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RESUMEN

En México se cultivan alrededor de 25 000 ha de eucalipto. Re-
cientemente se encontré Coniothyrium zuluense en plantaciones
de Tabasco, México. Coniothyrium es endofitico, y C. zuluense es
un patégeno severo en Sudéafrica. El objetivo de este estudio fue
aislar este hongo como latente en tallos sanos, lesiones foliares,
y semillas. A mediados de 2002, en material proporcionado por
la plantacion PLANFOSUR en Veracruz, se muestrearon tallos
sanos en arboles de seis clones, se examiné semilla de cuatro
lotes, y se analizaron lesiones foliares de 15 arboles. Los hongos
fueron aislados en cultivo puro, su identificacion fue por morfo-
logia, y se caracterizaron molecularmente amplificando la re-
gion intergénica (ITS) de los genes ribosomales rADN mediante
la técnica amplificacion por reacciéon en cadena de la polimerasa
(PCR). Del material muestreado no se aislé C. zuluense. Se ais-
laron 12 géneros fungosos: en tallos se encontr6é Alternaria,
Aspergillus,  Botryosphaeria,  Colletotrichum, Fusarium,
Penicillium, Pestalotiopsis y Trichoderma; en lesiones foliares
Alternaria, Botrytis, Chaetomella, Colletotrichum, Penicillium y
Pestalotiopsis; de semilla Alternaria, Aspergillus, Chaetomium,
Cladosporium y Penicillium. Los analisis moleculares corrobo-
raron las identificaciones, y las secuencias de nucleétidos obte-
nidas se depositaron en el National Center for Biotechnology
Information (NCBI). Se reporta, por primera vez en México, a
Chaetomella y a los hongos aislados de semilla con E. grandis.
No se descarta que Coniothyrium zuluense esté latente en tejidos

o semillas de eucalipto.
Palabras clave: ITS-rADN, lesiones, semilla, tallos.
INTRODUCCION

n México existen 25 000 ha de eucalipto y su
nimero se incrementa cada afio. Las principales
regiones productoras son Las Choapas, Veracruz
y Huimanguillo, Tabasco, con 15 000 ha entre ambas. La
produccién de eucalipto se destina, entre otros usos, a
fabricar papel. Las enfermedades fungosas que lo atacan
se han incrementado (Crous et al., 1998). En Brasil, Co-
lombia, Estados Unidos, Indiay Sudéfrica se reporta que
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ABSTRACT

In México, approximately 25 000 ha of eucalyptus are planted.
Recently, Coniothyrium zuluense was reported on eucalyptus
plantations in the state of Tabasco, México. Coniothyrium is
endophytic and C. zuluense is a severe pathogen in South Africa.
The objective of this study was to isolate this fungus as latent in
healthy stems, foliage lesions, and seeds. In the middle of 2002,
materials produced by the PLANFOSUR plantation in the state of
Veracruz, México, were sampled for fungi isolation. These materials
included healthy stems from trees of six clones, seeds from four
lots, and lesions from 15 trees. The fungi were isolated in pure
culture and identified by morphology, and were molecularly
characterized through amplification by Polymerase chain reaction
(PCR) of the internal transcribes spacer (ITS) region of the
ribosomal rDNA genes. C. zuluense was not isolated from the
materials. Twelve fungi genera were isolated: from stems;
Alternaria, Aspergillus, Botryosphaeria, Colletotrichum, Fusarium,
Penicillium, Pestalotiopsis and Trichoderma; from foliage lesions,
Alternaria, Botrytis, Chaetomella, Colletotrichum, Penicillium and
Pestalotiopsis; and from seed, Alternaria, Aspergillus, Chaetomium,
Cladosporium and Penicillium. Each identified fungus was also
molecularly confirmed, and their nucleotide sequences were
deposited in the gene bank of the National Center for Biotechnology
Information (NCBI). Thus, Chaetomella, and the seed fungi are
reported for the first time in México associated with E. grandis.
With respect to C. zuluense, it was not possible to insure that this
fungus was not latent in tissues and seeds.

Key words: ITS-rDNA, foliage lesions, seed, stems.
INTRODUCTION

n México, there exist 25 000 ha of eucalyptus, and its

numbers increase each year. The principal regions of

production are Las Choapas, Veracruz and
Huimanguillo, Tabasco, with 15 000 ha between the two
areas. The production of eucalyptus is destined to the
paper industry, among other uses. The fungal diseases
which attack it have increased (Crous et al., 1998). In
Brazil, Colombia, The United States, India and South
Africa, it is reported that the diseases which most affect
this crop are cankers induced by Botryodiplodia,
Cryphonectria and Fusicoccum. In the United States, in
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las enfermedades que mds afectan a este cultivo son
cancros inducidos por Botryodiplodia, Cryphonectria 'y
Fusicoccum. En Estados Unidos, en 1996, se report6 una
nueva enfermedad causada por Coniothyrium zuluense
Wingfield, Crous & Coutinho, cuya sintomatologia es la
formacion de cancros de color rojo oscuro y rotura de la
corteza (Wingfield et al., 1996). Su siembra se realiza
con semilla importada de Australia y Sudéfrica (Cibridn,
2002)* 1o que ha incrementado la incidencia de enferme-
dades (Cibridn et al., 1999) como la causada por C.
zuluense, recientemente diagnosticada en Tabasco (Roux
et al., 2001). Varias especies de Coniothyrium son
endofiticas (Sinclair y Cerkauskas, 1996). Un hongo
endofitico se encuentra dentro de los tejidos de la planta
en todo su ciclo de vida sin causar destruccion de células,
tejido, desbalance nutricional o quimico, y sin formar
ninguna estructura morfoldgica externa (Sinclair y
Cerkauskas, 1996). Algunos hongos patégenos estdn la-
tentes en tejidos sanos, y cuando las condiciones ambien-
tales son propicias expresan sus sintomas (Bettucci y
Saravay, 1993). Otros son latentes-saprobios, sus sinto-
mas y fructificaciones se observan sélo en tejidos
senescentes de la planta (Kirk et al., 2001). Dada la poca
informacién encontrada sobre este hongo en México, este
estudio tuvo por objetivo aislar a C. zuluense de tallos
sanos, lesiones foliares, y semillas de eucalipto. La hip6-
tesis fue que este hongo se introdujo a México en forma
latente en material vegetal o semilla.

MATERIALES Y METODOS
Tallos sanos

Se muestrearon 48 drboles de E. grandis de seis clones (ocho por
clon): 94-002, 94-003, 94-005, 95-001, 95-002 y 95-004, donados por
la plantacién PLANFOSUR de las Choapas, Veracruz, México. De
cada drbol de nueve meses de edad y 80 a 90 cm de altura, se tomé un
tallo sano de una rama lateral apical, y cada uno se secciond transver-

salmente en cuatro trozos de 1.0 cm de longitud.
Lesiones foliares

Quince arboles de cinco clones (tres por clon; 94-002, 94-003,
94-005, 95-002 y 95-004) con follaje sano y vigoroso, se mantuvieron
durante un mes en cdmara himeda entre 25 y 35 °C. Se muestrearon
las hojas con diversas lesiones desarrolladas, y se realizaron observa-
ciones de signos (estructuras morfoldgicas) del hongo, descripcion de

sintomas, y el aislamiento de éstos en cultivo puro.
Semilla

En cuatro lotes de semilla (GG2 #25, GG2 #35, MF Select #25,y
MF Select #35) de la plantacién PLANFOSUR, se muestrearon al azar

3 Cibridn, D. Comunicacién personal.
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1996, a new disease was reported caused by Coniothyrium
zuluense Wingfield, Crous & Coutinho, whose
symptomatology consists in the formation of dark red
colored cankers and splitting of the bark (Wingfield ez al.,
1996). It is spread from seed imported from Australia and
South Africa (Cibridn et al., 2002)3 which has increased
the incidence of diseases such as that caused by C.
zuluense, recently diagnosed in Tabasco (Roux et al.,
2001). Several species of Coniothyrium are endophytic
(Sinclair and Cerkauskas, 1996). An endophytic fungus is
found within the tissues of the plant throughout its whole
life cycle without causing destruction of cells, tissue,
nutritional or chemical imbalance, and without forming
any external morphological structure (Sinclair and
Cerkauskas, 1996). Some pathogenic fungi are latent in
healthy tissues, and when the environmental conditions
are favorable, their symptoms are expressed (Bettucci and
Saravay, 1993). Others are latent-saprobic, their symptoms
and fructifications are observed only in senescent tissues
of the plant (Kirk ez al., 2001). Given the little information
found on this fungus in México, the objective of the present
study was to isolate C. zuluense in healthy stems, foliar
lesions, and seed of eucalyptus. The hypothesis was that
this fungus was introduced into México in a latent form in
plant material or seed.

MATERIALS AND METHODS
Healthy stems

A sampling was made of 48 trees of E. grandis of six clones (eight
per clone): 94-002, 94-003, 94-005, 95-001, 95-002 and 95-004,
donated by the PLANFOSUR plantation of Las Choapas, Veracruz,
México. From each 9 month old tree and with a height of 80 to 90 cm,
a healthy stem was taken from a lateral apical branch, and each one

was cut transversally into four sections 1.0 cm in length.
Foliage lesions

Fifteen trees of five clones (three per clone; 94-002, 94-003, 94-
005, 95-002 and 95-004) with healthy and vigorous foliage, were
maintained during one month in a moist chamber between 25 and 35 °C.
Leaves with diverse developed lesions were sampled, and observations
were made of signs (morphological structures) of the fungus, description

of symptoms, and the isolation of these in pure culture.
Seed

In four lots of seed (GG2 #25, GG2 #35, MF Select #25, and MF
Select #35) from the PLANFOSUR plantation, 1200 seeds per lot were
randomly sampled. The treatments analyzed were three (400 seeds
per treatment): with disinfestation at 1.5%, and 5.0%, and without

disinfestation.



1200 semillas por lote. Los tratamientos analizados fueron tres (400
semillas por cada uno): con desinfestacién a 1.5% y 5.0%; y sin

desinfestacion.

Desinfestacion e incubaciéon

Todo el material fue desinfestado con hipoclorito de sodio co-
mercial. Para tejido de hojas fue a 1.5%, para tallos y semillas fue
ademds a 5.0% por tres y dos min de inmersién, respectivamente,
lavados de tres a seis veces con agua destilada estéril, y secados
posteriormente en papel estéril. El material se sembro en cajas Petri
de pléstico con medio de cultivo de Malta Extracto Agar (MEA: 10 g
de extracto de malta, 20 g de agar, y 1000 ml de agua destilada). Las
cajas se incubaron en luz negra continua con lamparas de 40 W, a
temperatura de +26 °C. La cuantificacién de hongos aislados se hizo

alos 12 d en tallos y hojas, y a los 25 d en semillas.

Identificacion morfolégica a género

De los aislamientos purificados en MEA se realizaron cultivos
monosporicos en Agar Agua (AA: 18 g de agar en 1000 ml de agua
destilada), e incrementaron en MEA. Los aislamientos de Alternaria
se cultivaron en papa zanahoria agar (PCA) (PCA: 20 g de papa, 20 g
de zanahoria, y 1000 ml de agua destilada), para observar la organiza-
cion de sus conidios y conidiéforos en el microscopio estereoscépico
(Simmons, 1992). Para los estudios morfolégicos se hicieron monta-
jes permanentes en glicerol a 50% acidificado con HCI al 12N, para
su observacion al microscopio compuesto. Las claves usadas para las
identificaciones a nivel de género fueron de Barnett y Hunter (1998),
Ellis (1971), y Sutton (1980). Para su preservacién los conidios se
almacenaron en glicerol al 25% en ultracongelacién a —85 °C. Los
aislamientos que no produjeron conidios libres se preservaron en tu-

bos inclinados de MEA y se cubrieron con aceite mineral estéril.

Caracterizaciéon molecular

De cada cultivo monospérico se extrajo el ADN con la técnica de
Ahrens y Seemiiller (1992), su calidad se verificé por electroforesis
en gel de agarosa a 0.8%, y se cuantific en un espectrofotémetro
Perkin Elmer (Modelo Lambda Bio 10). Las regiones internas ITS1 e
ITS2 (Internal Transcribed Spacer) entre los genes ribosomales (rADN)
18S-5.8S y 5.8S-28S fueron amplificadas por Reaccién en Cadena de
la Polimerasa (PCR) con la combinacién de iniciadores ITSI
(TCCGTAGGTGAACCTGCGG)/ITS4  (TCCTCCGCTTATTGAT
ATGC); 0 ITS5 (GGAAGTAAAAGTCGTAACAAGG)/ ITS4. La re-
accion de PCR por muestra estuvo compuesta por: agua estéril ionizada
12.145 ul, ADN problema ajustado a 20 ng, 4 u1; tampén 1X, 2.75 ul;
MgCla 1.5 mM, 1.375 ul; mezcla de dNTP a 0.2 mM, 2.2 ul; inicia-
dores a 10 pM, 1.1 ul (por cada uno); y la Taq polymerasa a 1.5 Uni-
dades, 0.33 ul; en un volumen final de 25 ul. El programa del
termociclador Perkin Elmer (Modelo 2400) fue: desnaturalizacién ini-
cial a 95 °C por dos min; 30 ciclos de desnaturalizacion, alineamien-
to y extensién de 95 °C por 1 min, 50 °C por 30 s, y 72 °C por 2 min;
y una extensioén final a 72 °C por 10 min. El producto de PCR se
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Disinfestation and incubation

All of the material was disinfested with commercial sodium
hypochlorite. For leaf tissue it was at 1.5%, for stems and seeds it was
also at 5.0% for three and two min of immersion, respectively, they
were washed from three to six times with sterile distilled water, and
then dried on sterile paper. The material was planted in plastic Petri
jars with Malt Extract Agar (MEA: 10 g of malt extract, 20 g agar, and
1000 mL of distilled water) culture medium. The jars were incubated
in continuous black light with 40 W lamps at a temperature of +26 °C.
The quantification of isolated fungi was made at 12 d in stems and

leaves, and at 25 d in seeds.

Morphological identification to genus

Of the isolations purified in MEA monosporic cultures were made
in Agar Agar (AA: 18 g of agar in 1000 ml of distilled water), and
increased in MEA. The isolations of Alternaria were cultivated in
potato carrot agar (PCA) (PCA: 20g potato, 20 g carrot, and 1000 ml
distilled water), to observe the organization of its conidia and
conidiophores in the stereoscopic microscope (Simmons, 1992). For
the morphological studies, permanent mounts were made in glycerol
at 50% acidified with HCl at 12N, for observation under the
compound microscope. The keys used for the identifications of genus
were those of Barnett and Hunter (1998), Ellis (1971), and Sutton
(1980). For their preservation, the conidia were stored in glycerol at
25% in ultrafreeze at —85 °C. The isolations that did not produce
free conidia were preserved in inclined MEA tubes and covered with

sterile mineral oil.

Molecular characterization

The DNA was extracted from each monosporic culture with the
technique of Ahrens and Seemiiller (1992), their quality was verified
by electrophoresis in agarose gel at 0.8%, and quantified in a Perkin
Elmer spectrophotometer (Model Lambda Bio 10). The internal regions
ITS1 and ITS2 (Internal Transcribed Spacer) between the ribosomal
genes (rDNA) 18S-5.8S and 5.8S-28S were amplified by Polymerase
Chain Reaction (PCR) with the combination of primers ITSI
(TCCGTAGGTGAACCTGCGG)/ITS4  (TCCTCCGCTTATTGAT
ATGC); or ITS5 (GGAAGTAAAAGTCGTAACAAGG)/ITS4. The
reaction of PCR per sample was composed of: sterile ionized water
12.145 ul, DNA problem adjusted to 20 ng, 4 ul: buffer 1X, 2.75 ul;
MgCl at 1.5 mM, 1.375 ul; ANTP mixture at 0.2 mM, 2.2 ul; primers
at 10 pM, 1.1 ul (for each one); and Taq polymerase at 1.5 units,
0.33 ul; in a final volume of 25 ul. The program of the Perkin Elmer
thermocycler was: initial denaturalization at 95 °C for two min; 30
denaturalization cycles for one min; alignment and extension at 95 °C
for one min, 50 °C for 30 sec, and 72 °C for two min; and a final
extension at 72 °C for 10 min. The product of PCR was purified with
the QUIAquick kit according to the specifications of the manufacturer,
and they were sequenced in two directions (5’ to 3’, and 3’ to 5”) with
the same ITS primers, and with an ABI 3700 automatic sequencer.

The sequences of obtained nucleotides were analyzed with the software
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purifico con el kit QIAquick segun las especificaciones del fabricante,
y fueron secuenciados en dos direcciones (5° a3,y 3’ a5’) con los
mismos iniciadores ITS, y con un secuenciador automatico ABI 3700.
Las secuencias de nucleétidos obtenidos se analizaron con el paquete
Lasergene 2001, Versién 5, de DNASTAR, Inc. (Anénimo, 2001), y se
compararon con las secuencias reportadas en la base de datos del ban-
co de genes del NCBI (National Center for Biotechnology Information;
www.ncbi.nih.gov). Los valores cuantitativos generados por el
Lasergene y los encontrados en el banco de datos que respaldaron el
andlisis se enlistan en el Cuadro 2. Las secuencias de estudio se depo-
sitaron en el NCBL

RESULTADOS Y DISCUSION
Tallos sanos

En ninguno se aisl6 a C. zuluense. Del tejido interno
se aislaron e identificaron nueve hongos (Cuadro 1). En
total, de los seis clones, el género que se encontré con
mayor frecuencia fue Alternaria sp., seguido por
Colletotrichum sp., Pestalotiopsis sp., y Trichoderma sp.,
25% cada uno. En menor porcentaje se encontraron
Aspergillus sp., un mucoral; y de Fusarium sp. s6lo se
aislo una colonia. En total, de los tallos de cada clon se
aislaron de cuatro a cinco hongos, y en algunos tallos no
se aislé ninguno (Cuadro 1, Figura la). El aislamiento
de estos hongos de tallos sanos indica su condicién
endofitica o latente, y es respaldado por otros estudios.
En Uruguay todos estos hongos han sido reportados como
endofiticos en xilema y corteza de plantulas de E. grandis
(Bettucci y Saravay, 1993; Bettucci y Alonso, 1997). En
Sudéfrica Botryosphaeria dothidea es endofitico en ho-
jas y xilema de tallos de E. grandis. A esta especie y a
Pestalotiopsis neglecta también se les conoce como

Lasergene 2001, Version 5, of DNASTAR, Inc. (Anonymous, 2001),
and were compared with the sequences reported in the data base of the
gene bank of the NCBI (National Center for Biotechnology
Information; www.ncbi.nih.gov). The quantitative values generated by
Lasergene and those found in the bank of data that supported the
analysis are listed in Table 2. The study sequences were deposited in
the NCBL

RESULTS AND DISCUSSION
Healthy stems

C. zuluense was not isolated in any of the samples.
Nine fungi from the internal tissue were isolated and
identified (Table 1). In all, of the six clones, the genus
that was found most frequently was Alternaria sp.,
followed by Colletotrichum sp., Pestalotiopsis sp., and
Trichoderma sp., 25% each one. A smaller percentage
was found of Aspergillus sp., a mucoral; and of
Fusarium sp. only one colony was isolated. In all, four
to five fungi were isolated from the stems of each clone,
and in some stems no fungus was isolated (Table 1,
Figure la). The isolation of these fungi from healthy
stems indicates their endophytic or latent condition, and
is supported by other studies. In Uruguay, all of these
fungi have been reported as endophytic in xylem and
bark of seedlings of E. grandis (Bettucci and Saravay,
1993; Bettuci and Alonso, 1997). In South Africa,
Botryosphaeria dothidea is endophytic in leaves and
xylem of stems of E. grandis. This species and
Pestalotiopsis neglecta are also known as pathogens. The
former causes the death of eucalyptus trees (Smith e
al., 1996), and the latter of stems of E. nitens in Australia
(Yuan and Mohammed, 1999).

Cuadro 1. Porcentajes de hongos aislados de tallos sanos de seis clones de E. grandis en medio de cultivo malta extracto agar.
Table 1. Percentages of fungi isolated from healthy stems of six clones of E. grandis in malt extract agar culture medium.

Clones'
Hongo aislado'l % TAP
1 2 3 4 5 6
94002 94003 94005 95001 95002 95002

Alternaria sp. 3.1 3.1 25.0 25.04 50.1 40.7 147.1
Aspergillus sp. 3.1 0 0 6.26 0 3.1 12.5
Botryosphaeria sp. 3.1 0 0 3.13 0 0 6.3
Colletotrichum sp. 3.1 3.1 0 0 15.6 3.1 25.0
Fusarium sp. 0 0 0 0 3.1 0 3.1
Mucoral 0 0 9.4 0 3.1 0 12.5
Penicillium sp. 0 6.3 0 0 3.1 0 9.4
Pestalotiopsis sp. 0 0 3.1 2191 0 0 25.0
Trichoderma sp. 0 3.1 3.1 15.73 0 3.1 25.0
TG: 4 4 4 5 5 4 9

" Tallos sanos desinfestados a 1.5, y 5.0% de hipoclorito de sodio = Healthy stems disinfested at 1.5 and 5.0% sodium hypochlorite.

1En 192 tallos sanos < In 192 healthy stems.
§ Total de géneros aislados por clon « Total of genera isolated by clo

.

P Porcentaje total acumulado en los seis clones ¢ Accumulated total percentage in the six clones.
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Figura 1. a) tallos sanos de eucalipto en cultivo malta extracto agar con colonias fungosas desarrolladas a ambos extremos a los 12 dias de
incubacion. b) lesion foliar con muiltiples acérvulos negros en circulos concéntricos y abundantes conidios de Pestalotiopsis sp. c)
lesion con circulos tenues concéntricos de donde se aislé Alternaria sp.

Figure 1. a) healthy stems of eucalyptus in malt extract agar culture medium with fungal colonies developed at both ends at 12 days of
incubation. b) foliar lesion with multiple black acervulae in concentric circles and abundant conidia of Pestalotiopsis sp. c) lesion
with light concentric circles from which Alternaria sp. was isolated.

patégenos. La primera causa la muerte de arboles de
eucalipto (Smith et al., 1996), y la segunda en tallos de
E. nitens en Australia (Yuan y Mohammed, 1999).

Lesiones foliares

En ninguna muestra se aisl6 a C. zuluense. Las lesio-
nes se agruparon de acuerdo con cuatro tipos de sinto-
mas: necrosis de tejido apical (36.95%), lesiones circula-
res de 1.0 cm de diametro con necrosis oscura (54.35%),
necrosis clara con circulos concéntricos (4.35%), y le-
siones necrdticas claras de 0.6x0.8 cm de didmetro
(4.35%). Los primeros dos tipos de lesiones formaron
acérvulos negros dispersos en el haz, y el tercero los for-
m¢ en circulos concéntricos (Figura 1b). La mayoria de
las lesiones desarrollaron abundantes conidios de
Pestalotiopsis sp., y s6lo en una hubo signos de Botrytis
sp. En total se aislaron seis hongos. Alternaria sp. en
46.37% (Figura 1c), Botrytis sp. en 48.62%, Chaetomella
sp. en 18.75, Colletotrichum sp. en 17.68, Penicillium sp.
en 5.36%, y Pestalotiopsis sp. en 127.35% (porcentajes
acumulados). De los clones 94-005 y 95-004 se aisl6 el
mayor nimero de géneros, cinco; y s6lo uno del clon 94-
002. Aunque no se aislé C. zuluense de lesiones, en
Sudaifrica esta especie se ha reportado infectando hojas
de eucalipto (Van Zyl et al., 1997). En India, se ha en-
contrado Alfernaria alternata en hojas de eucalipto (Bhat
y Hegde, 1990). En México, especificamente en los esta-
dos de Nayarit y en el de Sinaloa, en plantaciones de
eucalipto, se ha asociado la presencia de Alternaria sp., y
Pestalotiopsis sp. con manchas foliares(Cibrian et al.,
1999). De Pestalotiopsis, en otros paises, al menos cinco
especies se han aislado en eucalipto (Bettucci y Saravay,

Foliar lesions

C. zuluense was not isolated in any of the samples.
The lesions were grouped according to four types of
symptoms: necrosis of apical tissue (36.95%), circular
lesions 1.0 cm in diameter with dark necrosis (54.35%)
light necrosis with concentric circles (4.35%), and light
necrotic lesions 0.6x0.8 cm in diameter (4.35%). The first
two types of lesions formed black acervulae disperse on
the fascicle, and the third formed them in concentric
circles (Figure 1b). Most of the lesions developed
abundant conidia of Pestalotiopsis sp., and only in one
there were signs of Botrytis sp. In all, six fungi were
isolated: Alternaria sp. in 46.37% (Figure 1c), Botrytis
sp. in 48.62%, Chaetomella sp. in 18.75, Colletotrichum
sp. in 17.68, Penicillium sp. in 5.36%, and Pestaloptiopsis
sp. in 127.35% (accumulated percentages). The greatest
number of genera (five) was isolated from the clones 94-
005 and 94-004, and only one from the clone 94-002.
Although C. zuluense was not isolated from lesions, in
South Africa this species has been reported infecting
leaves of eucalyptus (Van Zyl et al., 1997). In India,
Alternaria alternata has been found in eucalyptus leaves
(Bhat and Hegde, 1998). In México, specifically in the
states of Nayarit and Sinaloa, in eucalyptus plantations,
the presence of Alternaria sp. and Pestalotiopsis sp. has
been associated with foliar spots (Cibridn et al., 1999).
As for Pestalotiopsis, in other countries, at least five
species have been isolated in eucalyptus (Bettucci and
Saravoy, 1993). Thus, it is inferred that the isolated fungi,
with the exception of Penicillium and Chaetomella, are
found latent in the healthy foliar tissue, and produced
lesions when the trees were incubated in adequate
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1993). Se infiere entonces que los hongos aislados, con
excepcion de Penicillium 'y Chaetomella, se encuentran
latentes en el tejido foliar sano, y produjeron lesiones
al incubarse los drboles en condiciones adecuadas de
temperatura y humedad. De todos estos hongos, al pa-
recer Chaetomella sp. no se ha reportado en hojas de
eucalipto.

Semilla

De ninguna se aislé C. zuluense. Los hongos aislados
fueron (en %): Alternaria sp., 0.75; Aspergillus sp., 0.75;
Chaetomium sp., 0.5; Cladosporium sp., 15.5; y
Penicillium sp., 10.75. En cada lote de semilla se aislaron
dos o tres géneros. Los principales fueron Cladosporium
Sp., y Penicillium sp., y el menos aislado fue Chaetomium
sp. Segun Mittal ef al. (1990), y Mohanan y Sharma
(1991), ninguno de los hongos de este estudio se habia
reportado en semilla de eucalipto, aunque en semilla de
soya son hongos latentes (Sinclair y Cerkauskas, 1996).
A pesar de que C. zuluense no se aisl6 de tejidos y semi-
llas, no se puede descartar la posibilidad que se encuen-
tre en forma latente en eucalipto. Esto en base a que los
otros hongos aislados fueron de crecimiento rdpido, en
contraste con C. zuluense que tiene un crecimiento lento,
lo que posiblemente inhibi6 su desarrollo.

Caracterizacion molecular

El producto de PCR:rADN-ITS fue de 600 pb (pares
de bases). Las dos direcciones secuenciadas por aisla-
miento tuvieron 100% de similaridad entre nucleétidos.
Al comparar la secuencia de nucleétidos de cada aisla-
miento identificado morfolégicamente en esta investiga-
cién con las secuencias reportadas en el banco de genes
del National Center for Biotechnology Information
(NCBYI), ésta correspondi6 al mismo género (Cuadro 2),
con el m4s alto valor de identidad. Esto corrobord la iden-
tificacién morfoldgica. Cada secuencia se deposité en el
banco de genes y se obtuvo su nimero de acceso (Cua-
dro 2).

En general, estos estudios deben considerarse al im-
portar material vegetal, por ser esta una forma de intro-
ducir a otras regiones nuevas enfermedades, o razas de
algtin patégeno en estado latente. Los resultados obteni-
dos evidencian el riesgo potencial de la introduccién o
movimiento de plantas sanas sin un andlisis adecuado de
la posible micoflora asintomadtica involucrada.

CONCLUSIONES
No se aislé C. zuluense en tallos sanos, lesiones

foliares, y semillas. Se aislaron otros 12 géneros asocia-
dos, y su identificacién se reconfirmé por andlisis
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conditions of temperature and humidity. Of all these fungi,
apparently Chaetomella sp. has not been reported in
eucalyptus leaves.

Seed

C. zuluense was not isolated from any of the seeds.
The isolated fungi were (in %): Alternaria sp., 0.75;
Aspergillus sp., 0.75; Chaetomium sp., 0.5; Cladosporium
sp., 15.5; and Penicillium sp., 10.75. In each seed lot,
two or three genera were isolated. The principal were
Cladosporium sp., and Penicillium sp., and the least
isolated was Chaetomium sp. According to Mittal et al.
(1990), and Mohanan and Sharma (1991), none of the
fungi of this study had been reported in eucalyptus seed,
although they are latent fungi in soybean seed (Sinclair
and Cerkauskas, 1996). Although C. zuluense was not
isolated in tissue and seed, the possibility that it is present
in a latent form in eucalyptus can not be discarded. This
is because the other isolated fungi were of rapid growth,
whereas C. zuluense has slow growth, which may have
inhibited its development.

Molecular characterization

The product of PCR:rDNA-ITS was 600 pb (pairs of
bases). The two directions sequenced through isolation
had 100% similarity between nucleotides. When
comparing the nucleotide sequence of each
morphologically identified isolation in this investigation
with the sequences reported in the gene bank of the
National Center for Biotechnology Information (NCBI),
it corresponded to the same genus (Table 2), with the
highest identity value. This confirmed the morphological
identification. Each sequence was deposited in the gene
bank and its access number was obtained (Table 2).

In general, these studies should be considered when
plant material is imported, as it is a form of introducing
new diseases or races of a pathogen in a latent stage to
other regions. The results obtained show the potential risk
of the introduction or movement of healthy plants without
an adequate analysis of the possible asymptomatic
micoflora involved.

CONCLUSIONS

C. zuluense was not isolated en healthy stems, foliar
lesions, or seeds. However, 12 other associated genera
were isolated, and their identification was confirmed
through molecular analysis. Chaetomella sp., and all of
the fungi in seed, are reported for the first time in México
associated with eucalyptus.

—End of the English version—



HONGOS ASOCIADOS A EUCALIPTO, Eucalyptus grandis Hill: Maid

Cuadro 2. Caracterizacion molecular por alineamiento de las secuencias reportadas en el banco de genes con las secuencias intergénicas
(ITS") de los genes rADN de los hongos aislados de eucalipto.
Table 2. Molecular characterization by alignment of the sequences reported in the gene bank with the intergenic sequences (ITS') of the

rDNA of the fungi isolated from eucalyptus.

Banco de Genes®

Hongo aislado]! Tejido NS Niim. de acceso®
Especie alineada MVA® 1N Num. de acceso
Alternaria sp. Hoja 549 AY558895 Alternaria sp. 1088 100 AY154694
Alternaria sp. Semilla 549 AY755609 A. tenuissima 1047 100 AY154712
Alternaria sp. Tallo’ 538 AY755607 A. tenuissima 1047 100 AY154712
Alternaria sp. Tallo’ 516 AY755608 A. tenuissima 1029 100 AY154712
Aspergillus sp. Tallo’ 554 AY755615 Aspergillus tubingensis 1057 100 AJ280008
Botrytis sp. Hoja 517 AY550976 B. cinerea 954 100 773765
Chaetomella sp. Hoja 439 AY558894 Chaetomella sp. 870 100 AJ301961
Chaetomium sp. Semilla 545 AY 560520 Chaetomium globosum 1084 99.5 AY429056
Cladosporium sp. Semilla 514 AY755616 C. tenuissimum 1019 100 AF393724
Colletotrichum sp. Hoja 539 AY561499 Glomerella cingulata 1092 100 AY266389
(C. gloeosporioides)

Fusarium sp. Tallo’ 532 AY755617 Fusarium sp. 1015 99.1 AF178404
Penicillium sp. Semilla 506 AY755612 Penicillium citrinum 946 100 AY373904
Penicillium sp. Semilla 495 AY755613 P. corylophilum 981 100 AY373906
Pestalotiopsis sp. Hoja 522 AY755611 Pestalotiopsis clavispora 975 99.4 AY682929
Pestalotiopsis sp. Hoja 516 AY755610 P. clavispora 957 99.4 AY 687304
Trichoderma sp. Tallo 579 AY755614 T. longibrachiatum 1148 100 AY328040

" Internal Transcribed Spacer (siglas en inglés) < Internal Transcribed Spacer (initials in english).
1 Género representativo de los hongos identificados en eucalipto. *Sano < Representative genus of the fungi identifyed in eucaliptus. *Healthy.
¥ Ntimero de nuclestidos amplificado por PCR:ITS con los iniciadores ITS1-ITS4/ITS4-ITSS < Number of nucleotides amplified by PCR:ITS with

the primers ITS1-ITS4/ITS4-ITSS.

P Base de datos del NCBI (National Center of Biotechnology Information) del internet < Database of the NCBI.

®Miéximo valor generado por el programa Lasergene, por comparacion entre la secuencia de estudio y la de la base de datos del NCBI < Maximum
value generated by the Lasergene program, by comparing the study sequence and that in the NCBI database.

¥ Indice de similaridad entre la secuencia del hongos aislado y la especie comparada < Similarity index between the sequence of the isolated

fungus and the compared species.

moleculares. Chaetomella sp., y todos los hongos en se-
milla, se reportan por primera vez en México asociados
con eucalipto.
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