Histopathology of the infection process of

Colletotrichum truncatum in papaya and pea leaves

Histopatologia del proceso de infeccion de
Colletotrichum truncatum en hojas de papaya y chicharo

Indira Rojo-Bdez, Raymundo S. Garcia-Estrada, Josefina Leon-Félix, Adriana Safiudo-Barajas, Rail
Allende-Molar* Centro de Investigacion en Alimentacion y Desarrollo, A. C. Coordinacion Culiacan. Carre-
tera Culiacan-Eldorado km 5.5, Campo el Diez, CP. 80110, Culiacan, Sinaloa, México. * Autor para correspon-

dencia: rallende@ciad.mx.

Recibido: 14 de Abril, 2016

Aceptado: 18 de Junio, 2016

Rojo-Baez I, Garcia-Estrada RS, Leon-Félix J, Sa-
fludo-Barajas A y Allende-Molar R. 2016. Histopa-
tologia del proceso de infeccion de Colletotrichum
truncatum en hojas de papaya y chicharo. Revista
Mexicana de Fitopatologia 34: 316-325.

DOI: 10.18781/R.MEX.FIT.1604-3

Primera publicacion DOI: 21 de Junio, 2016

First DOI publication: June 21st, 2016

Resumen. Colletotrichum truncatum es un hon-
go patogeno causante de antracnosis en diversos
hospedantes; se desconoce el proceso de infeccion
de este patdogeno en hojas de papaya, asi como el
comportamiento de una misma cepa de C. trunca-
tum en distintos hospedantes. El objetivo de este
estudio fue describir, mediante técnicas histolo-
gicas, el proceso de infeccion de una cepa de C.
truncatum en hojas de papaya y chicharo. En los
dos hospedantes, la penetracion del hongo ocurrid
de manera directa por medio de apresorios alrede-
dor de las 20 h después de la inoculacion (hdi). En
papaya, las hifas crecieron intercelularmente a las
24-60 hdi; la colonizacion necrotréfica inicid a las
60 hdi; hifas intracelulares crecieron en células del
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Abstract.

pathogenic fungus causing anthracnose in several

Colletotrichum  truncatum is a
hosts; the infection process of this pathogen in
papaya leaf as well as studies of the same strain
of C. truncatum in different hosts is unknown.
The aim of this study was to describe the infection
process of a Colletotrichum truncatum strain by
histological techniques in papaya and pea leaves.
In both hosts, direct penetration occurred through
appressoria around 20 h after inoculation (hai).
In papaya, intercellular hyphae grew at 24-60 hai;
the necrotrophic colonization began at 60 hai;
intracellular hyphae grew in mesophyll cells
causing extensive cellular degradation; in contrast,
in pea primary infection hyphae began at 36 hai,
secondary infection hyphae (necrotrophic state)
began at 72 hai. In both hosts, the acervuli were
observed at 96 hai, which was associated with
typical anthracnose lesions. C. truncatum behaved
as intramural subcuticular pathogen in papaya
and as intracellular pathogen in pea; so that, the
infection strategy is dependent on the host.
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mesofilo causando una extensiva degradacion ce-
lular; en contraste, en chicharo se observaron hi-
fas primarias de infeccion a partir de las 36 hdi, las
hifas secundarias de infeccion (estado necrotrofo)
se observaron a las 72 hdi. En ambos hospedantes,
los acérvulos se observaron a las 96 hdi, lo cual se
asocio con la produccion de lesiones tipicas de an-
tracnosis. Colletotrichum truncatum se comportd
como patdgeno intramural subcuticular en papaya
y como hemibiodtrofo intracelular en chicharo; por
lo que la estrategia de infeccion es dependiente del
hospedante.

Palabras clave: Carica papaya, Pisum sativum,
patoégeno intramural, patdgeno intracelular.

Colletotrichum spp., agentes causales de la antrac-
nosis, afectan a un amplio rango de hospedantes en
pre y poscosecha. Las especies de Colletotrichum
emplean diferentes estrategias de infeccion: intra-
mural subcuticular o intracelular; incluso, ambas en
distintos 6rganos del mismo hospedero (Perfect et
al., 1999; Diéguez-Uribeondo et al., 2005). Las es-
trategias de infeccion estan correlacionadas con la
especificidad en el hospedante (Pring et al., 1995),
por lo que es importante conocer el proceso de in-
feccion para determinar el ciclo bioldgico de la en-
fermedad, lo que podria sugerir el uso adecuado de
una estrategia de control al conocer el periodo en
el que se desarrolla el patégeno en el hospedante.

La antracnosis es una de las principales enfermeda-
des en el cultivo de papaya. En México, las pérdi-
das reportadas superan el 50 % (Torres-Calzada et
al., 2012). Colletotrichum truncatum se reportd en
2008 como causante de antracnosis en papaya (Ca-
rica papaya) en México (Tapia-Tusell et al., 2008),
con una incidencia de hasta 40 % (Torres-Calza-
da et al., 2012). Esta especie utiliza mecanismos
de infeccion distintos, ya que se comporta como
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intramural pathogen, intracellular pathogen.

Colletotrichum spp., causal agents of anthracnose,
affect a wide range of hosts in both pre- and post-
harvest. The species of Colletotrichum use different
infection strategies: intramural subcuticular or
intracellular, or even both in different organs of the
same host (Perfect et al., 1999; Diéguez-Uribeondo
et al., 2005). Infection strategies are correlated
with the specificity in the host (Pring ef al., 1995),
which is why it is important to know the infection
process to determine the biological cycle of the
disease, which could suggest the adequate use of a
control strategy once we know the period in which
the pathogen is developed in the host.

Anthracnose is one of the main diseases in
papaya crops. In Mexico, reported losses are above
50 % (Torres-Calzada et al., 2012). Colletotrichum
truncatum was reported in 2008 as the cause of
anthracnose in papaya (Carica papaya) in Mexico
(Tapia-Tusell et al., 2008), with an incidence of
up to 40 % (Torres-Calzada et al., 2012). This
species uses different infection mechanisms, since
it behaves like an intracellular hemibiotrophic
pathogen in pea (Pisum sativum), broad bean
(Vicia faba), and lentil plants (Lens culinaris)
(O’Connell et al., 1993; Latunde-Dada and Lucas,
2007), and as a subcuticular intramural pathogen
in chili pepper (Capsicum annuum), chickpea
(Cicer arietinum), peanut (Arachis hypogaea),
and bean plants (Phaseolus vulgaris) (Pring et al.,
1995; Ranathunge ef al., 2012). Although there are
diverse studies related to this species, the process of
pathogenesis is unknown for papaya leaves; also,
there is scarce information describing the infection
process of a same strain of the pathogen in different
hosts. The aim of this study was to describe the
histological changes presented during the infection
of papaya and pea leaves by C. truncatum.

We used healthy Maradol papaya (three months
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patdégeno hemibiotréfico intracelular en chicharo
(Pisum sativum), haba (Vicia faba) y lenteja (Lens
culinaris) (O’Connell et al., 1993; Latunde-Dada
y Lucas, 2007) y como patdgeno intramural sub-
cuticular en chile (Capsicum annuum), garbanzo
(Cicer arietinum), cacahuate (Arachis hypogaea) y
frijol (Phaseolus vulgaris) (Pring et al., 1995; Ra-
nathunge et al., 2012). Aunque existen diversos es-
tudios relacionados con esta especie, se desconoce
el proceso de patogénesis en hojas de papaya; ade-
mas, existe escasa informacion en donde se descri-
ba el proceso de infeccion de una misma cepa del
patogeno en distintos hospedantes. El objetivo de
este estudio fue describir los cambios histologicos
que se presentan durante la infeccion de hojas de
papaya y chicharo por C. truncatum.

Se utilizaron hojas de plantas sanas de papaya
Cv. Maradol (tres meses de edad) y chicharo Cv.
Lincoln (tres semanas de edad). La cepa CCM de
C. truncatum se utilizd6 como inoculo. Previamen-
te se aisloé de un fruto de papaya con sintomas de
antracnosis, se purifico mediante cultivo monospo-
rico y se caracterizd molecularmente (KF147902).
La suspension de conidios se prepar6 a una concen-
tracion de 1x10° esporas/mL a partir de un cultivo
de siete dias de crecimiento en PDA. La superficie
abaxial de 15 hojas de papaya y 30 hojas de chi-
charo, previamente desinfestadas con etanol al
70 %, se inoculd en seis y tres puntos de 1 cm? res-
pectivamente, por deposicion de 10 uL de in6culo.
Como tratamiento testigo, se colocaron alicuotas
de 10 pL de agua destilada estéril en cinco hojas de
papaya y 10 hojas de chicharo. Las hojas de papa-
ya se colocaron en bolsas de polietileno con papel
absorbente humedecido con agua destilada (Pan-
dey et al., 2012) y las de chicharo en cajas Petri de
vidrio con papel filtro Whatman N° 2 esterilizado
y humedecido con agua destilada para incrementar
la humedad relativa. Todas las hojas se incubaron
a 25 °C £ 2 °C durante seis dias. Se tomaron sec-
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old) and Lincoln pea leaves (three months old).
The CCM strain of C. truncatum was used as an
inoculum. Beforehand, it was isolated from a
papaya fruit with anthracnose symptoms, purified
using monosporic cultivation, and characterized
molecularly (KF147902). The conidia suspension
was prepared at a concentration of 1x10° spores/
mL from a culture grown for 7 days in PDA.
The abaxial surfaces of 15 papaya leaves and
30 pea leaves, previously disinfected with ethanol
at 70 %, were inoculated in six and three points of 1
cm? respectively, by depositing 10 uL of inoculant.
As a control treatment, 10 pL aliquots of sterile
distilled water were placed on five papaya leaves
and 10 pea leaves. The papaya leaves were placed
in polyethylene bags with pieces of paper towels
moistened with distilled water (Pandey et al.,
2012), and the pea leaves were placed in glass Petri
dishes with N° 2 Whatman filter paper, sterilized
and moistened with distilled water to increase the
relative humidity. All leaves were incubated at
25 °C £ 2 °C for six days. Sections of de 5 mm of
tissue were taken from the inoculated areas at 2,
4,6,9, 12, 18, 20, 24, 30, 36, 48, 60, 72, 96, 120,
and 148 hours after inoculation (hai), and placed
in plastic casettes to include them in paraffin. The
samples were submerged in an FAA fixing solution
(10 % formaldehyde, 5 % acetic acid, 50 % ethanol
at 96%) for at least 24 h. Later, the tissues were
gradually dehydrated with ethyl alcohol (50,
70, 80, 96, and 100 %) and filtrated in (Leica)
paraffin for 3 h, after having been transferred in
absolute alcohol-xylene (v/v) and xylene (twice)
(Rodriguez-Lopez et al., 2013). The samples were
kept in the solutions for 3 h and finally shaken
twice in a centrifugal tissue processor (Thermo
Scientific, STP 120, GER).

In an embedding workstation (Thermo
Scientific, HistoStar, UK), the samples were placed
in metallic molds with molten paraffin, they were
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ciones de 5 mm de tejido de las areas inoculadas a
las 2,4, 6,9, 12, 18, 20, 24, 30, 36, 48, 60, 72, 96,
120 y 148 horas después de la inoculacion (hdi), y
se colocaron en casetes de plastico para incluirlas
en parafina. Las muestras se sumergieron en solu-
cion fijadora FAA (10 % formaldehido, 5 % acido
acético, 50 % etanol al 96%) durante al menos 24
h. Posteriormente, los tejidos se deshidrataron gra-
dualmente con alcohol etilico (50, 70, 80, 96 y 100
%) y se infiltraron en parafina (Leica) durante 3
h, previa transferencia en alcohol absoluto-xileno
(v/v) y xileno (dos veces) (Rodriguez-Lopez et al.,
2013). Las muestras permanecieron en las solucio-
nes durante 3 h y finalmente, se agitaron dos veces
en un procesador de tejidos centrifugo (Thermo
Scientific, STP 120, GER).

En un centro de inclusiéon (Thermo Scientific,
HistoStar, UK), las muestras se colocaron en mol-
des metalicos con parafina fundida, se les colocd
un casete de plastico, se agreg6 parafina fundida y
se dejaron enfriar. Las muestras se cortaron longi-
tudinalmente y transversalmente con respecto a la
nervadura central a 6 um de grosor en un micro-
tomo semiautomatico (Thermo Scientific, Microm
HM340E, GER). Las secciones obtenidas se tifie-
ron con safranina (Sigma) al 1 % en alcohol etilico
al 50 % y verde-rapido (Sigma) al 1 % en etanol al
96 %, se montaron en resina Entellan (Merck) y se
secaron durante 24 h (Casarrubias-Carrillo ef al.,
2002). Las laminillas se observaron en un micros-
copio optico marca Carl Zeiss Axiostar Imager A2
con camara integrada para identificar los dafios en
tejido. Se realizaron 36 observaciones por muestra.
Los apresorios se midieron con el software ZEN
2012 (blue edition).

Entre las 2 y 18 hdi s6lo se observaron conidios
de C. truncatum sin germinar en la superficie de la
hoja. La germinacion inici6 a partir de las 20 hdi,
y en el extremo apical de los tubos germinativos se
formaron apresorios melanizados de color café
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added a in plastic casettes, molten paraffin was
added, and they were left to cool. The samples were
cut longitudinally and transversely to the 6 pm thick
midrib in a semiautomatic microtome (Thermo
Scientific, Microm HM340E, GER). The sections
obtained were dyed with safranin (Sigma) at 1 %
in ethyl alcohol at 50 % and fast green (Sigma)
at 1 % in ethanol at 96 %, they were mounted on
Entellan resin (Merck) and left to dry for 24 h
(Casarrubias-Carrillo et al., 2002). The lamellae
were observed under a Carl Zeiss Axiostar Imager
A2 optical microscope with an integrated camera
to identify tissue damage. Thirty-six observations
were carried out for every sample. The appressoria
were measured using the software ZEN 2012 (blue
edition).

Between 2 and 18 hai only non-germinated C.
truncatum conidia were observed on the surface of
the leaf. Germination began after 20 hai, and on
the apical end of the germination tubes, dark brown
melanized appressoria were formed, balloonlike
to irregularly shaped, and on average, 7.67 x 5.26
um (Figura 1A). C. truncatum formed melanized
appressoria to improve adhesion and penetration,
by mechanical action and enzyme lysis (Kubo et al.,
2000). The first infection hyphae emerged from the
appressoria 24-48 hai (Figure 1B). In the interval
of 24-60 hai, intramural hyphae were observed,
which grew on cell walls (Figure 1C). At 60 hai we
observed the start of the necrotrophic state, since
intracellular hyphae were observed (Figure 1D);
also, cavities were observed (Figure 1E), which
according to Pring et al. (1995) are indicative of
cell wall degradation. The acervuli (Figure 1E)
were related to the dark coloration on the surface
of the host in contrast with the control leaf, which
showed no symptoms (Figure 1F). At 96 hai, the
pathogen completed its life cycle and produced
acervuli with conidia, which are the inoculum
source for infections in new tissues (Ranathunge
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oscuro, de forma globosa a irregular, y de 7.67
x 5.26 um en promedio (Figura 1A). C. trunca-
tum formo apresorios melanizados para facilitar
la adhesion y la penetracion, por medio de accion
mecanica y lisis enzimatica (Kubo et al., 2000).
Las primeras hifas de infeccion emergieron de los
apresorios a partir de las 24-48 hdi (Figura 1B). En
el lapso de 24-60 hdi se observaron hifas intramu-
rales, las cuales crecieron en las paredes celulares
(Figura 1C). A las 60 hdi se observo el inicio del

et al., 2012). The cell damage and the production
of acervuli were associated with the appearance of
dark, brown to black semicircular lesions, on the
third day after inoculation (Figure 2A), in contrast
with the control leaf (Figure 2B).

The infection strategy of C. truncatum in pea
leaves was different. The conidia did not germinate
until 12 hai. At 18 hai, the germination tubes emerged
in a polar and lateral way. From the germination
tubes, dark brown melanized appressoria were

Figura 1. Microfotografias del proceso de infeccion de C. truncatum en hojas escindidas de papaya cv Maradol. A) Corte longitu-
dinal de hoja a las 20 hdi, formacion de apresorios melanizados (A) a partir de tubos germinativos polares de conidios.
Barra = 10 pm. B) Corte longitudinal (paradermal) de hoja a las 24 hdi. Primeras hifas de infeccion (HI) emergiendo de
apresorios (A). Barra= 10 um. C) Corte longitudinal (paradermal) de hoja a las 60 hdi. Hifa intramural (Hi). Barra= 10 pm.
D) Corte longitudinal (paradermal) de hoja a las 60 hdi. Hifa intracelular (HI). Barra =20 um. E) Corte trasversal de hoja
de papaya infectada por C. truncatum 96 hdi, formacion de acérvulo en el hospedante, conidiéforos (CO), setas incrus-
tadas (SE) y cavidades (CV). Barra = 20 pm. F) Corte transversal de hoja sana. Epidermis (E), mesofilo en empalizada
(MP), mesofilo esponjoso (ME) y drusa (D). Barra = 20 pm.

Figure 1. Microphotographs of the infection process of C. truncatum on detached Maradol papaya leaves. A) Longitudinal cut of
a leaf 20 hai, formation of melanized appressoria (A) from polar germination tubes from conidia. Bar = 10 um. B) Lon-
gitudinal cut (paradermal) of a leaf 24 hai. First infection hyphae (IH) emerging from appressoria (A). Bar = 10 um. C)
Longitudinal cut (paradermal) of a leaf 60 hai. Intramural hypha (iH). Bar = 10 um. D) Longitudinal cut (paradermal)
of a leaf 60 hai. Intracellular hypha (HI). Bar = 20 um. E) Transversal cut of a papaya leaf infected by C. truncatum
96 hai, formation of acervulus in the host, conidiophores (CO), embedded setae (SE), and cavities (CV). Bar =20 um.
F) Transversal cut of a healthy leaf. Epidermis (E), palisade mesophyll (MP), spongy mesophyll (ME), and druse (D).

Bar =20 pm.
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estado necrotrofo, ya que se observaron hifas in-
tracelulares (Figura 1D); ademas, se observaron
cavidades (Figura 1E), que de acuerdo con Pring
et al. (1995) son indicativas de la degradacion de
paredes celulares. Los acérvulos (Figura 1E) se
asociaron con la coloracion oscura en la superficie
del hospedante en contraste con la hoja testigo, la
cual no presentd sintomas de enfermedad (Figura
1F). A las 96 hdi, el patdogeno completo su ciclo de
vida al producir acérvulos con conidios, los cuales
son la fuente de indculo para infecciones en nuevos
tejidos (Ranathunge et al., 2012). El dafio celular
y la produccién de acérvulos se asociaron con la
aparicion de lesiones oscuras semicirculares de co-
loracion marrén a negro, al tercer dia después de
inoculacion (Figura 2A), en contraste con la hoja
testigo (Figura 2B).

La estrategia de infeccion de C. truncatum en ho-

formed, balloonlike to irregularly shaped, and
measuring 8.24 x 5.92 um on average. The first
infection hyphae emerged from the appressoria
between 18 and 20 hai, unlike what occurred in the
papaya leaf (Figure 3A). We observed lobulated,
intracellular branched (primary) hyphae between
36 hai and 60 hai (Figure 3B). Although the primary
infection hyphae appeared in the cell lumen,
no lysis was observed. The main characteristic
of the intracellular invasion is the formation of
primary infection hyphae, which can have different
morphologies depending on the species (O’ Connell
et al., 2000). The primary hypha of C. truncatum is
multilobulated, branched, and large (Latunde-Dada
and Lucas, 2007). During the biotrophic state, the
primary hypha was invaginated towards the cell
lumen (Figure 3B). According to O’Connell et
al. (2000), the primary hypha forms an interfacial

Figura 2. Sintomas de antracnosis ocasionados por la cepa CCM de C. truncatum en distintos hospedantes. A) Hoja de papaya
Maradol con sintomas de antracnosis a las 148 hdi; B) Hoja de papaya testigo; C) Hoja de chicharo Lincoln con sintomas

de antracnosis a las 148 hdi; D) Hoja de chicharo testigo.

Figure 2. Anthracnose symptoms by the CCM strain of C. truncatum in different hosts. A) Maradol papaya leaf with symptoms
of anthracnose 148 hai; B) Control papaya leaf; C) Lincoln pea leaf with anthracnose symptoms 148 hai; D) Control pea

leaf.
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jas de chicharo fue distinta. Los conidios permane-
cieron sin germinar hasta las 12 hdi. A las 18 hdji, los
tubos germinativos emergieron de manera polar y
lateral. A partir de los tubos germinativos se forma-
ron apresorios melanizados de color café oscuro,
de forma globosa a irregular, y de 8.24 x 5.92 um
en promedio. Las primeras hifas de infeccion emer-
gieron de los apresorios entre las 18 y 20 hdi a dife-
rencia de lo que ocurrid en hoja de papaya (Figura
3A). Se observaron hifas lobuladas, ramificadas
intracelulares (hifas primarias) de las 36 hdi has-
ta las 60 hdi (Figura 3B). A pesar de que las hifas
primarias de infeccion se presentaron en el lumen
celular, no se observo lisis. La principal caracte-
ristica de la invasion intracelular es la formacion
de hifas primarias de infeccion; éstas pueden tener
diferente morfologia segtn la especie (O’Connell
et al., 2000). La hifa primaria de C. truncatum es
multilobulada, ramificada y grande (Latunde-Dada
y Lucas, 2007). Durante el estado biotrofo, la hifa
primaria se invaginé hacia el lumen celular (Figura
3B). De acuerdo con O’Connell et al. (2000), la hifa
primaria forma una matriz interfacial compuesta de
glicoproteinas ricas en prolina e hidroxiprolina que
separa a la hifa de la membrana plasmatica del hos-
pedante.

Se observaron hifas de infeccion delgadas (hifas
secundarias), las cuales emergieron de hifas prima-
rias de infeccidn a las 72 hdi (Figura 3C). Segun
Bhadauria et al. (2011), la transicion del estado
biotrofo al necrétrofo se asocia con el desarrollo de
hifas secundarias delgadas, las cuales maceran los
tejidos del hospedante. Las hifas secundarias colo-
nizaron células de manera intracelular, lo cual oca-
siond dafio celular con la formacion de cavidades
celulares (Figura 3D). De acuerdo con Casarrubias-
Carrillo et al. (2002) las cavidades celulares indi-
can disolucion celular. La formacion de acérvulos
inici6 a partir de las 96 hasta las 148 hdi y éstos
contenian conidioforos, setas melanizadas y coni-

VOLUMEN 34, NUMERO 3, 2016

matrix composed of glycoproteins, rich in proline
and hydroxyproline that separates the plasmatic
membrane from the host.

We observed thin infection hyphae (secondary
hyphae), which emerged from the primary infection
hyphae 72 hai (Figure 3C). According to Bhadauria
et al. (2011), the transition from the biotrophic
state to the necrotrophic state is associated with the
growth of thin secondary hyphae, which soften the
host’s tissues. The secondary hyphae colonized cells
intracellularly, which caused cell damage with the
formation of cell cavities (Figure 3D). According
to Casarrubias-Carrillo et al. (2002) cell cavities
indicate cell dissolution. The formation of acervuli
began 96 hai until 148 hai and they contained
conidiophores, melanized setae and conidia (Figure
3E), in contrast with the healthy leaf (Figure 3F).
Cell damage was associated with the symptoms
of anthracnose (Figure 2C), in contrast with the
control leaf, which presented no symptoms (Figure
2D). Unlike the study carried out by O’Connell
et al. (1993), the strain of C. truncatum used in
this investigation produced acervuli in pea. The
acervuli with conidia were produced starting at 96
hai, thus concluding the life cycle of the pathogen.
The symptoms of anthracnose in pea leaves at 148
hai were limited in extension, in contrast to those
observed in papaya, probably due to the strain
originally being isolated from the papaya fruit.

CONCLUSION

This study showed that the CCM strain of C.
truncatum behaved as a subcuticular intramural
pathogen in papaya, and as an intracellular
hemibiotrophe in pea, therefore the infection
process depends on the host.
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Figura 3. Microfotografias del proceso de infeccion de C. truncatum en hojas escindidas de chicharo cv Lincoln. A) Corte longitu-
dinal (paradermal) de hoja a las 18 hdi. Primeras hifas de infeccion (HI) emergiendo de apresorios (A). Barra = 10 um.
B) Corte longitudinal (paradermal) de hoja a las 36 hdi. Hifas de infeccion (HI) emergiendo de apresorios (A), asi como
hifa primaria (HP) lobulada delimitada por la pared celular (PC) del hospedante. Barra = 10 um. C) Corte longitudinal
(paradermal) de hoja a las 72 hdi. Hifas secundarias (HS) emergiendo de hifas primarias (HP), las cuales atraviesan las
paredes celulares (PC) del hospedante. Barra = 20 pm. D) Corte longitudinal (paradermal) de hoja a las 72 hdi. Hifas
secundarias de infeccion (HS) invadiendo intracelularmente. Se observan cavidades (CV) durante el estado necrotrofo.
Barra = 50 um. E) Corte transversal de hoja de chicharo a las 96 hdi. Formacion de acérvulo en la superficie del hos-
pedante. Presencia de conidioforos (CO) y setas incrustadas (SE). Barra = 20 um. F) Corte transversal de hoja sana.
Epidermis (E) y mesofilo (M). Barra = 50 pm.

Figure 3. Microphotographs of the infection process of C. truncatum in detached Lincoln pea leaves. A) Longitudinal cut (para-
dermal) of a leaf 18 hai. First infection hyphae (HI) emerging from appressoria (A). Bar = 10 um. B) Longitudinal cut
(paradermal) of a leaf 36 hai. Infection hyphae (HI) emerging from appressoria (A), as well as from a lobulated primary
hypha (HP) limited by the cell wall (CW) of the host. Bar = 10 um. C) Longitudinal cut (paradermal) of a leaf 72 hai.
Secondary hyphae (SH) emerging from primary hypha (HP), which penetrate the cell walls (CW) of the host. Bar = 20
um. D) Longitudinal cut (paradermal) of a leaf 72 hai. Secondary infection hyphae (HS) invading intracellularly. Cavities
(CV) are observed during the necrotrophic state. Bar = 50 um. E) Transversal cut of a pea leaf 96 hai. Formation of acer-
vulus on the surface of the host. Presence of conidiophores (CO) and embedded setae (SE). Bar = 20 um. F) Transversal
cut of a healthy leaf. Epidermis (E) and mesophyll (M). Bar = 50 um.

dios (Figura 3E), en contraste con la hoja sana (Fi-
gura 3F). El dafio celular se asoci6 con los sintomas
de antracnosis (Figura 2C), en contraste con la hoja
testigo, la cual no presento sintomas (Figura 2D).
A diferencia del estudio realizado por O’Connell
et al. (1993), la cepa de C. truncatum utilizada en
la presente investigacion produjo acérvulos en
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chicharo. Los acérvulos con conidios se produje-
ron a partir de las 96 hdi, concluyendo asi el ciclo
de vida del patogeno. Los sintomas de antracnosis
en hoja de chicharo a las 148 hdi fueron limitados
en extension, en contraste con los observados en
papaya, probablemente debido a que la cepa origi-
nalmente se aislo de fruto de papaya.

CONCLUSION

En este estudio se demostré que la cepa CCM
de C. truncatum se comportd como patoégeno intra-
mural subcuticular en papaya y como hemibiotrofo
intracelular en chicharo, por lo que el proceso de
infeccion es dependiente del hospedante.
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