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Abstract

Three species of wild strawberries, as well as three related species, were tested against virulent isolate of Colletotrichum
gloeosporioides. The purpose of this study was to assess genetic resources exhibiting resistance to anthracnose. The results of
inoculation experiments showed that the species Fragaria vesca, Fragaria virginiana and Fragaria chiloensis were susceptible to
fungi; whereas species Duchesnea indica, Duchesnea chrysantha and Potentilla tucumanensis showed higher levels of resistance. A
histopathological study revealed a different response between susceptible and tolerant species. A significant thickening of the cell
wall in epidermal cells, changes of stomata and mesophyll cells, the presence of idioblastic cells with unknown content and the
accumulation of large starch grains in atypical tissues, namely, stomata and parenchyma cells, were observed in species of the genus
Duchesnea. However, no morphological alteration was observed in Fragaria species or in P. tucumanensis, which did not show any
apparent interaction with the isolate of C. gloeosporioides. Oxidative burst was evaluated in leaf tissues with the fluorescent probe
DCFH-DA (2°,7’-Dichlorofluorescein diacetate) in susceptible and tolerant genotypes. Results showed that tolerant species present a
noticeable accumulation of H,O, whereas susceptible species did not. These results have led us to the conclusion that the changes
observed were correlated with the resistance to disease.

Keywords: Duchesnea indica; Potentilla tucumanensis; Fragaria vesca; anthracnose; Colletotrichum; disease resistance; wild
material.

Abbreviations: DHCF - DA-2",7", Diclhorofluorescein diacetate, DSR - Disease Severity Rating, ROS - Reactive Species Oxygen
dpi - day post infection, cv — cultivar, PGA - Potato Glucose Agar, co — conidia, gt - germ tube, ap — appresoria, ic - idioblastic cells
sc - swollen epidermal cells, st — stomata, sg - starch grain, vs - vesicle of penetration, hf - necrotrophic hyphae, ac - acervulli

Introduction

Anthracnose is one of the most serious strawberry diseases
causing major production losses (Mena et al., 1974; Howard
et al., 1992). Three species of Colletotrichum are involved as
the etiologic agents: C. acutatum JH. Simmonds, C.
fragariae Brooks and C. gloeosporioides (Penz.) Penz. and
Sacc. In Penz. (teleomorpho Glomerella cingulata (Stonem.)
Spauld. & Schrenk). A number of crops like maize, alpha,
coffee, among others, are infected by pathogens belonging to
the genus Colletotrichum (Cadena-Gomez & Nicholson,
1987; Martinez Carrillo & Zambrano, 1994; Shen et al.,
2001; Salles et al., 2002; Alvarez et al., 2002; Cuoto &
Menezes, 2004; Lugo de Cumare & Fuguet de Alvarado,
2004). Pathogens of this group of fungi, together with
Ascomycetes (Alexopoulus and Mims, 1985), exhibit two
main modes of nutrition and growth, defining thereby two
groups of pathogens: biotrophic and necrotrophic (Thrower,
1966). In their attempt to colonize the hosts, these fungi
develop many specialized infection structures, including
germ tubes, appresoria, intracellular hyphae, and secondary
necrotrophic hyphae. The initial stages of infection are
similar in both groups; conidia adhere to, and germinate on
plant surfaces, produce germ tubes, and then continue

forming appresoria, which penetrate the cuticle directly
(Curry et al., 2002). Following penetration, pathogens grow
beneath the cuticle by forming a subcuticular intramural
network of hyphae before spreading throughout the tissue
(with both inter- and intracellular hyphae). In the case of
necrotrophic fungi, the process continues with the formation
of secondary necrotrophic hyphae, which kill plant cells by
using cellular debris as nutrients (Perfect et al., 1999). C.
gloeosporioides is one of the few fungi that present both
infection strategies (Bailey et al., 1992). The importance of
wild material in breeding programs is well known. Wild
germplasm is a valuable resource of new genes, including
resistance to disease or to environmental stress (Lacadena,
1970; Hancock & Luby, 1993). For this reason, there are
increasing numbers of phytopathological studies about the
effect of pathogens on wild materials related to crops, such as
peach, tomato, oat, avocado, etc. (Adaskaveg and Hartin
1997; Mieslerova et al., 2000; Lebeda and Mieslerova 2002;
Sabri and Clarke 1996; Zamora-Magdaleno et al., 2001).
However, little information is available about the behaviour
of wild strawberries and related species against pathogens of
genus Colletotrichum (Ramallo, 2002; Arias, 2005). Most of
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the studies found in the literature are focused on interactions
with different commercial varieties of Fragaria x ananassa
(Sreenivasaprasad et al., 1992; Denoyes-Rothan et al., 1999;
Arroyo et al., 2002; Curry et al., 2002; Garrido et al., 2002;
Salazar et al., 2003; Mertely and Legard, 2004; Mackenzie
and Legard, 2006). Arias (2005) evaluated the reaction of
various accessions of Fragaria vesca L., Potentilla
Tucumanensis Castagnaro & Arias and Duchesnea Indica
(Andrews) Focke against C. acutatum 'y C. fragariae. She
reported that the first genotype was susceptible, showing a
Disease Severity Rating (DSR) of 4,9 on the 50th day post
inoculation (dpi), whereas the genotypes of D. indica, the
locally isolated albino D. indica and the species P.
tucumanensis showed higher resistance (DSR < 2, 50 dpi)
toward two pathogens evaluated. However, the behaviour of
these wild species regarding C. Gloesosporioides has not
received due attention. The value of the species above
mentioned are remarkable; they are potential parents within
the genetic improvement program of commercial strawberry
in the area. These materials are currently stored at the
Strawberry Active Germplasm Bank, which belongs to the
local university, Universidad Nacional de Tucuman (UNT),
Argentina. The generation of reactive oxygen species (ROS:
H,0,, O,.-, HO,, etc) in living organisms have been studied
extensively because they participate in important
physiological and pathological processes (Griffiths et al.,
2011). During plant-microbe interaction, they play a double
role: first, they are involved as early signals of defensive
responses, and second, they exert a toxic effect on possible
aggressors. In plants, ROS species are rapidly generated due
to the incomplete reduction of oxygen after the attack of
certain pathogens (Bolwell et al., 2002; Grant and Loake,
2000; Wolfe et al., 2000; Salazar et al., 2007), producing a
rapid and localized cell death known as HR (Hypersensitive
Reaction) in most of the cases, It is assumed that this
defensive reaction prevents the development of biotrophic
pathogens at the infection site (Gilchrist, 1998; Pennell and
Lam, 1997). However, ROS can also be produced in
susceptible plants when they are attacked by necrotrophic
pathogens that induce widespread cell death (Greenberg and
Yao, 2004; Yao and Greenberg, 2006; Govrin and Levine,
2000). In our laboratory we have recently observed that some
wild strawberries and species related exhibited different
degrees of tolerance toward the virulent isolate L9 of C.
gloeosporioides. The aim of this study is to evaluate the
histopathology of the plant-pathogen interaction between
wild strawberries and related species with the isolate L9 of C.
gloeosporioides and the occurrence of biochemical markers
associated to a defensive response as H,O,.We consider that
the present study is important for the strawberry
improvement programs. The results obtained can be used as
a new approach toward the characterization of resistance
sources to anthracnose.

Results

Phytopathological test

The interaction between the isolate L9 of C. gloeosporioides
and different strawberry species were analyzed and the
Disease Severity Rating (DSR) was estimated (Fig 1). All
Fragaria species (F. chiloensis, F. virgina and F. vesca) and
the commercial Fragaria x ananassa cultivar Pajaro, used as
control, exhibited values of DSR close to 5 (very sensitive)
on the 9th day post infection (dpi), whereas the red-fruit D.
indica, white-fruit D. indica, D. chrysantha and P.

tucumanensis showed DSR < 2, on 9 dpi.
Histological analysis

After 9 dpi, the genotypes studied showed noticeable
differences and were separated in two groups. One of them
included the species of the genus Duchesnea and Potentilla
that showed no evidence of fungal damage whereas the other,
comprising the species of genus Fragaria, showed clear
evidence of the fungal attack. In species of genus Duchesnea,
further differences were observed in contrast to mock
inoculated controls (Fig. 2A); the presence of germinated
conidia, germ tubes with irregularly shaped appresoria and
hyphal growth on the epidermis were observed on 9 dpi;
however, penetration of pathogen into the host tissue was not
observed (Fig. 2B). An evaluation of the density of the
pathogen appresoria showed 20 appresoria per mm’
(average). The occurrence of idioblastic cells with unknown
content (Fig. 2C and 2D), changes in cell wall, such as
thickening of the wall epidermal cells, stomata and mesophyll
cells (Fig. 2E and 2F), starch accumulation on atypical places
(Fig. 2G) and starch accumulation in stomata occlusive
cells(Fig. 2H) were also observed. The results obtained in
the red-fruit and the white-fruit forms of D. indica were
similar. However, D. chrysantha presented clear differences
in the profile of cell wall thickening and occurrence of
idioblastic cells because these traits were less noticeable and
fewer. In addition, the starch accumulation in stomata and
mesophyll cell on 20 dpi covers almost all cell cytoplasm of
these tissues (data not shown). F. vesca plants died on 20 dpi
and showed differences in behavior in comparison with the
other two species of the genus Fragaria analyzed. On 9 dpi
many appesoria were observed on the surface of the leaves
(Fig. 3A), most of which exhibit infection pegs and cuticle
penetration; 80 appresoria per mm’ (average) were counted.
At that time, appesoria with infection pegs were also
observed in petioles. Regarding F. chiloensis, on 9 dpi, the
pathogen achieved an intracellular development (Fig. 3B)
causing noticeable histological changes in leaves, such as
swollen epidermal cells (similar to those observed in
Duchesnea) and the presence of starch in occlusive stomata
cells. In the petioles, the hyphae developed in parenchyma
tissues without reaching the xylem. Plants died from 9 to 20
dpi. Average appressoria per mm’ was 55. F. virginiana was
the most susceptible of all the species studied, dying on 9 dpi;
hence, it was impossible to evaluate histological changes.
The extended necrosis was complete both in leaves and
petioles. In leaves, the total destruction of mesophyll and
epidermal cells was observed, with hyphae development and
acervuli formation (Fig. 3C). F. virginiana and the cv Pdjaro
of F. x ananassa were the only species that exhibited acervuli
formation on petioles in advanced anthracnose symptom
stages. Average appressoria per mm® was 34. In petiole
sections intracellular penetration of pathogen was observed,
with a formation of a typical vesicle of penetration that
characterizes this biotrophic phase (Fig. 3D). In the case of P.
tucumanensis, despite all attempts, no noticeable histological
changes were observed in either infected or not infected
plants.

Oxidative burst detection

This experiment was carried out in order to find out whether
the observed resistance observed in the phytopathological test
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Fig 1. Average values of DSR in wild genotypes related with
commercial strawberry and the commercial cultivar Péjaro
used as a control species. DSR values with different numbers
represent statistically different values (Tukey test, P = 0.05).

exhibited by certain genotypes against the virulent pathogen
isolate L9 may be associated with an oxidative burst. In this
way, the qualitative change of H,0, in leaves was
determined. The present results show that plants of the genera
Duchesnea presented a strong oxidative burst as compared
with plants treated with water (Fig. 4A and 4B) although the
level of H,O, depends on the species. Higher accumulation of
H,0,was observed in D. chrysantha than in red-fruit D.
indica and white-fruit D. indica (data not shown). On the
contrary, H,O, accumulation was very weak or was absent in
species of genera Fragaria analyzed (Fig. 4C, 4D, 4E and
4F).

Discussion

Changes of morphological structures and metabolism that can
further be passive (innate) or active can be detected as the
induction of a defense response in plants; this process
involves a series of biochemical reactions (Schmelzer,
2002).The DSR values obtained agree with previous studies
with Salazar et al. (2003) and Arias (2005). The results
obtained here clearly show that plants exhibiting some degree
of resistance are exposed to pathogens, and induce a defense
response; however, a weak response, if any, takes place in
susceptible plants. Accordingly, it is possible to speculate
that the thickening of both the cuticle and cell wall observed
in Duchesnea species is a passive resistance barrier to the
pathogen and to the fungus enzymes endo-polygalacturonases
(endo-PG) and pectin lyases (Perfect et al., 1999). Besides,
the significant thickening of stomata cell wall , mesophyll
and epidermal cells, the presence of idioblastic cells (with
unknown content) and the accumulation of large starch grains
in atypical tissues for this species confirmed that a
physiological process was triggered by the plant/pathogen
interaction (active resistance). The thickening of stomata cell
wall, as well as mesophyll and epidermal cells, may be due to
lignin deposits that hinder the entrance of the pathogen. Cell
wall thickening is one of the most commonly observed
phenomena in plants after a pathogen attack (Cadena Gomez
and Nicholson, 1987; Dalisay and Kué, 1995; Schmelzer,
2002). These changes are expected for epidermal and
mesophyll cells. In the case of stomata, however, cell wall
thickening may take place due to their tendency to reflect any
metabolic alteration, such as respiratory and photosynthetic

Fig 2. Morpho-anatomic analysis of D. indica leaves infected
with conidia of the isolate L9 of C. gloeosporioides. A:
abaxial epidermis of mock inoculated plants (control); B:
conidia, germ tubes and appressoria on the leaf surface 9 dpi.
No penetration was observed; C: abaxial epidermis showing
idioblastic cells 9 dpi; D: swollen epidermal cell in
transversal leaf cut 9 dpi; E: thickening of stomata cell wall 9
dpi; F: thickening of cell wall in mesophyll cells 9 dpi ; G:
starch grain accumulation in petioles cells 20 dpi; H: starch
grain accumulation in guard cells 20 dpi. References:
co:conidia, gt: germ tube, ap: appresoria, ic. Idioblastic cells;
sc: swollen epidermal cell, st: stomata, sg: starch grain, dpi:
days post inoculation.

rate, regulation of gas exchange and transpiration; these
processes are frequently affected during pathogen attack
(Willmer, 1983). Plenty of studies attest that an earlier
oxidative burst takes place in plants-pathogen incompatible
interactions; however, in compatible interactions, the
oxidative burst takes place at a very low level or it has been
totally suppressed (Grant and Mansfield, 1999; Wolfe et Al.,
2000; Harrach et al., 2008; Salazar et al., 2007). The toxicity
of H,O, and other reactive oxygen species have also been
recorded for a great number of pathogens (Grant and
Mansfield, 1999; Shetty et al., 2003; Mlickova et al., 2004).
The latter has also been associated to lignin synthesis and
accumulation (Dalisay and Kué, 1995). The interaction of
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Fig 3. A: Leaf surface with many appessorias. 9 dpi (F.
vesca); B: secondary necrotrophic hyphae developing into
epidermal cells. 9 dpi (F. chiloensis); C: Leave transversal
cuts showing acervules. 9 dpi (F. virginiana), D: Detail of the
vesicle of penetration. (F. vesca). References: ap:
appressoria; vs: vesicle of penetration; hf: necrotrophic
hiphae; ac: acervuli; dpi: days post inoculation.

Fig 4. Accumulation of hydrogen peroxide in leaves 4 hpi of
plants treated and not treated with the isolate L9 of C.
gloeosporioides. A: oxidative burst in untreated plants of D.
chrysantha (control); B: oxidative burst in infected plants of
D. chrysantha. C: oxidative burst in untreated plants of F.
vesca (control); D: oxidative burst in infected plants of F.
vesca. E: oxidative burst in untreated plants of F. ananassa
(control); F: oxidative burst in infected plants of F. ananassa.

plants belonging to genera Fragaria and certain isolates of
Colletotrichum genera showed this type of reaction (Salazar
et al., 2007), confirming that the oxidative burst would be an
important signal of resistant response in plants. The present
results clearly show that the wild species tested presenting
resistance against the isolate L9 of C. gloeosporioides
corresponded to those that exhibit the ROS accumulation;
this is coincident with the resistance observed both in values
of DSR and histological studies. Conversely, the Fragaria
species assayed did not exhibit oxidative burst and was
susceptible (showed susceptibility) to isolated L9 of C.
gloeosporioides. It was also observed that as F. ananassa cv.
Péjaro and F. chiloensis showed a low ROS accumulation,
the level of H,O, attained proved to be totally ineffective to
protect plants against this pathogen. These results confirmed
that an incompatible interaction between isolate L9 of
Colletotrichum and species of genera Duchesnea do exist
and, on the contrary, the interaction with species of genera
Fragaria are compatible and, apparently, no interaction takes
place with P. tucumanensis. Taken as ordinary phenotypic,
the resistance/susceptibility — character reinforces the
taxonomic criterion analyzed by Arias (2005). Based on
morphologic, anatomic and molecular studies, she suggests
that Fragaria, Duchesnea and Potentilla should remain as
separate taxonomic entities. The difference observed in the
number of appresoria per mm’ also showed a correlation
between a number of appresoria and the susceptibility of
species. The appresoria is a fungus structure that enables
hyphae fixation onto the leaf surface, from which the
penetration starts, involving mechanical forces and hydrolytic
enzymes (Perfect et al., 1999). Apressoria formation is
stimulated in C. gloeosporioides by contact with a hard
surface, as it was observed in the case of red pepper infection
(II-Jung Ahn et al., 2004), and ethylene treatment in avocado
(Liu and Kolattukudy, 1998) and banana (Podilla et al., 1993;
Kolattukudy et al., 1995). Although the cuticle characteristic
is not studied in this work, previous studies with scanning
electron microscope showed structural differences between
Fragaria, Potentilla and Duchesnea cuticles (Arias, 2005).
The results obtained lead to the conclusion that P.
tucumanensis present a non-host type of interaction with C.
gloeosporioides; the plant did not present any symptoms of
anthracnose disease after the infection with the isolate. It is
also worth mentioning that it was not possible to observe any
change in either appresoria formation, histological changes or
H,0, accumulation. However, previous reports have
suggested that P. fucumanensis presents some interaction
with virulent isolates of C. acutatum (Arias, 2005). Last but
not least, the present analysis confirmed the outstanding
potential of Duchesnea, among the other species studied, as
resistance source against the anthracnose.

Materials and methods
Plant materials

The genotypes of Duchesnea indica (Andrews) Focke with
red fruit and a white-fruit form of D. indica, and all other
species used in this work, namely Duchesnea chrysantha
(Zoll & Moritzi) Miq., Fragaria vesca L., Fragraria
chiloensis Duch, Fragaria virginiana Duchesne and
Potentilla tucumanensis Castagnaro & Arias were obtained
from the Strawberry Active Germplasm Bank at Universidad
Nacional de Tucumdn (UNT), Argentina. They were
asexually propagated in vitro from stolons tips, and then
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taken to flower pots under controlled conditions to ensure
plant health. Prior to experiments, plants were kept at 27 °C,
70 % RH, photoperiod of 16 hours per day for 20 days to
guarantee the optimal plant health. For phytopathological
experiments, plants growing actively with at least 3
completely expanded leaves, without symptoms of disease or
stress, were used per genotype. In our experiments, these
conditions were achieved with 40-day-old plants.

Inoculations of plant materials

Experiments were carried out with the isolate L9 of C.
gloeosporioides (Racedo, 2007), which was cultivated in
Potato Glucose Agar (PGA) for 10 days at 28 °C, under
continuous white light. For inoculation experiments plants
were sprayed with an aqueous suspension of conidial (1,5 x
10° conidia/ml-1) obtained by filtering through sterile gauze
to remove mycelial debris under axenic conditions.

Phytopathological test

The experiment was randomized with six plants per genotype
and experimental lot units, four infected, and two used as
controls (mock inoculated). The Disease Severity Rating
(DSR) was evaluated in petioles in scale from 1 (without
disease) to 5 (maximum severity) (Delp and Milholland,
1980) on 9, 20, 30, 40 and 50 days post inoculation (dpi).
Experimental data obtained from the phytopathological test
were analyzed with the Statistix Program for Windows
(Analytical Software, 1996). LSD test was used for
determining the arithmetic mean of DSR value (significance
level, 0.05) of plant inoculated and the Analysis of Variance
test (ANOVA) was used for evaluating the data dispersion
with respect to the mean value. Each experiment was
performed twice and F. x ananassa cv. Pajaro was used as a
positive control.

Histopathology

For histopathology studies, longitudinal and cross sections of
petioles and leaves were carried out in control and inoculated
plants, and at different times after inoculation. The plant-
pathogen interaction at epidermal level was analyzed in
leaves according to D*ambrogio de Argiieso(1986). Samples
were mounted on glass slide with glycerin water and
observed with a Zeiss light microscope and with an Enoza
polarized light microscope. Photographs were taken with a
Canon digital camera PowerShot A430 of 4.0 megapixels.

Detection of oxidative burst

Plant leaves of D. chrysantha, Duchesnea, D. indica f.
albocaput, F. vesca, F. chiloensis, F. virginiana, F. ananassa
cv. Pdjaro, and P. tucumanensis species inoculated with L9
were used to detect the accumulation of H202 using the
2’,7’-Dichlorofluorescein diacetate (DCFH-DA) fluorescent
probe, according to Boszé et al. (2005). DCFH-DA (50uM)
was freshly prepared in 10 mM phosphate buffer (pH 7.4) the
day of the experiment from a 10 mM DCFH-DA dimethyl
sulfoxide stock solution. Three young and fully expanded
leaves per plant were used in these assays. Experiments were
repeated two times using five plants for each treatment.
Leaves from inoculated and mock-inoculated plants were
detached from plants, immediately plunged into DCFH-DA
solution, and two three-minute vacuum shockswere
performed to ensure total infiltration of tissues. Samples were

then incubated for 15 minutes in darkness without vacuum,
and then analyzed by fluorescent microscopy (Olympus-
BX51 with U-LH100HG fluorescence system, and a U-
MWB?2 blue excitation filter). Images were captured by
Olympus video/photo adapter.

Acknowledgements

This work was partially supported by the Consejo de
Investigaciones de la Universidad Nacional de Tucumén
(CIUNT, 26/D423); Consejo Nacional de Investigaciones
Cientificas y Técnicas (CONICET, PIP 6441); PICT- 904-
Agencia Nacional de Promocién Cientifica y Tecnolégica
(UNT-PICTO 04-759). APC and JCDR are members of
CONICET.

References

Adaskaveg JE, Hartin RJ (1997) Characterization of
Colletotrichum acutatum isolates causing antrhacnose of
almond peach in California. Phytopathology 87: 979-987.

Alexopoulus C F, Mims C W (1985) Omega (Ed)
Introduccion a la micologia. Bs As, Argentina.

Alvarez E, Ospina CA, Mejia JF, Llano GA (2002)
Caracterizaciéon morfoldgica, patogénica y genética del
agente causal de la antracnosis  Colletotrichum
gloeosporioides en guarand Annona muricata en el valle
del Cauca. Fitopatologia Colombiana 28: 1-8.

Arias M (2005) Caracterizacién de germoplasma silvestre
relacionado con la frutilla cultivada Fragaria x ananassa.
San Miguel de Tucuman, Argentina, Fac. de Cs. Naturales
e IML, PhD Thesis.

Arroyo FT, Moreno J, Garcia-Herdugo G, Santos BDL,
Barrau C, Porras M, Blanco C, Romero F (2002)
Ultrastructure of the early stages of Colletotrichum
acutatum infection of strawberry tissues. Can J Bot 83:
491-500.

Bailey JA, O"Connell RJ, Pring RJ, Nash C (1992) Infection
strategies of Colletotrichum species. In: Bailey J A and
Jeger, M J ( Eds) Biology, pathology and control. CAB
International, Wallingford.

Bolwell G, Bindschedler L, Blee K, Butt V, Davies D,
Gardner S, Gerrish C, Minibayeva F (2002) The apoplastic
oxidative burst in response to biotic stress in plants: a three-
component system. J Exp Bot (53) 372:1367-1376.

Bozsé Z, Ott PG, Szatmari A, Czelleng A, Varga G, Besenyei
E, Sardi E, Banyai E, Klement Z (2005) Early Detection of
Bacterium-induced Basal Resistance in Tobacco Leaves
with Diaminobenzidine and Dichlorofluorescein Diacetate.
J Phytopath 153 (10) 596-607.

Cadena-Gomez G, Nicholson RL (1987) Papilla formation
and associated peroxidase activity: a non-specific response
to attempted fungal penetration of maize. Plant Pathol 31:
51-67.

Cuoto EF, Menezes M (2004) Caracterizagao
fisiomorfologica de isolados de Colletotrichum musae.
Fitopatol Bras 29: 406-412.

Curry K J, Abril M, Avant J B, Smith B J (2002) Strawberry
anthracnose: histopatology of Colletotrichum acutatum and
C. fragariae. Phytopathology 92: 1055-1063.

Dalisay RF, Kué JA (1995) Persistence of reduced
penetration by Colletotrichum lagenarium into cucumber
leaves with induced systemic resistance and its relation to
enhanced peroxidase and chitinase activities. Plant Pathol
47:329-338.

1151



Denoyes-Rothan B, Lafargue M, Guerin G (1999) Fruit
resistance to Colletotrichum acutatum in strawberries. Plant
Dis 83: 549-553.

Depl BR, Milholland RD (1980) Evaluating strawberry plants
for resistance to Colletotrichm fragarie. Plant Dis 64:
1071-1073.

D ambrogio de Argiieso A (1986) Manual de técnicas en
histologia vegetal. Hemisferio Sur (Ed), Buenos Aires,
Argentina.

Garrido C, Carbu M, Fernandez-Acero M J, Quero P, Vallejo
I, Cantoral JM (2002) Aislamiento e identificacion
molecular de cepas de Colletotrichum causantes de
antracnosis de fresa en Andalucia  Occidental.
Comunicacion Facultad de Cs. del Mar y Ambientales.
Lab. Microbiol. Universidad de Cadiz Espafia.

Gilchrist DG (1998) Programmed cell death in plant disease:
the purpose and promise of cellular suicide. Annu Rev
Phytopathol 36:393-414.

Govrin E, Levine A (2000) The hypersensitive response
facilitates plant infection by the necrotrophic pathogen
Botrytis cinérea. Curr Biol 10 (13):751-757.

Grant J, Loake G (2000) Role of Reactive Oxygen
Intermediates and Cognate Redox Signaling in Disease
Resistance. Plant Physiol 124:21-29

Grant M, Mansfield J (1999) Early events in host-pathogen
interactions. Plant Biol. 2: 312-319.

Greenberg J, Yao N (2004) The role and regulation of
programmed cell death in plant-pathogen interactions. Cell
Microbiol 6: 201-211.

Griffiths SM, Singh N, Jenkins GJS, Williams PM, Orbaek A
W, Barron AR, Wright CJ and Doak SH (2011) Dextran
Coated  Ultrafine  Superparamagnetic  Iron  Oxide
Nanoparticles: Compatibility with Common Fluorometric
and Colorimetric Dyes. Anal. Chem. 2011, 83, 3778-3785.

Hancock JF, Luby JJ (1993) Genetic resources at our
doorstep: the wild strawberries. BioScience 43: 141-147.

Harrach B, Fodor J, Pogany M, Preuss J, Barna B (2008)
Antioxidant, ethylene and membrane leakage responses to
powdery mildew infection of near-isogenic barley lines
with various types of resistance. Eur J Plant Pathol 121:21—
33.

Howard CM, Maas JL , Chandler CK, Albregts EE (1992)
Anthracnose of strawberry caused by the Colletotrichum
complex in Florida. Plant Dis 76: 976-981.

[I-Pyung A, Kwang-Heum U, Soonok K, Yong-Hwang L
(2004) Signaling pathways involved in preinfection
development of Colletotrichum  gloeosporioides, C.
cocodes, and C. dematium pathogenic on red pepper.
Physiol Mol Plant Path 63: 281-289.

Kolattukudy PE, Flaishman MA, Hwang CS (1995)
Involvement of protein phosphorylation in the induction of
appressorium formation in Colletotrichum gloeosporioides
by its host surface wax and ethylene. Physiol Mol Plant
Path 47: 103-117.

Lacadena JR (1970) AGESA (Ed) Genética Vegetal,
fundamentos de su aplicaciéon. 2nd edn. Madrid, Espafia,
Ed. AGESA.

Lebeda A, Mieslerovda B (2002) Variability in pathogenicity
of Oidum neolycopersici on Lycopersicon species. J Plant
Dis Protect 109: 129-141.

Liu ZM, Kolattukudy PE (1998) Identification of a gene
product induced by hard-surface contact of Colletotrichum
gloeosporioides conidia as a ubiquitin-conjugating enzyme
by yeast complementation. J Bacteriol 180: 3592-3597.

Lugo de Cumare Z, Fuguet de Alvarado R (2004)
Antracnosis en frutos de lechosa Carica papaya L. del tipo
Maradol causada por Colletotrichum gloeosporioides
Penntz en el estado de Falcon. Rev Fac Agron LUZ 1: 207-
212.

Mackenzie SJ, Legard DE (2006) Resistance of strawberry
cultivars to crown rot caused by Colletotrichum
gloeosporioides isolates from Florida is nonspecific. Plant
Dis 90: 1091-1097.

Martinez de Carrillo M, Zambrano C (1994) Identificacion y
patogenicidad de cepas del género Colletotrichum
asociados al cultivo del café Coffea Arabica L. en la region
del centro occidental de Venezuela. Agron Trop 44: 567-
577.

Mena AJ, De Garcia EP, Gonzilez MA (1974) Presencia de
la antracnosis de la frutilla en la Republica Argentina. Rev
Agron NOA 11: 307-312.

Mertely JC, Legard DE (2004) Detection, isolation, and
pathogenicity of Colletotrichum spp. From strawberry
petioles. Plant Dis 88: 407-412.

Mieslerova B, Lebeda A, Chetelat RT (2000) Variation in
response of wild Lycopersicon and Solanum spp. against
tomato powdery mildew Oidium lycopersici. J Phytopath
148: 303.

Mlickova K, Luhovd L, Lebeda A, Mieslerovd B, Pec P
(2004) Reactive oxygen species generation and peroxidase
activity during Oidium neolycopersici infection on
Lycopersicon species. Plant Physiol Biochem 42: 753-761.
Pennell RI, Lam C (1997) Programmed cell death in plants.
Plant Cell 9:1157-1168.

Perfect SE, Bleddyng Hughes H, O“Connell RO, Green JR
(1999) Colletotrichum: a model genus for studies on
pathology and fungal-plant interactions. Fungal Genet Biol
27: 186-198.

Podilla GK, Rogers LM, Kolattukudy PE (1993) Chemical
signals from avocado surface wax trigger germination and
appressorium formation in Colletotrichum gloeosporioides.
Plant Physiol 103: 267-272.

Racedo J (2007) Diferenciacion de especies de
Colletotrichum responsables de la antracnosis de la frutilla
(Fragaria x ananassa). San Miguel de Tucuman, Tucumadn,
Argentina, Universidad Nacional de Tucuman, Graduation
Thesis.

Ramallo CJ (2002) Antracnosis en frutilla: estudio
sistematico del complejo fingico, variabilidad de los
patégenos involucrados y caracterizacion de la resistencia
varietal. San Miguel de Tucumdn, Argentina, Fac Agron y
Zootecnia UNT, PhD Thesis.

Sabri N, Clarke DD (1996) The relative tolerance of wild and
cultivated oats to infection by Erysiphe graminis sf.
avenae: the effects of infection on vegetative growth and
yield. Physiol Mol Plant Path 49: 405-421.

Salazar SM , Castagnaro AP, Arias ME, Chalfoun N, Tonello
U, Diaz Ricci JC (2007) Induction of a defense response in
strawberry mediated by an avirulent strain of
Colletotrichum. Eur J Plant Pathol 117:109-122.

Salazar SM, Lemme MC, Martinez Zamora G, Diaz Ricci J
C, Castagnaro AP (2003) Evaluacién de la resistencia de
cultivares de frutilla Fragaria x ananassa Duch. a
Colletotrichum acutatum y C. fragariae. Presented at
XXVI Congreso Argentino de Horticultura, Parand, Entre
Rios, Argentina.

Salles I, Blount JW, Dixon RA, Schubert K (2002)
Phytoalexin induction and f-1,3-glucanase activitys in
Colletotrichum trifolii infected leaves of alfalfa Medicago
sativa L. Physiol Mol Plant Pathol 61: 89-101.

1152



Schmelzer E (2002) Cell polarization, a crucial process in
fungal defense. Plant Sci 7 9: 411-415.

Shen S, Goodwin PH, Hsiang T (2001) Infection of Nicotiana
species by the anthracnose fungus, Colletotrichum
orbiculare. Eur J Plant Pathol 107: 767-773

Shetty NP, Kristensen BK, Newman MA, Moller K,
Gregersen PL, Jorgensen HJL (2003) Association of
hydrogen peroxide with restriction of Septoria tritici in
resistant wheat. Physiol Mol Plant Pathol 62: 333-346.

Sreenivasaprasad S, Brown AE, Mills PR (1992) DNA
sequence  variation and interrelationships  among
Colletotrichum species causing strawberry anthracnose.
Physiol Mol Plant Pathol 41 (4): 265-281.

Thrower LB (1966) Terminology for plant parasites.
Phytopathol Zeit 56: 258-259.

Willmer CM (1983) Stomata. Lonngman (Ed) University of
Stirling, Stirling, Scotland, UK.Wolfe J, Hutcheon C,
Higgins V, Cameron R (2000) A functional gene-for-gene
interaction is required for the production of an oxidative
burst in response to infection with avirulent Pseudomonas
syringae pv. tomato in Arabidopsis thaliana. Physiol Mol
Plant Pathol 56:253-261.

Yao N, Greenberg J (2006) Arabidopsis ACCELERATED
CELL DEATH2 Modulates Programmed Cell Death. Plant
Cell 18:397-411.

Zamora-Magdaleno T, Cdrdenas-Soriano E, Cajuste-
Bontemps J F, Colinas-Leén M T (2001) Anatomia del
dafio por rozamiento y por Colletotrichum gloeosporioides
Penz. En frutos de aguacate “Hass”. Agrociencia 35: 237-
244,

1153



