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ABSTRACT

Soft-rot disease (SRD) in Phalaenopsis, caused Dickeya dadantii, has resulted in significant losses in
the orchid sector in Indonesia. This study aimed to evaluate the inoculation method of Dickeya dadantii
and identify the resistance response of individual regenerated plantlets of Phal. amabilis from irradiated
protocorm. A detached leaf assay was used to evaluate the inoculation method and resistance response of
SRD. Based on the results of this study, Dickeya dadantii bacteria could only infect the leaves through
wounding tissue. The density of bacteria that could infect leaf tissue was OD600 = 0.2. All dilution factors
tested caused soft rot symptoms in P. amabilis. On the other hand, Vanilla planifolia only showed
symptoms at a dilution factor of 10-0. Four accessions of regenerated plantlets from irradiated protocorms
were resistant to SRD. They were from irradiation 5 Gy (IP 05 Gy-23, IP 05 Gy-31, and IP 05 Gy-33) and
one accession from the control treatment or without irradiation (IP 0 Gy -1). These results showed that 5
Gy irradiation increased plant resistance to SRD in Phalaenopsis. A dose of 5 Gy can potentially produce
mutant lines resistant to SRD in Phalaenopsis or other plants, too.
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INTRODUCTION

Phalaenopsis amabilis is an important parent in orchid crossbreeding because it is the main white

donor in orchid crosses (Tang & Chen, 2007). Phalaenopsis amabilis has a wide adaptation because
it can be found in many tropical regions like the Philipines, Myanmar, and Thailand. Phalaenopsis
amabilis is one of Indonesia most important local orchid types because it is widely used as a mother
plant for new hybrids (Zahara & Win, 2019). Soft-rot disease (SRD) susceptibility is one of the
weaknesses of this orchid. (Sukma et al., 2007; Elina, 2016; Raynalta, 2017). Improvement in this
trait is important for orchid breeding activities.

Soft-rot disease (SRD) is a major obstacle to orchid cultivation. SRD attacks various orchid com-
modities, like Dendrobium nobile (Balamurugan et al., 2020), Phalaenopsis amabilis (Lubis et al.
2021), and other species (Sukma et al., 2007). Soft-rot disease (SRD) in Phalaenopsis amabilis is
caused by Dickeya dadantii (Sudarsono et al., 2018; Sanjaya et al., 2021). This bacterium is a necro-

trophic pathogen (Rigault et al., 2021), which can easily spread symptoms and kill the host plant
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(Charkowski, 2018). Symptoms of this bacteria are commonly small water-soaked spots on the leaves

and surrounded by yellow halos (Joko et al., 2014). These bacteria are major soft-rot pathogens in

Phalaenopsis orchid production (Alic et al., 2017). This soft rot disease causes huge losses in orchid

cultivation, including orchid species, namely Phalaenopsis amabilis (Fu & Huang 2011; Sudarsono
etal., 2018), in which Phalaenopsis has a high value in orchid commodities (Griesbach, 2002). The
incidence of this pathogenic disease is 12-28% in Phalaenopsis orchids in Bali (Suputra et al., 2022).

Breeding and variety development is a method to obtain disease-resistant plants. Breeders design
a mutant superior using various techniques like somaclonal variations (Ferreira et al., 2020), muta-
tion induction (Jeong et al., 2017), and transgenic plants (Chen et al., 2019). Mutation induction

through physical and chemical mutagens is widely used in Phalaenopsis amabilis (Raihanun, 2017;
Mohammadi et al., 2020; Putri et al., 2021; Azis et al., 2021). Gamma irradiation is one of the physi-
cal mutagens widely used to improve genetic diversity, such as resistance to soft rot disease. This

study used gamma irradiation to obtain P.amabilis resistance to SRD.

Selection to determine P.amabilis resistance to SRD is necessary to obtain the mutant line. The
detached leaf disk assay for evaluating the resistance response to Dickeya dadantii on various Pha-
laenopsis genotypes has been successfully conducted by Elina (2016), Sudarsono et al., (2018), and

Sanjaya et al., (2021). Unfortunately, those previous studies used mature plants to evaluate resistance

to SRD. However, a new protocol to the inoculation method for young plants from in vitro plantlets
is necessary to determine the resistance response in mutant plants. Furthermore, there is limited
information about the inoculation method using detached leaf assay for young plants from in vitro
plantlets. An effective method of inoculation pathogen for young plants from in vitro plantlets is the
main key to success in determining resistance response in mutant plants. In addition to P. amabilis,
Vanilla planifolia was also used to evaluate the inoculation of the soft rot pathogen, which belongs
to the Orchidaceae family (Flagnan et al., 2018). This experiment irradiated protocorms with gamma

irradiation at 0, 5, 10, 15, and 20 Gy and grew them into plantlets. These plantlets were evaluated
for their resistance to Dickeya dadantii using detached leaf assay. This study aimed to evaluate the
inoculation method of soft-rot pathogen and determine the resistance of Phal. amabilis from irradi-
ated protocorms against the soft-rot pathogen.

MATERIALS AND METHODS
Experiment 1: Evaluate Concentration and Inoculation of Soft Rot Patho-
gen (D. dadantii)

Experiment 1 was conducted at the Laboratory of Tissue Culture I and Plant Molecular Biology
I, Faculty of Agriculture, IPB University, Bogor, Indonesia. The protocol to obtain isolation of D.
dadantii has been described by Putri et al. (2021).

Inoculum Concentration of D. dadantii

A bacterium isolated from an infected leaf of Phalaenopsis amabilis was confirmed as a soft rot
pathogen by the Koch Postulate method (Sudarsono et al., 2018; Sanjaya et al., 2021; Putri et al.,
2021). A single colony from the selected strain was grown into liquid medium (Lactose Broth/LB) of

as much as 15 ml, shaken for 21hour at 100 ppm, and harvested by centrifugation at 8000 rpm for 6



min until the final volume was OD=0.2 (Putri et al., 2021). The leaf disk assay evaluation method
was carried out following Sudarsono et al. (2018). The leaf disc (1-2 cm?) was taken from the plantlet

without irradiation (control) of Phalaenopsis amabilis and young leaves of Vanilla planifolia. The
middle of the leaf discs was wounded using sterilized pins and tested for five concentrations with
three times dilutions of D. dadantii (Control (sterile ddH20), 10 (bacteria stock), 10!, 102, and
103). All treatments were repeated three times, and every replication used three leaf discs.

Inoculation of D. dadantii

There were four methods of inoculation used for this experiment, including (A0) the top of the
leaf disc without wounding, (A1) the top of the leaf disc with wounding, (B0O) the bottom of the
leaf disc without wounding, and (A1) the bottom of the leaf disc with wounding. This experiment
was arranged in a factorial, completely randomized design. The factors were inoculation methods
and five dilutions of D. dadantii (Control (sterile ddH,0), 10, 10,107, 10+, and 10) (Figure 1).
All treatments were repeated three times, and every replicate used three leaf discs. The inoculated
leaf discs were incubated in a plastic box at room temperature (£25°C) with the wetted sponge and
sterile ddH, O to keep the humidity (75%). We recorded symptoms for all treated leaf discs up to 24
hours after inoculation.

Experiment 2: Resistance Response of Phal. amabilis Regenerated from
Irradiated Protocorms Against Soft Rot Pathogen

This experiment used plantlets of Phal. amabilis regenerated from irradiated protocorms after
acclimatization at the greenhouse. Irradiation was carried out at the National Nuclear Energy Agency
of Indonesia (BATAN). The variables in this experiment were the diameter of the soft-rot symptom,
which was recorded up to 24 hours after inoculation. The disease severity index was calculated using
the formula by Raynalta (2017) with modified scoring. There were five resistance classes based on

the diameter of soft-rot symptoms as follows:

Score (V): Resistance Classs (RC):

I =<1mm 1.  Resistance (R) : DS 0-20%
3=2<i<4mm 2. Moderate Resistance (MR) : DS 21-40%
5=4<i<6mm 3. Moderate Susceptible (MS) : DS 41-60%
7=6< i<8mm 4.  Susceptible (S) : DS 61-80%
9=>8 mm 5. Very Susceptible (VS) : DS > 80%
DS = % x 100% (1)

DS : disease severity index

N :number of samples observed

Z :maximum score value

ni :number of affected leaf discs in the score of i



4 Planta Tropika: Jurnal Agrosains (Journal of Agro Science)
Vol. 12 No. 1 / February 2024

Data Analysis

The collected data were analyzed using analysis of variance (ANOVA) with the STAR (Statistical
Tool for Agricultural Research) application. The Duncan Multiple Range Test (DMRT) evaluated
significant treatments with o = 0.05.

RESULTS AND DISCUSSION
Effects of Pathogen Concentration on the Detached Leaves of Phalae-
nopsis amabilis (L.) Blume and Vanilla planifolia

Bacteria with SRD virulence were isolated. SRD symptoms were similar to rot symptoms on natu-
rally infected leaves (positive method of Koch’s postulates). This selected strain was validated using
the 16S rRNA marker gene to detect the pathogen, and the sequencing data confirmed the bacteria
was Dickeya dadantii (Sanjaya et al., 2022). Therefore, this pathogen is confirmed to be associated

with soft rot disease in P. amabilis. The results showed that soft rot pathogens could infect not only
Phal.amabalis but also Vanilla planifolia. These results indicate that Vanilla planifolia can be an
indicator plant from the Orchidaceae family to SRD other than P. amabilis. Soft-rot symptoms in
Vanilla planifolia were discovered in Liwa Botanical Garden by Mahfut et al. (2020).

Table 1. Effects of dilution factors on diameters of the soft rot symptom in a detached
Phalaenopsis amabilis (L.) Blume and Vanilla planifolia using 9 leaf discs for each dilution
at 12 h after inoculation

The average on diameters of the soft rot symptom (mm)

Dilution Factors

Vanilla planifolia Phalaenopsis amabilis (L.) Blume
Control 0.00b 0.00 ¢
10° 5.11a 3.76 a
10 0.00b 3.77 a
102 0.00b 2.23b
10 0.00 b 0.54 c
F-calculated *k *k

Note: Values followed by the same letters in the same column are not significantly different based on DMRT at level a = 5%; ** = significantly
different (P < 0.01)

The bacterial density obtained was OD,, = 0.2, effectively infecting P. amabilis and Vanilla
planifolia. Based on the results showed symptoms of soft rot on the leaves of P. amabilis in all dilu-
tion factor treatments. In contrast, Vanilla planifolia leaves showed symptoms only in the 10 dilu-
tion factor (Table 1). P. amabilis is very susceptible compared to Vanilla planifolia plants, as seen
from the diameter of the symptoms. Vanilla planifolia only causes symptoms at a dilution factor of
10°. The concentration limit indicated quorum sensing. Quorum sensing is the process of bacterial
chemical communication and mechanism to ensure sufficient numbers of cells to carry out specific
biological responses (Mukherjee & Bassler, 2019).

The bacterial concentration of 107 still showed symptoms in P. amabilis after 12 h inoculation
(Tabel 1). Based on these results, the dilution factors need to be increased to evaluate the resistance
of the plant. The bacterial concentration of 10 was the best result for this study because it decreased
the spread of symptoms, and the symptom was evaluated until 24 h after inoculation (Table 2). This
result corresponds to Sudarsono et al. (2018), who stated that resistance responses of Phalaenopsis
species should be observed as early as 20 hours after inoculation.




Effects of Wounding and Pathogen Concentration on Detached Leaves
of Phalaenopsis Amabilis (L.) Blume and Vanilla planifolia

Bacterial inoculation without wounding showed no soft rot symptoms at all dilution factors up
to 24 hours (Table 2). On the other hand, bacterial inoculation with wounding showed symptoms of
soft rot on the top and bottom of the leaves. Wax was present on the top of the Phalaenopsis leaves,
but there was no significant difference in the diameters of soft rot between the top and bottom of the
leaves. These results indicate that the bacteria can only infect the tissue when there is a wounding
to the plant tissuec orresponds to Sudarsono et al. (2018), reporting that soft rot symptoms did not

appear in all treatments of Dickeya dadantii concentration without wounding in detached leaf assay

Table 2. Effects of wounding and pathogen concentration on diameters of the soft rot symptom
in detached leaves of Phalaenopsis amabilis (L.) Blume using 9 leaf discs for each
treatment combination

Dilution Factors

Treatments

Control 10 102 103 104 10
---------- 12 h=--------
AQ 0 0.00b 0.00 c 0.00b 0 0
Al 0 3.13a 2.27b 0.00b 0 0
BO 0 0.00b 0.00c 0.00b 0 0
B1 0 297 a 2.97 a 343a 0 0
F- calculated - *x *x ** - -
---------- 24 h--------
A0 0 0.00b 0.00b 0.00b 0.000 b 0.00b
Al 0 8.83 a 8.87 a 6.63 a 4,63 a 3.30a
BO 0 0.00b 0.00b 0.00b 0.00b 0.00b
B1 0 8.83a 9.17 a 6.57 a 5.83a 4.00 a
F- calculated - *x *x *% ** *x

Note: Values followed by the same letters in the same columns are not significantly different based on DMRT at level a = 5%; **
= significantly different (P < 0.01). (AO) The top leaf of Phal amabilis without wounding. (A1) The top leaf of Phal amabilis with
wounding. (B0) The bottom leaf of P. amabilis without wounding. (B1) The bottom leaf of P. amabilis with wounding.

Figure 1. Inoculation of Dickeya dadantii on the Top and Bottom of the Leaf of Phalaenopsis
amabilis (L.) Blume with or Without Wounding at a Dilution Factor of 10-> After 24 h. (A) The
Top Leaf of P. amabilis Without Wounding. (B) The Top Leaf of Phal amabilis With Wounding.
(C) The Bottom Leaf of P. amabilis Without Wounding. (D) The Bottom Leaf of P. amabilis
With Wounding.
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of P. amabilis after 20 hours of inoculation. The lowest dilution (10-°) showed symptoms after 24
hours of bacterial inoculation (Figure 1). Dickeya dadantii bacteria spread quickly when the leaf
surface tissue is injured (Singh et al., 2019). The lowest dilution (10~°) was used for the resistance
test on the plantlets from irradiated protocorms. In this study, we found the best concentration and
inoculation method to evaluate resistance response to SRD using detached leaf assay.

Determination of Disease Severity Index and Resistance Class of Plant-
lets Regenerated from Irradiated Protocorms

Plantlets regenerated from irradiated protocorms were acclimatized to take advantage of natural
selection for soft rot disease (SRD). Mortality to soft rot was very high in the field after two months
of acclimatization, in which 78% of plants or accessions died due to soft rot. The plants that survived
after acclimatization were 27 of the 95 plants of P. amabilis. All plants that still survived were tested
for inoculation against soft rot pathogens. There are five resistance classes (resistance, moderate re-

Table 3. Disease Severity Index and Resistance Class (RC) of 27 accessions of Phalaenopsis
amabilis to Soft-rot Disease (SRD) using 3 leaf discs for each accessions

Accessions DS (%) RS DS (%) RC
- 12 Jam- - 24 Jam-
IPOGy-1 0 R 0 R
IP0Gy-3 41 MS 100 VS
IP 0 Gy-5 48 MS 56 MS
IP 0 Gy-7 22 MR 70 S
IP 0 Gy-8 31 MR 89 VS
IP 0 Gy-11 15 R 78 S
IP 0 Gy-12 33 MR 100 VS
IP 0 Gy-15 22 MR 100 VS
IP 0 Gy-21 63 S 100 VS
IP 05 Gy-23 0 R 0 R
IP 05 Gy-25 26 MR 85 VS
IP 05 Gy-31 0 R 0 R
IP 05 Gy-33 4 R 15 R
IP 05 Gy-38 33 MR 100 VS
IP 05 Gy-41 41 MS 100 VS
IP 10 Gy-47 22 MR 100 VS
IP 10 Gy-50 26 MR 85 VS
IP 10 Gy-53 6 R 72 R
IP 10 Gy-56 0 R 93 VS
IP 15 Gy-69 0 R 41 MS
IP 15 Gy-70 7 R 70 S
IP 15 Gy-71 26 MR 100 VS
IP 15 Gy-74 25 MR 89 VS
IP 15 Gy-83 41 MS 100 VS
IP 15 Gy-84 33 MR 100 VS
IP 20 Gy-93 19 R 100 VS
IP 20 Gy-94 22 MR 88.89 VS
Wild Type 48 MS 78 S

Note: DS= Disease Severity; RC= Resistance Class; R= Resistance; MR= Moderate Resistance; MS= Moderate Susceptible; S=
Susceptible; VS= Very Susceptible



Figure 2. Resistance class (RC) plants of Phalaenopsis amabilis from irradiated protocorms.
(A) Resistance (R). (B) Moderate Resistance (MR). (C) Moderate Susceptible (MS). (D) S=
Susceptible (S). (E) Very Susceptible (VS).

sistance, moderately susceptible, susceptible, and very susceptible) from the five resilience criteria
modified by Raynalta (2017).
Table 3 presents the disease severity and resistance class (RC) plants of P. amabilis regenerated

from irradiated protocorms. The resistance class (RC) was used as a reference after 24 h inoculation
because after 24 h, DS has reached 100%. Four accessions were resistant (DS = 0-20%) to SRD,
in which three accessions came from the 5 Gy dose (IP 05Gy-23, IP 05Gy-31, IP 05Gy-33) and
one accession from the control treatment (IP 0Gy-1). This results showed that a dose of 5 Gy can
potentially increase the resistance of P. amabilis. In addition to gamma-ray irradiation, somaclonal
variation is also indicated to increase the resistance of P. amabilis. It was seen in control plants
without irradiation treatment, which were included in the resistant classification. The representative
of detached leaf assay to SRD can be seen in Figure 2. Resistant accessions did not show symptoms
of soft rot, but there were necrosis and chlorosis symptoms. Symptoms of chlorosis and necrosis
appeared on Arabidopsis thaliana (bos1 mutant) leaves after being inoculated with Dickeya dadantii,
where necrosis is an effective mechanism for plant defense against the spread of Dickeya dadantii
(Kraepiel et al., 2011).

In this study, gamma-ray irradiation through protocorm proved to be effective in increasing

plant resistance to SRD. Several studies have reported various methods to increase the resistance of
orchids to diseases, such as Nisaq et al. (2021), who succeeded in improving disease resistance of

Phalaenopsis orchids by spraying nano silica (0, 7.5, 15, 22.5, and 30 ppm) where this treatment at
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a concentration of 30 ppm could induce a resistance response and stimulate the growth of Phalae-
nopsis orchids; Nurcahyani et al., (2019) used fusaric acid (FA), which can increase the resistance of

Phalaenopsisis orchids to Fusarium oxysporu, and Chuang et al., (2020) used microbial metabolites

from Pseudomonas aeruginosa strain Y1 to increase the resistance of Phalaenopsis orchid plants.
Obtaining mutant plants that are resistant to SRD by induced gamma-ray mutation on the protocorm
of Phalaenopsis orchids has not been widely carried out, where this species of orchid is very sus-
ceptible to Dickeya dadantii bacteria (Sukma et al., 2017). Mechanisms and regulation of resistance

of the four resistant accessions need to be evaluated further, especially on genes that play a role in
resistance to soft rot disease.

CONCLUSION

The pathogen of SRD was not only successfully inoculated on Phal.amabilis but also on Vanilla
planifolia leaves. Test results of the inoculation method with leaf disk assay showed that the dilution
factor and the process of bacterial inoculation greatly affected symptoms on the leaves. The bacte-
rial concentration of 10 was the best result for this study, and symptoms of SRD only occurred
with wounding. Four accessions classified as resistant were three from 5 Gy irradiation dose and
one control plant. Protocorm irradiation at a dose of 5 Gy has the potential to produce mutant plants
that are resistant to SRD. It is necessary to analyze further resistant accessions for resistance genes
that play a role in SRD.
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