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Abstract

Leatherleaf fern (Rumohra adiantiformis) is a famous ornamental-leaf plant that has been used by florist
entrepreneurs around the world. It is one of the leading export commaodities in Indonesia, however,
currently, there are some diseases of this leaf reported in the field causing yield loss and reducing
the economic value. This study aimed to identify the pathogens causing the recent 3 significant diseases
of leatherleaf fern, including leaf blight, leaf tip rot, and post-harvest leaf rot, and in vitro analysis
of beneficial bacteria, Bacillus velezensis B-27, against the pathogens. The methods used in this study
were isolation, pathogenicity test, morphological observation, molecular identification of pathogens,
and poisoned food technique of B. velezensis against those pathogens compared to fungicides and
bactericides. The results of molecular identification showed that Neopestalotiopsis sp. and Pantoea
ananatis caused leaf blight, Fusarium oxysporum f. sp. sesami triggered leaf tip rot, while Calonectria
sp. and P. ananatis contributed to post-harvest leaf rot. Based on in vitro analysis, B. velezensis B-27
reduced the growth of the Neopestalotiopsis sp. DM C with the highest inhibition of 95.6%,
Neopestalotiopsis sp. DM B with 84.3%, F. oxysporum f. sp. sesami with 61.9%, Calonectria sp. with
93.4%, and inhibited the growth of P. ananatis by producing a clear zone. This research concludes that
B. velezensis B-27 has the potential as a biocontrol against pathogens causing significant diseases in
leatherleaf ferns due to its ability to inhibit pathogens and its advantage as a beneficial microbe that
is environmentally friendly to support sustainable agriculture.
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INTRODUCTION

Leatherleaf fern (Rumohra adiantiformis,
Family: Dryopteridaceae) is one of the leading
national floricultural products in Indonesia both
for domestic and export markets. The leaves have
beautiful shapes, dark green color, and long
vase life, attracting many florists worldwide to
use them for decoration (Kloepper et al., 2013;
Nair and Laxman, 2020). In Indonesia, centers of
fern production are located in the highlands of
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Java Island, some of which are in Dieng (Central
Java) and Sukabumi (West Java) (Hanudin et al.,
2019).

Recently, some significant diseases reducing
fern leaf crops were reported from a leatherleaf
fern orchard in Magelang, Indonesia, which had
not been described in Sumardiyono et al. (2011).
Based on the preliminary field survey prior to the
research, the diseases were leaf blight, leaf tip rot,
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and post-harvest leaf rot. Based on direct
observation in the orchard, leaf blight disease
showed symptoms as red, curly, and necrosis
burning on leaves, which expanded quickly to
all leaf surfaces and caused the leaves to dry.
Symptom of leaf tip rot was characterized by leaf
tip rotting and withering, therefore according to
the producer, the leaves were rejected for sale.
Post-harvest leaf rot was characterized by brown
spots on the leaf surface enlarging and causing
leaf rotting but commonly was noticed in the post-
harvest stage. Those diseases have not been
reported in the past decade. Moreover, the reports
of disease on leatherleaf fern in Indonesia are
extremely limited.

An important disease found in leatherleaf fern
in Indonesia for more than 10 years ago was
anthracnose, which was caused by Colletotrichum
sp. (Sumardiyono et al., 2011). However, the
orchard confirmed that the disease is well-
managed nowadays. This condition suggests that
the important diseases on plants shifted over time,
and therefore research on plant diseases should
always be developed. Since this commodity,
such as vegetables, is specific and not commonly
cultivated by Indonesian farmers, disease
management for emerging diseases is not
available. It raises a big concern in a plant disease
problem because leatherleaf fern from Magelang
is an important export commodity. Reducing the
leaf crops will bring a constraint on the export
capacity. Therefore, this research is conducted to
properly identify pathogens using molecular
analysis.

The identification of plant pathogens through
molecular analysis is crucial for effective disease
management, particularly for export commodities
such as the leatherleaf fern. Accurate
identification of pathogenic fungi and bacteria
helps in devising targeted treatment strategies,
preventing further spread, and minimizing
economic losses. Disease identification is
performed at the molecular stage based on
polymerase chain reaction (PCR) to more
accurately identify pathogenic fungi and bacteria
in plants (Hariharan and Prasannath, 2021).
As those diseases were not reported yet in
Indonesia, this study is the first to report
pathogens causing leaf blight, leaf tip rot, and
post-harvest leaf rot disease in leatherleaf fern.

Following the process of pathogen
identification, in vitro antagonism analysis was
carried out using Bacillus velezensis B-27 to
inhibit the growth of pathogenic fungi and

bacteria. B. velezensis are well-known as
beneficial bacteria and antagonists, which can
inhibit pathogen growth and promote plant growth
(Sunkad et al., 2023). B. velezensis B-27 has been
reported to reduce the severity of twisted disease
caused by Fusarium spp. (Rahma et al., 2020;
Sundari et al., 2023). B. velezensis are bacteria
that function as plant growth-promoting
rhizobacteria (PGPR), usually used to improve
plant health and maintain the soil’s microbial
community, supporting sustainable agriculture
(Sundari et al., 2023). As a reference, another
study reported that B. velezensis CE 100 produces
chitinase and [-1,3-glucanase enzymes, which
degraded fungal cell walls and efficiently
suppressed the growth of Macrophomina
phaseolina and F. oxysporum f. sp. fragariae.
These pathogens are respectively responsible for
charcoal rot and Fusarium wilt in strawberries.
Using B. velezensis as a biological control agent
presents a more sustainable and environmentally
friendly approach to managing plant pests and
diseases compared to fungicides (Hong et al.,
2022). Fungicides contribute to issues such as
residue accumulation, the development of
resistance to pathogens, and various health risks
for humans and other organisms (Goswami et al.,
2018). The use of fungicides can influence the
physiological functions and disease-causing
abilities of pathogenic fungi, thereby fostering the
evolution of resistance mechanisms within these
fungal populations (Bastos et al., 2021). However,
fungicides remain the primary option for farmers
to reduce plant diseases.

Based on those problems, this study aimed to
identify the pathogens causing important diseases
of leatherleaf fern based on molecular analysis
and observe the ability of beneficial bacteria,
B. velezensis B-27 isolate to control the in vitro
pathogen’s growth. The results are important to
figure out the potency of B. velezensis B-27 as
biological controls of those important diseases
on leatherleaf ferns in the field for further
research and sustainable integrated plant health
management.

MATERIALS AND METHOD

Plant materials

The plant material in this research was the
leatherleaf fern with leaf blight, leaf tip rot, and
post-harvest leaf rot symptoms for pathogen
identification and healthy leatherleaf fern for
pathogenicity test. All leaves with the disease
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symptom were purposively collected from
an orchard in Magelang Regency, Central Java,
Indonesia (map coordinate: 110°13'04.0" E and
7°22'26.1" S) in 2023.

Sampling, isolation, and morphological
observation of fungi and bacteria

Each plant showing the disease symptoms
(leaf blight, leaf tip rot, and post-harvest leaf rot)
characterized above was collected as a sample.
The plant disease isolation process involved using
3 leaf samples for each disease symptom. Each
leaf was isolated in the 3 petri dishes and 4-leaf
discs were isolated in every petri dish. Plant
leaves were cleaned from impurities (dust or soil)
with sterile water and cut into small pieces.
Afterward, those were disinfected using 1%
NaOCI for 1 minute and then rinsed with distilled
water for 30 seconds 2 times. The leaf pieces were
placed on potato dextrose agar (PDA) medium
and incubated at room temperature for 2 to 3 days.
The growing mycelia were transferred to a PDA
medium for fungi and a nutrient agar (NA)
medium for bacteria. The fungal morphology
was observed using a microscope to check the
hyphae/spores produced in the culture. Bacterial
characteristics are identified by colony color
observation, gram test, and hypersensitivity test
based on Schaad et al. (2001).

Pathogenicity test

Healthy leaves of leatherleaf fern from the
field and pathogens culture were prepared for this
experiment. The pathogenicity test of fungal
pathogens was carried out by pricking the leaf
surface with a syringe and putting a mycelial disc
with a 5 mm diameter on it. Twenty-four hours

Table 1. Primer markers used in this study

afterward, the mycelial discs were taken out to let
the infection progress naturally. For bacteria,
bacterial suspension was prepared for density
108 CFU, and then approximately 1 ml of
suspension was dripped into the pricked leaves.
The control group was leaves treated with sterile
water. All those treated leaves were placed in
a 9 cm diameter petri dish with damp cotton
to maintain the moist condition. Those were
incubated at room temperature and observed
every day until symptoms emerged.

Molecular identification

Pathogen identification in this study was
conducted in molecular analysis using Sanger
Sequencing method. DNA extraction of both
fungal and bacterial was carried out with Mini Kit
Genomic DNA Protocol for plant/fungi and
bacteria, respectively (GeneAid, Taiwan), based
on the protocol kit. For amplification, 1TS5-4
and B-tubulin genes primer pairs were used for
Neopestalotiopsis sp. identification, translation
elongation factor (tefl-a) gene marker was used
to identify Fusarium sp. and ITS1-4 primer set
was used for morphologically unrecognized
fungus. A universal primer of 16s rRNA (27F
and 1492R) was used for bacteria identification.
The primer sets used in this study are presented
in Table 1.

PCR products were visualized using
a universal BIORAD electrophoresis machine
using 1% agarose gel with florosafe DNA staining
at 50 V for 50 minutes. DNA bands on the agarose
gel were then observed using a high-performance
UV transilluminator. PCR products were then
sent to Genetika Sci. Inc. for sequencing analysis.

Primers Sequence 5’ — 3’ Locust/gene tem?gpaetilrlg%%) Reference
ITS 1F TCCGTAGGTGAACCTGCG ITS 52 Aasa et al.
(2022)
ITS 5F GGAAGTAAAAGTCGTAAC 52 .
Singh et al.
AAGG (2021)
ITS 4R TCCTCCGCTTATTGATATGC
TiF AACATGCGTGAGATTGTAAGT B-tubulin 53 Glass and
Bt2bR ACCCTCAGTGTAGTGACCCTT Donaldson
GGC (1995)
HS392F  TCAAAATGGGTAAGGA(A/G)GA Translation 54 Lopes et al.
CAAGAC elongation (2021)
HS393R  GCCTGGGA(G/A)GTACCAGT factor
(GIC)ATCATGTT
27F AGAGTTTGATCCTGGCTCAG 16S rRNA 52 dos Santos
1492R GGTTACCTTGTTACGACT etal. (2019)
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The sequencing results were analyzed using
MEGA XI software, with reference sequences
obtained from NCBI GenBank data. The data
obtained were then analyzed for similarity and
a phylogenetic tree.

Inhibition test of B. velezensis B-27 and
fungicides against fungal pathogens

The inhibition test was conducted to compare
the ability of B. velezensis B-27 and some
fungicides to reduce the growth of fungal
pathogens. This study was conducted using
a completely randomized design (CRD) with
3 replications for each isolate and treatment.
The fungicides used in this study were selected
based on several fungicides commonly applied
in the leatherleaf orchard where leaf samples
were collected. Those fungicides were used to
compare the ability of biocontrol bacteria
B. velezensis B-27 in reducing pathogens
versus common chemical control. The treatments
used in this study are presented in Table 2,
with fungicide concentration referring to the
recommendation on the label.

The inhibition test of B. velezensis B-27
against fungi was carried out by co-culture
method referred to Jayanti and Joko (2020).
The experiment was conducted in a solid PDA
medium, which was poured with a mixture
of 0.6%, 4 ml water agar media, and 100 pl of
bacteria suspension. Afterward, a 5 mm mycelial
disc was placed on the media and incubated.
Then, the fungal diameter growth was measured
every day. The poisoned food technique method

Table 2. Treatments and concentration of
inhibition test by B. velezensis B-27 and
fungicides against fungal pathogens

was used for fungicide treatment based on Dahal
and Shrestha (2018). One milliliter of fungicide
was homogenized with 9 ml PDA medium and
poured into the petri dish. After the medium was
solid, a 5 mm mycelial disc was placed in the
center and incubated. After that, the fungal
diameter growth was measured every day. Control
as reference was treated with the same method by
using distilled water. The inhibition percentage
was measured by Equation 1.

a
DH =

x100% (1)

Where, DH = inhibition percentage, a = mycelium
diameter in control (distilled water), b = mycelium
diameter in treatment.

Inhibition test of B. velezensis B-27 and
bactericides against bacterial pathogens

The experiment was conducted to compare
B. velezensis B-27 with bactericides Copper
hydroxide and Zinc thiazole to measure the
inhibition growth of bacterial pathogens after
treatment. This study was conducted using a CRD
with 3 replications for each isolate and treatment.
The bactericides concentration used referred to
the label recommendation (Table 3).

The inhibition test of B. velezensis B-27
against bacterial pathogens was carried out
with the co-culture method, by putting 1 dot of
B. velezensis B-27 in the middle of the NA
medium and incubating it for 24 hours. Afterward,
the mixture of 0.6%, 4 ml water agar media,
and 100 pl of bacterial pathogen suspension was
poured into the media. Bactericidal treatment was
conducted with agar well diffusion method
(Balouiri et al., 2016). Firstly, the NA medium
was homogenized with pathogenic bacterial

. Isolate/ suspension and poured into petri dish. After

Treatment  Concentration trade name® became solid, the center of media was perforated
B. velezensis 108 CFU B-27 isolate by a 1 cm diameter cork. After that, the 15 pl
Propineb 70% 1glt Antracol of 0.04% agarose was poured inside and was
Mankozeb 80% 1gl* Dithane
Propinacozole 1.5mlI*  Remazol Table 3. Treatments and concentration of
and prochloraz inhibition test by B. velezensis B-27 and
400 EC bactericides against bacterial pathogens
Azoksistrobin 1mll? Amistar to . Isolate/
200 g I and P Treatment ~ Concentration trade name®
difenokazol B. velezensis 108 CFU B-27 isolate
125¢g I Copper 06gl? Copcide
Difenokonazol 1mll?t Remazol hidroxide
250 g It Zinc thiazole 3.75ml It Besun elite
Control - - Control - -
(distilled (distilled
water) water)
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awaited until dry. The 10 pl bactericidal solution
was then poured into the agarose. A clear zone
around the B. velezensis or bactericidal was
observed and compared among treatments after
24 hours. With the method, data analysis for
bacterial inhibition was conducted by descriptive
analysis of the observed clear zone.

Data analysis

The data of the inhibition test were analyzed
by analysis of variance (ANOVA) and duncan
multiple range test (DMRT) at the confidence
level of o 5%.

RESULTS AND DISCUSSION

Leaf blight disease

Symptoms of leaf blight on leatherleaf
ferns were characterized by reddish-brown
discoloration on leaves, mainly from the edge,

which spread into all leaf surfaces. Late symptoms
caused the leaves red, curly, burning-like,
and eventually dried (Figure 1). Based on
isolation, 2 fungal isolates and 1 bacterial isolate
were found, identified as Neopestalotiopsis
sp. DM B, Neopestalotiopsis sp. DM C,
and Pantoea ananatis based on molecular
identification.

Based on the pathogenicity test, both isolates
caused reddish and blight symptoms in leaves
(Figure 2). The DM B and DM C isolates
morphologically have different culture shapes,
however, similarly, they caused the symptoms
of disease. The spores of Neopestalotiopsis sp.
DM B were clearly identified as a Pestalotiopsis
fungal group based on the microscopical
characters. Pestalotiopsis fungal group, including
Neopestalotiopsis sp., previously was known as
a weak pathogenic species, but in recent years,

Figure 2. Culture of Neopestalotiopsis sp. DM B isolate (a) and DM C isolate (d); spores of

the Neopestalotiopsis sp. DM B isolate (b); fungal hyphae Neopestalotiopsis sp.
DM C isolate with no spores (€), symptom on leaves after pathogenicity test of
Neopestalotiopsis sp. DM B isolate (c) and DM C isolate (f)
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the fungus Pestalotiopsis sp. has received a lot of
attention for its role as a plant pathogen and
as an endophytic fungus (Maharachchikumbura
et al., 2011). Meanwhile, the DM C isolate
did not produce spores in its culture, and
therefore, identification was done based on
molecular analysis.

The isolation results also showed that
1 bacterial culture can cause a positive
hypersensitive reaction and a disease symptom
(Figure 3). However, based on the pathogenicity
test, the symptom showed a brownish necrotic
lesion rather than a reddish color. In the NA
medium, it was found that the bacteria had

Figure 3. Colony of P. ananatis DM B bacteria (a); gram test based on KOH string test method of

a yellow colony color and were categorized
gram-negative bacteria, characterized by the
presence of mucus.

Leaf tip rot

Leaf tip rot was characterized by brown
spot necrosis on the pointed tip of leaves
which then developed to be rotten, and the leaf
size was smaller than normal (Figure 4). Late
symptoms showed that all tips of the leaves
were withered, black, and rotten. The leaves
then were finally rejected for sale. Based on
isolation and microscopical analysis, it was
known that the culture produced spores, which

P. ananatis bacteria showing negative gram bacteria (b); hypersensitive reaction test of
P. ananatis bacteria showing necrotic symptom (c); symptom resulted after pathogenicity
test of P. ananatis bacteria DM B on fern leaves (d)

Figure 5. Symptoms of post-harvest leaf rot (a); funga

\ :
LW " NL%

I colony (b).; ahd hyphae of Calonectria sp.

(c); and symptom of pathogenicity test on the leatherleaf fern (d)
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Figure 6. Colony of P. ananatis isolates of PH A (a) and PH C (e); gram test based on KOH string

ng'

test method showed negative gram bacteria of PH A (b) and PH C (f); hypersensitive
reaction test showed PH A (c) and PH C (g) were bacterial pathogens; and the result of
pathogenicity test of PH A (d) and PH C (h) on leatherleaf fern

were characterized as Fusarium sp. (Leslie and
Summerell, 2006).

Post-harvest leaf rot

Symptoms of post-harvest leaf rot were
characterized as brownish spots, especially on
the lower part of leaves, then were expanded to
the surrounding leaf area, rotten, and rejected
for use. This symptom was commonly unseen
during the harvest and sortation period but
mainly received consumer complaints because
it appeared when the leaves were unboxed. Based
on the isolation, 1 fungal culture and 2 bacterial
isolates were found, which resulted in symptoms
in the pathogenicity test. The fungal pathogen
has a red color in the mycelial colony, does not
produce any spores, and has septate hyphae
(Figure 5). Based on further molecular analysis,
it was identified as Calonectria sp.

Two isolates of bacteria were found, named
PH A and PH C, resulting in necrosis in
the hypersensitive reaction test and causing
symptoms in the leatherleaf ferns (Figure 6).
PH A and PH C isolates showed a yellowish
color in their colony, and based on further
molecular analysis, both isolates were known as
P. ananatis.

Molecular identification of pathogens

This molecular analysis was conducted to
identify the pathogens causing all those diseases
in the leatherleaf fern because morphological
observation did not support the identification

process. After all sequences were aligned with the
reference isolates in GenBank, the phylogenetic
tree was constructed. Figure 7 presents that leaf
blight on leatherleaf fern was caused by
Neopestalotiopsis sp. and bacteria P. ananatis,
leaf tip rot was triggered by F. oxysporum f. sp.
sesame, and post-harvest leaf rot was attributed
to Calonectria sp. and P. ananatis.
Neopestalotiopsis leaf blight was currently
reported as an emerging disease on leatherleaf
fern (Widiastuti et al., 2024). Recently, the status
of Neopestalotiopsis sp. as a pathogen gained
significance such as it caused an outbreak of fruit
rot and leaf spot of strawberry plants in Florida
(Baggio and Peres, 2020; Baggio et al., 2021) and
in Turkey (Erdurmus et al., 2023). This study
revealed that not only Neopestalotiopsis caused
leatherleaf fern leaf blight, but also P. ananatis.
Meanwhile, Fusarium sp. causing leaf tip rot was
known to be closely related to F. oxysporum f. sp.
sesami. This fungal species is an important
pathogen causing sesame (Sesamum indicum) wilt
(Duan et al., 2020; Hassan et al., 2021). Besides
wilt disease, F. oxysporum was reported to cause
tomato fruit rot, characterized by white lesions
and fruit softening (Safari et al., 2021), and
as a crown rot pathogen in asparagus (Elmer,
2015). The fungus F. oxysporum f. sp. radicis-
lycopersici causes crown and root rot disease was
reported not only in tomato as the main host, but
also in pepper, eggplant, and a number of common
weeds (Marissa et al., 2021). This result indicates
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Figure 7. Phylogenetic tree of Neopestalotiopsis sp. DM B and DM C isolates using ITS primer and
B-tub (a); F. oxysporum f. sp. sesami using tef-a primer (b); Calonectria sp. using ITS

primer (c) and P. ananatis DM B, PH A, and PH C isolates using 16s rRNA (d)
Note: The tree was constructed by using Neighbor-Joining method with bootstrap analysis and Kimura-2
Model Parameters. Basic nucleotide data information was aligned using the CLUSTAL W Program
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that a formae speciales of fungi could also infect
several hosts. However, the factor contributing
to the presence of F. oxysporum f. sp. sesami
in the leatherleaf fern was not identified.
One possibility that could explain this result is
that the leatherleaf fern seedlings were currently
imported, and therefore, the pathogen might
contaminate them and develop in the orchard.
Therefore, further research about leaf tip rot is
needed in the future. Calonectria sp. was already
reported to cause many significant diseases in
a wide range of hosts, such as in eucalyptus,
groundnut, and some other crops (Zhang et al.,
2022). In Indonesia, Calonectria sp. has been
reported to cause late blight in eucalyptus
(Tarigan et al., 2023). This study is the first to
report Calonectria sp. as a fungal pathogen in
the leatherleaf fern and further research on
this pathogen is important to conduct, to study
the pathogen status in Indonesia.

Recently, P. ananatis was reported as
a bacterial pathogen in many important crops
such as strawberries in Egypt (Abdel-gaied et al.,
2022) and in China (Song et al., 2023), and caused
leaf blight in shallot in Indonesia (Asrul, 2020).
All the bacterial pathogens isolated in this study
were found to have a close relation with
P. ananatis (Figure 7d). It brings insight that
the status of P. ananatis needs attention as
an important plant pathogen in Indonesia.

Inhibition test of B. velezensis B-27 and
chemicals against fungal and bacterial
pathogens

Based on the results of the inhibition test,
B. velezensis B-27 mainly had a high in vitro
inhibition percentage against fungi. The results
showed that the fungicide Propinacozole-

Prochloraz with a concentration of 1.5 ml I gave
the best inhibition percentage against all fungal
pathogens. However, B. velezensis B-27 gave
a similar, not significant result compared to
Propinacozole-Prochloraz, in inhibition against
Neopestalotiopsis sp. DM C and Calonectria
sp. B. velezensis B-27 also had a slight
lower inhibition below the fungicide for
Neopestalotiopsis sp. DM B and F. oxysporum
f. sp. sesami (Table 4).

Other than Propinacozole-Prochloraz
fungicide, B. velezensis B-27 had a higher,
significant inhibition percentage than other
fungicides tested in this experiment. Figure 8 also
showed that the fungus did not grow well when
co-cultured with B. velezensis B-27, similarly
with Propinacozole-Prochloraz treatment. Based
on the data, B. velezensis B-27 gave either the
second or the best results in inhibition percentage
of fungal growth. Therefore, it is a good candidate
for fungal control in the field, by considering
environmental safety and a healthy ecosystem
for sustainable agriculture. According to research
by Abdelkhalek et al. (2020), B. velezensis PEA 1
contains compounds, which can penetrate plant
cells and play an important role in systemic
acquired resistance (SAR) by activating gene
excretion and enzyme activity related to
resistance, inhibiting infection and strong
antifungals against F. oxysporum. B. velezensis
strains BIB0110 have the potential as biocontrol
agents. These bacteria can inhibit the growth
of fungal mycelium Botrytis cinerea and
Calonectria gracilis as well as reduce the
incidence of disease severity caused by the
pathogens in eucalyptus plants (Agent et al.,
2023). B. velezensis can produce cellulase and
protease enzymes that function to destroy the

Table 4. Inhibition test of B. velezensis B-27 and fungicides against fungi causing disease in leatherleaf

fern
Treatment Neopestalotiopsis ~ Neopestalotiosis F. oxysporum Calonectria
sp. DM B (%) sp. DM C (%)  f. sp. sesame (%) sp. (%)
B. velezensis B-27 84.3¢ 95.6° 61.9¢ 93.4¢
Propineb 50.8° 44.1%¢ 63.8¢ 93.2¢
Mankozeb 62.4¢ 48.0° 49.6° 73.1°
Propinacozole- 97.6° 100.0¢ 100.0° 100.0¢
Prochloraz
Azoksistrobin- 83.7¢ 77.8¢ 55.4° 78.10¢
Difenokazol
Difenokonazol 65.0° 40.9° 76.9° 83.5°¢
Control 0.0 0.0 0.0 0.0

Note: The same letters within the column show no significant difference based on the DMRT analysis with

a 0.5%
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a. 77 C. d. e. f 4

Figure 8. In vitro inhibition test of B. velezensis B-27 and fungicides against fungi. (1)
Neopestalotiopsis sp. DM B isolate; (2) Neopestalotiopsis sp. DM C isolate; (3)
F. oxysporum f. sp. sesami and (4) Calonectria sp. (a) B. velezensis B-27; (b) Propineb
70%; (c) Mancozeb 80%; (d) Propinacozole and Prochloraz 400 EC; (e) Azoxystrobin
200 g I'* and Diphenoazole 125 g I}, and (f) Diphenoconazole

Table 5. Test of inhibitory power of B. velezensis bactericidal against bacteria that cause fern plant

disease
Treatment P. ananatis DM B P. ananatis PH A P. ananatis PH B
Cooper hidroxide + + +
Zinc thiazol - - -
B. velezensis B-27 + + +

Control - - -
Note: (+) Clear zone formation, (-) No clear zone formation

Figure 9. Inhibition test of B. velezensis B-27 and bactericides against P. ananatis. (a) B.
velezensis B-27; (b) copper hydroxide; (c) zinc thiazole; and (d) control. Clear zone was
performed inside the red circle

cell wall of the fungus Apiospora arundinis to  the growth of P. ananatis and cooper hidroxide.
inhibit in vitro fungal growth (Liao et al., 2023). Moreover, Figure 9 shows that a clear zone

Based on bacterial inhibition percentage produced by B. velezensis B-27 was identified,
data in Table 5, B. velezensis B-27 could inhibit  while zinc thiazol could not inhibit the growth
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of P. ananatis. The possible explanation is that
the label states that zinc thiazol is effective
against Xanthomonas oryzae pv. oryzae. A study
by Jin et al. (2020) reported that a clear zone
formed by B. velezensis indicated that the bacteria
have an anti-bacterial compound of Cjs surfatin,
which can induce rice resistance against bacterial
leaf blight disease. B. velezensis BR-01 isolated
from Tubeimu plant (Rhizoma Bolbostemmatis)
was reported to inhibit in vitro fungal and
bacterial pathogens causing disease in rice (Zhou
et al., 2022). This study showed that B. velezensis
B-27 has potency as a biocontrol agent against
both P. ananatis bacterial and fungal pathogens
in leatherleaf fern due to its ability in pathogen
inhibition and its advantage as a beneficial
microbe that is environmentally friendly to
support sustainable agriculture.

CONCLUSIONS

This study showed that important diseases
and pathogens in leatherleaf fern were leaf blight
caused by Neopestalotiopsis sp. and bacteria
P. ananatis, leaf tip rot attributed to F. oxysporum
f. sp. sesami, and post-harvest leaf rot triggered
by Calonectria sp. and P. ananatis. B. velezensis
B-27 inhibited the growth of Neopestalotiopsis
sp. DM C isolate and Calonectria sp. similarly
as Propinacozole-Prochloraz, which achieved
the highest inhibition percentage. B. velezensis
B-27 also produced a clear zone to inhibit
all P. ananatis, similar to cooper hidroxide.
B. velezensis B-27 showed its potential as
a biocontrol agent against pathogens causing
vital disease in leatherleaf ferns. Further research
in plants or fields is needed to confirm the in vitro
result.

ACKNOWLEDGEMENT

Part of this research is financially supported
by the Academic Excellence 2023 Grant of
Universitas Gadjah Mada Number 7725/
UNL.P.II/Dit-Lit/PT.01.03/2023. The authors
thank Tropika Flora Persada Inc., Magelang,
Central Java, Indonesia, for facilitating this study
with leatherleaf fern field for disease observation,
sampling, and healthy leaves for pathogenicity
test.

REFERENCES

Aasa, A. O., Njobeh, P. B., & Fru, F. F. (2022).
Incidence of Filamentous fungi in some food
commodities from Ivory Coast. Journal of

Agriculture and Food Research, 8, 100304.
https://doi.org/10.1016/j.jafr.2022.100304

Abdel-Gaied, T. G., Abd-El-Khair, H., Youssef,
M. M., El-Maaty, S. A., & Mikhail, M. S.
(2022). First report of strawberry bacterial leaf
blight caused by Pantoea ananatis in Egypt.
Journal of Plant Protection Research, 62(2),
207-214. https://doi.org/10.24425/jppr.2022.
141359

Abdelkhalek, A., Behiry, S. I., & Al-Askar, A. A.
(2020). Bacillus velezensis peal inhibits
Fusarium oxysporum growth and induces
systemic resistance to cucumber mosaic virus.
Agronomy, 10(9), 1312. https://doi.org/
10.3390/agronomy10091312

Agent, B., Bib, S., Carvalho, I. De, Apaza-
castillo, G. A., Padula, C., Guimardes, M.,
Quecine, M. C., & Bonatelli, L. (2023).
Draft genome sequence of the plant growth
promoter and biocontrol agent Bacillus
velezensis strain  BIB0110. Microbiology
Resource Announcements, 12(6), e00231-23
https://doi.org/10.1128/mra.00231-23

Asrul, A. (2020). The virulence of several isolates
of Pantoea ananatis causes bacterial leaf
blight in shallot varieties. AGROMIX, 11(2),
136-150. https://doi.org/10.35891/agx.v11i2.
1946

Baggio, J. S., Forcelini, B. B., Wang, N. Y.,
Ruschel, R. G., Mertely, J. C., & Peres, N. A.
(2021). Outbreak of leaf spot and fruit rot
in  Florida  strawberry  caused by
Neopestalotiopsis spp. Plant Disease, 105(2),
305-315. https://doi.org/10.1094/PDIS-06-20-
1290-RE

Baggio, J. S., & Peres, N. A. (2020). Pestalotia
leaf spot and fruit rot of strawberry. EDIS,
20, 357. https://doi.org/10.32473/edis-pp357-
2020

Balouiri, M., Sadiki, M., & Ibnsouda, S. K.
(2016). Methods for in vitro evaluating
antimicrobial activity: A review. Journal of
Pharmaceutical ~ Analysis, 6(2), 71-79.
https://doi.org/10.1016/j.jpha.2015.11.005

Bastos, R. W., Rossato, L., Goldman, G. H., &
Santos, D. A. (2021). Fungicide effects on
human fungal pathogens: Cross-resistance to
medical drugs and beyond. PLoS Pathogens,
17(12), 1-26. https://doi.org/10.1371/journal.
ppat.1010073

Copyright © 2024 Universitas Sebelas Maret


https://doi.org/10.1016/j.jafr.2022.100304
https://doi.org/10.24425/jppr.2022.141359
https://doi.org/10.24425/jppr.2022.141359
https://doi.org/10.3390/agronomy10091312
https://doi.org/10.3390/agronomy10091312
https://doi.org/10.1128/mra.00231-23
https://doi.org/10.35891/agx.v11i2.1946
https://doi.org/10.35891/agx.v11i2.1946
https://doi.org/10.1094/PDIS-06-20-1290-RE
https://doi.org/10.1094/PDIS-06-20-1290-RE
https://doi.org/10.32473/edis-pp357-2020
https://doi.org/10.32473/edis-pp357-2020
https://doi.org/10.1016/j.jpha.2015.11.005
https://doi.org/10.1371/journal.ppat.1010073
https://doi.org/10.1371/journal.ppat.1010073

308 Caraka Tani: Journal of Sustainable Agriculture, 39(2), 297-310, 2024

Dahal, N., & Shrestha, R. K. (2018). Evaluation
of efficacy of fungicides against Fusarium
oxysporum f. sp. lentis in vitro at Lamjung,
Nepal. Journal of the Institute of Agriculture
and Animal Science, 35(1), 105-112.
https://doi.org/10.3126/jiaas.v35i1.22520

Dos Santos, H. R. M., Argolo, C. S., Argblo-
Filho, R. C., & Loguercio, L. L. (2019). A 16S
rDNA PCR-based theoretical to actual delta
approach on culturable mock communities
revealed severe losses of  diversity
information. BMC microbiology, 19, 1-14.
https://doi.org/10.1186/512866-019-1446-2

Duan, Y., Qu, W., Chang, S., Li, C., Xu, F.,
Ju, M., ... & Miao, H. (2020). Identification
of pathogenicity groups and pathogenic

molecular characterization of Fusarium
oxysporum f. sp. sesami in China.
Phytopathology, 110(5), 1093-1104.

https://doi.org/10.1094/PHYTO-09-19-
0366-R

Elmer, W. H. (2015). Management of Fusarium
crown and root rot of asparagus. Crop
Protection, 73, 2-6. https://doi.org/10.1016/
j.cropro.2014.12.005

Erdurmus, D., Palacioglu, G., Erdurmus, G.,
& Bayraktar, H. (2023). First report of
Neopestalotiopsis rosae causing leaf spot
and crown rot of strawberry in Turkey. Journal
of Plant Pathology, 105(1), 315-315.
https://doi.org/10.1007/s42161-022-01218-8

Glass, N. L., & Donaldson, G. C. (1995).
Development of primer sets designed for use
with the PCR to amplify conserved genes from
filamentous ascomycetes. Applied and
environmental microbiology, 61(4), 1323-
1330. https://doi.org/10.1128/aem.61.4.1323-
1330.1995

Goswami, S. K., Singh, V., Chakdar, H.,
& Choudhary, P. (2018). Harmful effects
of fungicides-Current status. International
Journal of Agriculture, Environment and
Biotechnology, 11, 1011-1019. Retrieved
from https://www.researchgate.net/
publication/324273873_Harmful_effects_of _
fungicides_current_status

Hanudin, H., Nuryani, W., Yusuf, E. S., &
Budiarto, K. (2019). Combined application
of Bio-PF and synthetic fungicide suppress
soil borne disease caused by Cylindrocladium
sp. in leather leaf. AGRIVITA Journal of

Agricultural  Science, 41(2), 266-276.
http://doi.org/10.17503/agrivita.v41i2.1842

Hariharan, G., & Prasannath, K. (2021). Recent
advances in molecular diagnostics of fungal
plant pathogens: A mini review. Frontiers
in Cellular and Infection Microbiology, 10,
600234. https://doi.org/10.3389/fcimb.2020.
600234

Hassan, M. A., El-Saadony, M. T., Mostafa,
N. G., El-Tahan, A. M., Mesiha, P. K.,
El-Saadony, F. M., ... & Ashry, N. M. (2021).
The use of previous crops as sustainable and
eco-friendly management to fight Fusarium
oxysporum in sesame plants. Saudi Journal
of Biological Sciences, 28(10), 5849-5859.
https://doi.org/10.1016/j.s5jbs.2021.06.041

Hong, S., Kim, T. Y., Won, S. J., Moon, J. H.,
Ajuna, H. B., Kim, K. Y., & Ahn, Y. S. (2022).
Control of fungal diseases and fruit yield
improvement of strawberry using Bacillus
velezensis CE 100. Microorganisms, 10(2),
365. https://doi.org/10.3390/microorganisms
10020365

Jayanti, R. M., & Joko, T. (2020). Plant growth
promoting and antagonistic potential of
endophytic bacteria isolated from melon in
Indonesia. Plant Pathology Journal, 19(3),
200-210.  https://doi.org/10.3923/ppj.2020.
200.210

Jin, P., Wang, Y., Tan, Z., Liu, W., & Miao, W.
(2020). Antibacterial activity and rice-induced
resistance, mediated by C1bsurfactin A,
in controlling rice disease caused by
Xanthomonas oryzae pv. oryzae. Pesticide
Biochemistry and Physiology, 169, 104669.
https://doi.org/10.1016/j.pestbp.2020.104669

Leslie, J. F., & Summerell, B. A. (2006).
The fusarium laboratory manual. Blackwell
Publishing, Hoboken, pp. 1-2. https://doi.org/
10.1002/9780470278376

Liao, J., Liang, X., Li, H., Mo, L., Mo, R., Chen,
W., ... & Jiang, W. (2023). Biocontrol ability
of Bacillus velezensis T9 against Apiospora
arundinis causing Apiospora mold on
sugarcane. Frontiers in Microbiology, 14,
1314887. https://doi.org/10.3389/fmich.2023.
1314887

Lopes, L. G., Csonka, L. A., Castellane, J. A. S.,
Oliveira, A. W., de Almeida-Junior, S.,
Furtado, R. A., Tararam, C., Levy, L. O,
Crivellenti, L. Z., Moretti, M. L., Giannini, M.

Copyright © 2024 Universitas Sebelas Maret


https://doi.org/10.3126/jiaas.v35i1.22520
https://doi.org/10.1186/s12866-019-1446-2
https://doi.org/10.1094/PHYTO-09-19-0366-R
https://doi.org/10.1094/PHYTO-09-19-0366-R
https://doi.org/10.1016/j.cropro.2014.12.005
https://doi.org/10.1016/j.cropro.2014.12.005
https://doi.org/10.1007/s42161-022-01218-8
https://doi.org/10.1128/aem.61.4.1323-1330.1995
https://doi.org/10.1128/aem.61.4.1323-1330.1995
https://www.researchgate.net/publication/324273873_Harmful_effects_of_fungicides_current_status
https://www.researchgate.net/publication/324273873_Harmful_effects_of_fungicides_current_status
https://www.researchgate.net/publication/324273873_Harmful_effects_of_fungicides_current_status
http://doi.org/10.17503/agrivita.v41i2.1842
https://doi.org/10.3389/fcimb.2020.600234
https://doi.org/10.3389/fcimb.2020.600234
https://doi.org/10.1016/j.sjbs.2021.06.041
https://doi.org/10.3390/microorganisms10020365
https://doi.org/10.3390/microorganisms10020365
https://doi.org/10.3923/ppj.2020.200.210
https://doi.org/10.3923/ppj.2020.200.210
https://doi.org/10.1016/j.pestbp.2020.104669
https://doi.org/10.1002/9780470278376
https://doi.org/10.1002/9780470278376
https://doi.org/10.3389/fmicb.2023.1314887
https://doi.org/10.3389/fmicb.2023.1314887

Caraka Tani: Journal of Sustainable Agriculture, 39(2), 297-310, 2024 309

J. S. M., & Pires, R. H. (2021). Disinfectants
in a hemodialysis setting: Antifungal activity
against Aspergillus and Fusarium planktonic
and biofilm cells and the effect of commercial
peracetic acid residual in mice. Frontiers
in Cellular and Infection Microbiology, 11,
663741. https://doi.org/10.3389/fcimb.2021.
663741

Kloepper, J. W., Mclnroy, J. A,, Liu, K., & Hu, C.
H. (2013). Symptoms of fern distortion
syndrome resulting from inoculation with
opportunistic endophytic fluorescent
Pseudomonas spp. PLoS ONE, 8(3), €58531.
https://doi.org/10.1371/journal.pone.0058531

Maharachchikumbura, S. S., Guo, L. D,
Chukeatirote, E., Bahkali, A. H., & Hyde,
K. D. (2011). Pestalotiopsis—morphology,
phylogeny, biochemistry and diversity. Fungal
diversity, 50, 167-187. https://doi.org/
10.1007/s13225-011-0125-x

Marissa, S., Orshinsky, A., & Grabowski, M.
(2021). Fusarium crown and root rot. United
States: University of Minnesota Extension.
Retrieved from https://extension.umn.edu/
disease-management/fusarium-crown-and-
root-rot

Nair, S. A., Laxman, R. H., & Sangama, S. (2020).
Influence of coloured shade nets and seasons
on production and quality of cut foliage of
leather leaf fern (Rumohra adiantiformis).
The Indian Journal of Agricultural Sciences,
90(8), 1434-1438. https://doi.org/10.56093/
ijas.v90i8.105938

Rahma, A. A., Somowiyarjo, S., & Joko, T.
(2020). Induced disease resistance and
promotion of shallot growth by Bacillus
velezensis B-27. Pakistan Journal of
Biological Sciences, 23(9), 1113-1121.
https://doi.org/10.3923/pjbs.2020.1113.1121

Safari, Z. S., Ding, P., Nakasha, J. J., & Yusoff,
S. F. (2021). Controlling Fusarium oxysporum
tomato fruit rot under tropical condition
using both chitosan and vanillin. Coatings,
11(3), 367. https://doi.org/10.3390/coatings
11030367

Schaad, N. W., Jones, J. B. dan Chun, W. (2001).
Laboratory guide for identification of plant
pathogen bacteria. Third Edition. APS Press.
St. Paul Minnessota. 373 p. Retrieved from
https://www.cabidigitallibrary.org/doi/full/
10.5555/20013064240

Singh, J. K., Chaurasia, B., Dubey, A., Faneite
Noguera, A. M., Gupta, A., Kothari,
R., Upadhyay, C. P., Kumar, A., Hashem,
A., Algarawi, A. A., & Abd Allah, E. F.
(2021). Biological characterization and
instrumental analytical comparison of two
biorefining pretreatments for water hyacinth
(Eichhornia crassipes) biomass hydrolysis.
Sustainability, 13(1), 245. https://doi.org/
10.3390/su13010245

Song, P., Li, G., Zhao, Q., Lu, G., Zhao, X., Liu,
L., ... & Zhou, H. (2023). First report of a new
bacterial stem rot disease of strawberry
(Fragariax ananassa) caused by Pantoea
ananatis in Jiangsu, China. Plant Disease,
107(7), 2210. https://doi.org/10.1094/PDIS-
07-22-1662-PDN

Sumardiyono, C., Joko, T., Kristiawati, Y.,
& Chinta, Y. D. (2011). Diagnosis dan
pengendalian penyakit antraknosa pada pakis
dengan fungisida. Jurnal Hama dan Penyakit
Tumbuhan  Tropika, 11(2), 194-200.
https://doi.org/10.23960/j.hptt.211194-200

Sundari, D., Wibowo, A., Joko, T., Widiastuti, A.,
& Pustika, A. B. (2023). The diversity of
shallot rhizomicrobiome and twisted disease
suppression with the application of Bacillus
spp. and Trichoderma asperellum. Jurnal
Fitopatologi Indonesia, 19(4), 156-165.
https://doi.org/10.14692/jfi.19.4.156

Sunkad, G., Patil, M. S., & Joshi, R. (2023).
Bacillus valezensis: A new plant growth
promoting rhizobacterium for plant growth
promotion and inhibition of Rhizoctonia
bataticola for the management of dry root rot
of chickpea. Legume Research, 46(10), 1378—
1384. https://doi.org/10.18805/LR-5106

Tarigan, M., Pham, N. Q., Jami, F., Oliveira,
L.S. S, Saha, M. A, Duréan, A., & Wingfield,
M. J. (2023). Calonectria species diversity on
eucalypts in Indonesia. Southern Forests:
A Journal of Forest Science, 85(1), 56-64
https://doi.org/10.2989/20702620.2023.
2179441

Widiastuti, A., Aruan, |. K., Giovanni, A. C,,
Tsaniyah, B., Joko, T., & Priyatmojo, A.
(2024).  Neopestalotiopsis  leaf  blight,
an emerging concern on leatherleaf fern in
Indonesia. Research in Plant Disease, 30(1),
82-87. https://doi.org/10.5423/RPD.2024.30.
1.82

Copyright © 2024 Universitas Sebelas Maret


https://doi.org/10.3389/fcimb.2021.663741
https://doi.org/10.3389/fcimb.2021.663741
https://doi.org/10.1371/journal.pone.0058531
https://doi.org/10.1007/s13225-011-0125-x
https://doi.org/10.1007/s13225-011-0125-x
https://extension.umn.edu/disease-management/fusarium-crown-and-root-rot
https://extension.umn.edu/disease-management/fusarium-crown-and-root-rot
https://extension.umn.edu/disease-management/fusarium-crown-and-root-rot
https://doi.org/10.56093/ijas.v90i8.105938
https://doi.org/10.56093/ijas.v90i8.105938
https://doi.org/10.3923/pjbs.2020.1113.1121
https://doi.org/10.3390/coatings11030367
https://doi.org/10.3390/coatings11030367
https://www.cabidigitallibrary.org/doi/full/10.5555/20013064240
https://www.cabidigitallibrary.org/doi/full/10.5555/20013064240
https://doi.org/10.3390/su13010245
https://doi.org/10.3390/su13010245
https://doi.org/10.1094/PDIS-07-22-1662-PDN
https://doi.org/10.1094/PDIS-07-22-1662-PDN
https://doi.org/10.23960/j.hptt.211194-200
https://doi.org/10.14692/jfi.19.4.156
https://doi.org/10.18805/LR-5106
https://doi.org/10.2989/20702620.2023.2179441
https://doi.org/10.2989/20702620.2023.2179441
https://doi.org/10.5423/RPD.2024.30.1.82
https://doi.org/10.5423/RPD.2024.30.1.82

310 Caraka Tani: Journal of Sustainable Agriculture, 39(2), 297-310, 2024

Zhang, Y., Chen, C., Chen, C., Chen, J., Xiang, Zhou, J., Xie, Y., Liao, Y., Li, X,, Li, Y., Li, S,

M., Wanasinghe, D. N., ... & Manawasinghe, ... & He, Y. Q. (2022). Characterization of

I. S. (2022). Identification and characterization a Bacillus velezensis strain isolated from

of Calonectria species associated with Bolbostemmatis Rhizoma displaying strong

plant diseases in Southern China. Journal of antagonistic activities against a variety of rice

Fungi, 8(7), 719. https://doi.org/10.3390/ pathogens. Frontiers in Microbiology, 13,

jof8070719 983781. https://doi.org/10.3389/fmich.2022.
983781

Copyright © 2024 Universitas Sebelas Maret


https://doi.org/10.3390/jof8070719
https://doi.org/10.3390/jof8070719
https://doi.org/10.3389/fmicb.2022.983781
https://doi.org/10.3389/fmicb.2022.983781

	Identification of Pathogens Causing Important Diseases in Leatherleaf Fern  (Rumohra adiantiformis) and In Vitro Inhibition using Bacillus velezensis B-27
	Abstract
	Keywords: beneficial bacteria; biocontrol; Calonectria sp.; Fusarium oxysporum f. sp. sesami; Neopestalotiopsis sp.; Pantoea ananatis
	Cite this as: Tsaniyah, B., Joko, T., & Widiastuti, A. (2024). Identification of Pathogens Causing Important Diseases in Leatherleaf Fern (Rumohra adiantiformis) and In Vitro Inhibition using Bacillus velezensis B-27. Caraka Tani: Journal of Sustainab...
	INTRODUCTION
	MATERIALS AND METHOD
	Plant materials
	Sampling, isolation, and morphological observation of fungi and bacteria
	Pathogenicity test
	Molecular identification
	Inhibition test of B. velezensis B-27 and fungicides against fungal pathogens
	Inhibition test of B. velezensis B-27 and bactericides against bacterial pathogens
	Data analysis

	RESULTS AND DISCUSSION
	Leaf blight disease
	Leaf tip rot
	Post-harvest leaf rot
	Molecular identification of pathogens
	Inhibition test of B. velezensis B-27 and chemicals against fungal and bacterial pathogens

	CONCLUSIONS
	ACKNOWLEDGEMENT
	REFERENCES

