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Abstract The effect of two chemical elicitors
(acibenzolar-S-methyl benzo-[1,2,3]- thiadiazole-7-
carboxylic acid S-methyl ester [Boost 500SC]) and
salicylic acid in inducing resistance in tea plants against
blister blight disease caused by Exobasidium vexans
Massee, was studied. Treatments with elicitors resulted
in reduced severity of blister blight disease in nursery
plants on challenge with the pathogen. There was a
significant increase in the activities of defense enzymes
like phenylalanine ammonia lyase, peroxidase and
f3-1,3-glucanase on elicitor treatments in tea leaves
challenged with the pathogen than on unchallenged
leaves. Acibenzolar-S-methyl (ASM) at 0.14% regis-
tered the lowest disease severity (25.2%), whereas
treatments with salicylic acid were inferior. Under field
conditions, the application of ASM at 0.14% resulted
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in disease protection of 25%. When ASM was applied
in alternate rounds with a standard fungicide, the
disease protection improved to 46.8%. The importance
of incorporating ASM as a component in integrated
disease management and also its importance in organic
tea cultivation is discussed.
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Introduction

Blister blight caused by the obligate parasitic fungus
Exobasidium vexans Massee is the most destructive
foliar disease of tea. The disease is known to occur in
almost all tea-growing areas of Asia, but it is most
serious in India, Sri Lanka, Indonesia and Japan (Baby
2002). The disease is prevalent during monsoon
months (June—November) and reaches epidemic
proportions. In southern India it is reported to cause a
crop loss of more than 50% besides adversely affecting
the quality of made tea (Baby et al. 1998). A large
number of chemical and plant-based fungicides were
evaluated against the disease and it was found that
only very few chemical fungicides are effective (Baby
2002). These fungicides are sprayed at 7-day intervals
throughout the disease season and an average of 24-28
rounds of fungicide sprays is required to keep the disease
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under control. Large-scale application of pesticides
pollutes the environment and their residues can cause
various health hazards to human beings. Of late, the
regulatory authorities are stringent in fixing limits to
pesticide residues in food products including tea
(Barooah 2008). In this context, non-chemical disease
control strategies are gaining importance.

Plants possess built-in strategies to combat inva-
sions by pathogens. These defense mechanisms may
be constitutive or induced (Kué¢ 1995). There are
certain defense mechanisms that are activated upon
pathogen infection. This type of disease resistance is
known as systemic acquired resistance (SAR). SAR
develops either locally or systemically and is associ-
ated with the production of pathogenesis related (PR)-
proteins (Ward et al. 1991). Besides pathogens, there
are certain chemicals which upon application to plants
mimic the host—pathogen interaction leading to SAR;
these chemicals are known as SAR elicitors (Gullino
et al. 2000). Chemical elicitors like salicylic acid
(Mayers et al. 2005), jasmonic acid (Cohen et al.
1993), DL-3-aminobutyric acid (BABA) (Hong et al.
1999), oxalic acid (Mucharromah and Ku¢ 1991) and
acibenzolar-S-methyl benzo-(1,2,3)-thiadiazole-7-car-
boxylic acid S-methyl ester (ASM) (Gullino et al.
2000) have been successfully employed in controlling
diseases of various crop plants, The induction of
resistance by chemical elicitors can form an important
component in the integrated plant disease manage-
ment program. In the present work attempts were
made to study two different elicitors, viz., salicylic
acid and ASM (Boost 500SC®), in controlling blister
blight of tea.

Materials and methods

Elicitors and test dosages Elicitors tested were
acibenzolar-S-methyl (Boost 500SC®) obtained from
Syngenta India Limited and salicylic acid (AR grade)
from Merck. For spore germination studies and green-
house experiments, ASM was tested at concentrations
0f0.1% and 0.14%, whereas concentrations for salicylic
acid were 100 and 250 ppm. For field evaluation ASM
was tested at 0.1%, 0.14% and 0.18%, and salicylic acid
was tested at 100, 250 and 500 ppm.

Spore germination study Basidiospores of E. vexans
were collected from naturally infected blister lesions
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as suggested by Baby et al. (2004). The spore mass
was made into a suspension containing 10° spores
ml™! with respective concentrations of elicitors. The
fungicide hexaconazole (0.28%) was included as
check. Spore suspension prepared with distilled water
was kept as a control. The spore suspension was placed
in a cavity slide and kept in petri dishes containing
distilled water to provide 100% humidity. Spore
germination was observed under the microscope at
24 h and percent spore germination was calculated. A
spore was considered as germinated if the length of the
germ tube reached half the length of the spore. Fifty
observations were made in each treatment and the mean
values were recorded. The experiment was repeated
twice.

Plant material and greenhouse experiment Six-month-
old tea seedlings, variety ‘BSS-1’, highly susceptible
to blister blight disease, were used for the greenhouse
experiment. Each treatment consisted of 50 plants
which were arranged in two sets of 25 plants and kept
at 25°C. Elicitors were sprayed on the 3rd leaves of
the plants using a hand sprayer. Three days after
application, the Ist leaves of the plants were inocu-
lated with spore suspension of E. vexans (10° spores
ml™") in one set of plants and the other set was left
uninoculated and served as control for pathogen
inoculation. In inoculated plants, disease severity on
the 10th day after inoculation was assessed on a 0—4
scale (Premkumar 2005), where 0 = leaves with no
infection, 1 = leaves with one or two lesions, 2 = leaves
with three to five lesions, 3 = leaves with more than five
lesions, 4 = stalk infection. Disease severity was
calculated according to the following formula:

Disease Severity(%) = (n x v)/NV x 100

where ‘n’ is the number of leaves at each infection
level, ‘v’ is the grade for each group of leaves , ‘N’ is
the number of leaves assessed and ‘V’ is the highest
grade of the scale (in this case 4). The experiment was
repeated twice

Induction of defense mechanisms

Extraction of enzymes Leaves (1st leaves) were
collected from the plants on the 3rd, 5th and 7th days
after inoculation and were immediately extracted with



Phytoparasitica (2010) 38:53-60

55

appropriate buffer solution at 4°C. The homogenate
was centrifuged for 20 min at 10,000 rpm at 4°C.
Buffers used were sodium phosphate buffer (0.1 M,
pH 6.0) for peroxidase, sodium acetate buffer
(0.5 M, pH 5.0) for B-1,3-glucanase, and borate
buffer (0.1 M, pH 8.7) for phenylalanine ammonia
lyase. All the enzymes were assayed spectrophoto-
metrically (Specord S100, Analytik Jena, Jena,
Germany). The experiment was repeated twice.

Peroxidase (PO) activity The PO activity was assayed
as described by Mahadevan and Sridhar (1996). The
reaction mixture consisted of 0.5 ml of enzyme
extract, 0.5 ml of 0.1 M phosphate buffer (pH 6.0),
0.5 ml of 50 mM guaiacol and 0.5 ml of 60 mM of
H,O,. The linear absorbance at 480 nm was
monitored for 3 min at 30°C. The reaction mixture
without enzyme extract served as blank. The enzyme
activity was expressed as change in absorbance,
min ' g~ fwt.

Phenylalanine ammonia lyase (PAL) activity The PAL
activity was assayed as described by Sadasivam and
Manickam (1996). The reaction mixture consisted of
0.2 ml enzyme extract, 0.5 ml borate buffer (pH 8.0;
1.1 M) and 1 ml of L-phenyl alanine (0.1 M),
incubated at 32°C for 60 min. The reaction was
stopped by adding 0.5 ml of 1 M trichloroacetic acid.
The absorbance was measured at 290 nm. A standard
curve was prepared using trans cinnamic acid and the
enzyme activity in the sample was expressed as pmol
t-cinnamic acid produced min ' mg ™' protein.

(-1,3-glucanase activity (3-1,3-glucanase activity was
assayed by the laminarin-dinitrosalicylic acid method
(Pan et al. 1991). The reaction mixture was prepared
by mixing 62.5 pl of 4% laminarin (Sigma, St. Louis,
MO, USA) and 62.5 ul of plant extract. The mixture
was incubated at 40°C for 10 min and the reaction
was stopped by adding 375 pl of dinitrosalicylic acid
reagent with subsequent heating for 5 min in a boiling
water bath. The resulting colored solution was diluted
to 4.5 ml with distilled water and vortexed. Products
released were estimated for reducing groups in a
spectrophotometer at 500 nm. The enzyme activity
was expressed as pg glucose min ' g ' fiwt.

Field experiments Tea fields planted with highly
susceptible ‘Assam’ seedlings (42 years old) were

selected for the field experiments. The experiment
was in a randomized block design with nine treat-
ments replicated three times with 50 bushes each. The
spraying was carried out with a motorized air blast
sprayer once in 7 days throughout the disease season
(June—November). Disease incidence was assessed
during every plucking round. One hundred shoots of
the same age (three leaves and a bud) and of uniform
size were collected randomly from the harvest and
each shoot was examined against light for blister
infection (Premkumar and Baby 2005). A shoot was
considered as infected if an active blister lesion of any
developmental stage was present. The number of
infected shoots out of 100 shoots represents percent
disease incidence. The experiment was conducted for
two consecutive seasons and the mean data are
presented.

Statistical analysis In all the experiments, the data
obtained were subjected to analysis of variance
(ANOVA) and the significance of difference between
the treatments was determined using Duncan’s Multiple
Range Test (P=0.05).

Results

Effect of elicitors on spore germination and induction
of resistance

Percent inhibition of spore germination of E. vexans
was less than 8% with both elicitors (Table 1). On
the other hand, it was 93% with the fungicide
hexaconazole.

Plants treated with elicitors had a lesser disease
severity compared with untreated plants on challenge
inoculation. Among the elicitors, ASM at 0.14% was
significantly superior to the others and it provided 40.8%
protection (Table 2). This was followed by ASM at
0.1% and salicylic acid at 250 ppm. Elicitor treatments
resulted in increased activity of [3-1,3-glucanase,
phenylalanine ammonia lyase and peroxidase on all
the days of observation when compared with untreated
plants (Figs. 1, 2, 3). The activity increased further in
plants challenge-inoculated with the pathogen. The
increase in activity reached a maximum on the 5th
day and declined on the 7th day in all the treatments
(Figs. 1, 2, 3). The activity of all these enzymes was
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Table 1 Effect of elicitors on spore germination of Exobasidium
vexans

Treatments Spore germination (%)
Salicylic acid 85.1 be*
(100 ppm)
Salicylic acid 84.6 be
(250 ppm)
ASM (0.1%) 82.5b
ASM (0.14%) 81.5b
Hexaconazole (0.28%) 6.2 a
Control 883 ¢

*Figures followed by a common letter do not differ significantly
according to Duncan’s multiple range test at P=0.05

highest in plants treated with ASM at 0.14%, followed
by ASM at 0.1% and salicylic acid at 250 ppm.

Effect of elicitors in controlling blister blight under
field conditions

Application of ASM at 0.14% resulted in 25%
protection from the disease. This was followed by
ASM at 0.1% and salicylic acid at 250 ppm. The
increase in dosage of salicylic acid to 500 ppm
resulted in higher disease incidence compared with
salicylic acid sprayed at lower dosages. Furthermore,
there was no significant difference in protection
achieved with ASM sprayed at 0.18% and 0.14%.
On the other hand, when fungicide treatment was
given alternately with ASM (0.18%) sprays, the
protection achieved was improved further (to
46.8%). The highest protection was achieved with
standard fungicide treatment (64.8%) (Table 3).

Table 2 Blister blight incidence in tea nursery plants treated
with elicitors

Treatments Blister blight severity (%)
Salicylic acid 37.5d*
(100 ppm)
Salicylic acid 348 ¢
(250 ppm)
ASM (0.1%) 29.6 b
ASM (0.14%) 252 a
Control 426 ¢

#Figures differ significantly according to Duncan’s multiple
range test at P=0.05

@ Springer

0.180

HInoculated
# Uninoculated

0.175

0.170 -

0.165

0.160 -

Change in OD/min/g.f.wt.

0.185 -

0.175 -

0.165 -

Change in OD/min/g.f.wt.

0.180 -

0.175 1

0.170

Change in OD/min/g.f.wt.

0.165 -

Sal. Acid Sal. Acid  ASM ASM
(100ppm) (250ppm) (0.1%)  (0.14%)

Treatments

Control

Fig. 1 Activity of peroxidase in tea leaves on elicitor treatments
at different intervals. Vertical bars indicate standard errors of the
means. Within the same section of the figure, values with a
common letter do not differ significantly according to Duncan’s
multiple range test at P=0.05

Discussion

Systemic acquired resistance is the enhanced state of
disease resistance in plants developed due to infection
by a necrotizing pathogen or by application of abiotic
elicitors (Delany et al. 1994). For the development of
resistance by elicitors, plants need an incubation period
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Fig. 2 Activity of phenlyalanine ammonia lyase in tea leaves on
elicitor treatments at different intervals. Vertical bars indicate
standard errors of the means. Within the same section of the
figure, values with a common letter do not differ significantly
according to Duncan’s multiple range test at P=0.05

before being challenged with a pathogen. In the present
study, plants were challenge-inoculated with the
pathogen 3 days after the application of elicitors. A
period of 3 days for development of resistance in
pepper to Phytophthora when treated with ASM was
reported by Baysal et al. (2005) and a period of 1 to
7 days by Doubrava et al. (1988). In the present study,
spatial separation was maintained between elicitor-

treated leaves and challenge-inoculated leaves and the
disease severity was significantly low in elicitor-treated
plants. The major feature of SAR is the protection of
plant organs from pathogenic infection spatially distant
from the elicitor-treated site (Sticher et al. 1997; Vallad
and Goodman 2004).

The treatment with elicitors triggered the activity
of all the defense enzymes in young tea plants. The
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Fig. 3 Activity of (3-1,3-glucanase in tea leaves on elicitor
treatments at different intervals. Vertical bars indicate standard
errors of the means. Within the same section of the figure,
values with the same letter do not differ significantly according
to Duncan’s multiple range test at P=0.05
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Table 3 Effect of elicitors

in controlling blister blight Treatments Dosage % Disease incidence
of tea plants under field - P
conditions (7 days between Salicylic acid 100 ppm 67.1 de
Sprays; 24 sprays; 16 Salicylic acid 250 ppm 65.1 de
plucking rounds) Salicylic acid 500 ppm 68.6 def
#COC, copper oxychloride ASM 0.1% 623d
®Here applied alternately ASM 0.14% 543 ¢
with ASM 0.18% ASM 0.18% 539¢

¢ Standard treatment Hexaconazole + COC ? 200 ml + 210 g ha™! 387D
4Figures followed by a /ASM® /0.18%

common letter do not differ Hexaconazole + COC © 200 ml + 25.6 a
significantly according to 210 g ha !

Duncan’s multiple range test Control _ 727 f

at P=0.05

defense enzyme PAL is the key enzyme of the
phenylpropanoid pathway, catalyzing the transformation
of L-phenylalanine into trans-cinnamic acid, which is
the prime intermediary in the biosynthesis of flavanoid
phytoalexins (Bowles 1990) and phenolics (Dixon and
Lamb 1990), which are antimicrobial compounds. The
defense enzyme [3-1,3-glucanase is a pathogenesis-
related protein (PR-2) which hydrolyzes 3-1,3-glucan,
one of the major components of fungal cell walls
(Kauffmann et al. 1987). Peroxidase (PR-9) catalyzes
the last step of the biosynthesis of lignin and other
oxidative phenols. The reinforcement of the plant cell
wall by phenolics and lignin increases plant resistance
to cell-wall-degrading enzymes and toxins produced by
pathogens, and acts as a mechanical barrier to the
penetration of cell wall by the pathogen (Nicholson and
Hammerschmidt 1992). The SAR is associated with the
production of pathogenesis-related proteins (Kessman
et al. 1994) and/or the activation of the phenyl
propanoid pathway (Stadnik and Buchenauer 2000).
In the present study, there was an increase in activity of
defense enzymes with a consequent reduction in
disease severity. It is therefore clear from the results
that the variation in disease severity between treatments
depends on the ability of the elicitor to activate defense
enzymes. ASM at 0.14% was the best treatment and
salicylic acid was inferior. There are many examples of
ASM inducing SAR in many plant—pathogen interac-
tions like, pepper—Phytophthora capsici (Baysal et al.
2005), tomato—Xanthomonas euvesicatoria (Roberts
et al. 2008), cyclamen—Fusarium oxysporum f.sp.
cyclaminis (Elmer 2006) and tobacco—Peronospora
tabaci (Perez et al. 2003). Both of the elicitors tested
had shown negligible fungitoxicity as evidenced by a
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low level of inhibition on spore germination (<8%) of
E. vexans in vitro. The elicitors of SAR have less or no
antimicrobial properties and are capable of preventing
pathogenic infection by increasing crop resistance by
activating the SAR signal transduction pathway
(Anfoka 2000).

Under field conditions, none of the elicitors provided
protection comparable to standard fungicide treatment.
Among the elicitors, the highest protection achieved
was 25% with ASM at 0.14%, which is not satisfactory.
An increase in dosage of ASM to 0.18% did not provide
any significant improvement in protection. When ASM
at 0.18% was used alternately with a standard fungicide
schedule, the percent protection improved to 46.8%,
which is satisfactory. This clearly indicated that appli-
cation of ASM alone is not feasible for controlling tea
blister blight disease under field conditions. The
protection achieved with integrated treatment, though
not comparable to standard treatment, is important in
that the total number of applications of fungicides was
reduced to half. This indicates that ASM works better
under low disease pressure. In tea, the crop is harvested
continuously at intervals of 10—15 days. Therefore, it is
necessary to spray fungicides at closer intervals to
protect the newly developed leaves from the disease and
because of this, many rounds of fungicides are sprayed
during a disease season (Premkumar and Baby 2005).
By integrating ASM in the fungicide schedule there is
the possibility of reducing the number of fungicide
sprays. Another possibility exists in the usage of ASM
in clonal tea fields where disease pressure is relatively
low (Baby 20006), compared with the seedling tea
fields used in the present study. There is yet another
use for ASM in blister blight control in tea under
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organic cultivation. In organic cultivation no fungicides
are permitted for control of blister blight disease except
for copper fungicides, the usage of which is restricted to
3 kga.i. ha ' per season (Radhakrishnan 2004). ASM,
being an activator, fits well into organic cultivation and
its application alternating with copper sprays allows us
to distribute the permissible quantity of copper
fungicides more effectively.

In conclusion, ASM can stimulate resistance in tea
to blister blight disease. Since the level of control
with application of ASM alone was not satisfactory
under field conditions, it can be integrated in
fungicide schedules for achieving better control of
the disease.
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