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Rice blast caused by Pyricularia oryzae, which is a major threat to food security worldwide, markedly
decreases the yield of rice. Some rhizobacteria called 'plant growth-promoting rhizobacteria' inhibit plant
pathogens and improve plant growth by secreting iron-chelating siderophores. The decreased availability
of iron adversely affects the survival of pathogens, especially fungal pathogens, in the rhizosphere. This
study aimed to determine the morphological diversity of siderophore-producing bacteria, analyze the type
of siderophores produced by the bacteria, and examine their growth-inhibitory activity against Pyricularia
oryzae. The rhizobacteria were isolated from the rhizosphere of Sembada Hitam variety of black rice plants
in Pakem, Sleman, Yogyakarta, Indonesia. In total, 12 distinct isolates were screened for the production of
siderophores. It was found that 9 out of 12 bacteria produced siderophore and most of them were Gram
positive bacteria. The best siderophore-producing isolates with different type of siderophore were used in
further studies. The IS3 and IS14 isolates were found to be the best siderophore producer that produced
hydroxamate and mixed type of hydroxamate-carboxylate type of siderophore, respectively. In the dual
culture assay, IS14 showed a strong antagonistic effect against Pyricularia oryzae by the 81.17% inhibition.
Keywords: Biocontrol, siderophore, rhizobacteria, black rice, Pyricularia oryzae

Introduction
Rice (Oryza sativa L.) is the most important staple
food crops in Indonesia. Among the various types of rice,
white rice is the most commonly consumed. However,
pigmented rice, especially black rice, has begun to
become popular as a functional food because of its health
benefits in terms of taste, nutrient, and anthocyanin
content [1]. The demand for rice is increasing in line
with the increasing population, but unfortunately, rice
productivity is often constrained by biotic and abiotic
factors. One of the most challenging biotic stresses for
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rice production is blast disease. About 12% of the total
paddy fields in Indonesia are attacked by blast disease
caused by Pyricularia oryzae. Blast disease causes an
enormous reduction in the yield of rice about 30−50% in
Southeast Asia and South America [2].
Blast disease is an important disease in rice, both on
dry land and lowland rice [3]. Symptoms of blast disease
are characterized by grayish-white rhomboidal spots
that develop a brownish margin on the leaves. These
pathogens most commonly attack leaves, causing leaf
blasts in the vegetative phase, or panicle during the
reproductive phase causing neck blasts. The neck blast
of a rice panicle is considered to be the most destructive
phase of the disease and can occur without severe leaf
blasts [4].
Modern agriculture is mostly dependent on the chemi-
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cals in the form of pesticides and fertilizers to maintain
agricultural production. However, the use of chemical
pesticides and fertilizers has undesirable effects on the
environment and can lead to the development of disease
resistance [5]. To avoid the negative effects of these
chemicals, biocontrol agents could be considered important candidates from a sustainable agriculture point of
view. Biocontrol agents are natural enemies that play an
important role in controlling the plant disease via predation, parasitism, and pathogenicity or competition. This
biological control has specific targets, does not cause
phytotoxicity effects, and does not damage the environment [6]. Plant growth-promoting rhizobacteria (PGPR),
as biocontrol agents, can act through various mechanisms, for example by producing antagonistic substances
or by inducing resistance to pathogens [7].
In this respect, PGPR that produced siderophore has
received increasing attention due to their potential as
biocontrol agent against harmful phytopathogens and
possibility to substitute hazardous pesticides [8]. Siderophores are organic compounds with low molecular weight
which functions as an iron chelator. Siderophores are
produced by microorganisms to obtain dissolved iron by
binding to Fe3+ in the environment and reducing it to
Fe2+. This mechanism allows for competition with pathogens for the availability of iron which are essential for
their survival. Siderophore-producing bacteria have been
reported to improve iron nutrition and slow down the
growth of pathogens, especially fungi, by limiting the
availability of iron for pathogen [9]. Siderophores have
been suggested to be an environmentally friendly alternative to hazardous pesticides [10].
Currently, there is very limited knowledge regarding
the diversity of siderophore-producing rhizobacteria from
local black rice in Indonesia and its ability to suppress
the growth of Pyricularia oryzae, one of the most damaging fungal diseases of rice. The aim of this study were to
determine the morphology diversity of siderophore producing bacteria, to analyze the type of siderophore they
produced, and to observe their ability to inhibit the
growth of Pyricularia oryzae.

(Oryza sativa L.) during early vegetative period in
Padasan Village, Pakembinangun, Pakem, Sleman,
Yogyakarta, Indonesia. The rhizosphere soil samples
were randomly collected in triplicates.
For isolation of bacteria, 1 g of rhizospheric soil sample
from each site was serially diluted. The diluted suspension (0.1 ml) from 10-4−10-6 dilution factor were spread
on nutrient agar (NA) medium in triplicates and
incubated at 37℃ for 24 h. The isolated colonies that
developed on nutrient agar medium were purified and
maintained on NA slants and kept as stock culture at
4℃.
Bacterial isolates were screened for siderophoreproducing ability by universal chrome azurol sulfonate
(CAS) assay. The CAS reagent was prepared according
to Schwyn and Neilands [11]. Before starting the experiment, all glassware was rinsed with 3 mol/l hydrochloric
acid (HCl) to remove iron and subsequently washed in
deionized water [12]. Briefly, 60.5 mg chrome azurol S
(CAS) was dissolved in 50 ml ddH2O and mixed with
10 ml 1 mM ferric chloride (FeCl3·6H2O) solution that
prepared in 10 mM HCl. The hexadecyltrimethylammonium (HDTMA) (72.9 mg) dissolved in 40 ml ddH2O and
slowly added to CAS and ferric chloride mixture. The
mixture was then autoclaved. CAS agar plates were prepared by mixing 100 ml CAS reagent in 900 ml sterilized
LB agar medium with pH 6.8 [13]. A loopful of each
bacterial isolates were spot inoculated on CAS agar
plates and incubated at 30℃ for 48 h. The formation of
orange zone around the bacterial colonies was observed
[14].

Materials and Methods

Qualitative assay
Determination of siderophore production (qualitative
and quantitative) was carried out by CAS assay. Selected
bacterial cultures were grown in LB broth medium at
30℃ for 24 h on rotary shaker (200 rpm). The bacterial
suspension containing 1 × 108 cells ml-1 was centrifuged
at 10.000 rpm for 15 min. Five wells were made in each
CAS agar plate and filled with 60 µl supernatant [15].
The plates were then incubated at room temperature for
7 days and measurements of the diameter of orange halo
were taken at the end of incubation period [16].

Isolation of siderophore producing bacteria
Rhizosphere soil was collected from local black rice

Quantitative assay
The bacterial cultures grown in LB broth medium con-
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taining 1 × 108 cells ml-1 was centrifuged at 10.000 rpm
for 15 min. A 0.5 ml supernatant of each bacterial cultures was mixed with 0.5 ml CAS reagent and incubated
in room temperature for 20 min. The optical density was
taken at 630 nm using spectrophotometer (Thermo
Scientific). Percent siderophore unit (psu) was calculated according to the following formula [17]:
[(Ar – As)/Ar] × 100
where Ar and As are the absorbance of reference solution (mixture of CAS reagent and un-inoculated broth)
and absorbance of sample (mixture of CAS reagent and
supernatant of sample), respectively.
Detection of the type of siderophore
For the detection of the type of siderophore, Fissglucose minimal media was used as an iron-restricted
media [18]. Each bacterial cultures was grown in Fissglucose minimal media at 30℃ for 24 h. Afterwards, it
was centrifuged at 10,000 rpm for 15 min to obtain
culture supernatant.
Detection of hydroxamate type of siderophore was
done by Tetrazolium assay. To 1 ml of the culture supernatant, 1−2 drops of 2 N NaOH and a pinch of tetrazolium salt were added. The appearance of a deep red
colour instantly, indicated hydroxamate siderophores.
For detection of catecholate siderophore, Arnow’s assay
was used. This test was performed by adding 1 ml 0.5 M
HCl and 1 ml Nitrite-Molybdate reagent to 1 ml culture
supernatant. Catechol gives a yellow color when reacted
with nitrous acid. Afterwards, 1 ml 1 M NaOH was
added and allowed to incubate for 5 min for the reaction
to occur completely. The formation of intense orange-red
indicated the presence of catechol compound [19]. Absorbance was measured at 495 nm [20].
Carboxylate type of siderophore was determined by
Spectrophotometric assay, following the methodology of
Shenker et al. [21]. To 1 ml of culture supernatant, 1 ml
of 250 µM CuSO4 and 2 ml of acetate buffer (pH 4) were
added. Peak of absorption of siderophores were monitored in the wavelength range of 190−280 nm [22].
Isolation of fungal pathogen
Infected rice samples were collected from rice fields in
Godean, Sleman, Yogyakarta, Indonesia. The isolation
of Pyricularia oryzae was carried out as described by
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Wicaksono et al. [23] with some modifications. Infected
panicle were cut crosswise to 7 cm in size and incubated
on wet wipes in a closed petri dish. Incubation was carried out at room temperature for 2 days in a light condition. Conidia arising from the surface of the plant tissue
were then observed with a stereomicroscope. Furthermore, the oatmeal agar (OMA) medium in a petri dish
was sliced 2 × 2 cm in size and placed on a sterile glass
slide. The glass slides and OMA media were placed on a
wet wipes in a closed petri dish. Conidia were taken with
a sterile sewing needle and then transferred to the
surface of the OMA media. After 7−10 days, the conidia
were observed to confirm the morphological characteristics of Pyricularia oryzae. Then it was transfered to
potato dextrose agar (PDA) media and stored at 4℃ for
further tests.
Molecular identification of fungal pathogen
Molecular identification of fungal pathogen was
carried out from the culture of fungal mycelium (ISPOG). Genomic DNA was extracted using Zymo QuickDNA Fungal/Bacterial Miniprep Kit (D6005). Amplification of ITS region was using MyTaq HS RedMix (Bioline
25048). Primer ITS1 – 5'TCCGTAGGTGAACCTGCGG3'
and ITS4 – 5'TCCTCCGCTTATTGATATGC3' were used
in this experiment [24]. PCR reactions were performed
in a total volume of 25 µl containing 9.5 µl ddH2O,
12.5 µl MyTaq Red Mix [2x], 1 µl 10 µM ITS1 and ITS4
primer, and 1 µl DNA template. The PCR program
begins with an initial denaturation at 95℃ for 3 min.
The amplification process is 35 cycles consist of denaturation at 94℃ for 30 sec, annealing at 54℃ for 30 sec,
extension at 72℃ for 1 min and last cycle was hold at 4℃.
The PCR product was then purified and sequenced using
bidirectional sequencing method. The sequences was
edited by using BioEdit Sequence Alignment Editor.
Sequence data was aligned with publicly available
sequences through the BLAST program (BLASTn) at
the National Biotechnology Information Center (NCBI).
Phylogenetic tree analysis was done using Molecular
Evolutionary Genetics Analysis X (MEGA version X)
software.
Antagonism in vitro
The two most productive isolates which exhibited differences in siderophore functional groups (IS3 and IS14)
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were selected to be tested against rice blast pathogen
Pyricularia oryzae using dual culture technique. Seven
days old mycelia disc (5 mm diameter) was placed in the
center of each plate. Each bacterial isolates were streaked
3 cm away from the fungal disc. The plates were incubated at 30℃ for 10 days. Distance of inhibition between
the edge of bacterial and fungal colonies was measured
and calculated using the formula
% I = (C − T)/(C) × 100
where I = inhibition of mycelial growth, C = growth of
fungal colonies in the control plate, and T = growth of
fungal colonies in dual cultures [25].
Statistical analysis
Statistical analysis was carried out on quantitative
assay of siderophore production and antagonism assay.
The data were statistically analyzed by one-way ANOVA
followed by Duncan’s multiple range test (p < 0.05) using
IBM SPSS Statistics 23.0 software.

Results and Discussion
Isolation of siderophore producing bacteria
A total of 12 bacterial isolates were isolated from rhizosphere of local black rice based on colony morphology.

All isolates were screened for siderophore production by
inoculating a loopful of culture isolates on CAS medium.
Of these, 9 isolates were siderophore positive as indicated by the formation of orange zones on CAS medium.
The 9 bacterial isolates were further characterized based
on morphological properties (Table 1).
In this study, six selected bacteria are Gram-postive
and the rest are Gram-negative. Among all the bacterial
tested, some aerobic bacteria produced the fastest color
change reaction on CAS medium. It was reported that
most aerobic and facultative anaerobic microorganisms
are produced siderophores to combat low iron stress [26].
Qualitative and quantitative assay
The capacity of selected bacteria to produce siderophore was observed qualitatively and quantitatively by
performing CAS assay. For both assay, each bacterial
suspensions containing 1 × 108 cells ml-1 were used. The
positive reaction of qualitative assay results in color
change of CAS-agar medium from blue to orange. Out of
nine cultures, only four bacterial isolates grown on CASagar medium and exhibits orange zone. The diameters
(cm) of orange zone produced by these isolates from the
highest to the lowest are 2.79 (IS3), 2.05 (IS14), 1.85
(IS1), and 1.24 (IS4). The other five isolates did not grow
on CAS-agar medium. Other reports by Chaiharn et al.

Table 1. Characterization of siderophore producing bacteria.
Isolates name
IS1
IS3
IS4
IS5
IS6
IS10
IS11
IS13
IS14
Form
Irregular
Irregular
Circular
Rhizoid
Circular
Circular
Punctiform Circular Filamentous
Elevation
Convex
Convex
Flat
Flat
Convex
Convex
Convex
Convex
Flat
Margin
Undulate
Lobate
Entire
Filamentous
Entire
Entire
Entire
Entire
Filamentous
Texture
Smooth
Smooth
Smooth
Contoured Concentric Contoured
Smooth
Smooth
Smooth
Colour
Opaque
White
Yellow
White
Cream
Cream
Opaque
Orange
White
Slant
Filiform Echinulate Beaded
Rhizoid
Filiform
Filiform
Filiform
Beaded
Echinulate
Stab
Filiform
Filiform
Filiform
Arborescent Filiform
Filiform
Filiform
Filiform
Filiform
Motility
+
Oxygen
Anaerobic Aerobic
Anaerobic Anaerobic Anaerobic Anaerobic Facultative Facultative Aerobic
requirement
anaerobic anaerobic
Shape
Rods
Rods
Cocci in
Rods
Rods in
Rods in
Rods
Short rods
Rods
grapes like
chains
chains
bunches
Gram reaction
+
+
+
+
+
+
Endospre
+
_+
staining
Characters
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Fig. 1. Quantification of siderophore produced by rhizobacterial isolates. Values followed by different alphabets indicate
statistically significant difference between treatment (DMRT
test; p ≤ 0.05).

(2009) have also found that some isolates did not grow
on CAS agar. It is suggested that this was caused by the
interference of detergent hexadecyltrimethyl-ammonium
bromide (HDTMA) contained in the CAS medium which
is toxic mainly to fungi and Gram-positive bacteria [27].
For quantitative assay, all 9 isolates were able to produce siderophore based on measurements of OD at
630 nm. The percentage of siderophore units varied from
12.17% (IS4 and IS5) to 54.55% (IS14) (Fig. 1). The
formation of orange zone on CAS-agar medium occurs
because iron is removed from CAS-Fe3+ complex during
siderophore production. The CAS and Fe3+ forms a tight
complex to create the blue color in the medium. The
presence of siderophore in the medium causes it to bind
to Fe3+ and turned the color from blue to orange [28].

Table 2. Chemical nature of siderophores produced by nine
rhizobacterial isolates.
Isolates
IS1
IS3
IS4
IS5
IS6
IS10
IS11
IS13
IS14

Tetrazolium
Peak at
Peak at
Arnow
assay
495 nm 190-280 nm
(catecholate)
(hydroxamate)
(catecholate) (carboxylate)
+
−
−
−
+
−
−
−
+
−
−
−
+
−
−
−
+
−
−
−
+
−
−
−
+
−
−
−
+
−
−
−
+
−
−
+
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Detection of the type of siderophore
The type of siderophore produced by bacteria could be
categorized as hydroxamate, catecholate and carboxylate
compounds by performing specific chemical tests. All
bacterial isolates were grown under iron-limiting conditions in Fiss-glucose minimal medium to induce siderophore productions. All of our isolates were positive for
hydroxamate type of siderophore and none of the isolates produced catecholate siderophore. The carboxylate
type of siderophores was detected in one isolate namely
IS14 (Table 2). It was reported that several soil bacteria
could produce more than one type of siderophore. Hydroxamate and catecholate are the most common type [29].
In this study, one of our isolates produced hydroxamate
and carboxylate type of siderophore. This result is similar
with the previous study which some isolates produced
both hydroxamate and catecholate type of siderophore
[30].
Siderophore is a powerful ferric iron-chelating molecules that produced by microorganisms to acquire the
iron essential for growth. Siderophores are known to differ from one another in their chemical structure and
properties. Hydroxamate siderophores are produced by
bacteria and fungi, while catecholate only produced by
bacteria. Carboxylates siderophores are produced by a
few bacteria and exclusively by the fungi of the order
Mucorales [31]. The most commonly found siderophores
are hydroxamate siderophores [32].
Isolation of fungal pathogen
Pyricularia oryzae infects the rice plants by penetrating directly through the plasma membrane using strong
biological turgor pressure. This fungal pathogen most
commonly attacks leaves or panicles of the rice plant
[33]. In this study, the blast pathogen was isolated from
infected panicles. The infected panicles were cut crosswise to 7 cm in size and incubated on wet wipes in a
closed petri dish. After two days, the panicles was placed
under a stereomicroscope to check for sporulation (Fig.
2A). A few conidia was picked with sterile needle and
placed on sliced OMA medium inside a moist petri dish
(Fig. 2B). The conidia was first detected at the day-8
after inoculated on OMA medium (Fig. 2C). Kulmitra et
al. [34] reported that among different media used, OMA
medium is the most appropriate for cultural study of rice
blast fungus P. oryzae.
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and width 7.85−9.21 µm [35]. The isolate was then subcultured to PDA medium and incubated for 7 days to
undergone molecular identification (Fig. 2D).

Fig. 2. Isolation of fungal pathogen. (A) Conidiophore sporulating on rice panicle, (B) Oatmeal agar (OMA) medium inside
a moist petri dish, (C) Conidia of Pyricularia oryzae observed
under the light microscope, (D) Seven days old fungal mycelia
on PDA medium.

Fungal isolate obtained in this study was named as
ISPO-G. The shape of conidia observed under the light
microscope were pyriform with a rounded base and narrowed apex. The color is gray, two septate and three cells
with approximate length and width of 26.95 ± 0.268 µm
and 7.98 ± 0.236 µm, respectively (Fig. 2C). These
results are consistent with earlier studies which showed
that the length of conidia ranged from 22.76−28.56 µm

Molecular identification of fungal pathogen
Molecular identification of fungal pathogen was conducted to confirm the identity of obtained isolate. The
molecular analysis was done by DNA extraction, PCR
amplification using ITS primers followed by bidirectional
sequencing. The sequence was compared with related
DNA sequence databases GenBank through the BLASTn
program in NCBI. BLAST analysis showed that isolate
ISPO-G was closely related to Pyricularia oryzae strain
Pos-1 with 99.40% similarity. The phylogenetic tree
analysis were further analysed with MEGA X. Reconstruction of the phylogenetic tree was based on the
Neighbor-joining (NJ) method with Jukes-Cantor model
(Fig. 3).
Antagonism in vitro
The two isolates that produced most siderophores from
quantitative assay were tested against Pyricularia
oryzae by dual culture method. This method has been
widely used for screening of biocontrol agents including
fungi and bacteria. By this method, the biocontrol agent
and pathogen would interact on a solid medium. The
percent of inhibition was recorded by observing the inhibition zone or overgrowth of the pathogen by biocontrol
agent [36]. This assay was conducted to select poten-

Fig. 3. Phylogenetic tree showing the position of an isolate ISPO-G compared to its related Pyricularia oryzae species.
Numbers at the nodes indicate the percentage of bootstrap values based on 1000 replicates.
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Fig. 4. In vitro antagonism assay. (A) Control, (B) IS3 isolate, (C) IS14 isolate.

tially effective biocontrol agents capable of inhibiting the
growth of fungal pathogens.
The in vitro assay showed that both IS3 and IS14
isolates effective to suppress the growth of P. oryzae
(Fig. 4). The IS3 and IS14 isolates showed inhibition
percentage of 70.8% and 81.17%, respectively. The
previous assay conducted by Chaiharn et al. [27] showed
that the inhibition percentage of siderophore-producing
bacteria isolated from white rice rizosphere against P.
oryzae varied between 19% and 84.5%.
In soil, siderophores act as a virulence factor in many
pathogenic microorganisms. When the siderophores are
produced by microorganisms under low-iron conditions,
the other organisms cannot utilize the resulting ferricsiderophore complex. The producing strain can utilize
this complex via a very specific receptor in its outer cell
membrane, so that the growth of pathogens may be
restricted [37]. The previous studies reported that microorganisms which are able to produce siderophores show
competitive advantages as compared to those that do not
produce them [38]. In conclusion, IS14 isolate of siderophore-producing bacteria appears to be the most potential agents for the inhibition of P.oryzae with antagonistic
activity by 81.17%.
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