(Broschat et al., 2014; Shakeel et al., 2020). Asi
mismo, se ha reportado la enfermedad de mancha
foliar complejo Helminthosporium, provocado por
un grupo de hongos (Drechslera setariae, Exsero-
hilum rostratum y Phaeotrichoconis crotalariae)
(Shakeel et al., 2020).

En centroamérica el género Chamaedorea se
distribuye en Guatemala, El Salvador, Honduras
y al sur de México, formando parte del bosque
mesofilo de montafia y del bosque tropical peren-
nifolio (Granados et al., 2004; Lopez et al., 2005).
En Chiapas, el género Chamaedorea se localiza en
las depresiones de la Sierra Madre de Chiapas y en
la Selva Lacandona (Buda Arango ef al., 2014) en
altitudes que van desde los 900 a 2300 msnm (Mar-
tinez et al., 2011). Para el caso de la region Frai-
lesca, Chiapas, Chamaedorea quezalteca conocida
comunmente como palma camedor es la especie
que mas se cultiva para su uso comercial.

Chamaedorea quezalteca se ha extraido desde
los afios cuarenta para abastecer los mercados flo-
risticos internacionales, primordialmente a Estados
Unidos, por lo que actualmente se le ha considerado
como un producto forestal no maderable (PFNM)
(Pérez et al., 2012), esta actividad econdmica re-
sulta factible para pequefias comunidades rurales,

167



MExiICAN JOURNAL OF PHYTOPATHOLOGY
RevisTA MExicaNa DE FITOPATOLOGIA

FuLLy BILINGUAL

Chamaedorea quezalteca has been extracted
since the 1940s to supply world flower markets,
mainly in the United States, therefore it has been
considered a non-timber yielding product (Pérez
et al., 2012). This economic activity is feasible for
small rural communities, since it does not require
sophisticated technology (Evans, 1993). For many
rural producers, this represents participating in a
subsistence economy towards a market economy,
which has meant the increase of their income.

Since 2020, in the Frailesca region, Chiapas,
the camedor palm plantations have been affected
by two foliar diseases foliar spot and anthracnose
which reduce the production and quality of
leaves, which has a direct impact on the incomes
of producers. In Mexico there are currently no
reports of leaf diseases related to the camedor palm
(Chamaedorea quezalteca). Therefore, the aims
of this research were to identify the causal agents,
quantify the incidence and severity of the leaf
diseases leaf spot and anthracnose in commercial
camedor palm plantations.

MATERIALS AND METHODS
Gathering biological material. Twenty leaf
samples of each of the leaf spot and anthracnose
gathered from eight-year-old
camedor palms located in the Sierra Morena (16°
08°51.6” LN — 93° 36" 30.06” LW) and Plan de
Ayala (15°90°47.22" LN-93°2125.00" LW) ¢jidos
of the municipal area of Villa Corzo, Chiapas.

diseases were

The samples were placed in plastic bags with
paper towels, labeled and sent to the Laboratory
and Bioinsecticides of the
Universidad de Ciencias y Artes de Chiapas in

of Biofertilizers

Villa Corzo, and they were stored in a container
with water until used.
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ya que no requiere tecnologia sofisticada (Evans,
1993). Esto representa para varios productores ru-
rales la participacion en una economia de subsis-
tencia hacia una economia de mercado, lo que ha
significado el aumento de sus ingresos econémicos.
Desde el 2020, en la region Frailesca Chiapas, las
plantaciones de palma camedor son afectadas por
dos enfermedades foliares, mancha foliar y antrac-
nosis, que disminuyen la producciéon y la calidad
de las hojas, lo que impacta directamente el in-
greso economico de los productores. Actualmente
en México no se cuenta con ningln reporte de en-
fermedades foliares asociadas a la palma camedor
(Chamaedorea quezalteca). Por lo que los obje-
tivos de esta investigacion fueron identificar los
agentes causales, cuantificar la incidencia y seve-
ridad de las enfermedades foliares, mancha foliar y
antracnosis en plantaciones comerciales de palma
camedor.

MATERIALES Y METODOS

Colecta de material biolégico. 20 muestras de
hojas de cada una de las enfermedades de mancha
foliar y antracnosis se colectaron en plantaciones
de palma camedor de ocho afios de edad ubicados
en los Ejidos Sierra Morena (16° 08'51.6” LN —
93°36" 30.06” LW) y Plan de Ayala (15°90°47.22"
LN-93°21"25.00" LW) del municipio de Villa Cor-
zo, Chiapas. Las muestras se colocaron en bolsas
de plastico acondicionadas con papel absorbente,
se etiquetaron y trasladaron al Laboratorio de Bio-
fertilizantes y Bioinsecticidas de la Universidad de
Ciencias y Artes de Chiapas, Sede Villa Corzo y se
conservaron en un recipiente con agua hasta su uso.

Aislamiento y purificacion de los hongos. Las
hojas de palma camedor con sintomas de mancha
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Fungus isolation and purification. The camedor
palm leaves with symptoms of leaf spot and
anthracnose were dissected into pieces of 0.5 cm?
each, washed with 70% ethanol for 3 minutes and
with 10% sodium hypochlorite for 10 min, then
washed twice with sterile distilled water for 2
min. Ten pieces with each of the symptoms were
planted in a potato dextrose agar (PDA) medium
in triplicate and incubated at 28 °C, a 12:12 light/
darkness photoperiod for 10 days; the mycelial
growth of the fungi was monitored every 24 hours
and purified by hyphal tipping and monosporic
culture (Ruiz-Cisneros et al., 2017).

Morphological identification. Out of the 30 pieces
oftissue plantedin PDA, 10 fungi were isolated from
each of the symptoms of leaf spot and anthracnose
that were the first to emerge from the tissues after
48 hours. They were identified morphologically
at a genus level via their reproductive structures
observed under an optical microscope (Axiolab 5,
Carl Zeiss) and with the aid of taxonomical keys
(Barnett and Hunter, 2006, Watanabe, 2002).

Molecular identification. For the molecular
identification, the fungus isolated from the leaves
with symptoms of leaf spot and the anthracnose
fungus were planted in Petri dishes with PDA
covered with a sheet of sterile cellophane and
incubated for 7 days at 28 °C. The mycelium was
harvested and frozen using liquid nitrogen; the
DNA was then extracted following the protocol
by Raeder and Broda (1989). The total DNA was
used to amplify the internal transcribed spacer
(ITS) of thel8S of the rDNA using oligos ITS5
(5>-GGAAGTAAAAGTCGTAACAAGG-3’) and
ITS4 (5’-TCCTCCGCTTATTGATATGC-3") with
the following conditions of amplification from
an initial denaturing step at 94 °C for 5 minutes,
followed by 30 cycles (denaturation at 94 °C for
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foliar y antracnosis se diseccionaron en trozos de
0.5 cm?, se lavaron con etanol al 70 % por 3 mi-
nutos y con hipoclorito de sodio al 10 % por 10
min, posteriormente se lavaron dos veces con agua
destilada estéril por 2 min. Se sembraron 10 trozos
de cada uno de los sintomas en medio papa dex-
trosa agar (PDA) por triplicado e incubados a 28
°C, fotoperiodo 12:12 luz/oscuridad por 10 dias, el
crecimiento micelial de los hongos fue monitorea-
do cada 24 horas y purificados por punta de hifa y
cultivo monospérico (Ruiz-Cisneros et al., 2017).

Identificacion morfolégica. De los 30 trozos de
tejido sembrados en PDA se aislaron 10 hongos
de cada uno de los sintomas de mancha foliar y
antracnosis que fueron los primeros que emergie-
ron de los tejidos después de 48 h, se identificaron
morfologicamente a nivel de género mediante sus
estructuras de reproduccioén observadas en un mi-
croscopio Optico (Axiolab 5, Carl Zeiss) y con el
apoyo de claves taxondmicas (Barnett and Hunter,
2006; Watanabe, 2002).

Identificacion molecular. Para la identificacion
molecular, el hongo aislado de las hojas con sinto-
mas de mancha foliar y el hongo de antracnosis se
sembraron en cajas petri con PDA cubierto con un
celofan estéril y se incubo por 7 dias a 28 °C. El mi-
celio fue cosechado y congelado con nitrogeno li-
quido, se extrajo el ADN siguiendo el protocolo de
Raeder and Broda (1989). E1 ADN total se utilizo
para amplificar el espaciador de transcrito interno
(ITS) del 18S del rADN utilizando los oligos ITS5
(5’-GGAAGTAAAAGTCGTAACAAGG-3’) e
ITS4 (5’-TCCTCCGCTTATTGATATGC-3") con
las siguientes condiciones de amplificacion de una
etapa inicial de desnaturalizacion de 94 °C por 5
minutos, seguidos de 30 ciclos (extension 94 °C 30
s, alineamiento 60 °C 30 s, extension 72 °C por 45
s) y una extension final de 72 °C por 10 minutos,
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30 s, annealing at 60 °C for 30 s, extension at 72
°C for 45 s) and a final extension of 72 °C for 10
minutes, where the fragment may be from 710 to
850 pb, depending on the fungal species (White et
al., 1990). The amplicons of the polymerase chain
reaction (PCR) were sequenced by the Sanger
method in an ABI (Applied Biosystems) sequencer.
The sequences were compared with the NCBI data
base using the de BLAST algorithm (Altschul et
al., 1990).

Pathogenicity test. Koch’s postulates were carried
out on fields under the shade in the facilities of
the Universidad de Ciencias y Artes de Chiapas
(UNICACH), using two-year old seedlings planted
in 5 kg polyethylene bags and natural soil substrate
from the same plantations. Both fungi isolated and
previously identified were planted ina PDA medium
at 28 °C in a 12:12 light/darkness photoperiod for
15 days. The inoculation of Neopestalotiopsis sp.
was carried out directly and consisted in taking the
conidia from the acervuli with a hypodermic needle
and inoculating the leaves of the plants via a small
lesion in the epidermis (Rebollar et al., 2020), and
for C. karstii, a conidial solution was used with 1x
10¢ spores mL! and 10 pL were inoculated. For
both fungi, five plants were inoculated (two leaves
per plant). The inoculated plants were sprayed with
sterile distilled water, covered with plastic bags
and were uncovered on the third day. They were
kept under regular irrigation and observation until
the symptoms of the diseases appeared. Samples
were taken from the symptoms obtained and the
inoculated fungi were reisolated, following the
process described above. Five control plants were
used with sterile water and the experiment was
carried out in duplicate.

Field incidence and severity. To quantify the
incidence of the leaf diseases in the camedor palm,
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donde el fragmento puede ser de 710 a 850 pb se-
gun la especie de hongo (White et al., 1990). Los
amplicones de la reaccion en cadena de la polime-
rasa (PCR) fueron secuenciados por el método de
Sanger en un secuenciador ABI (Applied Biosys-
tems). Las secuencias fueron comparadas con la
base de datos NCBI usando el algoritmo de BLAST
(Altschul et al., 1990).

Prueba de patogenicidad. Los postulados de Koch
se realizaron en condiciones de campo bajo sombra
en las instalaciones de la Universidad de Ciencias y
Artes de Chiapas (UNICACH), se usaron plantulas
de dos afios de edad sembradas en bolsa de polieti-
leno de 5 kg y sustrato suelo natural de las mismas
plantaciones. Los dos hongos aislados e identifica-
dos previamente se cultivaron en medio PDA a
28 °C fotoperiodo 12:12 luz/oscuridad por 15 dias.
La inoculacion de Neopestalotiopsis sp. se realizo
de manera directa y consistio en tomar los picni-
dios de los acérvulos con una aguja hipodérmica
e inocular las hojas de las plantas a través de una
ligera herida a la epidermis (Rebollar et al., 2020)
y para C. karstii se utilizé una solucion de conidias
de 1x 10° esporas mL™' y se inocularon 10 pL. Para
ambos hongos se inocularon cinco plantas (dos ho-
jas por planta). Las plantas inoculadas se asperja-
ron agua destilada estéril, se cubrieron con bolsas
de plastico y se descubrieron al tercer dia. Se man-
tuvieron en irrigaciones regulares y en observacion
hasta que aparecieron los sintomas de las enferme-
dades. De los sintomas obtenidos se tomaron mues-
tras y se reaislaron los hongos inoculados siguien-
do el protocolo previamente descrito. Se utilizaron
cinco plantas control inoculadas con agua estéril y
el experimento se realizé por duplicado.

Incidencia y severidad en campo. Para cuantificar

la incidencia de las enfermedades foliares de palma
camedor, se selecciono una parcela de 1 ha de ocho
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a 1 ha, eight-year-old plot in the Sierra Morena
ejido was chosen, a five-point sampling was carried
out, 20 plants were labeled and sampled in each
point, the number of plants with symptoms were
quantified out of a total of 100, samples were taken
every 2 months in a year in the same points and
the same plants and in each one, the values of the
five points were averaged. For the severity of the
diseases, a pictographic scale of damages was
created with values from 1 to 5, where 1 represents
0% damage; 2, 1-25% damage; 3, 26-50% damage;
4,51-75% damage and 5, 76-100% damage (Figure
1). The percentage of damage was measured directly
from each of the plants quantified in the incidence

afnos de edad ubicada en el ejido Sierra Morena, se
hizo un muestreo de cinco de oros, en cada punto se
etiquetaron y muestrearon 20 plantas, se cuantificd
el niimero de plantas con sintomas de un total de
100 plantas, los muestreos se realizaron cada dos
meses durante un afio en los mismos puntos y mis-
mas plantas y en cada uno se promedio los valores
de los cinco puntos. Para la severidad de las en-
fermedades se construyo una escala pictografica de
dafio con valores de 1-5; donde 1 representa (0%
de dafio), 2 (1-25% de dafio), 3 (26-50% de dafio),
4 (51-75% de daio) y 5 (76-100% de dafio) (Figura
1), el porcentaje de dafio se midi6 de manera di-
recta de cada una de las plantas cuantificadas en la

Figure 1. Pictographic damage scales with values from 1 to 5, where 1 represents 0% damage; 2, 1-25% damage; 3, 26-50%
damage; 4, 51-75% damage and 5, 76-100% damage for foliar spot (A) and anthracnose (B) diseases.

Figura 1. Escalas pictograficas de daifio con valores de 1-5, donde 1 representa (0% de daiio), 2 (1-25% de daiio), 3 (26-50%
de daiio), 4 (51-75% de daiio) y 5 (76-100% de dafio) para las enfermedades mancha foliar (A) y antracnosis (B).
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of the disease. The percentages of incidence and
severity of the disease were converted into values
of areas under the disease progress curve (AUDPC)
(Pedroza and Samaniego, 2009).

RESULTS AND DISCUSSION

Morphological and molecular identification.
Out of the leaves with symptoms of leaf spot, 10
fungal cultures were isolated and purified, which,
based on morphological analyses formed on PDA
medium, all were identified as Neopestalotiopsis
sp., since they displayed characteristics of
cottonlike filamentous fungi with elevated, initially
white hyphae, acervuli that look like small black
pustules with abundant spindle-shaped conidia with
three central pigmented cells and hyaline basals
(dimensions from 13.22 to 15.88 um in length x
2.82 to 3.59 um in width),with two to four apical
appendages (measuring 5.99 x 8.49 um in length x
0.67x 1.21 pm in width) and a peduncle in the basal
cells (Barnett and Hunter, 2006; Watanabe, 2002)
(Figure 2). Structures with similar characteristics
were reported by Rebollar et al. (2020) in strawberry
crops and by Gerardo-Lugo et al. (2020) in mango
crops: three central cells colored yellow and 3
apical appendages with a peduncle in the basal
cells. However, the morphological characteristics
of the phytopathogenic fungi, and particularly
Neopestalotiopsis can vary and be modified by the
environmental conditions and these are not reliable
as a form of identification (Maharachchikumbura et
al., 2011). Studies carried out by Acosta-Gonzalez
(2022) confirm that there are differences in the
diameter of the final growth, as well as coloring,
the texture of the mycelium, the production of
acervuli, the elevation of the mycelium and the
margins of the genus Neopestalotiopsis. Molecular
identification was based on the analysis of the
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incidencia de la enfermedad. Los porcentajes de in-
cidencia y severidad de la enfermedad se transfor-
maron a valores de areas bajo la curva del progreso
de la enfermedad (ABCPE) (Pedroza y Samaniego,
2009).

RESULTADOS Y DISCUSION

Identificacion morfologica y molecular. De las
hojas con sintomas de mancha foliar se aislo y puri-
fico 10 colonias de hongos, que con base a los ana-
lisis morfolégicos formadas en medio PDA todas
fueron identificadas como Neopestalotiopsis sp., ya
que presentaron caracteristicas de hongo filamento-
so algodonoso con hifas elevadas inicialmente de
color blanco, acérvulos que parecen pequenas pus-
tulas de color negro brillante con abundante coni-
dios de forma fusiformes con tres células centrales
pigmentadas y las basales hialinas (dimensiones de
13.22 a 15.88 um de longitud x 2.82 a 3.59 um de
ancho), con dos a cuatro sétulas apicales (medidas
5.99 x 8.49 um de longitud y 0.67 x 1.21 um de
ancho) y un pedicelo en las células basales (Bar-
nett and Hunter, 2006, Watanabe, 2002) (Figura
2). Estructuras con caracteristicas similares fueron
reportadas por Rebollar et al. (2020) en cultivo de
fresa y Gerardo-Lugo et al. (2020) en cultivo de
mango, tres células centrales pigmentadas de co-
lor amarillo y 3 sétulas apicales con un pedicelo
en las células basales; sin embargo, las caracteris-
ticas morfoldgicas de los hongos fitopatogenos y
en especial Neopestalotiopsis pueden variar y ser
modificadas por las condiciones ambientales y es-
tas no son confiables como medio de identificacion
(Maharachchikumbura et al., 2011). Estudios reali-
zados por Acosta-Gonzalez (2022) confirman que
hay diferencias en el diametro del crecimiento fi-
nal, asi como la coloracion, la textura del micelio,
la produccion de acérvulos, la elevacion del micelio
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consensus sequence of gene 18S rDNA (ITS5/
ITS4) that displayed a high similarity with
Neopestalotiopsis sp. with a coverage of 99% and
a percentage of similarity of 99.48%, the sequence
was registered in the GenBank with accession
number ON860658 (White et al., 1990).

For the symptom of anthracnose, Colletotrichum
karstii was identified as the causal agent, and the
identification was carried out from 10 frequent
fungal isolations, which were characterized for
being filamentous, for the cultures forming asexual
reproduction sporodochia with pale maroon semi-
spherical hyaline conidia, either simple or branched
or erect (dimensions 6.47 to 8.59 pum in length x
2.69 to 3.31 um in width), conidiophores 17.04
to 33.35 pm in height (Barnett and Hunter, 2006;
Watanabe, 2002) (Figure 3). Similar characteristics
to this fungus were reported in other crops such
as strawberries in Brazil (Soares, 2021) and
papaya crops in Mexico (Pacheco et al., 2022).
The molecular identification was obtained by the
amplification of gene 18S rDNA (ITS5/ITS4),
which displayed a high level of similarity with
Colletotrichum karstii with a coverage of 100%
and a percentage of similarity of 99.83%; it was
registered in the GenBank with accession number
ON799261 (White et al., 1990).

Pathogenicity tests. The plants inoculated with
Neopestalotiopsis sp. presented the first symptoms
of leaf spot after four days, and after eight days,
the symptoms of small, oval-shaped spots with
a black dot in the middle were marked and
defined, just like those observed in the field. The
control presented no symptoms. The plants with
symptoms were used to reisolate the pathogen
and Neopestalotiopsis sp. was confirmed as the
leaf spot disease (Figure 2). These results agree
with those reported by Khoo et al. (2022), who
found that Ixora chinensis plants inoculated with
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y los margenes del género Neopestalotiopsis. La
identificacion molecular se basé en el analisis de la
secuencia consenso del gen 18S rDNA (ITS5/1TS4)
que present6 una alta similitud con Neopestalotiop-
sis sp. con una cobertura de 99% y un porcentaje
de similitud de 99.48%, la secuencia fue registrada
en el GenBank con numero de acceso ON860658
(White et al., 1990).

Para el sintoma de antracnosis se identifico a
Colletotrichum karstii como agente causal de esta
enfermedad, la identificacidn se realiz6 a partir de
10 aislamientos frecuentes de hongos las cuales se
caracterizan por ser filamentoso, las colonias for-
man esporodoquios de reproduccion asexual con
conidios hialinos, marrén palido semi esféricos,
simples o ramificados o erectos (dimensiones de
6.47 a 8.59 um de longitud x 2.69 a 3.31 um de
ancho), conidiéforos de 17.04 a 33.35 um de altura
(Barnett and Hunter, 2006; Watanabe, 2002) (Figu-
ra 3). Caracteristicas similares de este hongo fueron
reportados en otros cultivos como la fresa en Bra-
sil (Soares, 2021) y cultivo de papaya en México
(Pacheco et al., 2022). La identificaciéon molecu-
lar se obtuvo a través del analisis de la secuencia
consenso obtenida por la amplificacion del gen 18S
rDNA (ITS5/ITS4) que present6 alta similitud con
Colletotrichum karstii con una cobertura de 100%
y un porcentaje de similitud de 99.83%, se registrd
en el GenBank con el nimero de acceso ON799261
(White et al., 1990).

Pruebas de patogenicidad. Las plantas inoculadas
con Neopestalotiopsis sp. presentaron los primeros
sintomas de mancha foliar a los cuatro dias pos-
teriores y a los ocho dias, los sintomas de peque-
flas manchas ovaladas con un punto negro en el
centro fueron marcados y definidos, iguales a los
observados en campo. El control no present6 nin-
guna sintomatologia. Las plantas con sintomas se
utilizaron para reaislar el patdgeno y se corrobord
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Figure 2.

Figura 2.

Symptoms of foliar spot in camedor palm leaves in the field, light brown oval-shaped spots with a black dot in
the center, affecting the folioles of the leaf (A), marroon-white culture with cottonlike mycelia and abundant
acervuli in the center (B), bright black acervuli with abundant conidia (C) and conidia with three pigmented
cells in the center and hyalin basals, with apical appendages and basal pedicel (D) Neopestalotiopsis sp formed in
PDA, symptoms presented four (E) and eight (F) days after inoculation, reisolated conidia produced in PDA from
pathogenicity tests (E) and control plant (F).

Sintoma de manchas foliar en hojas de palma camedor en campo, manchas ovaladas de color café claro con un
punto negro en el centro afectando a los foliolos de la hoja (A), colonia blanca-marrén con micelio algodonoso y
abundante acérvulos en el centro (B), acérvulos de color negro brillante con abundante conidios (C) y conidios con
tres células pigmentadas en el centro y basales hialinas, con sétulas apicales y pedicelo basal (D) de Neopestalotiopsis
sp formadas en PDA, sintomas presentados a los cuatro (E) y ocho (F) dias después de la inoculacién, conidias

reaisladas producidas en PDA de las pruebas de patogenicidad (E) y planta control (F).

Neopestalotiopsis cubana presented symptoms
after seven days, whereas mango plant inoculated
with Neopestalotiopsis sp., and strawberry plants
inoculated with Neopestalotiopsis rosae presented
symptoms 10 days after inoculation (Gerardo-Lugo
et al., 2020; Rebollar ez al., 2020).

In the pathogenicity test with the fungus
karstii, the symptoms of
anthracnose became apparent on the third day,
with small undefined dark brown spots, and after
11 days, the irregular spots were well defined,
reproducing the same symptoms displayed on the
field; the fungus was reisolated and identified as C.
karstii (Figure 3). According to reports by Ayvar-

Colletotrichum
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que Neopestalotiopsis sp. es el agente causal de
la enfermedad de mancha foliar (Figura 2). Estos
resultados concuerdan con lo reportado por Khoo
et al. (2022) que encontrd que las plantas de Ixora
chinensis inoculadas con Neopestalotiopsis cubana
manifestaron los sintomas a los siete dias, mientras
que las plantas de mango inoculadas con Neopes-
talotiopsis sp., y de fresa inoculadas con Neopes-
talotiopsis rosae presentaron los sintomas a los 10
dias después de la inoculacion (Gerardo-Lugo et
al., 2020; Rebollar et al., 2020).

En la prueba de patogenicidad con el hongo Co-
lletotrichum karstii, los sintomas de antracnosis se
manifestaron a partir del tercer dia con pequeiias
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Figure 3. Symptom of anthracnose in camedor palm in the field, irregular black spots affect the leaf folioles (A), pale brown
colony with abundant sporodochia (B), semi-spherical conidiophores and hyaline conidia (C) of Colletotrichum
karstii formed in PDA, symptoms manifested after three (D) and 11 days (E) after the inoculation of the

pathogenicity test and control plant (F).

Figura 3. Sintoma de antracnosis en palma camedor en campo, manchas irregulares de color negro afectando a los foliolos
de la hoja (A), colonia de color marrén palido con abundante esporodoquios (B), conidiéforos y conidios hialinos
semiesféricos (C) de Colletotrichum karstii formadas en PDA, sintomas manifestados a los tres (D) y 11 dias (E)
después de la inoculacion de la prueba de patogenicidad y planta control (F).

Serna et al. (2021), avocado fruits inoculated with
the same pathogen displayed symptoms after five
days, whereas Fernandez-Herrera (2020) coincided
that symptoms begin displaying three days after
inoculation in Dendrobium nobile orchid plants,
and seven days later in chili pepper plants (Saini
et al., 2016).

Field incidence and severity. During the sampling
period on the field for the disease caused by
Neopestalotiopsis sp., the incidence and severity
were observed to have an intensity that depended
on the weather and management during the
progress of the disease (Figure 4). For the month
of June, an incidence of 12% was recorded
(AUDPC=732), corresponding to one of the driest
months of summer sampling, whereas in August,
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manchas café obscuras poco definidas y a los 11
dias las manchas irregulares estaban bien marcadas
reproduciendo los mismos sintomas observados en
campo, el hongo fue reaislado e identificado como
C. karstii (Figura 3). De acuerdo a lo reportado por
Ayvar-Serna et al. (2021) en frutos de aguacate
inoculados con el mismo patégeno manifestaron
los sintomas a los cinco dias, por su parte Fernan-
dez-Herrera (2020) coincide en que lo sintomas se
empiezan a manifestarse a los tres dias posteriores
a la inoculacion en plantas de orquideas de Den-
drobium nobile y a los siete dias en frutos de chile
(Saini et al., 2016).

Incidencia y severidad en campo. Durante el

periodo de muestreo en campo de la enfermedad
ocasionada por Neopestalotiopsis sp. se observo
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Figure 4. Incidence and severity (area under the disease progress curve) of leaf spot caused by Neopestalotiopsis sp. in eight-
year-old commercial camedor palm plantations in the year 2021.

Figura 4. Incidencia y severidad (4rea bajo la curva del progreso de la enfermedad) de la mancha foliar provocada por
Neopestalotiopsis sp. en plantaciones comerciales de palma camedor de ocho afios de edad en el afio 2021.

corresponding to the humid season due to rains
and the highest anthropogenic activity due to the
trimming of palm leaves, the highest value (45%)
was presented (AUDPC= 2790). For severity, a
similar behavior to incidence was displayed, in
which the driest month was April, with a severity
of 25% (AUDPC =1525), whereas the rainiest
and most humid month was October, with 50%
(AUDPC = 3355) (Figure 4). In this sense, it has
been reported that in the leaf spot disease caused by
Neopestalotiopsis in eucalyptus leaves, lesions are
most severe when the interaction of the pathogen and
the plant are exposed to prolonged humidity periods
(Belisario et al., 2019). According to reports by
Maharachchikumbura et al. (2011), incidence and
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que la incidencia y la severidad presentaron una in-
tensidad dependiente del clima y manejo durante el
progreso de la enfermedad (Figura 4). Para el mes
de junio se registro una incidencia de 12% (ABC-
PE=732), correspondiente a uno de los meses mas
secos de muestreo de verano, mientras que en agos-
to correspondiente a la temporada htimeda por las
lluvias y de mayor actividad antropogénica por los
cortes de hojas de palma, se presentd el valor mas
alto 45% (ABCPE= 2790). Para la severidad se re-
gistrd un comportamiento similar a la incidencia, el
mes mas seco abril, se registro 25% de severidad
(ABCPE=1525), mientras que el mes mas Iluvioso
y hiimedo octubre 50% (ABCPE= 3355) (Figura 4).
En este sentido se ha reportado que la enfermedad
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severity are related to the thickness of the leaf and
the stage of maturation of leaves, since the hyphae
penetrate the spaces between the cells of leaved
when they are in a state of maturity, therefore their
susceptibility also depends on the thickness of the
cuticle and on the production of phytotoxins such
as pestalopyrones, hydroxypestalopyrones and
pestalocides. It is worth pointing out that, although
a minimum incidence of 12% and severity of 25%,
palms cannot be marketed, since the commercial
part of the camedor palm is comprised of its leaves,
and the slightest damage they have stops them from
complying the quality standards established by the
market, according to De los Santos (2005), in the
market report for camedor palm in Mexico.
Regarding the behavior of the disease caused
by Colletotrichum karstii in the month of June, an
incidence of 13% was displayed (AUDPC= 793),
which corresponds to a hot season and the start of
the rainy season in the region, whereas the highest
value was registered in December, with 37%
(AUDPC= 2257), a season with cool temperatures
and a high relative humidity (Figure 5). Regarding
severity, the disease had a similar behavior to
that of incidence, where the highest value was
recorded in June, with 35% (AUDPC= 2135),
and in August to October, when temperatures are
cooler with a high relative humidity due to heavy
rainfalls, severity was 65% (AUDPC= 4030) and
75% (AUDPC = 4575) respectively (Figure 5).
In this sense, environmental factors are important
for the dissemination and progress of the disease,
mostly relative humidity and rainfall play a part
in the epidemiology of Colletotrichum karstii in
citrus orchards (Mayorking et al., 2019). Studies
performed by Velho ef al. (2014) mention that the
incidence and severity caused by this pathogen can
defoliate apple trees and it is favored by high levels
of humidity and high temperatures. Likewise,
Colletotrichum and Pestalotiopsis have been
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de manchas foliares provocada por Neopestalotiop-
sis en hojas de eucalipto, las lesiones son mas seve-
ras cuando la interaccion del patdgeno y la plantas
se exponen a periodos prolongados de humedad
(Belisario et al., 2019). Segtn lo reportado por Ma-
harachchikumbura et al. (2011) la incidencia y la
severidad estan asociadas al grosor de la lamina fo-
liar y a la etapa de maduracion de las hojas ya que
las hifas penetran en los espacios de las células de
las hojas cuando se encuentran en estado maduro
por lo que, la susceptibilidad de éstas, también de-
pende del grosor de la cuticula y de la produccion
de fitotoxinas como pestalopironas, hidroxipestalo-
pironas y pestalocidos. Es importante sefialar que,
aunque se haya registrado una incidencia minima
de 12% y severidad del 25% las palmas no pueden
ser comercializadas, ya que la parte comercial de
la palma camedor son sus hojas y con el minimo
dafio que presenten, no cumplen con los estanda-
res de calidad establecidos por el mercado segtin lo
menciona De los Santos (2005), en el informe de
mercado de la palma camedor en México.

En cuanto al comportamiento de la enfermedad
ocasionada por Colletotrichum karstii en el mes de
junio se presentd una incidencia de 13% (ABC-
PE= 793) que corresponde a una estacion de calor
e inicio de las lluvias en la region, mientras que el
valor mas alto se registro en el mes de diciembre
con 37% (ABCPE= 2257), época que se presentan
temperaturas frescas y alta humedad relativa (Fi-
gura 5). Con respecto a la severidad la enfermedad
tuvo un comportamiento similar al de incidencia
donde el valor mas bajo se registrd en junio con
35% (ABCPE= 2135), y en agosto a octubre don-
de la temperatura es mas fresca con alta humedad
relativa por las lluvias torrenciales se present6 una
severidad de 65% (ABCPE= 4030) y 75% (AB-
CPE= 4575) respectivamente (Figura 5). En este
sentido, los factores ambientales son importantes
para la diseminacion y progreso de la enfermedad,
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Figure 5. Incidence and severity (area under the disease progress curve) of anthracnose caused by Colletotrichum karstii in
eight-year-old commercial camedor palm plantations in the year 2021.

Figura 5. Incidencia y severidad (area bajo la curva del progreso de la enfermedad) de antracnosis provocada por
Colletotrichum karstii en plantaciones comerciales de palma camedor de ocho aiios de edad en el afio 2021.

reported as potential fungi that cause leaf spots in
palm, where the disease is disseminated by spores
that are easily scattered by wind and rain (Tariq et
al., 2015).

CONCLUSIONS

According to the morphological, molecular
pathogenicity  tests,
Neopestalotiopsis sp. has been concluded to be
the causal agent of leaf spots and Colletotrichum
karstii is responsible for the anthracnose disease in

characterizations  and
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principalmente humedad relativa y precipitacion
juegan un papel en la epidemiologia de Colleto-
trichum karstii en huertos de citricos (Mayorking
et al., 2019). Estudios realizados por Velho et al.
(2014) mencionan que la incidencia y severidad
provocada por este patdgeno puede defoliar los ar-
boles de manzana y se ve favorecido por la alta hu-
medad y la temperatura. Asimismo, se ha reportado
a Colletotrichum y Pestalotiopsis como hongos
potenciales, agentes causales de manchas foliares
en palma donde la enfermedad es diseminada por
esporas facilmente dispersada por el viento y la llu-
via (Tariq et al., 2015).
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camedor palm. The progress of the incidence and
severity of these diseases depend on the factors of
relative humidity cause by rains and by agronomic
management, which reduces palm quality and
production. Therefore, this is the first report in
Mexico on these pathogens related to the plantation
of camedor palm (Chamaedorea quezalteca).
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