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Abstract: This study tested the efficacy of harpin proteins in controlling three orchid diseases: flower rust spots on
the Dendrobium Visa peach hybrid, column blight on the Dendrobium Visa peach hybrid, and black rot on Vanda
Robert’s delight. For controlling flower rust spots, harpin protein (3% a.i.) showed the best performance followed by
a mixture of Bacillus subtilis and Trichoderma harzianum, and mancozeb 80% WP. For column blight, harpin
protein showed inferior efficacy compared to both bioagents and a mixture of chemicals. However, for black rot,
harpin protein at the higher concentration exhibited slightly better control than the bioagents and the chemicals.
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1. Introduction available, broad- spectrum proteinaceous elicitor of
Several orchid species are  important SAR (Wei and Betz, 2007).
commodities in South American and Asian countries. In this study, harpin protein and a mixture of
In Asia, Thailand exports high quality cut orchid Bacillus subtilis AP-01 and Trichoderma harzianum
flowers to EU, USA, China and Japan (Department of AP-001 (Maketon et al., 2008a) were tested using
Agriculture, 2010). Orchid cultivation is beset by chemical fungicides for comparison in controlling
several diseases that can affect the entire crop. three orchid diseases: Curvularia lunata (Wakker)
However, early symptom of plant disease can be Boedijin, which causes flowers rust spot, Fusarium
treated or eradicated upon first appearance, but late moniliforme (Sheldon) Wineland, which causes
symptoms, especially those that appear after harvest column blight, and Phytophthora palmivora Butler,
and are found once the plant has been exported, are which causes black rot in two orchid types.
unacceptable. Synthetic chemical fungicides are the
most common tool used to prevent such problems, but 2. Material and Methods
because of their effect on humans and the The fungal isolates of C. lunata, F. moniliforme,
environment, alternate methods are often utilized. and P. palmivora were obtained from Plant Pathology
Microbial fungicides have been introduced for Department, Kasetsart University, Campangsean
controlling certain plant diseases through colonization Campus, Nakorn Phatom.
and/or hyperparasitism modes of action (Copping and Test against flowers rust spot disease caused by
Menn, 2000). However, a newer method of eliciting Curvularia lunata
natural defense mechanisms in the host plant, which is The Dendrobium hybrid type Visa peach was
referred to as systemic acquired resistance (SAR), has used to test for flowers rust spot disease, and each
recently been introduced (Wei et al., 1992; Bednarz et spike had approximately 6-8 blooms. The following
al., 2002). Harpin protein, derived from harp-n-gene chemicals and biological control agents were used:
fragment, is a SAR molecule that is produced Tween 80™ (ICI America, USA), harpin protein 3%
naturally by Erwinia amylovora, a bacterium that a.i. (Messenger'™, Eden Bioscience Corp., USA),
causes the fire blight disease in apple and pear trees mancozeb 80% WP (Dithane™, Dow Chemical Corp.,
(Wei and Beer, 1996). It does not act directly on the USA). B. subtilis AP-01 and T. harzianum AP-001
disease organism or alter the DNA of the treated were obtained from our laboratory and prepared in
plants. It is currently marketed as a commercially wettable powder form at 1x10° cfu/g and 2x10® cfu/g,
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respectively (Maketon et al., 2008b). Both pure
cultures were deposited in the culture collection center
at the Thailand Institute of Scientific and
Technological Research (TISTR). Table 1 illustrates
the dosages of the tested materials. Twenty-four
Dendrobium hybrid (Visa peach) pots were divided
into six treatments with four replications each. All
tested materials were thoroughly sprayed on
Dendrobium flowers according to each treatment (see
Table 1). After 7 days, the plants were inoculated by a
suspension of C. lunata, prepared at 1x10° spores/ml,
which was thoroughly sprayed on every flower in
every treatment and covered with plastic bag for 1 day
to facilitate the disease infection. After 7 days, each
testing material was sprayed on the flowers, with the
process repeating one week later. Rust spots on petals
from both the back and front were counted from the
top four blooms on each spike after 28 days.

The percent of disease reduction was calculated
according to the method of Tienkao (2007) as follows:

Disease reduction (%) =
number of spots in each treatment 100

number of spots in the water control treatment

Test against column blight disease caused by
Fusarium moniliforme

For the column blight disease, all tested materials
and the Dendrobium hybrid were the same as for the
flowers rust spot disease test except for the chemical
fungicide, with etridiazole + quintozene 6% + 24%
w/v EC (Terraclor Super-X, Crompton Corp., USA)
used instead of Dithane (Table 1). The suspension of
F. moniliforme was prepared at 1x10° spores/ml. All
spraying and inoculating procedures were same as
above. Symptoms of the column blight disease were
evaluated and divided into 6 levels:

No disease symptoms (level 0); column blight
noticed and adjacent petals have started withering
(level 1); the petals have started folding (level 2); the
petals have folded and are wilting around the edge
(level 3); the petals are wilting (level 4); and the petals
have fallen (level 5).

The disease index was modified from Pongpitak
(1994) and was calculated according to the following
formula:
Disease

index (%) =

number of diszasas flowers » lavel damared
total flowars = tha highast lave]l damased

= 100

The disease symptoms were observed and summarized
at 18 days after the final test application.
Test against black rot disease
Phytophthora palmivora

caused by
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The Vanda hybrid type used was Robert’s
delight. All tested materials were the same as for the
column blight disease test (Table 1) except for the
inoculation procedure. After the first application of the
tested materials, P. palmivora that was cultured on
potato dextrose agar was transferred using a 3 mm
cork borer onto the Vanda leaf surface, which had
already had the cuticle punched off, was moistened
with cotton wool and wrapped. After several days, the
orchids were inoculated, then all the wrapping
materials were removed and the tested materials were
applied. Disease lesions were measured at 9 days after
the last application.

Statistical Analysis

The data were analyzed using SAS version 9.3
by one-way analysis of variance (ANOVA), and the
means were compared by least significant difference
(LSD) at 95% confidence levels.

3. Results
Test against flowers rust spot disease caused by
Curvularia lunata

For the flowers rust spot disease, harpin protein
at both concentrations provided superior protection
against the disease, with a statistically significant
difference from B. subtilis AP-01 + T. harzianum AP-
001, mancozeb 80% WP and the two control
treatments (F = 40.8; df = 5,18; p < 0.05) (Figure 1a).
However, the microbial control agents and the
chemical fungicide still provided disease protection.
Figure 2 illustrates the rust spot disease severity for
each treatment after 28 days.
Test against column blight disease caused by
Fusarium moniliforme

For the column blight disease, both harpin
protein concentrations failed to offer protection. There
were no statistically significant differences from the
control treatments, however, B. subtilis AP-01 + T.
harzianum AP-001 and etridiazole + quintozene 6 +
24% EC showed better disease protection (F = 2.61; df
= 5,18; p < 0.05) (Figure 1b). Figure 3 illustrates the
severity levels of the column blight disease.
Test against black rot disease caused by
Phytophthora palmivora

For the black rot disease, only harpin protein at
0.75 g/ liter water and Tween 80 showed slightly
better disease protection with a statistically significant
difference from the control groups. The lower dosages
of harpin protein, microbial control agents and
chemical fungicide did not control the disease (F =
6.57; df = 5, 18; p < 0.05) (Figure 1c). Symptoms of
the black rot disease are shown in Figure 4.
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Figure 1: Disease reduction (%) of the flowers rust spot disease on Dendrobium Visa peach hybrid versus the six
tested materials (a); the Disease index (%) of the column blight disease on Dendrobium Visa peach hybrid versus

the six tested materials (b); and the lesion length (cm) of the black rot disease on Vanda Robert’s delight hybrid
versus the six tested materials (c).
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Figure 2: Symptoms of the flowers rust spot disease on Dendrobium Visa peach hybrid on both front and back petal;
sprayed with water (1); water + Tween 80 (2); mancozeb 80% WP (3); harpin (3% a.i.) 0.37 g/l (4); harpin (3% a.i.)
0.75 g/l (5); and B. subtilis AP-01 + T. harzianum AP-001(6).
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Figure 3: Symptoms of the column blight disease on Dendrobium Visa peach hybrid; no symptom (1); column blight
noticed and adjacent petals have started withering (2); the petals have started folding (3); the petals have folded and
there is wilting around the edge (4); the petals are wilting (5); the petals have fallen (6).
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Table 1. Testing material and dosage

-

Figure 4: Symptoms of the black rot disease on Vanda Robert’s delight hybrid; sprayed with water (1); water +
Tween 80 (2); etridiazole + quintozene 6 + 24% EC (3); harpin (3% a.i.) 0.37 g/l (4); harpin (3% a.i.) 0.75 g/I (5);
and B. subtilis AP-01 + T. harzianum AP-001 (6).

Testing material and dosage
Treat ES;(;cF))rcl)ttrollmg flowers Elc;g'::tontrolllng column For controlling blaqk rot
ment (Curvularia lunata) (Fusarium moniliforme) (Phythopthora palmivora)
1. Control #1 sprayed with water | Control #1 sprayed with water Control #1 sprayed with water
2. Control #2 sprayed Control #2 sprayed with water + 0.02% Control #2 sprayed with water + 0.02%
with water + 0.02% Tween 80 | Tween 80 Tween 80
3 Mancozeb 80%WP Dosage | Etridiazole+quintozene Etridiazole+quintozene
' 1.5g/liter water 6+24% w/v EC Dosage 2.5 ml/liter + | 6+24% w/v EC Dosage 2.5 ml/liter +
+0.02% Tween 80 0.02% Tween 80 0.02% Tween 80
4 Harpin (3% a.i.) Dosage Harpin (3% a.i.) Dosage Harpin (3% a.i.) Dosage
) 0.37 g/liter water 0.37 g/liter water 0.37 g/liter water
+0.02% Tween 80 +0.02% Tween 80 +0.02% Tween 80
5 Harpin (3% a.i.) Dosage Harpin (3% a.i.) Dosage Harpin (3% a.i.) Dosage
' 0.75 g/liter water 0.75 g/liter water 0.75 g/liter water
+0.02% Tween 80 +0.02% Tween 80 +0.02% Tween 80
B. subtilis AP-01 + T. - . - .
harzianum AP-001 B. subtilis AP-01 + T. harzianum AP-001 | B. subtilis AP-01 + T. harzianum AP-001
6. Dosage Dosage

Dosage 2.5 g each/liter
water + 0.02% Tween
80

2.5 g each/liter water +
0.02% Tween 80

2.5 g each/liter water +
0.02% Tween 80
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4. Discussions

The SAR molecule harpin protein did not
provide broad-spectrum disease control as expected.
Obviously, harpin protein was effective in controlling
the flowers rust spot disease, but it showed poor
disease control for both the column blight and the
black rot diseases. This result was most likely caused
by harpin protein being a specific-gene elicitor rather
than a broad-spectrum elicitor. In addition, the
microbial control agents and the chemical fungicides
were only able to control the flowers rust spot and
column blight diseases and failed to protect against the
black rot disease. This result might have been caused
by P. palmivora having developed resistance against
the etridiazole + quintozene fungicide, a lack of
synergistic effect by the microbial control agents in
controlling the disease or additional applications
and/or higher dosages might be required.
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