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ABSTRACT

In the temperate forests of the Sierra Fria, Aguascalientes, Mexico,
Taphrina caerulescens (Desm. & Mont.) Tul. was observed affecting
leaves of Quercus eduardii Trel. This was the first report of the
pathogen in Mexico and Central America. In addition to the
typical symptom, the plant-pathogen interaction also results in
the appearance of chlorotic lesions on the upper surface of some
infected leaves. This was the first report of these atypical symptoms,
which do not result in the formation of blisters. The main objective
of this study was to describe the histopathological changes that
occur in Q. eduardii leaves infected with 7. caerulescens. Of the 25
species of oak present in the Sierra Fria, the disease incidence and
severity was highest in Q. eduardii. For histopathological studies,
sections of healthy and infected leaf tissue were fixed, dehydrated,
embedded in paraffin, cut with a microtome and stained with fast
green and safranin. The differences in the healthy and infected leaf
sections were observed with a Leica DME microscope and a Carl
Zeiss microscope. Leaf samples were also processed for scanning
electron microscopy. The following changes were observed in
the affected blister tissue: hyperplasia and hypertrophy of cells
of the upper and lower epidermis and of the palisade layer
cells; destruction of the cells of the spongy mesophyll layer, and
destruction of the nucleus and other organelles of the palisade
cells. The differences in the cell sizes between the infected and
healthy leaf tissue were supported by morphometric and statistical
analysis. No noticeable changes in the leaves which displayed

atypical symptoms were observed.
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RESUMEN

En los bosques templados de la Sierra Fria, Aguascalientes,
México, Taphrina caerulescens (Desm. & Mont.) Tul. afecta las
hojas de Quercus eduardii Trel. Este fue el primer reporte de este
patégeno en México y América Central. Ademds de los sintomas
caracteristicos, la interaccién planta-patdgeno también genera
la aparicién de lesiones clordticas en la epidermis superior de
algunas hojas infectadas. Este fue el primer reporte de estos
sintomas atipicos que no generan la formacién de ampollas.
El objetivo principal de este estudio fue describir los cambios
histopatoldgicos que se presentan en las hojas de Q. eduardii
infectadas con 7. caerulescens. De las 25 especies de encinos en
la Sierra Fria, la incidencia y la gravedad de la enfermedad fue
mayor en Q. eduardii. Para los estudios histopatolégicos seccio-
nes sanas e infectadas de tejido foliar se fijaron, deshidrataron,
embebieron en parafina, cortaron con un microtomo y tifieron
con verde rdpido y safranina. Las diferencias en las secciones
foliares sanas e infectadas se observaron con un microscopio
Leica DME y un microscopio Carl Zeiss. También procesamos
las muestras foliares para el andlisis de microscopfa electrénica
de barrido. Los siguientes cambios se observaron en el tejido con
ampolla: hiperplasia e hipertrofia de las células de la epidermis
superior e inferior y de las células en empalizada; destruccién de
las células de la capa meséfila esponjosa y destruccién del nicleo
y otros organelos de las células en empalizada. Las diferencias en
el tamafo celular del tejido foliar infectado y sano se corrobora-
ron con un andlisis morfométrico y estadistico. En las hojas con

sintomas atipicos no observamos cambios importantes.
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INTRODUCTION

trees Quercus spp. can be found in pure stands or

mixed with pine trees Pinus spp., tazcate Juniperus
deppeana Steud., manzanita Arctostaphylos pungens
Kunth and arbutus Arbuzus spp. All these trees are very
important as they provide a wide range environmental
services (CONABIO ez al., 2008). Moreno-Rico ez al.
(2015) observed blisters and necrotic areas on leaves
of Quercus eduardii (Trel.) in Sierra Fria. A study
of symptoms in leaves along with morphometric
studies of the organism affecting them, identified the
tungus Taphrina caerulescens (Desm. & Mont.) Tul.
(Fonseca and Rodrigues, 2010). Zaphrina diseases are
better known in Europe and North America (Ellis,
2000). Leaf blister disease of Quercus spp. caused by
1. caerulescens was thought to be endemic to North
America. Hansen ez al. (2007) reported all the known
Taphrina spp. found in Central and South America;
however, 7. caerulescens was not mentioned in that list.

The most studied species is Zaphrina deformans
(Berk.) Tul. Ogawa ez al. (1995) stated that 7
deformans causes peach leaf curl. In peaches, the most
noticeable symptoms are that leaves become severely
distorted and reddish and eventually lead to premature
aging and leaf abscission (Kern and Naef-Roth, 1975;
Yamada ez a/., 1990; Giosu ez /., 2000; Gauthier and
Morgeson, 2015).

In T caerulescens symptoms appear as raised areas
or blisters on the upper leaf surface, and these blisters
vary in size from a few millimetres to more than 1
cm; on the surface of these blisters the pathogen
produces hundreds of naked asci which are filled
with blastospores, a characteristic only observed in 77
caerulescens. All other known Taphrina spp. produce
eight ascospores within their asci. These symptoms
are initially light green and eventually begin to turn
brown resulting in premature death and or abscission
of infected leaves; many of these changes are similar
to modifications observed in peach and almond
leaves infected with 77 deformans. When the infection
is severe the blisters unite and occupy and deform
large areas of the leaf’s surface (Mix, 1949; Taylor
and Birdwell, 2000; Fonseca and Rodrigues, 2010;
Kurtzman et al., 2011).

l n Sierra Fria, state of Aguascalientes, Mexico, oak
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INTRODUCCION

n Sierra Fria, estado de Aguascalientes, Mé-
Exico, los encinos (Quercus spp.) se pueden

encontrar en manchones puros o mezclados
con pinos (Pinus spp.), tazcate (Juniperus deppeana
Steud.), manzanita (Arctostaphylos pungens Kunth)
y arbutus (Arbutus spp.). Todos estos drboles son de
gran importancia ya que proporcionan numerosos
servicios ambientales (CONABIO et a/., 2008).
Moreno-Rico ez al. (2015) observaron ampollas y zo-
nas necréticas en las hojas de Quercus eduardii (Trel.)
en Sierra Fria. Un estudio de los sintomas foliares
junto con estudios morfométricos del organismo
responsable identificé al hongo Taphrina caerulescens
(Desm. & Mont.) Tul. (Fonseca y Rodrigues, 2010).
Las enfermedades por 7aphrina son mds conocidas en
Europa y América del Norte (Ellis, 2000). La enfer-
medad de ampollas de hoja de Quercus spp. causada
por 7. caerulescens se consideraba endémica de Amé-
rica del Norte. Hansen ez a/. (2007) reportaron todas
las especies de Zaphrina spp. en América Central y
América del Sur; sin embargo, 7. caerulescens no se
menciond en esa lista.

La especie mds estudiada es Zaphrina deformans
(Berk.) Tul. Ogawa ez al. (1995) reportaron que 7.
deformans es el agente etioldgico de la verrucosis en
las hojas del durazno. En los duraznos, los sintomas
mids evidentes se observan en las hojas, gravemente
distorsionadas y rojizas, lo cual lleva al envejecimiento
y caida de hojas prematuros (Kern y Naef-Roth, 1975;
Yamada et al., 1990; Giosu et al., 2000; Gauthier y
Morgeson, 2015).

Con T caerulescens, los sintomas se presentan como
zonas elevadas o ampollas en la epidermis superior de la
hoja, el tamano de estas ampollas varia de unos pocos
milimetros a mds de 1 cm; en la superficie de estas am-
pollas, el patégeno produce cientos de ascas desnudas
llenas de blastosporas, una caracteristica observada solo
en 1. caerulescens. Todas las especies de Taphrina spp.
conocidas producen ocho ascosporas dentro de sus
ascas. Estos sintomas empiezan como lesiones verde
claro y eventualmente comienzan a tener un color
marrdn que genera la muerte prematura o la abscisién
de hojas infectadas 0 ambas; muchos de estos cambios
son similares a los observados en las hojas de durazno
y almendro infectadas con 7. deformans. Cuando la
infeccidn es grave, las ampollas se fusionan y ocupan
y deforman grandes dreas de la superficie foliar (Mix,
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These alterations in the structure of the leaf’s
surface caused by 7. deformans are due to changes
in the cell’s shape, size, number as well as the
hormonal imbalances. The combined effect of these
modifications resulted in hyperplasia and hypertrophy,
as described in detail by Adekunle ez /. (2005) and
Tsavkelova ez al. (2006). In a study about the effects
of Taphrina entomospora Thaxt. during infection of
Nothofagus, Hansen et al. (2007) concluded that
the pathogen follows a similar pattern, inducing
hyperplasia and hypertrophy of the cells of the upper
and lower epidermis, and these changes also result in
distortion of the host tissue. According to the literature
reviewed, researchers agree that the pathogen induces
pronounced changes in the host tissue, but there is no
consensus about how the fungus infects and provokes
these changes.

There is little research about the interaction 7.
caerulescens-Quercus spp., for this reason the objective
of this study was to describe the histopathological
changes of Q. eduardii leaves infected with 7.
caerulescens.

MATERIALS AND METHODS

Study site and leaf sampling method

Oak leaves (two weeks after bud break) with and without
blisters caused by 7. caerulescens were collected from mark
trees every 15 d during the rainy period from June to August,
2016 and 2017. A total of 20 leaves were collected from the
four cardinal points of two trees in each of the four sampling
location of the Sierra Fria. The sample collection locations
were as follows: 22° 11° 3" N | 102° 36° 12” W; 22° 11" 19” N
| 102°36°29” W;22° 11’ 317 N | 102° 36’ 50” W; 22° 11’ 517
N | 102° 37’ 46” W (Monte Grande); 22° 10° 52” N | 102° 38’
35” W (Laguna Seca), and 22° 6’ 11” N | 102° 41’ 39” W (La
Angostura). The samples were placed in clear polyethylene bags
containing a moist tissue and were placed in a cooler for no
more than 24 h. They were later processed at the plant pathology
laboratory of the Universidad Auténoma de Aguascalientes,

Aguascalientes.

Processing of leaves for histological studies with optical

microscope analyses

For histological preparations, specimens were first fixed
in formaldehyde alcohol acetic acid, 10%: 50%: 5%+35%
distilled water (FA.A) for no less than 24 h. The samples

1949; Taylor y Birdwell, 2000; Fonseca y Rodrigues,
2010; Kurtzman et al., 2011).

Estas alteraciones estructurales de la superficie fo-
liar causadas por 7. deformans se deben a los cambios
en la forma, tamano y nimero de células, asi como a
los desequilibrios hormonales. El efecto combinado
de estas modificaciones genera hiperplasia e hiper-
trofia, descritas en detalle por Adekunle ez 2/. (2005)
y Tsavkelova er al. (2006). En un estudio sobre los
efectos de Taphrina entomospora Thaxt. durante la
infeccién de Nothofagus, Hansen et al. (2007) conclu-
yeron que el patégeno sigue un patrén similar, induce
la hiperplasia e hipertrofia de las células de la epidermis
superior e inferior, y estos cambios también generan la
distorsion de los tejidos del huésped. Conforme a la
bibliografia revisada, los investigadores coinciden en
que el patégeno induce cambios pronunciados en el
tejido del huésped, pero no existe un consenso sobre
cémo el hongo infecta y genera estos cambios.

La informacién sobre la interaccién 7. caerulescens-
Quercus spp. es poca, y por esta razén, el objetivo de
este estudio fue describir los cambios histopatols-
gicos de las hojas de Q. eduardii infectadas con 7
caerulescens.

MATERIALES Y METODOS

Sitio de estudio y método de muestreo de hojas

Las hojas de encino (dos semanas después de la brotacién)
con y sin ampollas por 7 caerulescens se recolectaron, de drboles
marcados, cadal5 d durante el periodo lluvioso de junio a agosto,
2016y 2017. Un total de 20 hojas se recolectd de los cuatro puntos
cardinales de dos drboles en cada una de las zonas de muestreo de
la Sierra Fria. Las ubicaciones de las zonas de muestreo fueron:
22°11’3” N | 102°36° 12” 0; 22° 11 19” N | 102° 36’ 29” O;
22° 11’317 N | 102° 36’ 50” 05 22° 11’ 51” N | 102° 37’ 46” O
(Monte Grande); 22° 10° 52” N | 102° 38’ 35” O (Laguna Seca)
y 22° 6 117 N | 102° 41’ 39” O (La Angostura). Las muestras
se colocaron en bolsas de polietileno transparentes con un tejido
himedo y se colocaron en un refrigerador durante méximo 24 h.
Las muestras se procesaron en el Laboratorio de Fitopatologia de

la Universidad Auténoma de Aguascalientes, Aguascalientes.

Procesamiento de las hojas para los estudios histolégicos

con microscopia éptica

Para las preparaciones histoldgicas las muestras se fijaron en
formaldehido: alcohol: 4cido acético, 10%: 50%: 5%+35% de

EVANS et al. 1287
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were then dehydrated in an ethyl alcohol series (10, 20, 30,
50, 70, 80, 90, 100 and 100%) for 4 h in each concentration
after which the samples were fixed in paraffin wax for 48 h.
Transverse sections of 8 and 10 um were obtained using a
rotary microtome. The paraffin wax was removed and the
tissue was rehydrated in an ethyl alcohol series (100, 90, 80,
70%, 50, 30, 20 and 10%). The preparations were stained with
safranin-fast green in order to study the effect of the parasite
in its host (Johansen, 1940). All original measurements were
made using an ocular micrometre ruler affixed to a compound
microscope Carl Zeiss (Model Axio Lab.Al) with a 100X
magnification. Measurements were made using Imagej (Version
1.51j8; Rasband, 2017) and descriptive analyses were realized.
Observations were made using a Leica DME and Carl Zeiss
compound light microscope and documented with a Nikon
D3000 reflex mounted on the microscope. A Blackberry z10
cell phone was used in some instances because of the excellent

quality of its images.
Scanning electron microscopic analyses

For electron microscopic analyses of the infected tissue, leaf
sections of Q. eduardii with and without blisters caused by 70
caerulescens were fixed in 3% glutaraldehyde pH 7.2 for 24 h.
Samples were washed three times with a phosphate buffer for
1 min. Each sample was then dehydrated in series with ethanol
solutions (30, 40, 50, 60, 70, 80, 90 and 100%) for 15 min in
each of the solutions. The last three solutions were duplicated.
Samples were critically dried with CO in a Sandri-2 780A®
dryer (TOUSIMIS Research Corporation, Rockville, USA).
They were placed on a sample holder using a double adhesive
tape of copper (or charcoal) and coated with gold for 4 min in
a JEC-1100® ionizer (JEOL LTD, Tokyo, Japan). The samples
were observed using a scanning electron microscope JSM-35C®
(JEOL LTD, Tokyo, Japan) at the Electronic Microscopy
laboratory of the Biology Department, Basic Sciences Centre
of the Universidad Auténoma de Aguascalientes (Dykstra and
Reuss, 2003).

RESULTS AND DISCUSSION
Description of disease symptoms

Typical blister symptoms were found as raised
areas on the leaf upper epidermal surface, shape and
size were variable and ranged from a few millimetres
to more than 2 cm in diameter and in severe cases
occupied the entire leaf surface. Blister were found on
leaves during all stages of their development (Figure

1288 VOLUMEN 53, NUMERO 8

agua destilada (EA.A) durante minimo 24 h. Luego, las muestras
se deshidrataron en soluciones seriadas de etanol (10, 20, 30,
50, 70, 80, 90, 100 y 100%) por 4 h en cada concentracién y se
embebieron en parafina por 48 h. Secciones transversales de 8 y
10 um se obtuvieron con un microtomo rotativo. La parafina se
retird y se rehidratd el tejido en soluciones seriadas de etanol (100,
90, 80, 70, 50, 30, 20 y 10%). Las preparaciones se tifieron con
safranina-verde rdpido para estudiar el efecto del patégeno en su
huésped (Johansen, 1940). Todas las mediciones originales se
realizaron con un ocular micrométrico acoplado a un microscopio
compuesto Carl Zeiss (modelo Axio Lab.A1) con un aumento de
100X. Las mediciones se realizaron con Image] (Version 1.51j8;
Rasband, 2017). Las observaciones se hicieron con un microscopio
de luz compuesto Leica DME y Carl Zeiss y se documentaron
con una cdmara réflex Nikon D3000 acoplada al microscopio. En
algunos casos se usé un celular Blackberry z10 debido a la excelente

calidad de las imdgenes obtenidas.
Andlisis por microscopia electrénica de barrido

Para el andlisis por microscopfa electrénica de barrido de los
tejidos infectados, secciones foliares de Q. eduardii con o sin ampo-
llas por T caerulescens se fijaron en una solucién de glutaraldehido
al 3% pH 7.2 por 24 h. Las muestras se lavaron tres veces con
una solucién amortiguadora de fosfatos por 1 min. Luego, cada
muestra se deshidraté en soluciones seriadas de etanol (30, 40, 50,
60, 70, 80, 90 y 100%) por 15 min en cada una de las soluciones.
Las tltimas tres soluciones estaban duplicadas. Las muestras se
secaron a punto critico con CO en una secadora Sandri-2 780A®
(TOUSIMIS Research Corporation, Rockville, EUA) y se colo-
caron en un soporte de muestras con una cinta adhesiva de doble
cara de cobre (o carbén) y recubierta con oro por 4 min en un
ionizador JFC-1100® (JEOL LTD, Tokio, Japén). Las muestras se
observaron con un microscopio electrénico de barrido JSM-35C®
(JEOL LTD, Tokio, Japén) en el Laboratorio de Microscopia
Electrénica del Departamento de Biologia, Centro de Ciencias
Bésicas de la Universidad Auténoma de Aguascalientes (Dykstra
y Reuss, 2003).

RESULTADOS Y DISCUSION
Descripcion de los sintomas de la enfermedad

Los sintomas caracteristicos de la ampolla se obser-
varon como zonas elevadas en la epidermis superior, la
forma y el tamafo variaron de unos pocos milimetros
amids de 2 cm de didmetro, y en casos graves ocupaban
la superficie foliar completa. Las ampollas se encon-
traron en hojas durante todas las etapas de desarrollo
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1A, 1B, 1C). The blisters started out as pale green
to yellow, and as the leaf matured, the infected area
became necrotic. A layer of asci generally formed on
the upper leaf surface; however, asci also were found
on the lower leaf surface.

Atypical non-blister symptoms were present as
irregular, chlorotic spots on the leaf upper epidermal
surface, they were variable in shape and size and ranged
from a few millimetres to more than 2 cm in diameter.
These spots overtime were covered by a whitish mass

of asci (Figure 1D, 1E, 1F).

Histology of leaf section with typical blister

symptoms

On comparing the section of a healthy leaf
(Figure 2A) with the infected tissue of the blister area
there was a marked increase in the size and number
of cells (Figure 2B, 2C). Asci were emerging from the
cells of both the upper and lower epidermis (Figure

(Figura 1A, 1B, 1C). Las ampollas iniciaron de color
verde palido a amarillo, y al madurar la hoja, la zona
infectada se volvi6 necrética. Por lo general, una capa
de ascas se formé en la epidermis superior; sin em-
bargo, también se encontraron ascas en la epidermis
inferior de la hoja.

Los sintomas atipicos sin ampollas se presentaron
como manchas cloréticas e irregulares en la epidermis
superior, con formas y tamanos variables de unos pocos
milimetros a mds de 2 cm de didmetro. Con el tiempo,
una masa blanquecina de ascas cubrié estas manchas

(Figura 1D, 1E, 1F).

Histologia de la seccién foliar con sintomas ca-
racteristicos de ampollas

Al comparar la seccién de una hoja sana (Figura
2A) con la ampolla de un tejido infectado, hubo un
aumento significativo en el tamafio y nimero de célu-
las (Figura 2B, 2C). Las ascas emergian de las células

Figure 1. Symptoms caused by Zaphrina caerulescens on oak leaves: A, B and C) typical
blister symptoms; D, E and F) atypical symptoms.

Figura 1. Sintomas causados por Taphrina caerulescens en hojas de encino: A, By C)
sintomas caracteristicos de las ampollas; D, E y F) sintomas atipicos.

EVANS et al. 1289
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Figure 2. Health and infected sections of Quercus eduardii leaves: A) Health section of Quercus eduardii leaves; B, C and D) leaf sections
infected with Zaphrina caerulescens with asci on both upper and lower leaf surface. (ES: superior epidermis; PE: palisade
parenchyma; PJ: spongy parenchyma; EI: inferior epidermis).

Figura 2. Secciones foliares sanas e infectadas de Quercus eduardii: A) Secciones foliares sanas de Quercus eduardii; B, C y D) secciones
foliares infectadas con Zaphrina caerulescens con ascas en la superficie foliar inferior y superior. (ES: epidermis superior;
PE: parénquima en empalizada; PJ: parénquima esponjoso; El: epidermis inferior).

2D). Hypertrophy and hyperplasia were observed in
the cells of the upper and lower epidermis (Figure
3A, 3B, 3C, 3D). These findings are similar to
observations made by Syrop (1975) in her studies
of the leaf curl disease of almond caused by 7.
deformans.

Palisade cells also increased in length and in
number and there was less intercellular space between
the cells, their cell walls were thin and nuclei and
chloroplast suffered modifications (Figure 3E, 3F).
Two or three layers of palisade cells were observed.
The morphometric and statistical analysis of the
control and of the infected leaves confirmed that the
observed changes were significant (Table 1).

1290 VOLUMEN 53, NUMERO 8

de la epidermis superior e inferior (Figura 2D). En las
células de la epidermis superior e inferior se observé hi-
pertrofia e hiperplasia (Figura 3A, 3B, 3C, 3D). Estos
resultados son similares a las observaciones de Syrop
(1975) en sus estudios de la verrucosis del almendro
por 1. deformans.

Las células en empalizada también aumentaron su
tamano y numero, el espacio intercelular disminuyd,
se adelgazd la pared celular, y el nicleo y cloroplastos
sufrieron alteraciones (Figura 3E, 3F). Observamos
dos o tres capas de las células en empalizada. El analisis
morfométrico y estadistico del control y de las hojas
infectadas confirmé que los cambios observados eran
significativos (Cuadro 1).
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Figure 3. Comparison of transverse sections of healthy and infected leaf sections of Quercus eduardii: A)
uninfected cells of the upper epidermis; B) infected upper epidermis cells; C) healthy cells of
the lower epidermis; D) infected cells of the lower epidermis; E) palisade cells from healthy leaf,
with dense cytoplasm and intact organelles; F) palisade cells from infected leaf section, less dense

cytoplasm with damaged organelles.

Figura 3. Comparacion de secciones transversales de hojas sanas e infectadas de Quercus eduardii: A) células
sanas de la epidermis superior; B) células infectadas de la epidermis superior; C) células sanas de la
epidermis inferior; D) células infectadas de la epidermis inferior; E) células en empalizada de hojas
sanas, con citoplasma denso y organelos intactos; F) células en empalizada de secciones de hoja
infectada, citoplasma menos denso con dafio de organelos.

Histology atypical symptoms

The cells of the epidermis and mesophyll layers
displayed no signs of hyperplasia or hypertrophy;
however, four parenchymal palisade layers were
observed at times. Asci were located on the upper
epidermis. Necrosis was observed in the cells of the
upper epidermis and in the cells of the first layer of
the palisade cells (Figure 4A, 4B), whereas cells of
the spongy mesophyll appeared normal. In regions
of the same leaf which did not have any symptoms,
the cells were isodiametric in shape with 2-3 layers of

Histologia de sintomas atipicos

Las células de la epidermis y del meséfilo no
presentaron sefiales de hiperplasia o hipertrofia; sin
embargo, en ocasiones se observaron cuatro capas de
parénquima en empalizada. Las ascas se encontraron
en la epidermis superior. La necrosis se observé en las
células de la epidermis superior y en las células de la
primera capa de las células en empalizada (Figura 4A,
4B), mientras que las células del meséfilo esponjoso pa-
recfan normales. En regiones de la misma hoja que no
presentaban ningtin sintoma, las células tenian forma

EVANS et al. 1291
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Table 1. Morphometric parameters of cells of Quercus eduardii infected by Taphrina caerulescens with healthy
cell measurements (measurements were made using 15 leaves).
Cuadro 1. Pardmetros morfométricos de las células de Quercus eduardii infectadas por Taphrina caerulescens
con mediciones de células sanas (se usaron 15 hojas para las mediciones).

Parameters Status N{;?rl (;tor)n) SD Differe;::z::tween
Upper epidermal cells length Ellizittlgz ;gzg 14 1 7317 7.09
. . Healthy 25.75 6.44
Upper epidermal Cells width Infected 4241 13.91 16.66
. Healthy 12.16 1.43
Lower epidermal cells length Infected 21.08 339 8.92
. . Healthy 14.83 5.29
Lower epidermal cells width Infected 19.62 452 4.79
Healthy 43.41 6.55
Palisade cells length Infected 54.75 6.54 11.34

SD: Standard Deviation.

Figure 4. Atypical symptoms of Taphrina caerulescens affecting Quercus eduardii leaf: A) longitudinal section of
an infected zone of Quercus eduardii showing necrosis of the upper epidermis and the first layer of the
palisade parenchyma; B) Taphrina caerulescens ascus forming from ascogenous cells inserted between
epidermal cells of Quercus eduardii.

Figura 4. Sintomas atipicos de Taphrina caerulescens en hojas de Quercus eduardii: A) seccion longitudinal de
una zona infectada de Quercus eduardii con necrosis en la epidermis superior y la primera capa del
parénquima en empalizada; B) ascas de Taphrina caerulescens formadas a partir de las células ascégenas
insertadas entre las células de la epidermis de Quercus eduardii.

1292 VOLUMEN 53, NUMERO 8



STRUCTURAL MODIFICATION OF Quercus eduardii Trel. LEAF CAUSED BY Taphrina caerulescens (Desm. & Mont.) Tul.

palisade parenchyma cells and two layers of spongy
parenchyma; cells of the epidermis were normal
in size and shape, all of which fits the description
of normal uninfected tissue as already described in
Figure 2A. The presence of tannins was also observed
in unaffected epidermal and sub epidermal cells close
to the areas with atypical symptoms.

Scanning electron microscopy analyses

These analyses were done using tissue from
the typical blister symptoms. The mycelium of 7.
caerulescens was observed infecting the leaves of Q.
eduardii as follows: subcuticular, intercellular and
also within the walls of the epidermis of its host
(Figure 5A, 5B and 5C). These results were similar
to those published by Syrop (1975) in her studies

isodiamétrica con 2-3 capas de células del parénquima
en empalizada y dos capas de parénquima esponjoso;
las células de la epidermis tenfan un tamano y forma
normales, lo que coincide con la descripcién de tejido
normal no infectado en la Figura 2A. La presencia de
taninos también se observé en las células normales
de la epidermis y subdermis, cerca de las zonas con
sintomas atipicos.

Andlisis por microscopia electrénica de barrido

Estos andlisis se realizaron en el tejido obtenido de
los sintomas caracteristicos de la ampolla. El micelio
de T caerulescens se observé infectando las hojas de Q.
eduardii asi: subcuticular, intercelular y dentro de las
paredes de la epidermis de su huésped (Figura 5A, 5By
5C). Estos resultados fueron similares a los publicados

18Ky

Figure 5. SEM of Taphrina caerulescens on Quercus eduardii: A) and B) Longitudinal section of Quercus eduardii
infected with Zaphrina caerulescens, showing the mycelium of Zaphrina caerulescens; C) and D)
Mycelium of Taphrina caerulescens, measuring <0.2 tm, colonizing the entire leaf section of Quercus
eduardii in the infected zone. (ES: Superior epidermis; EI: Inferior epidermis; MI: mycelium; PE:
Palisade cells; PJ: Spongy mesophyll; TC: Trichome).

Figura 5. Micrografia electrénica de barrido de Zaphrina caerulescens en Quercus eduardii: A) y B) Seccién
longitudinal de Quercus eduardii infectado con Taphrina caerulescens, se observa el micelio de 7a-
phrina caerulescens; C) y D) Micelio de Taphrina caerulescens, <0.2 um, colonizando la seccién foliar
completa de Quercus eduardii en la zona infectada. (ES: Epidermis superior; EI: Epidermis inferior;
MI: micelio; PE: Células en empalizada; PJ: meséfilo esponjoso; TC: Tricoma).
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of 1" deformans in almond leaves. In our study the
mycelium of 7. caerulescens first colonized the cells
of the lower epidermis and then the entire internal
leaf tissue (Figure 5A and 5B); besides, the asci of 77
caerulescens developed on both the adaxial and abaxial
surfaces. This is in contrast with observations made by
Syrop (1975) and Bassi e al. (1984), who observed
asci developing on the adaxial side of leaves (Figure 6).
The mycelium of 7" caerulescens was extremely slender

(Figure 5C and 5D) <0.2 um.

Displacement of Taphrina caerulescens through
Quercus eduardii leaf

On penetrating the leaves of its host, the fungus
begins to aggressively modify host cells, first with cells
of the lower epidermis (Figure 2B, 3D) and, as fungus
progresses through the leaf, most of the cells of the
spongy mesophyll were destroyed (Figure 2B, 2C,
2D), cells of the palisade layer increased significantly
in length and number and displayed a thinning of
their cell walls, protoplast appeared less dense than

por Syrop (1975) en sus estudios de 7. deformans en
hojas de almendro. En nuestro estudio, el micelio de 7
caerulescens primero colonizé las células de la epidermis
inferior y después el tejido foliar interno completo
(Figura 5A y 5B); ademds, las ascas de 7. caerulescens
se desarrollaron en la superficie adaxial y abaxial. Esto
en contraste con las observaciones de Syrop (1975) y
Bassi ez al. (1984), quienes observaron el desarrollo de
las ascas en la superficie adaxial de las hojas (Figura
6). El micelio de 7. caerulescens era extremadamente

delgado (Figura 5C y 5D)<0.2 um.

Desplazamiento de Taphrina caerulescens a través
de la hoja de Quercus eduardii

El hongo, al penetrar las hojas de su huésped,
comienza a modificarlas de forma agresiva; primero
las células de la epidermis inferior (Figura 2B, 3D) y,
conforme el hongo avanza a través de la hoja, destruye
la mayoria de las células del meséfilo esponjoso (Figu-
ra 2B, 2C, 2D), las células de la capa en empalizada
aumentan significativamente su tamano y ntimero y

Figure 6. Asci developing on the lower epidermis of Quercus eduardii: A, B, C and D) Asci of Taphrina caerulescens
on the abaxial surface of Quercus eduardii. (BL: Blastospores; AC: Ascus).

Figura 6. Desarrollo de ascas en la epidermis inferior de Quercus eduardii: A, B, C y D) Ascas de Taphrina
caerulescens en la superficie abaxial de Quercus eduardii. (BL: Blastosporas; AC: Asca).
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in the control, the nuclei and other organelles were
modified or destroyed. Cells of the upper epidermis
also drastically increased in number and size. These
changes brought about by 7. caerulescens in the
host leaves are very similar to changes observed in
peach leaves infected with 7. deformans which causes
hypertrophy and hyperplasia, and then deformation,
premature death and premature abscission of leaf
blades (Syrop, 1975).

There were no differences in the anatomical parts
of the leaf blade near the blisters and other unmodified
parts of the leaf. In both cases, in the cross section of
the leaf blade, the typical leaf cell system was visible
and unchanged.

CONCLUSIONS

This study provided evidence that 7. caerulescens
causes hypertrophy and hyperplasia of cells of the
upper epidermis, lower epidermis and of the palisade
layer cells of Q. eduardii leaves. The morphometric
and statistical analysis confirmed that the differences
observed in health cells and infected cells were
significant, and that these differences were directly
related to the infection by 77 caerulescens. The plant-
pathogen interaction also resulted in the destruction
of cells in spongy mesophyll layer. Eventually, it
also destroyed the nucleus and other organelles in
the infected cells. Also, for the first time, this study
describes the atypical symptoms (lesions) also formed
on leaves infected with the pathogen. These symptoms
do not involve the formation of blisters on Q. eduardii
leaves.
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