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Abstract. Anthracnose of litchi fruits was
characterized by internal and external brown
circular lesions with well-defined margins on the
pericarp, but not on the aril or seed. Colletotrichum
sp., Pestalotiopsis sp., Fusarium sp., and
Lasiodiplodia sp. were isolated from symptomatic
fruit pericarp samples of cultivars Mauritius and
Brewster in 2008-2010 cycles. Colletotrichum
sp. (51 %) and Pestalotiopsis sp. (17 %) were
isolated more frequently from symptomatic fruit
pericarp samples of cultivar Mauritius in 2009.
Colletotrichum sp. was isolated on PDA (39 %) and
in semi-selective medium (59 %) from symptomatic
Mauritius fruit pericarp samples in 2010, and from
asymptomatic pericarp Brewster samples in 2009

VOLUMEN 33, NUMERO 2, 2015

Resumen. La antracnosis de frutos de litchi
se caracterizd como lesiones internas y externas,
obscuras, circulares con margenes definidos en el
pericarpio, pero no en el arilo y semilla. Colleto-
trichum sp., Pestalotiopsis sp., Fusarium sp., y
Lasiodiplodia sp., se aislaron de muestras de pe-
ricarpio sintomatico de los cultivares Mauritius y
Brewster en los ciclos 2008-2010. Colletotrichum
sp. (51 %) y Pestalotiopsis sp. (17 %) se aislaron
mas frecuentemente de muestras de pericarpio de
frutos sintomaticos del cultivar Mauritius en 2009.
Colletotrichum sp., se aislo en PDA (39 %) y en
medio semiselectivo (59 %) de muestras de peri-
carpio sintomatico en el cultivar Mauritius en
2010, y de pericarpio asintomatico del cultivar
en 2009 (32 %) y 2010 (21 %) sobre PDA 'y 10%
en medio semiselectivo; sin embargo no se aislo de
pericarpio asintomatico del cultivar Mauritius en
ninguno de los dos afios de cosecha.

Solo Colletotrichum sp., reprodujo la enferme-
dad en laboratorio (17 de 20 frutos inoculados) y
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(32 %) and 2010 (21 %) on PDA and 10 % in semi-
selective medium; however it was not isolated from
asymptomatic Mauritius pericarp in neither of the
two harvesting years. Only Colletotrichum sp.,
reproduced the disease in the laboratory (17 out of
20 inoculated fruits) and in the field (19 out of 20
inoculated fruits). The fungus was morphologically
and molecularly identified as Colletotrichum
gloeosporioides Penz.

Keywords: Brewster, incidence, Mauritius,
pathogenicity, PCR, pericarp.

INTRODUCTION

Litchi (Litchi chinensis Soon) is a subtropical
fruit (Coates et al., 1994) native to southern China
and southeast Asia; its pericarp is thin and rough,
and when fruits get ripe, it becomes red and cracked
due to the presence of brachysclereids, which could
be associated with protection against mechanical
damage or physiological stress (Nacif ez al., 2001).
The aril is white and covers a dark brown seed.

The main problems in litchi production are low
or irregular yields due to excessive fruit drop (Mitra
et al., 2005); oxidation and cracking of the pericarp
(Huang et al., 2001; Xu et al., 2005); pest damages
caused by C. gloeosporioides Penz (Campbell and
Campbell, 2001), Peronophythora litchii Chen Ex
Ko, Tessaratoma papillosa Drury and Dasineura
sp., and high harvesting and packaging costs (Xu
et al., 2005).

Litchi production in Mexico is 19,888.05 tons,
in an area of 3,738.48 hectares (SIAP, 2013). In
Oaxaca, Mexico, Brewster and Mauritius cultivars
are commercially grown in the Papaloapan
and Bajos Mixes regions, respectively. In both
cultivars, a regular dark brown spot on the pericarp
represents one of the main problems under field
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en campo (19 de 20 frutos inoculados). El hongo
se identificod morfologica y molecularmente como
Colletotrichum gloeosporioides Penz.

Palabras clave: Brewster, incidencia, Mauritius,
patogenicidad, PCR, pericarpio.

INTRODUCCION

El litchi (Litchi chinensis Soon) es un fruto
subtropical (Coates et al., 1994) nativo del sur de
China y sureste de Asia; su pericarpio es delgado
y aspero, y cuando madura es de color rojo y con
coarteaduras debido a la presencia de braquiescle-
reidas, cuya funcion podria estar asociada con la
proteccidn contra dafnos mecanicos o estrés fisiold-
gico (Nacif et al., 2001). El arilo es blanco y cubre
una semilla marrén obscuro.

Los principales problemas en la produccion del
litchi son rendimientos bajos o irregulares debido
a caida excesiva de frutos (Mitra, et al., 2005);
oxidacion y coarteadura del pericarpio (Huang et
al., 2001; Xu et al., 2005); dafos por plagas cau-
sados por C. gloeosporioides Penz (Campbell y
Campbell, 2001), Peronophythora litchii Chen Ex
Ko, Tessaratoma papillosa Drury y Dasineura sp.,
y costos altos en cosecha y empaque (Xu et al.,
2005).

La produccion de litchi en México es de
19,888.05 toneladas, en un area de 3,738.48 hec-
tareas (SIAP, 2013). En Oaxaca, México, los cul-
tivares Brewster y Mauritius se siembran comer-
cialmente en la region del Papaloapan y los Bajos
Mixes, respectivamente. En ambos cultivares, una
mancha obscura regular en el pericarpio representa
uno de los principales problemas en condiciones de
campo y postcosecha. Los sintomas en campo se
caracterizan como lesiones semicirculares cafés y
secas; el arilo y semilla no muestran dafio. No se
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and postharvest conditions. Field symptoms are
characterized by brown and dry semicircular
lesions; the aril and seed show no damages. No
records have been found about its cause and
importance in Mexico so far; however, Oaxaca
farmers report damages of up to 50% in production.
Taking in to account the socioeconomic importance
of this problem, the objective of this study was to
determine the etiology of the brown spot of litchi
fruits in Oaxaca, Mexico.

MATERIALS AND METHODS

The experiment was established in commercial
litchi orchards in three counties of Oaxaca State
during the 2008-2010 production cycles. Brewster
and Mauritius cultivars were evaluated in San Jose
Chiltepec (17° 57° 57.92” N, 96° 10’ 11.68” W),
and in San Juan Cotzocén (17° 26° 07.74” N, 95°
19’ 53.97” W) and Loma Bonita (17° 58* 53.1” N,
95° 50’ 58.1” W), respectively.

Symptoms and fungi characterization. Symp-
tomatic (natural infection) and asymptomatic
commercial ripe fruits from Brewster and Mauri-
tius cultivars were collected in May 2009 in one
commercial litchi orchard in San José Chiltepec
and San Juan Cotzocon, respectively. One hundred
fruits from each cultivar were randomly collected
from 25 trees and then, washed with soap and wa-
ter in the laboratory, air dried at room temperature,
and longitudinally sectioned. Symptom consis-
tence, shape, and color were evaluated on pericarp,
aril, seed, and peduncle, as well as the presence of
chlorotic haloes and signs of associated microor-
ganisms.

To characterize fungal isolates, 123 symptomatic
and 195 asymptomatic Brewster fruits were
harvested in 2008-2009, and 60 and 70 in 2009-
2010. Then, 193 symptomatic and 72 asymptomatic
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han encontrado registros de su causa o importan-
cia en México hasta ahora; sin embargo, produc-
tores de Oaxaca reportan dafios superiores a 50%
en produccion. Por la importancia socioeconémica
de este problema, el objetivo de este estudio fue
determinar la etiologia del manchado café en frutos
de litchi en Oaxaca, México.

MATERIALES Y METODOS

El experimento se establecio en huertos comer-
ciales de litchi en tres municipios de Oaxaca, Méxi-
co durante los ciclos de produccion 2008-2010.
Los cultivares Brewster y Mauritius se evaluaron
en San José Chiltepec (17° 57’ 57.92” Ny 96° 10’
11.68” O), y en San Juan Cotzocon (17° 26’ 07.74”
N y 95° 19’ 53.97” O) y Loma Bonita (17° 58’
53.1” Ny 95° 50’ 58.1” O), respectivamente.

Sintomas y caracterizacion de hongos. Los frutos
sintomaticos (infeccion natural) y asintomaticos de
los cultivares Brewster y Mauritius en madurez
comercial, se colectaron en mayo de 2009 de una
parcela comercial de litchi en San José Chiltepec y
San Juan Cotzocdn, respectivamente. Cien frutos
de cada cultivar se colectaron de manera aleatoria a
partir de 25 arboles, posteriormente se lavaron con
jabon y agua en laboratorio, se secaron a tempera-
tura ambiente y se seccionaron longitudinalmente.
En el pericarpio, arilo, semilla y pedinculo se eva-
lud la consistencia del sintoma, su forma y color,
asi como la presencia de halo clorético y signos de
microorganismos asociados.

Para la caracterizacion de hongos aislados, se
cosecharon 123 frutos sintomaticos y 195 asin-
tomaticos del cultivas Brewster en el ciclo 2008-
2009, y 60 y 70 en 2009-2010. Ademas, se mues-
trearon 193 frutos sintomaticos y 72 asintomaticos
del cultivar Mauritius en el ciclo 2008-2009, y 102
y 96 en 2009-2010.
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Mauritius fruits were sampled in 2008-2009, and
102 and 96 in 2009-2010. Two 1.5 cm?sections of
pericarp and aril were dissected from each fruit and
disinfested in 1.5 % sodium hypochlorite for three
min, rinsed three times in distilled water for 1 min
each, and dried with sterile paper towels. Tissue
sections were cultured on PDA (Bioxon™) and
on a Colletotrichum semi-selective medium [19.5
g PDA, 7.5 g agar (Merck™), 8 mg iprodione,
20 mg triadimefon, 50 mg chloramphenicol
(Merck™), and 200 mg streptomycin] (Davis,
2003) for 5-7 days at 25 °C under fluorescent light.
Fungal growths were purified by hyphal tip and
monoconidial cultures.

Pathogenicity tests. Colletotrichum, Pestaloti-
opsis, Fusarium, and Lasiodiplodia were isolated
from all the Brewster and Mauritius pericarp symp-
tomatic samples and their pathogenicity was tested
under laboratory and field conditions.

Laboratory pathogenicity test was evaluated in
asymptomatic and commercially ripe Mauritius fruit
collected in field in May 2010. Twenty disinfested
fruits were wounded with a sterile needle and a 0.5
cm agar disc with Colletotrichum, Pestalotiopsis,
Fusarium, or Lasiodiplodia was placed on each
wound (Johnson and Cooke, 2002). Control fruits
(mockinoculated) were inoculated with a 0.5 cm
agar disc without mycelia. All inoculated fruits were
maintained under humidity chamber conditions at
28 °C+2 for 7 days. Observations were done every
24 h to detect symptoms.

Pathogenicity under field conditions was
evaluated in May and June 2010 on 20 asymptomatic
Mauritius fruits per tree (5 fruits/cardinal point).
Two development stages were evaluated: at the
beginning of ripening, and commercially ripe
fruits. Fruits were disinfested with 70 % ethanol
and wounded with a sterile needle in the middle of
the fruit and at the base of the peduncle. Fruits were
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Dos secciones de pericarpio y arilo de 1.5 cm? se
cortaron de cada fruto y se desinfestaron en hipo-
clorito de sodio por tres minutos, se enjuagaron tres
veces en agua destilada por un minuto cada uno, y
se secaron en papel estéril. Las porciones de tejido
se incubaron en PDA (Bioxon™) y en un medio
semi-selectivo a Colletotrichum [19.5 g PDA, 7.5 g
agar (Merck™), 8 mg iprodiona, 20 mg triadime-
fon, 50 mg chloramphenicol (Merck™), y 200 mg
estreptomicina] (Davis, 2003) durante 5-7 dias a
25° C bajo luz fluorescente. Los crecimientos de
hongos se purificaron por punta de hifa y cultivos
monoconidiales.

Pruebas de patogenicidad. Colletotrichum, Pes-
talotiopsis, Fusarium, y Lasiodiplodia se aislaron
de todas las muestras de pericarpio sintomaticas de
los cultivares Brewster y Mauritius y se patogeni-
cidad fue evaluada en condiciones de laboratorio y
campo.

Las pruebas de patogenicidad en laboratorio se
avaluaron en frutos asintomaticos y en madurez co-
mercial del cultivar Mauritius colectados en campo
en mayo de 2010. Veinte frutos desinfestados fue-
ron heridos con una aguja estéril y en cada herida
se les colocd un disco de 0.5 cm de agar con Colle-
totrichum, Pestalotiopsis, Fusarium, o Lasiodiplo-
dia (Johnson y Cooke, 2002). Los frutos de control
(testigos) fueron inoculados con un disco de agar
de 0.5 cm sin micelio. Todos los frutos inoculados
se mantuvieron en condiciones de cadmara humeda
a 28 °C £2 por 7 dias. Las observaciones se realiza-
ron cada 24 h para detectar sintomas.

La patogenicidad en campo se evalué en mayo
y junio de 2010 en 20 frutos asintomaticos por ar-
bol del cultivar Mauritius (5 frutos/punto cardinal).
Dos etapas de desarrollo se evaluaron: frutos en
el inicio de maduracion, y en madurez comercial.
Los frutos se desinfestaron con etanol 70 % y he-
ridos con aguja estéril en la mitad del fruto y en la
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individually inoculated at evening (18:00 — 20:00
central time) by injecting 0.5 ml ofa 1 x 10° conidia.
ml! suspension of Colletotrichum, Pestalotiopsis,
Fusarium, Lasiodiplodia or sterile distilled water
(mockinoculated) (Dinh et al., 2003). Inoculated
wounds were covered with wet sterile cotton for
24 h to create high humidity conditions for fungal
growth. Symptom development was registered
for 15 days. Re-isolates from laboratory and
field infected fruits were made to verify Koch’s
postulates.

Morphological characterization of the patho-
gen. Four out of 256 Colletotrichum isolates ob-
tained from symptomatic fruits were selected based
on their mycelia growth and spore production, and
designed as M26, M28, M29, and M30. Genus
(Sutton, 1980; Hanlin, 1990; Barnett and Hunter,
2006) and species (Sutton, 1980; Smith and Black,
1990; Photita et al., 2005) were determined from
monoconidial colonies. Appressorium formation
was induced on PDA cover slides inoculated indi-
vidually with M26 and M28-M30 spores (Johnston
and Jones, 1997). Appressorium shape and size
were characterized a 7 day old fungal culture on
PDA.

M26 and M28-M30 growth rates were
evaluated for seven days on PDA plates cultured at
28 °C. Data were statistically analyzed by ANOVA
(0=0.05) and grouped by Tukey test (SAS, 1997).

Molecular identification. M26 and M28-M30
DNA was isolated following the AP method (Sam-
brook and Russel, 2001). DNA integrity was elec-
trophoresed on a 1% agar gel at 80 volts for 40 min
in TBE buffer, and stained with ethidium bromide.
ITSI and ITS2 regions were
amplified by PCR with primers [ITS4
(5'-TCCTCCGCTTATTGATATGC-3") and ITS5
(5'-GGAAGTAAAAGTCGTAACAAGG-3")
(White et al., 1990), which amplify a 580 bp
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base del pedunculo. Los frutos fueron inoculados
individualmente por la noche (18:00 — 20:00 hora
del centro) mediante deposicion de 0.5 ml de una
suspension 1 x 10° conidios.ml! de Colletotrichum,
Pestalotiopsis, Fusarium, Lasiodiplodia o agua
destilada estéril (testigo) (Dinh et al., 2003). Los
puntos de inoculacion se cubrieron con algodon
estéril himedo por 24 h para crear condiciones de
alta humedad para el crecimiento de los hongos. El
desarrollo de los sintomas se registrd por 15 dias.
Los reaislamientos de los frutos infectados en la-
boratorio y campo se realizaron para verificar los
postulados de Koch.

Caracterizacion morfolégica del patégeno. Cua-
tro de 256 aislamientos de Colletotrichum obteni-
dos de frutos sintomaticos fueron seleccionados
con base a su crecimiento miceliar y produccion de
esporas, e identificados como M26, M28, M29, y
M30. El género (Sutton, 1980; Hanlin, 1990; Bar-
nett y Hunter, 2006) y especies (Sutton, 1980; Smi-
th y Black, 1990; Photita et al., 2005) se determind
a través de colonias monoconidiales. La formacion
de apresorios se indujo en PDA depositado en un
portaobjeto e inoculado individualmente con espo-
ras del M26 y M28-M30 (Johnston y Jones, 1997).
La forma y tamaiio de los apresorios se caracterizd
a partir de colonias de hongos de 7 dias de edad
crecidas en PDA.

Las tasas de crecimiento de M26 y M28-M30
se evaluaron por siete dias en placas de PDA in-
cubadas a 28 °C. Los datos se analizaron estadis-
ticamente por ANOVA (0=0.05) y agrupadas por
pruebas de Tukey (SAS, 1997).

Identificacion molecular. M26 y M28-M30 fue-
ron aislados mediante el método AP (Sambrook y
Russel, 2001). La integridad del ADN se verifico
por electroforesis en gel de agar 1 % a 80 volts por
40 min en Buffer TBE, y tefiido con bromuro de
etidio.
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fragment. To identify and confirm species,
DNA was amplified with ITS4 and the Cglnt
(5'-GGCCTCCCGCCTCCGGGCGG-3") specific
primer (Mills et al., 1992), which amplify a 450 bp
fragment.

PCR amplification was done in a thermocycler
(Applied Biosystems™ 2720) in a 25 ul reaction
with 1.0 pl of each primer (10 mM), 1.0 pl of INTP
(10 mM), 5 pul of PCR Buffer 10X, 2.5 pl of MgCl,
(50 mM), 0.5 pl of Taq Polymerase, 0.5 ul of DNA
and 13.5 pl of nuclease-free water. PCR reactions
without tempered were used as negative control.

PCR consisted of an initial denaturation of 5
min at 95 °C followed by 35 cycles of 1 min of
denaturation at 95 °C, 1 min of annealing at 57
°C, and 1 min of extension at 72 °C, with a final
extension of 10 min at 72 °C. PCR products were
electrophoresed ona 1 % agarose gel, purified with
the QUIAGEN DNeasy Plant Kit and sequenced
in a 3730XL automated sequencer. The sequences
were lined up against sequences in the gene bank
and homology was determined in the National
Center for Biological Information (BLAST, 2011).

RESULTS

Symptom characterization. The Brewster exo-
carp showed a dark brown lesion without chlorotic
halo (Figure 1A). On the endocarp, the lesion was
a dark brown circular, and semi-humid depressed
spot without chlorotic halo (Figure 1B). On Mauri-
tius exocarp it developed a dark brown well defined
lesion with chlorotic halo (Figure 1D); and on the
endocarp a dry dark brown non-depressed spot was
identified (Figure 1E). None of the Brewster and
Mauritius fruits showed damages on the aril (Fig-
ure 1C and 1F), seed, or peduncle, and no signs of
microorganisms were observed.

Fungi isolation. Colletotrichum sp., Pestalotiop-
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Las regiones ITS1 e ITS2 se amplificaron
por PCR con los iniciadores 1TS4 (5'-TCCTC-
CGCTTATTGATATGC-3") e ITS5 (5'-GGAAG-
TAAAAGTCGTAACAAGG-3") (White et al.,
1990), los cuales amplificaron un fragmento de
580 pb. Para identificar y confirmar especies, el
ADN se amplifico con ITS4 y el iniciador especifi-
co Cglnt (5'-GGCCTCCCGCCTCCGGGCGG-3")
(Mills et al., 1992), los cuales amplificaron un frag-
mento de 450 pb.

La amplificacion por PCR se realizo en un ter-
mociclador (Applied Biosystems™ 2720) en una
reaccion de 25 pl con 1.0 ul de cada iniciador (10
nM), 1.0 pul de ANTP (10 nM), 5 pul de Buffer PCR
10X, 2.5 pl de MgCl, (50 nM), 0.5 pl de Taq Po-
limerasa, 0.5 pl de ADN y 13.5 ul de agua libre
de nucleasas. Las reacciones PCR sin templado se
utilizaron como control negativo.

La PCR consisti6 de una desnaturalizacion ini-
cial de 5 min a 95 °C seguido de 35 ciclos de 1 min
de desnaturalizacion a 95 °C, 1 min de alineamien-
toa 57 °C, y 1 min de extension a 72 °C, con una
extension final de 10 min a 72 °C. Los productos
PCR fueron electroforesados en un gel de agaro-
sa 1 %, purificado con el kit QUIAGEN DNeasy
Plant y secuenciado en un secuenciador automatico
3730XL. Las secuencias fueron alineadas contra
secuencias en el banco de genes y su homologia se
determiné en el Centro Nacional para Informacion
Biolodgica (BLAST, 2011).

RESULTADOS

Caracterizacion de sintomas. El exocarpo de
Brewster mostré una lesion café obscura sin halo
clordtico (Figura 1A). En el endocarpo, la lesion
fue una mancha café obscura circular, hundida,
semi-humeda y sin halo clorotico (Figura 1B). En
el exocarpo de Mauritius se desarrolld una lesion
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Figure 1. Litchi fruits (Litchi chinensis Soon) with anthracnose symptoms. Brewster cv: A) Pericarp external symptom, B) As-
ymptomatic aril, C) Pericarp internal symptom. Mauritius cv: D) Pericarp external symptom, E) Asymptomatic aril F)
Pericarp internal symptom. Pathogenicity of C. gloeosporioides on Mauritius litchi fruits in the laboratory: G) Control
fruits, H) Pericarp external symptom, I) Pericarp internal symptom. Pathogenicity on Mauritius litchi fruits in the field:
J) Control fruits, K) Pericarp external symptom, L) Pericarp internal symptom. Bar = 1 cm.

Figura 1. Frutos de litchi (Litchi chinensis Soon) con sintomas de antracnosis. Cultivar Brewster: A) Sintoma externo en pericarpio,
B) Arilo asintomatico, C) Sintoma interno de pericarpio. Cultivar Mauritius: D) Sintoma externo en pericarpio, E) Arilo
asintomatico F) Sintoma interno de pericarpio. Patogenicidad de C. gloeosporioides en frutos de litchi en laboratorio: G)
Frutos de control, H) Sintoma externo de pericarpio, I) Sintoma interno de pericarpio. Patogenicidad en frutos de litchi
Mauritius en campo: J) Frutos control, K) Sintoma externo de pericarpio, L) Sintoma interno de pericarpio. Bar =1 cm.

sis sp., Fusarium sp., and Lasiodiplodia sp. were café obscura bien definida con halo clorotico (Fi-
isolated from symptomatic Brewster and Mauritius gura 1D); y en el endocarpo se observé una mancha
pericarps in the 2008-2009 and 2009-2010 produc- café obscura no humeda, no hundida (Figura 1E).
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tion cycles. However, Colletotrichum sp. (256/640
isolates) and Pestalotiopsis sp. (71/640 isolates)
were isolated more frequently than the other ones
(Table 1 and 2). Colletotrichum sp., Pestalotiopsis
sp., and Lasiodiplodia sp. were also isolated from
Brewster asymptomatic pericarps (Table 1); and
Fusarium from asymptomatic Mauritius samples
(Table 2). Colletotrichum sp. grew on more peri-
carp tissue fragments incubated on semi-selective
medium than those cultured on PDA (Table 1 and
2). Colletotrichum sp. isolates produced conidia on
4 and on 8-12 day old semi-selective and PDA cul-
tures, respectively. No microorganisms were iso-
lated from aril tissue fragments incubated on both
growth media (Table 1 and 2).

In 13 of 15 sections of pericarp incubated in

En ninguno de los frutos de Brewster y Mauritius
se observo daios en el arilo (Figura 1C y 1F), se-
milla, o pedinculo, y no se observaron signos de
microorganismos.

Aislamiento de hongos. Colletotrichum sp., Pes-
talotiopsis sp., Fusarium sp., y Lasiodiplodia sp.,
se aislaron de pericarpios sintomaticos de Brewster
y Mauritius en los ciclos de produccion 2008-2009
y 2009-2010. Sin embargo, Colletotrichum sp.
(256/640 aislamientos) y Pestalotiopsis sp. (71/640
aislamientos) fueron aislados mas frecuentemente
que los otros (Cuadro 1 y 2). Colletotrichum sp.,
Pestalotiopsis sp., y Lasiodiplodia sp., fueron
también aislados de pericarpios asintomaticos
de Brewster (Cuadro 1); y Fusarium de muestras

Table 1. Fungal genera isolates from symptomatic and asymptomatic litchi fruits (Brewster cultivar), in San Jose Chiltepec, Oaxaca.
Cuadro 1. Géneros de hongos aislados de frutos de litchi sintomaticos y asintomaticos (cultivar Brewster), en San José Chiltepec,

Oaxaca

Production cycle Tissue/symptoms

Fungal genera

Growth medium (% proportion)

2008-2009 Pericarp-Anthracnose
Aril-Anthracnose
Pericarp-Asymptomatic
Aril- Asymptomatic
2009-2010 Pericarp-Anthracnose

Aril-Anthracnose

Pericarp-Asymptomatic

Aril- Asymptomatic

PDA Colletotrichum 26 % (32/123)
Pestalotiopsis 15 % (18/123)
Fusarium 2 % (3/123)

PDA 0 % (0/123)

PDA Colletotrichum 32 % (62/195)
Lasiodiplodia 10 % (19/195)
Pestalotiopsis 1 % (2/195)

PDA 0 % (0/195)

PDA Pestalotiopsis 16 % (10/60)

Colletotrichum 6 % (4/60)

Colletotrichum 30 % (18/60)

Lasiodiplodia 15 % (9/60)

Pestalotiopsis 5 % (3/60)

Semi-selective

Fusarium 2 % (1/60)
PDA 0 % (0/60)
Semi-selective 0 % (0/60)
PDA Colletotrichum 21 % (15/70)

Pestalotiopsis 11 % (8/70)

Lasiodiplodia 1 % (1/70)

Colletotrichum 10 % (7/70)

Pestalotiopsis 1 % (1/70)
PDA 0 % (0/70)

Semi-selective 0% (0/70)

Semi-selective
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Table 2. Fungal genera isolates from symptomatic and asymptomatic litchi fruits (Mauritius cultivar), in San Juan Cotzocén, Oaxaca.
Cuadro 2. Géneros de hongos aislados de frutos de litchi sintomaticos y asintomaticos (cultivar Mauritius), en San Juan Cotzocon,

Oaxaca

Production cycle Tissue

Growth medium Fungal genera

2008-2009 Pericarp-Anthracnose
Aril-Anthracnose
Pericarp-Asymptomatic
Aril- Asymptomatic
2009-2010 Pericarp-Anthracnose

Aril-Anthracnose

Pericarp-Asymptomatic

Aril- Asymptomatic

(% proportion)
PDA Colletotrichum 51 % (99/193)
Pestalotiopsis 17 % (33/193)
Fusarium 5 % (10/193)
Lasiodiplodia 4 % (7/193)
PDA 0 % (0/193)
PDA Fusarium 5 % (4/72)
PDA 0% (0/72)
PDA Colletotrichum 39 % (40/102)

Lasiodiplodia 9 % (9/102)
Pestalotiopsis 3 % (3/102)
Fusarium 1 % (1/102)
Colletotrichum 62 % (63/102)
Lasiodiplodia 9 % (9/102)
Pestalotiopsis 4 % (4/102)

Semi-selective

PDA 0 % (0/102)
Semi-selective 0 % (0/102)
PDA Fusarium 4 % (4/96)

Lasiodiplodia 21 % (20/96)
Pestalotiopsis 10% (10/96)

Semi-selective 0 % (0/96)
PDA 0 % (0/96)
Semi-selective 0 % (0/96)

humidity chamber there was conidia production on
the fifth day; the salmon colored conidia masses
were morphologically identified as Colletotrichum

sp.

Pathogenicity tests. Laboratory test results showed
that 85 % (17 out of 20) of the fruits inoculated
with Colletotrichum sp. developed symptoms on
the pericarp similar to those observed in the field.
These symptoms appeared 72 h after inoculation as
a small light brown circular lesion (Figure 1G). On
the endocarp it was developed a dark brown circu-
lar and semi-humid lesion (Figure 1H). Mock inoc-
ulated fruits (Figure 11) and fruits inoculated with
Fusarium sp., Pestalotiopsis sp., or Lasiodiplodia
sp. did not show any symptom.

In the field, symptoms developed in 95 % (19
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asintomaticas de Mauritius (Cuadro 2). Colletotri-
chum sp., crecido mas en los fragmentos de tejido de
pericarpio incubados en medio semi-selectivo que
los incubados en PDA (Cuadro 1 y 2). Los aisla-
mientos de Colletotrichum sp., produjeron conidios
en medio semi-selectivo y PDA de 4 y 8-12 dias
de edad, respectivamente. Ningin microorganismo
fue aislado de fragmentos de tejidos de arilo incu-
bados en ambos medios de cultivo (Cuadro 1y 2).
En 13 de 15 fragmentos de pericarpio incubados en
camara hiimeda existi6 produccion de conidios al
quinto dia; las masas de conidios de color salmén
se identificaron morfologicamente como Colleto-
trichum sp.

Pruebas de patogenicidad. Los resultados en
pruebas de laboratorio mostraron que 85 % (17 de
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out of 20) of the commercial ripe Mauritius fruits
inoculated with Colletotrichum sp. on the middle of
the pericarp in May, and 90 % in June. Symptoms
were observed eight days after inoculation as dark
brown lesions on the pericarp (Figure 1J). Symptom
on the endocarp was a dark brown circular and
depressed lesion (Figure 1K).

Mock inoculated fruits (Figure 1L) and fruits
inoculated with Fusarium sp., Pestalotiopsis sp., or
Lasiodiplodia sp. did not show any symptoms.

The Colletotrichum
anthracnose

isolate that induced

symptoms under laboratory and
field conditions was re-isolated and identified
morphologically as C. gloeosporioides (Sutton,

1980).

Pathogen characterization and identification.
Most (193) of the 256 isolates of C. gloeosporioi-
des formed white-light gray scarcely cottony my-
celia with abundant bright orange conidial masses
in concentric circles (Figure 2A, 2D and 2G). Some
(78) of them produced white mycelium with very
few conidial masses near to the transference point
(Figure 2J). Four out of these 256 isolates were de-
signed as M26, M28, M29 and M30.

M26 and M28-M30 conidia were cylindrical
(Table 3 and Figure 2B, 2E, 2H and 2K). M26
conidia were statistically longer than M28 ones,
which had the greatest diameter (Table 3). The four
isolates formed clavate appressoria (Figure 2C, 2F,
31 and 2L). There were not differences among the
mycelium growth rates of the four isolates cultured
at 28 °C on PDA (o= 0.05) (Table 3).

Molecular identification. ITS4-ITS5 and ITS4-
Cglnt primers amplified a fragment of 580 and
450 bp, respectively, which indicated that M26 and
M28-M30 isolates belong to C. gloeosporioides
(Figure 3).

M26 and M28-M30 amplicons were sequenced
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20) de los frutos inoculados con Colletotrichum
sp., desarrollaron sintomas en el pericarpio en for-
ma similar a los observados en campo. Estos sin-
tomas aparecieron 72 h después de la inoculacion
como lesiones pequefias circulares de color café
brillante (Figura 1G). En el endocarpo se desarro-
116 una lesion café obscura circular y semi-humeda
(Figura 1H). Los frutos testigo (Figura 11) y frutos
inoculados con Fusarium sp., Pestalotiopsis sp., 0
Lasiodiplodia sp., no mostraron ningun sintoma.

En campo, los sintomas se desarrollaron en 95%
(19 de 20) de los frutos de Mauritius en madurez
comercial inoculados con Colletotrichum sp. en la
parte media del pericarpio en mayo, y 90% en ju-
nio. Los sintomas se observaron ocho dias después
de la inoculacion como lesiones café obscuras en
el pericarpio (Figura 1J). Los sintomas en el en-
docarpo fueron lesiones café obscuras, circulares y
hundidas (Figura 1K).

Los frutos testigo (Figura 1L) y frutos inocula-
dos con Fusarium sp., Pestalotiopsis sp., o Lasio-
diplodia sp., no mostraron ningun sintoma.

El aislamiento de Colletotrichum que indujo el
sintoma de antracnosis en condiciones de labora-
torio y campo fue reaislado e identificado como C.
gloeosporioides (Sutton, 1980).

Caracterizacion e identificacion del patégeno.
La mayoria (193) de los 256 aislamientos de C.
gloeosporioides formaron micelio blanco-gris cla-
ro, ligeramente algodonoso, con abundantes masas
de conidios naranja brillante en circulos concéntri-
cos (Figura 2A, 2D y 2G). Algunos (78) de ellos
produjeron un micelio blanco con pocas masas co-
nidiales proximas al punto de transferencia (Figura
2J). Cuatro de estos 256 aislamientos fueron desig-
nados como M26, M28, M29 y M30.

Los conidios de M26 y M28-M30 fueron ci-
lindricos (Cuadro 3 y Figura 2B, 2E, 2H y 2K).
Los conidios de M26 fueron estadisticamente mas
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10 um

10 pm 10 pm

Figure 2. Colony Morphology (A,D,G, J), conidia (B, E H, K) and mycelial appressoria (C, F, I, L) of the four representative isolates
M26 (A,B,C), 28 (D,E,F), 29 (G,H.,]), 30 (J,K.L) of Colletotrichum gloeosporioides from litchi fruits, after five days in
PDA.

Figura 2. Morfologia colonial (A, D, G, J), conidios (B, E H, K) y apresorios miceliales (C, F, I, L) de cuatro aislamientos repre-
sentativos M26 (A, B, C), 28 (D, E, F), 29 (G, H, ), 30 (J, K, L) de Colletotrichum gloeosporioides de frutos de litchi,
después de cinco dias en PDA.

and aligned with those in the GenBank, and gave largos que los de M28, los cuales tuvieron los ma-
a homology of 96, 93, 99, and 99 % with C. yores diametros (Cuadro 3). Los cuatro aislamien-
gloeosporioides, respectively (gb/HMO016794.1; tos formaron apresorios clavados (Figura 2C, 2F,
gb/JF487788.1; gb/JF487788.1; gb/FJ755268.1) 31y 2L). No existieron diferencias entre las tasas
(BLAST, 2011). de crecimiento miceliar de los cuatro aislamientos
incubados a 28 °C en PDA (o= 0.05) (Cuadro 3).

VOLUMEN 33, NUMERO 2, 2015 150



REVISTA MEXICANA DE FITOPATOLOGIA

Table 3. Conidium size and mycelium growth rate of M26 and M28-M30 C. gloeosporioides isolates obtained from litchi fruits
with anthracnose symptoms in San Jose Chiltepec and Loma Bonita, Oaxaca (2009-2010 production cycle).

Cuadro 3. Tamaiio de conidio y tasas de crecimiento miceliar de los aislamientos M26 y M28-M30 de C. gloeosporioides obtenidos

de frutos de litchi con sintomas de antracnosis en San José Chiltepec y Loma Bonita, Oaxaca (ciclo de produccion 2009-

2010).
Length X Diamet: X
Isolate ength (km) iameter (km) Mycelium growth (mm/day)*
PDA/28 °C
Min Max Aver. Min Max Aver.
M26 11.1 20.8 15.7° 34 6.6 4.9° 10.74*
M28 11.4 17.2 14.4° 4.2 7.1 5.6° 8.41*
M29 11.5 17.8 15.0% 3.7 5.7 4.8° 9.52*
M30 11.0 17.4 14.9% 4.0 5.8 4.7° 9.34*

* Values with the same letter in each row are statistically the same, Tukey (P<0.05) / * Valores con las misma letra en cada columna
son estadisticamente iguales, Tukey (P<0.05).

DISCUSSION

The results of this study indicate that C.
gloeosporioides is the causal agent of anthracnose
disease in pre-harvest litchi fruits of Brewster and

Identificacion molecular. Los iniciadores 1TS4-

ITSS e ITS4-Cglnt amplificaron un fragmento de
580 y 450 pb, respectivamente, lo cual indicé que
los aislamientos M26 y M28-M30 corresponden a
C. gloeosporioides (Figura 3).

Figure 3. PCR product of four characteristic isolates (M26, M28, M29, and M30) of Colletotrichum gloeosporioides. Lines: 1)
Control (H,0 PCR); 2) M26- ITS4/ITS5; 3) M28- ITS4/ITSS5; 4) M29- ITS4/ITS5; 5) M30- ITS4/ITS5; 6) M26- 1TS4-
Cglnt; 7) M28- ITS4-Cglnt; 8) M29- ITS4-Cglnt; 9) M30- ITS4-Cglnt; 10) 100 base pair (bp) marker (Invitrogen).

Figura 3. Producto de PCR de cuatro aislamientos caracteristicos (M26, M28, M29, y M30) de Colletotrichum gloeosporioides.
Lineas: 1) Control (H,0 PCR); 2) M26- ITS4/ITS5; 3) M28- ITS4/ITS5; 4) M29- ITS4/1TS5; 5) M30- ITS4/ITSS; 6)
M26- ITS4-Cglnt; 7) M28- ITS4-Cglnt; 8) M29- ITS4-Cglnt; 9) M30- ITS4-Cglnt; 10) marcador de 100 pares de bases
(bp) (Invitrogen).
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Mauritius cultivars in Oaxaca, Mexico. The fungus
was isolated from natural and artificially infected
fruits of both cultivars, and formed a cottony white
to light gray mycelial growth with salmon colored
conidial masses on PDA. Symptoms on inoculated
fruits were very similar to those observed in field
with natural infection.

In this research, Colletotrichum was also
isolated from asymptomatic Brewster fruits; similar
results were reported by Ann et al., (2004), who
isolated C. gloeosporioides from asymptomatic
flowers and immature fruits of the Black leaf litchi
cultivar. Once fruits were harvested and stored,
they developed anthracnose symptoms, suggesting
that this pathogen attacks litchi through latent
infections. We consider the probable endophytic
nature of C. gloeosporioides in the field.

As mentioned before, litchi anthracnose has
been consigned mainly as a postharvest disease
(Coates et al., 1994, Liu et al., 2003, and Liu et
al., 2006) that results from quiescent infections
(Li et al., 2005); however, this fungus has been
reported as the causal agent of the peduncle rot
and pepper spotting on litchi fruits under field
conditions in Australia (Cooke et al., 2009). Others
causes of pericarp browning at postharvest are
moisture loss due to desiccation of the pericarp
(Chen and Hong, 1992; Underhill and Critchley,
1993), degradation of anthocyanins and oxidation
of phenolic substrates by polyphenol oxydase
(Underhill and Critchley, 1993) and/or peroxidase
enzymes (Zhang and Quantick, 1997).

Species of Colletotrichum cannot be recognized
by host range (Sutton, 1980, 1992), so identification
and characterization of the isolates obtained in
this study were done based on morphological
characteristics (Smith and Black, 1990; Gunnell
and Gubler, 1992; Sutton, 1992). According to those
criteria four out of 256 isolates of Colletotrichum
spp. were selected (M26, M28-M30) and identified
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Las amplificaciones de M26 y M28-M30 fueron
secuenciadas y alineadas con las del GenBank,
y dieron una homologia del 96, 93, 99 y 99%
con C. gloeosporioides, respectivamente (gb/
HMO016794.1; gb/JF487788.1; gb/JF487788.1; gb/
FJ755268.1) (BLAST, 2011).

DISCUSION

Los resultados de este estudio indican que C.
gloeosporioides es el agente causal de la antracno-
sis en pre-cosecha de frutos de litchi de los cultiva-
res Brewster y Mauritius en Oaxaca, México. Los
hongos fueron aislados de frutos infectados de ma-
nera natural y artificial de ambos cultivares, y for-
maron un crecimiento miceliar algodonosos blanco
a gris claro con masas conidiales de color salmén
en PDA. Los sintomas en frutos inoculados fueron
muy similares a los observados en campo con in-
fecciones naturales.

En esta investigacion, Colletotrichum fue tam-
bién aislado de frutos asintomaticos de Brewster;
resultados similares fueron reportados por Ann et
al., (2004), quienes aislaron C. gloeosporioides de
flores asintomaticas y frutos inmaduros de litchi
cultivar Black leaf. Una vez que los frutos se co-
secharon y almacenaron, desarrollaron sintomas de
antracnosis, lo que sugiri6é que este patdogeno ataca
al litchi a través de infecciones latentes. Nosotros
consideramos la probable naturaleza endofitica de
C. gloeosporioides en campo.

Como se menciono antes, la antracnosis de lit-
chi ha sido consignada principalmente como una
enfermedad postcosecha (Coates et al., 1994, Liu
etal., 2003,y Liu et al., 2006) que resulta de infec-
ciones quiescentes (Li et al., 2005); sin embargo,
este hongo se ha reportado como agente causal de
la pudricion del pedunculo y del sintoma de pepper
spotting en frutos de litchi en condiciones de campo
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as C. gloeosporioides Penz; their micelial growth
pattern agree with that described by Alvarez (1949);
however, according to Smith and Black (1990) and
Gunnel and Gluber (1992), this growth is similar
to C. fragariae grown on PDA, but C. fragariae
cultures on cornmeal, oatmeal, or bean-lime agar
plates are dark with concentric circles and pink
colored conidial masses (Brooks, 1931). In adition,
the average size of the M26, and M28-M30 conidia
were shorter and wider than those reported in C.
fragariae (Smith and Black, 1990; Gunnel and
Gubler, 1992).

Based on PCR amplifications through specific
species primers, M26 and M28-M30 species were
corroborated as C. gloeosporioides with a 95-100%
similarity with sequences reported for the same
species in the gene bank (Freeman et al., 2000).

CONCLUSIONS

Anthracnose symptoms observed in litchi
fruits in Oaxaca were caused by Colletotrichum
gloeosporioides  Penz.  The
characterized by dark-brown and circular dry

disease  was

lesions on the exocarp and endocarp, but neither
in the aril nor seed. This is the first report of
Colletotrichum gloeosporioides as the causal agent
of anthracnose of litchi fruits (Litchi chinensis) in
Oaxaca, México.
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CONCLUSIONES

Los sintomas de antracnosis observados en fru-
tos de litchi en Oaxaca fueron causados por Colle-
totrichum gloeosporioides Penz. La enfermedad se
caracteriz6 por lesiones cafés obscuras y circulares
en el exocarpo y endocarpo, pero no en el arilo ni
semilla. Este es el primer reporte Colletotrichum
gloeosporioides como agente causal de antracno-
sis de frutos de litchi (Litchi chinensis) en Oaxaca,
Meéxico.
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