ACTA AGROBOTANICA
Vol. 47, z. 2 - 1994
73-81

Some biochemical reactions of strawberry plants to infection
with Botrytis cinerea and salicylic acid treatment

URSZULA MALOLEPSZA, HENRYK URBANEK, JUSTYNA POLIT

Department of Plant Physiology and Biochemistry, University of £.6dZ,
Banacha 12/16, 90-237 L6dz, Poland

(Received: November 12, 1994)

Abstract

The reactions of strawberry plants to infection with B. cinerea and treatment with salicylic acid
has been studied. Infection of leaves with B. cinerea resulted in early increases in active oxygen
species generation, superoxide dismutase and peroxidase activities and phenolic compounds
content. Some increases of the above reactions were noticed in plants treated with salicylic acid
but not in the plants treated with SA and then later infected with B. cinerea.

INTRODUCTION

Plants react to pathogen attack activating a variety of defence reactions. It is
suggested that production of active oxygen species (AOS) and increase in some en-
zymes activities: superoxide dismutases (SOD), peroxidase (PO) and others, may be
the early reaction to pathogen.

The predominant active oxygen species detected in plant-pathogen interactions
are superoxide anion (-O,"), hydrogen peroxide (H,0,) and hydroxyl radicals (-OH).
AOS may directly reduce pathogen viability, on the other hand the toxicity of AOS
or AOS-derived compounds may contribute to host cell death during hypersensiti-
vity reactions M ehdy, 1994; Scandalios, 1993). There is a possibility that
AOS also serve as signal intermediates that induce phytoalexin biosynthesis (Lam b
etal.,, 1989; Mehdy, 1994).

To protect plant cells against oxidative injury by AOS numerous defence mecha-
nisms, both enzymatic and nonenzymatic, exist. The enzymatic antioxidant defences
include enzymes capable of removing, neutralizing or scavenging active oxygen
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species. SODs are among the most efficient antioxidant enzymes because of their
capacity to scavenge ‘O, (Almansa etal, 1994; Sevilla etal., 1982). They
play a significant role in protecting host cells in the vicinity of necrotized places in
the hypersensitivity reaction against toxicity of active O,

Peroxidases might have a double role in both structural and physiological pro-
tection of the host. They take part in lignification of host cell walls. On the other
hand peroxidases can take part in H,O, production (Candela etal., 1994; Peng
etal, 1992; Vance etal., 1980).

The resistance reactions can be induced in plants by treatment with elicitors.
According to current hypothesis, salicylic acid (SA) is assumed to be a systemic
signal molecule that induces resistance reactions in plants (Chen etal, 1993; Ve r-
nooij etal, 1994). According to some authors exogenous application of SA can
make a plant more resistant to a subsequent fungal infection. (W alters etal.,
1993).

Our aim was to examine ‘O, content, SOD, PO activities and phenolic com-
pounds content in strawberry plants treated with salicylic acid and infected with
Botrytis cinerea.

MATERIALS AND METHODS

Host: Strawberry plants cv. ‘Dallas’ were propagated “in vitro” on MS me-
dium supplemented with BAP (2 mg/l), IBA (1 mg/l) and GA, (0.1 mg/l). Plants
were rooted on 1/2 MS with IBA (0.5 mg/1), then plants were grown in soil in growth
chamber, 16 h photoperiod at 25°C.

At the age of one month plants were treated with salicylic acid. Part of elicited
plants was taken to examination 1, 3 and 24 hours after treatment. One week after SA
treatment the second part of plants was challenged with Botrytis cinerea and exam-
ined 3, 24 and 48 h after challenge. Control plants were examined simultaneously
with elicited and infected plants.

Pathogen: Botrytis cinerea in stock culture was maintained on potato dextrose
agar in the dark at 24°C. The conidia suspension was obtained by washing potato
dextrose agar slant cultures with sterylized distilled water. Conidia in suspension
were counted in a hemocytometer. Conidia suspension containing 1 x 10° conidia in
1 ml was used to challenge the strawberry plants.

Elicitor: 5 mM water solution of salicylic acid was used as the elicitor.

Assay for generation of superoxide anion: The detection of -O,” was based on
its ability to reduce nitroblue tetrazolium (NTB) according to D o k ¢ (1983).

Five fresh leaf disc (1 cm @) were immersed in 3 ml 0.01 M potassium phos-
phate buffer pH 7.8 containing 0.05 % NTB and 10 mM NaN, for 1 hour. After that
the mixture was heated at 85°C for 15 min and cooled. The reducing activity of NTB
of the disc was expressed as increased absorbance at 580 nm per hour per disc.
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Preparation of enzymes extract: Leaf tissue, 0.5 g was homogenized in 5 ml
50 mM phosphate buffer, pH 7.0 containing 1 % insoluble polyvinylpyrrolidone.
The homogenate was centrifuged at 15 000 g for 10 min and the supernatant obtained
was used as enzyme extract to assay SOD and peroxidase activities.

Assay of superoxide dismutase activity: The activity of SOD was assayed by
measuring its ability to inhibit the photochemical reduction of nitro blue tetrazolium
(NTB) using method of Beauchamp and Fridovich (1971). The 3 ml reaction mixture
contained 50 mM phosphate buffer pH 7.8, 13 mM methionine, 75 pM NTB, 2 uyM
riboflavin, 0.1 mM EDTA and 20 pl enzyme extract. Riboflavin was added last
and the reaction was initiated by placing the tubes under two 15 W fluorescent lamps
(30 cm below light bank). The reaction was started by switching on the light and was
allowed to run for 10 min. The reaction was stopped by switching off the light and
the tubes were covered with black cloth. Noniluminated tubes served as control. The
absorbance at 560 nm was read. The volume of enzyme extract corres-ponding to
50 % inhibition of the reaction was considered as one enzyme unit.

Assay of peroxidase activity: The peroxidase activity was assayed colo-
rymetrically with guaiacol as substrate. To assay perioxidase activity 0.5 ml of dilu-
ted enzyme extract, 0.5 ml of 0.05 M acetate buffer pH 5.6, 0.5 ml 0.06 M H,0, and
0.5 ml1 0.02 M guaiacol were used. The linear increases in absorbance at 480 nm was
monitored for 4 min at 30°C. The increase in absorbance equal to 1.0 in 1-min incu-
bation was assumed as one activity unit.

Assay of phenolic compounds content: Leaf tissue, 1 g was homogenized in
hot, 80 % ethanol (Knyp!l and Chylifiska, 1974) then cooled and centrifuged
at 15 000 g for 15 min. Supernatant was used as an extract to assay phenolic com-
pounds. The total phenolic compounds content was assayed according to S w ain
and Hillis (1959).

RESULTS AND DISCUSSION

In strawberry plants treated with 5 mM salicylic acid we observed the increase
in superoxide anions content (Fig. 1). They almost doubled as early as 1 h after treat-
ment, the highest level of -O,” was observed 3 h after treatment and then the amount
of -0, decreased. The infection of strawberry plants with B. cinerea also caused the
changes in superoxide anions content. The level of -O," in plants 3 h after infection
was over two times higher that in control (Fig. 2) then the level of -O, in infected
plants was decreasing during infection development and 46 hours after infection was
similar to that at the control. In strawberry plants which were pretreated with sali-
cylic acid the similar changes in -O,” content were observed. Researches conducted
by some authors have previously demonstrated that one of the rapid processes in
plant — pathogen or elicitor reaction is the release of active oxygen species (AOS).
D o k e (1983) observed that inoculation of potato tuber tissuc with Phyto-
phthora infestans results in generation of -O,” which is involved in host cell
hypersensivity. Elicitors of heypersensivity such as hyphal wall components also
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had this effect. Similarly active oxygen species generation was associated with the
hypersensitive reaction in interaction between tomato and Cladosporium fulvum.

Soybean cell suspension treated with nonspecific elicitors produced AOS within
1to2min(Apostol etal., 1989). In contrary Morean and O sman (1989) did
not observe any significant HO,/-O," generation by either potato tuber or leaf discs
challenged with germination fluids from P. infestnats. As our results show genera-
tion of -O," is an early reaction of strawberry plants to infection. The reaction to pure
elicitor is even more rapid (1 h after treatment) then the reaction to contact with
pathogen.

Paralelly with -O,” content we examined changes is SOD activity in strawberry
plants treated with elicitor and infected with B. cinerea. In strawberry plants treated
with salicylic acid the superoxide dismutase activity was similar to control plants
(Fig. 1). Following the infection of strawberry plants with B. cinerea the SOD acti-
vity increased significantly. It was about 30 % higher than in control 3 h after infec-
tion then gradually increased and reached the level 80 % higher then control 48 h
after infection (Fig. 3). The activity of this enzyme in strawberry plants pretreated
with SA and then infected increased less visibly; reached the highest level 24 h after
infection (about 30 % above control) and then the SOD activity decreased in these
plants. Significant increase in SOD during the hypersensitive response of bean
(Phaseolus vulgaris) to bean rust (Uromyces phaseoli) was observedby Buanaur-
io etal. (1987). In tobacco leaves infected with tobacco mosaic virus, hypersensiti-
vely-reacting tissues showed higher levels of SOD than susceptible ones Moreau
etal.,, 1989). Hoever Zacheo and Bleve Zache o (1988) investigating the
resistance of tomato varieties towards infection with nemotode Meloidogyne incog-
nita, have reported a fall in SOD activity in hypersensitively-responsing tomato roots.
Our results showing the reversed correlation between the -O,” content and SOD ac-
tivity changes, especially in strawberry plants infected with B. cinerea, suggest that
SOD probably counteract -0, increase.

In strawberry plants treated with SA we observed some small increase in peroxi-
dase activity and very significant increase in phenolic compounds content (Fig. 4),
especially 24 and 48 hours after treatment. The peroxidase activity after infection of
plants with pathogen increased visibly (Fig. 5). This enzyme activity was about
60 % higher in infected plants then in control 3 h after infection. The peroxidase
activity was increasing during the whole studied period and was about 80 % higher
than in control 48 h after infection. Paralelly with PO activity changes we observed
the high increase in phenolic compounds content; they doubled 24 h after infection
and 48 h after infection we observed that infected plants had three times more phe-
nolic compounds then control ones (Fig. 6). In plants pretreated with SA and then
infected with B. cinerea peroxidase activity and phenolic compounds content were
on the level of control plants during the whole studied period.

Numerous investigations have shown that infection of plants or elicitor treat-
ment may induce significant changes in peroxidase activity and phenolic compounds
content (Candela etal,1994; Ampomah and Friend, 1988; Bashon
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et al., 1987). The function of perioxidase in plant resistance reactions may be very
different and has not been fully elucidated so tar. Oxidation of phenol compounds
and lignification are suggested to be one of the defence actions of PO. The early
increase of PO activity after infection of strawberry leaves supports the hypothesis
that the role of PO in desease resistance may be connected with active oxygen spe-
cies generation.

It has been suggested that salicylic acid (SA) is the signal compound that in-
duce systemic aquired resistance (Horvath and Chua, 1994; Chen etal,
1993) because its exogenous application has been shown to induce resistance to
a variety of bacterial, fungal and viral pathogens (W alters, 1993; Ross, 1961;
Yalpani etal, 1991). When we applied SA as the elicitor of resistance reactions
in strawberry plants we observed some increases in -O,” and phenolic compounds
content, in SOD and PO activities (Fig. 1, 4). It is intriguing that when we compared
the above reactions of nontreated and SA treated plants to subsequent infection we
noticed that above reactions in pretreated plants were less visible or not visible at all.
It may mean that SA elicit defence reaction as a nonspecific stress agent not as
a signal and plants which previously responsed to its action become less sensitive 10
another stress e.g. infection. Induction of the defence reactions only at high concen-
tration of SA confirms the hypothesis that it was caused by its stress action.
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Fig. 1. Time course of -O," generation and SOD activity changes in strawberry leaves
after treatment with salicylic acid
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Fig. 2. Time course of -0, generation in strawberry leaves after infection with B. cinerea
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Fig. 3. Time course of SOD activity changes in strawberry leaves after infection with B. cirenea
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Fig. 4. Time course of peroxidase activity and phenolic compounds content changes in strawberry leaves
after treatment with salicylic acid
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Fig. 5. Time course of PO activity changes in strawberry leaves after infection with B. cirenea
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Reakcje biochemiczne truskawek na infekcjg Botrytis cinerea
1 traktowanie kwasem salicylowym

Streszczenie

‘W pracy badano reakcje biochemiczne roslin truskawek na infekcje Botrytis cinercai traktowanie kwasem
salicylowym.

Stwierdzono, Ze infekcja lisci truskawek powodowata wzrost zawarto$ci wolnych rodnikéw tlenowych,
aktywnogci dysmutazy ponadtlenkowej, peroksydazy, fenoli catkowitych. Wyrazny wzrost zawarto$ci wolnych
rodnikéw tlenowych i zwiazk6éw fenolowych, a takze pewien wzrost aktywnosci dysmutazy i peroksydazy
obserwowano w rolinach traktowanych kwasem salicylowym. Po zakazeniu grzybem roslin wczesniej
traklowanych kwasem salicylowym powyzsze reakcje biochemiczne byly mniej wyraZzne badZ w ogéle nie
ujawnialy sie.

Otrzymane wyniki potwierdzaje hipotezg, ze wytwarzanie wolnych rodnikéw tlenowych, wzrost
aktywnos$ci dysmutazy i peroksydazy sa wezesnymi reakcjami roélin na infekcje i elicytacje.

Kwas salicylowy wydaje si¢ by¢ niespecyficznym czynnikiem stresowym wywolujacym w roslinach
reakcje podobne do tych, stymulowanych przez infekcjg.
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