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Introduction

Infestation of plant tissue by pathogenic microorganisms is usually accompa-
nied by generation of reactive oxygen species (ROS), both on the part of the plant
and on the part of the pathogen (Wojtaszek 1997). Within the cellular mechanism
protecting the plant against the deleterious effects of ROS, the ascorbate-gluta-
thione cycle seems to play a fundamental role (Kuzniak and Sktodowska 2001, de
Gara et al. 2003). In the case of biotrophic organisms, for which living tissue con-
stitutes the only food source, ROS overproduction in response to pathogen, lead-
ing to local death of attacked cells, is advantageous for the plant. Opposite effects
are observed in the plant-necrotroph interaction (Tiedemann 1997). Post-infec-
tion production of large amounts of highly reactive free radicals may lead to tissue
necrosis, which has an advantageous effect on the growth and development of the
necrotroph, feeding on the dead tissue. Thus, it needs to be concluded that an ef-
fective defense strategy of the plant against a necrotroph, including also Botrytis
cinerea Pers., should concentrate on inactivation of ROS and stimulation of the cel-
lular antioxidant system.

The objective of the study was to examine the effect of B. cinerea on the activity
of one of major enzyme scavengers of H,O, — ascorbate peroxidase (APX) and the
level of ascorbic acid (AA), a quantitatively dominant antioxidant in plant cells
(Smirnoff 2000). Pelargonium leaves of two genotypes differing in their suscepti-
bility to the pathogen were used for the study.
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Material and methods

Experiments were performed on two cultivars of ivy-leaved pelargonium (Pelar-
gonium peltatum L.): ‘Cascade’ - resistant and ‘Shiva’ — susceptible to B. cinerea.
Plants were grown in a growth chamber at 23+2°C (constant) and light intensity
of 120 umol/m?/s with a 12-h photoperiod. The experiments were carried out on
plants at 10-leaf-stage, for analysis the 3rd and 4th youngest leaves were taken.

Botrytis cinerea isolate from pelargonium was cultured on potato dextrose agar
medium (PDA) with the addition of 2% glucose, at pH 6.3. Conidial spore suspen-
sion (7.5 X 10% per 1 ml) was prepared from three-week-old fungus cultures in a
solution of 0.1 M glucose and 0.05 M KH,PO,.

Detached pelargonium leaves were washed with distilled water and placed in
cuvettes on solidified agar at pH 6.3. The leaves were point inoculated with three
drops (40 pl) of B. cinerea spore suspension placed on their upper side. Control
leaves were treated with 0.1 M glucose and 0.05 M KH,PO,. Cuvettes with leaves
were placed in a growth chamber at 20+2°C and relative humidity ca 95%. For the
assays disc (2 cm diameter) with the disease spots were collected from the place of
inoculation 1, 6, 12, 24 and 48 h after inoculation.

For APX assays 500 mg tissue was homogenized in 0.05 M phosphate buffer
(pH 7.8) with 0.05 g Polyclar AT, at 4°C. The extract was centrifuged at 15 000 g
for 30 min at 4°C. Ascorbate peroxidase (E.C.1.11.1.11) activity was determined
spectrophotometrically according to Nakano and Asada (1981), with certain modi-
fications. The activity was expressed as increased in absorbance (AA) per 1 g of
fresh weight per minute.

Ascorbic acid was determined spectrophotometrically according to Mukherjee
and Choudhuri (1983). Tissue (250 mg) was homogenized in 4 ml 5% trichloro-
acetic acid (TCA) and centrifuged at 15 000 g for 20 min. Ascorbic acid content was
calculated from a standard curve prepared in the range of 1-12 ng/ml.

The results presented are means (n = 9-15) of three independent experiments.

Results

In inoculated leaves APX activity decreased as compared to control, i.e. non in-
oculated leaves (Fig. 1). APX activity in the susceptible cultivar was almost three
times lower during the first 24 h after inoculation as compared to control. In the re-
sistant cultivar APX activity decreased only slightly, while the decreasing trend
was maintained in all analyzed time intervals. Moreover, the cultivars differed in
constitutive APX activity; in the susceptible ‘Shiva’ it was one and a half to two
times higher than in the resistant ‘Cascade’.

Botrytis cinerea effected significantly the content of ascorbic acid in the host tis-
sue, although trends in changes differed in both genotypes (Fig. 2). In the resistant
cultivar its level increased considerably starting from 6 h after inoculation. In sub-
sequent time intervals (12-48 h) the content of AA was two times higher in inocu-
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Fig. 1. The effect of grey mould on ascorbate peroxidase activity in pelargonium leaves of cvs: ‘Shiva’
— susceptible (A) and ‘Cascade’ — resistant (B) to Botrytis cinerea

lated leaves than in the control ones. In susceptible cultivar the level of that
antioxidant was slightly lower, as compared to control leaves, except for 24 h after
inoculation, when an almost twofold increase occurred.

The control leaves of either cultivar displayed no changes in the antioxidant
level.
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Fig. 2. The effect of grey mould on the level of ascorbic acid in pelargonium leaves of cvs: ‘Shiva’
- susceptible (A) and ‘Cascade’ - resistant (B) to Botrytis cinerea

Discussion

Every biotic stress disturbs oxidative cell homeostasis, which on one hand may
stimulate defence response, but on the other hand may accelerate destructive
changes in the plant in the course of the stress (Apostol et al. 1989, Elad 1992). In
this intracellular regulation of redox metabolism a very important role is played by
buffer capacity of the antioxidant system, especially the ascorbate/glutathione cycle.
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As the disease develops the state of homeostasis is being permanently dis-
turbed and the antioxidant system no longer performs its protective function.
Then peroxidative changes occur, which may be manifested in a permanent de-
crease in the pool of both reduced glutathione and ascorbate (Kuzniak and
Skiodowska 1999, 2001).

In the resistant pelargonium cultivar starting from 6 h after B. cinerea inocula-
tion a two-fold increase in the pool of ascorbic acid was found. An opposite effect
was observed in the susceptible cultivar, where with slight fluctuations, a decreas-
ing trend in AA level occurred.

Elad (1992) reported a significant role of antioxidants in inhibition of grey
mould development. The author treated various plant species with ascorbic acid,
obtaining a considerable reduction in the development of necrotic spots caused by
B. cinerea.

Important evidence indicating the role of antioxidants is supplied by experi-
ments on mutants. In an Arabidopsis thaliana mutant with a 70% defect in
glutathione accumulation a considerable increase of AA level was found under
stress conditions (May et al. 1996), while an A. thaliana-vtc mutant with a defect in
AA synthesis turned out to be completely susceptible to oxidative stress (Conklin
et al. 1997).

A key enzyme responsible for the inactivation of H,0O,, playing an important
role in pathogenesis, is ascorbate peroxidase (Smirnoff 2000). In the presented
study APX activity showed distinct decrease resulting from B. cinerea infection. A
similar effect of the APX activity inhibition in the mitochondrial fraction from to-
mato leaves infected with B. cinerea was obtained by KuZniak and Skitodowska
(2004).

It is also known that signalling substances, e.g. nitrogen oxide and H,0,, result
in a strong suppression of APX activity and may induce cell death (de Pinto et al.
2002), which in the context of defence strategy to biotic stress is the most effective
response against certain pathogens. Inhibition of APX activity may occur at various
stages and may depend on numerous external factors. This may be confirmed by
the fact that the TMV induced programmed cell death (PCD) in tobacco leaves was
caused by post-transcriptional suppression of cytosolic APX, which was correlated
with an increase in intracellular H,0, concentration and actively promoted cell
death (Mittler et al. 1998).

In relation to the results we can conclude that the pelargonium resistant to B.
cinerea most probably had a more efficient antioxidative system, manifested in in-
creased AA accumulation correlated with the inhibition of APX activity. Moreover,
ascorbates can be involved in the signal transduction pathway leading to the sali-
cylic acid induced resistance to pathogens (Kawano and Muto 2000). The results
presented here point at the need of antioxidative system enhancement (via breed-
ing work and genetic modifications) in order to increase resistance of plants to
necrotrophic pathogens.
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