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Abstract
Vanda tricolor Lindl. var. Suavis is an orchid indigenous to Mount Merapi, Yogyakarta, Indonesia. Conservation efforts 
are necessary due to its diminishing presence in its natural habitat, which is caused by recurrent eruptions and exploita-
tion by irresponsible parties. Ex situ conservation initiatives using in vitro culture propagation have been implemented; 
however, the growth of Vanda tricolor in acclimatization remains slow, as reflected by minimal increases in plant height, 
leaf length, leaf width, root length, and root diameter. Consequently, efforts to promote the development of Vanda tri-
color must be implemented, especially using bacteria that are symbiotic with orchid roots. The obtained characterization 
data could assist in the future selection of bacteria that can promote the growth of Vanda tricolor orchids. This study 
aims to identify and characterize bacteria from the roots and rhizosphere of Vanda tricolor orchids. The results indicated 
that fourteen isolates were isolated, of which eight showed nitrogen fixation and nitrification capabilities. The isolates 
were identified as members of the genus Bacillus by 16S rRNA gene sequencing, including Bacillus cereus, Bacillus toy-
onensis, Bacillus paramycoides and Bacillus sp. Phylogenetic research revealed that these isolates grouped within the Ba-
cillus cereus sensu lato complex, signifying significant genetic similarity and possible ecological functions in enhancing 
plant growth. The results indicate that Bacillus isolates from the Vanda tricolor rhizosphere have beneficial properties 
for bioinoculant production aimed at promoting orchid growth. Future research emphasizing physiological and genetic 
validation is essential to verify their working processes and enable safe application in orchid conservation efforts.
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Introduction

Orchidaceae is the largest and most widespread family 
within the Angiospermae subdivision, with two-thirds 
consisting of epiphytic orchids predominantly found in 
tropical forests. Vanda tricolor Lindl. var. Suavis is an or-
chid native to Mount Merapi, Yogyakarta, Indonesia; con-

servation efforts are essential due to its diminishing pres-
ence in its natural habitat, which is attributed to frequent 
eruptions and exploitation by irresponsible parties (Dwi-
yani 2013; Rineksane et al. 2020; Semiarti et al. 2022). Ex 
situ conservation initiatives using in vitro culture propaga-
tion have been implemented through shoot induction and 
multiplication, which employ organogenesis and embry-
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ogenesis (Dwiyani 2013; Rineksane et al. 2021; Rineksane 
et al. 2022; Ashihah et al. 2022). These efforts have resulted 
in acclimatized plantlets being successfully established in 
their native environment (Rineksane et al. 2023). The in 
vitro growth and post-acclimatization of Vanda tricolor 
remain slow, which requires around 2 years for the Van-
da tricolor plantlets to acclimate (Rineksane et al. 2023). 
The growth of Vanda tricolor orchids in vitro culture is 
comparatively slow, as evidenced by minimal increases in 
plant height, leaf length, leaf width, root length, and root 
diameter during the in vitro incubation period (Dwiyani 
2013; Rineksane et al. 2021; Rineksane et al. 2022; Ashi-
hah et al. 2022), as well as during the acclimatization phase 
(Rineksane et al. 2023). This slow growth delays the re-
turn of plantlets to their original habitat as a conservation 
measure for Vanda tricolor orchids. Hence, one strategy to 
enhance the growth of Vanda tricolor involves the use of 
symbiotic bacteria that promote plant development.

Plants serve as hosts to colonies of microbes, includ-
ing bacteria. These bacteria contribute to plant growth 
and protect against infections (Cig and Yilmaz 2017; 
Bezerra et al. 2019; Pujasatria et al. 2020; Zhu et al. 2022; 
Quijia-Lamina et al. 2023). Consequently, the growth of 
Vanda tricolor can be enhanced by employing symbiot-
ic bacteria in its roots. Symbiotic bacteria in the roots 
enhance orchid growth by performing nitrogen fixation 
(Andrade et al. 2023; Silveira et al. 2023) and producing 
beneficial hormones (Tsavkelova et al. 2007; Tsavkelova 
et al. 2016; Alibrandi et al. 2021; Shah et al. 2021; Ya-
dav et al. 2022; Andrade et al. 2023; Fang et al. 2023) 
and enzymes (Andrade et al. 2023). This initiative rep-
resents an innovative approach to accelerate the in vitro 
growth of Vanda tricolor orchids as part of an ex-situ 
conservation effort. Symbiotic bacteria can be developed 
into a biological agent formulation that promotes plant 
development. The application of symbiotic bacteria to 
enhance orchid growth has been conducted on Oncid-
ium varicosum (Bezerra et al. 2019), Cattleya walkeria-
na (Andrade et al. 2023), Eulophia alta (Johnson et al. 
2007), Dendrobium catenatum (Wu et al. 2012), Dendro-
bium officinale (Teixeira da Silva et al. 2015), and Laelia 
(Mayo-Mosqueda et al. 2022).

Bacteria that are symbiotic with roots and enhance 
orchid root growth have been isolated and identified 
(Tsavkelova et al. 2007; Pavlova et al. 2017; Gontijo et al. 
2018; Huang et al. 2018; Shah et al. 2018; Jagannath et al. 
2019; Altinkaynak and Ozkoc 2020; Herrera et al. 2020; 
Kaur and Sharma 2021; Suresh et al. 2023; Yadav et al. 
2023). However, such isolation and identification have 
not been conducted on Vanda tricolor orchids. Therefore, 
this study aims to isolate and characterize bacteria in the 
roots and rhizosphere of Vanda tricolor orchids. The ac-
quired characterization data may serve as the basis for the 
future selection of bacteria that can enhance the growth 
of Vanda tricolor orchids. The assessment of morphologi-
cal traits continues to be employed in taxonomy, as noted 
by Buchanan and Gibbons (1974). Morphological criteria 
include the morphology of colonies in growth media and 

cell morphology observable under a microscope at spe-
cific magnifications (Cappucino and Sherman 1987).The 
morphological properties of cell colonies in the growth 
medium encompass color, shape, size, and position. Ac-
cording to Campbell et al. (2002), Gram staining remains 
a crucial technique in bacterial taxonomy. It is used to 
categorize members of the bacterial domain into two 
groups based on their cell wall composition. Gram-posi-
tive bacteria have less complex cell walls with a significant 
quantity of peptidoglycan, while Gram-negative bacteria 
have cell walls with less peptidoglycan and greater struc-
tural complexity.

Beside morphological and physiological characteriza-
tion, bacterial species were also identified molecularly by 
the 16S rRNA gene. 16S rRNA gene sequencing is a stand-
ard method for examining microbial diversity across many 
habitats, including plant tissues. This technique involves the 
amplification of the 16S rRNA gene with universal primers 
and sequencing the resultant amplicons to ascertain bacte-
rial species (Yadav et al. 2018; Simmons et al. 2018).

Materials and methods
Study area

This study used the roots and rhizosphere of Vanda tri-
color orchids, which were sourced from the slopes of 
Mount Merapi, specifically in the Turgo region, as illus-
trated in Fig. 1.

Material preparation

The materials utilized for bacterial isolation consisted of 
the roots and rhizosphere of Vanda tricolor orchids col-
lected from the Merapi orchid conservation garden locat-
ed on the slopes of Mount Merapi, specifically in the Tur-
go area, Pakem District, Sleman Regency, Special Region 
of Yogyakarta, Indonesia, as shown in Fig. 2. The A, B, 
C, and D codes for the samples indicate the various are-
as where the roots and rhizosphere of the Vanda tricolor 
orchids grow or adhere. Vanda tricolor is an epiphytic or-
chid that adheres to trees or decomposing wood rather 
than growing in soil. Code A signifies that Vanda tricolor 
adheres to fern roots, code B indicates a combination of 
charcoal and moss, code C refers to a decomposing log, 
and code D also refers to a mixture of charcoal and moss.

Isolation of bacteria from the roots of Vanda 
tricolor orchid

One gram of bacteria attached to the roots of Vanda 
tricolor orchid plants was suspended in 90 ml of ster-
ile distilled water. In addition, 0.1 ml was inoculated 
onto the surface of Nutrient Agar (NA) media (Table 1), 
which comprised 3 g of beef extract, 5 g of peptone, and 
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Figure 1. Location of root and rhizosphere sampling of Vanda tricolor orchid, in Turgo Area, Pakem District, Sleman 
Regency, Special Region of Yogyakarta, Indonesia (−7.586035098435313, 110.42076262916115).

Figure 2. Four samples of Vanda tricolor orchid plants, along with their roots and rhizosphere, were used for bacte-
rial isolation.

15 g of agar in 1,000 ml of distilled water. The culture 
was kept at room temperature for 48 h. Bacteria grown 
on NA media were subsequently purified, and the re-
sulting pure isolate was transferred to NA media in a 
test tube. The bacterial isolate was further identified 
using colony morphology, cell characterization (gram 
staining, cell shape), physiological features (aerobics, 
catalase activity), and its potential for nitrogen fixation 
and nitrification capabilities.

Characterization of bacteria

Characterization of colony morphology
The morphological characterization of bacterial colonies 
was performed to investigate macroscopic characteristics. 
Bacterial suspensions were injected into NA media using 
streak plating with an ose needle and then incubated at 37 °C 
for 48 h. Isolated bacterial colonies were visually illustrated 
by shape, edge, color, elevation, and internal structure.
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Gram staining and cell shape characterization

Gram staining was conducted to examine microscopic 
characteristics. Gram staining was performed on bacterial 
cultures incubated for 48 h and derived from pure bacte-
rial isolates affixed to glass surfaces. The bacterial culture 
was treated with Crystal Violet stain for 1 min, followed by 
rinsing with running water. Subsequently, Lugol’s iodine 
was applied for 1 min and subsequently rinsed again with 
running water. The bacterial culture was treated with 96% 
alcohol for 30 s, rinsed with running water, stained with 
Safranin for 2 min, and then washed again with running 
water. After the preparation dried, it was observed under 
a microscope. The classification of bacteria as Gram-pos-
itive or Gram-negative was determined through the 
staining of the specimen. Purple denotes gram-positive 
bacteria, while red signifies gram-negative bacteria. The 
morphology of bacterial cells can be classified as Cocci, 
Bacilli, or spirals.

Aerobics
Aerobics was observed in bacterial cultures incubated for 
48 h and obtained from pure bacterial isolates cultivated 
in Liquid Nutrient (NC) media (Table 1). Aerobic bacteria 
are microorganisms that require oxygen to facilitate their 
growth. Their enzymatic mechanism needs oxygen as an 
electron acceptor during oxidative phosphorylation. Bac-
terial growth patterns based on oxygen requirements in-
clude: a). Obligate aerobes, b). Facultative Anaerobes, c). 
Obligate Anaerobes d). Aerotolerant Anaerobes, and e). 
Microaerophiles (Fig. 3).

Catalase test

The catalase test is valuable for identifying bacterial 
groups that produce the catalase enzyme. The catalase test 
involves transferring a loopful of bacterial isolate onto a 
drop plate containing a hydrogen peroxide (H2O2) rea-
gent. The presence of air bubbles indicates a positive out-
come, while their absence signifies a negative result.

Testing the Nitrogen-fixing ability of bacteria
Nitrogen-fixing bacteria were isolated using Jensen’s medi-
um (N-free) (Table 1). A total of 39.1 g of Jensen’s medium 
was dissolved in 1,000 ml of distilled water, brought to a boil, 
and sterilized by autoclaving at 121 °C for 15 min. The puri-
fied bacterial isolates were introduced into Jensen’s medium 
and cultured at ambient temperature for 48 h. The isolates 
that grew demonstrated the ability for nitrogen fixation.

Nitrification test
Nitrate and nitrite levels were measured in liquid nitrate 
media using the N-(1-Naphthyl Ethylene Diamine Dihy-
drochloride) technique. This measurement relies on the 
development of reddish hue resulting from a reaction 
between Sulfanilic Acid and N-(1-Naphthyl Ethylene Di-
amine Dihydrochloride).

Identification of bacteria

Bacterial isolates were characterized based on colony 
morphology, cell shape, Gram properties, physiology, and 

Table 1. Composition of Nutrient Agar (NA), Liquid Nutrient (NC) and Jensen’s Media.

Components Nutrient Agar (NA) (%) Liquid Nutrient (NC) (%) Jensen’s (g/L)
Pepton 0.5 0.5 –
Beef Extract 0.3 0.3 –
Agar 1.5 – 15.000
Sucrose – – 20.000
Dipotassium hydrogen phosphate (K2HPO4) – – 1.000
Manganese sulphate (MnSO4) – – 0.500
Sodium chloride (NaCl) – – 0.500
Ferrous sulphate (FeSO4) – – 0.100
Sodium molybdate (Na2MoO4) – – 0.005
Calcium carbonate (CaCO3) – – 2.000

Figure 3. Bacterial growth patterns based on oxygen requirements: a. Obligate Aerobes (Carr, 2006); b. Facultative 
Anaerobes (Gettyimages.com, 2025); c. Obligate Anaerobes (Control Centers for Diseases, 2023); d. Aerotolerant 
Anaerobes (Biologyonline.com, 2025), and e. Microaerophiles (Stock.adobe.com, 2025).
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their capacity for nitrogen fixation, and nitrification. The 
bacterial isolates were identified molecularly by the 16S 
rRNA gene. Bacterial DNA was extracted utilizing the 
DNA_Presto™ Mini gDNA Bacteria Kit. Additionally, Pol-
ymerase Chain Reaction (PCR) was conducted with the 
Gotax Master PCR mix (GoTaq master mix, 27_F, 1495_R, 
Template, NFW). Furthermore, Sanger Sequencing was 
conducted on the acquired samples utilizing the BigDye® 
Terminator v3.1 Cycle Sequencing Kit. Sequence data ob-
tained was analyzed and edited manually to verify the se-
quence data validity. Homology analysis was performed 
by running BLAST tool provided by NCBI (National 
Centre of Biotechnology Information) at http://blast.ncbi.
nlm.nih.gov/Blast.cgi. Sequence analysis was also further 
continued with sequence alignment using GenomeNet.

Data resources

The data underpinning the analysis reported in this paper 
are deposited in the Dryad Data Repository at https://doi.
org/10.5061/dryad.cc2fqz6kz.

Results and discussion
Colony morphological characteristics

Four samples of Vanda tricolor orchid roots and rhizosphere 
yield 14 bacterial isolates, which are designated as VTA1, 

VTA2, VTA3, VTA4, VTA5, VTA6, VTA7, VTB1, VTB2, 
VTB3, VTC1, VTC2, VTD2, and VTD3. Among the 14 
isolates, differentiation is based on colony color and form: 
5 isolates are identified as milky white circular bacteria, 4 
as yellow circular bacteria, 3 as cream curled bacteria, and 
2 as cream amoeboid-irregular bacteria. Five identical iso-
lates (VTA3, VTA5, VTB1, VTB2, and VTD3) are identified 
based on the milky white color and the shape of the circu-
lar colony (Table 2). Two isolates exhibit differences in their 
internal structure: isolate VTA3 is translucent, and isolate 
VTA5 is smooth. Meanwhile, the remaining isolates (VTB1, 
VTB2, and VTD3) show a coarsely granular internal struc-
ture. Two more isolates exhibit distinct edge shapes, namely, 
law convex (isolate VTD3) and elevation, specifically Ciliate 
(isolate VTB2), as detailed in Table 2.

According to the yellow color and the shape of the circular 
colony, four isolates are identified: VTA2, VTC1, VTC2, and 
VTD2 (Table 3). The isolates VTD2 and VTC1 exhibit differ-
ences in internal structure (transparent and coarsely granu-
lar) and coloration (greenish-yellow and yellow). In addition, 
VTD2 and VTA2 vary in edge shape (effuse and low convex) 
and color (greenish yellow and yellow). Furthermore, isolates 
VTA2 and VTC2 differ in colony form (circular and curled), 
elevation (entire and erose), and internal structure (transpar-
ent and coarsely granular), as illustrated in Table 3.

Three identical isolates (VTA1, VTA4, and VTB3) have 
a cream color and a curled colony form, and they differ 
only in edge shape (umbonate, raised, and convex). Mean-
while, VTA4 is additionally distinguished by its smooth 
interior structure, as presented in Table 4.

Table 2. Morphology of bacterial colonies obtained from the rhizosphere of Vanda tricolor based on milky white color 
and circular colony shape.

Isolate 
Code

Characteristics
Color Diameter (mm) Colony form Edge shape Elevation Internal structure

VTA3 Milky white 01.01 Circular Effuse Entire Translucent
VTA5 Milky white 01.07 Circular Effuse Entire Smooth
VTB1 Milky white 01.06 Circular Effuse Entire Coarsely granular
VTB2 Milky white 0.105 Circular Effuse Ciliate Coarsely granular
VTD3 Milky white 02.01 Circular Law convex Entire Coarsely granular

Table 3. Morphology of bacterial colonies obtained from the rhizosphere of Vanda tricolor based on yellow color and 
circular colony shape.

Isolate 
Code

Characteristics
Color Diameter (mm) Colony form Edge shape Elevation Internal structure

VTD2 Greenish yellow 00.07 Circular Effuse Entire Transparent
VTC1 Yellow 01.01 Circular Effuse Entire Coarsely granular
VTA2 Yellow 01.01 Circular Law convex Entire Transparent
VTC2 Yellow 01.01 Curled Law convex Erose Coarsely granular

Table 4. Morphology of bacterial colonies isolated from the rhizosphere of Vanda tricolor: cream-colored with a 
curled colony shape.

Isolate 
Code

Characteristics
Color Diameter (mm) Colony form Edge shape Elevation Internal structure

VTA1 Cream 01.05 Curled Umbonate Undulate Coarsely granular
VTB3 Cream 01.01 Curled Convex Undulate Coarsely granular
VTA4 Cream 01.06 Curled Raised Undulate Smooth

http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://blast.ncbi.nlm.nih.gov/Blast.cgi
https://doi.org/10.5061/dryad.cc2fqz6kz
https://doi.org/10.5061/dryad.cc2fqz6kz
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The table illustrates that two isolates (VTA6 and VTA7) 
exhibited similar internal structures but varied in colony 
form (amoeboid and irregular), edge shape (convex ru-
gose and convex papillate), and elevation (ciliate and un-
dulate), as shown in Table 5.

The morphological characterization of bacterial colo-
nies derived from the rhizosphere of Vanda tricolor roots 
(Tables 2–5) revealed four colony color variations: milky 
white, yellow, greenish-yellow, and cream, with milky white 
being the predominant color. Based on the colony mor-
phology, four distinct forms were identified: round, curled, 
amoeboid, and irregular, with circular being the most 
prevalent. Seven varieties of edge shapes were identified 
based on the colony’s edge: effuse, low convex, umbonate, 
convex, raised, convex rugose, and convex papillate, with 
effuse being the predominant shape. Four elevation var-
iations were observed in the colony: entire, ciliate, erose, 
and undulate, with the entire elevation being the most 
common. In addition, four interior structure variations 
were noted: translucent, smooth, coarsely granular, and 
transparent. The morphological characterization of these 
bacterial colonies aligns with Bergey’s Manual of Determi-
native Bacteriology (Holt et al. 2000). The form of bacterial 
colonies might vary based on the growth media, leading 
to a comparable appearance of bacterial growth at initial 
observation (Shchegolkova et al. 2024). Munar et al. (2023) 
presented findings on the isolation of phosphate-solubiliz-
ing bacteria from the rhizosphere of corn plants, exhibiting 
diverse colony morphologies including circular, irregular, 
filamentous, and rhizoid forms, with coloration ranging 
from transparent to creamy and broken white. Likewise, 
studies by Husna et al. (2025) regarding indigenous rhizo-
bacteria extracted from the shallot rhizosphere and Sudewi 
et al. (2020b) concerning phosphate-solubilizing bacteria 
from the aromatic rice rhizosphere showed variations in 
color, shape, edge, and elevation.

Cell characterization

Table 6 summarizes the cell characterization of 14 bacte-
rial isolates, highlighting cell shape and Gram staining. 
The 10 Gram-positive bacterial isolates are Bacilli (VTA3, 
VTB1, VTD3, VTC1, VTA2, VTC2, VTA1, VTB3, VTA4, 
and VTA6), the three Gram-negative bacterial isolates are 
Bacilli (VTA5, VTB2, VTA7), and the one Gram-negative 
bacterial isolate is Cocci (VTD2).

Among the 14 bacterial isolates obtained from the 
rhizosphere of Vanda tricolor roots, 13 exhibited a Bacilli 
shape, whereas one displayed a Cocci shape (Table 6). This 
finding aligns with the assertion of Taib et al. (2023) that 
Bacilli is the predominant bacterial type in nature. This 
aligns with the argument stated by Risanti et al. (2025), 
who studied Bacillus from the vegetable rhizosphere for 
its effects on plant growth. Among the 13 Bacilli isolates, 
10 were Gram-positive and three were Gram-negative. 
Campbell et al. (2002) also Mc Cue and Bishop (2021) stat-
ed that Gram staining categorizes bacteria into two groups 

according to their cell wall composition. Gram-positive 
bacteria possess simpler cell walls characterized by a sub-
stantial quantity of peptidoglycan, whereas Gram-nega-
tive bacteria contain less peptidoglycan and exhibit great-
er structural complexity. Barazandeh (2008) indicated 
that Gram-positive bacteria consist of 90% peptidoglycan 
and feature distinct components in their cell walls, includ-
ing teichoic acid and lipoteichoic acid. Meanwhile, Hali-
mursyadah et al. (2022) stated that the bacterial response 
to the Gram stain reaction is significant as it identifies the 
group or kind of bacteria. For example, the Bacillus group 
is a form of rhizobacteria that is good for plants and has a 
positive gram reaction. Simultaneously, the VTD2 isolate 
is cocci and Gram-negative, as shown in Table 6.

Cell physiology

The physiological traits of 14 bacterial isolates, determined 
by their aerobic and catalase characteristics, are summa-
rized in Table 7. The findings indicate that all isolates are 
aerobic and catalase-positive.

The bacterial isolates are catalase positive, as indicat-
ed in Table 7, indicating that they can convert hydrogen 
peroxide into water and oxygen due to the presence of 
the catalase enzyme. Almost all organisms that require 
oxygen for their metabolic processes contain this enzyme 
(Sudewi et al. 2020a). This finding is consistent with the 
bacterial cell physiology observed in this study, thereby 
revealing that all bacterial isolates tested exhibited aero-
bic characteristics, indicating their requirement for oxy-
gen in metabolism. According to Murali and Patel (2017) 
and Sahu et al. (2019), hydrogen peroxide is a component 
produced by bacteria during respiration. However, hydro-
gen peroxide is toxic and can harm the bacterial metabolic 
system. To protect themselves from the harmful effects of 
hydrogen peroxide, bacteria must break it down into dif-
ferent chemicals. This procedure is facilitated by catalase 
enzymes, which enables bacteria to decompose hydrogen 
peroxide into water and oxygen, preventing toxicity and 
allowing the bacteria to survive.

Bacterial potential for N fixation and nitrifica-
tion capability

The nitrogen fixation, and nitrification capabilities of 14 
bacterial isolates were assessed, identifying eight isolates 
(VTA1, VTA2, VTA3, VTA7, VTB2, VTC1, VTC2, and 
VTD2) with these abilities, as shown in Table 8.

According to Table 8, among the 14 isolates, eight bac-
terial isolates possess the capability to fix nitrogen and per-
form nitrification. This means that these 8 bacteria have 
the potential to increase the growth of Vanda tricolor, due 
to their ability to fix nitrogen, which is the main element in 
plant growth. Nitrogen is a vital nutrient for plants, char-
acterized by its tendency to be depleted from the soil due 
to several factors, including volatilization, nitrification, 
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denitrification, leaching, and erosion (Sari and Prayudya-
ningsih 2015; Sandhu et al. 2021). The assessment of ni-
trogen-fixing bacteria was conducted using a selective 
medium devoid of nitrogen compounds, necessitating the 
bacteria to assimilate atmospheric nitrogen. Microbial ac-
tivity is essential for sustaining the availability of macro-
nutrients critical for plants, particularly nitrogen. While 
plants cannot directly utilize the substantial quantities of 

nitrogen in the environment, nitrifying bacteria transform 
nitrogen into ammonia, subsequently converting ammo-
nia into nitrite and nitrite into nitrate (Kiding et al. 2015; 
Manthos et al. 2023). Nitrifying bacteria enhance organic 
matter and nutrient availability by supplying nitrate, which 
is readily absorbed by plant roots. Simarmata et al. (2023) 
stated that various types of bacteria could fix Nitrogen gas 
to produce the organic nitrogen that could support plants 
in terms of nitrogen requirement. The enzymes that are re-
sponsible for nitrogen fixation are nitrogenases.

Based on the results of isolation and characterization, 
14 bacterial isolates were obtained from the rhizosphere of 
Vanda tricolor orchids. However, only eight bacterial iso-
lates demonstrated the potential to enhance the growth of 
Vanda tricolor. This capability is attributed to their ability 
to fix atmospheric nitrogen and convert it into nitrates, 
which plants can absorb through nitrification processes. 
Table 9 illustrates a comprehensive evaluation of these 
eight isolates, detailing their colony morphology, cell 
shape, Gram characteristics, physiology, and nitrogen fix-
ation, and nitrification abilities.

Table 9 indicates that the eight selected bacterial iso-
lates exhibited different colors: yellow (VTA2, VTC1, and 
VTC2), cream (VTA1 and VTA7), milky white (VTA3 
and VTB2), and greenish yellow (VTD2). The diameter 
of the colonies ranged from 0.7 mm to 1.9 mm. The pre-
dominant colony morphology was circular (VTA2, VTA3, 
VTB2, VTC1, VTD2), with other forms being curled 
(VTA1, VTC2) and irregular (VTA7). The colony edges 
predominantly exhibited an effuse shape (VTA3, VTB2, 

Table 5. Morphology of bacterial colonies isolated from the rhizosphere of Vanda tricolor: cream-colored with the 
same internal structure but different colony shapes, edges, and elevations.

Isolate 
Code

Characteristics
Color Diameter (mm) Colony form Edge shape Elevation Internal structure

VTA6 Cream 05.03 Amoeboid Convex rugose Ciliate Coarsely granular
VTA7 Cream 01.09 Irregular Convex papillate Undulate Coarsely granular

Table 6. Morphology of bacterial cells isolated from the 
rhizosphere of Vanda tricolor, categorized by cell shape 
and Gram staining.

Isolate Code Characteristics
Cell shape Gram stain

VTA3 Bacilli Positive
VTB1 Bacilli Positive
VTD3 Bacilli Positive
VTC1 Bacilli Positive
VTA2 Bacilli Positive
VTC2 Bacilli Positive
VTA1 Bacilli Positive
VTB3 Bacilli Positive
VTA4 Bacilli Positive
VTA6 Bacilli Positive
VTA5 Bacilli Negative
VTB2 Bacilli Negative
VTA7 Bacilli Negative
VTD2 Cocci Negative

Table 7. Physiology of bacterial cells isolated from the 
rhizosphere of Vanda tricolor, characterized by aerobics 
and catalase tests.

Isolate Code Characteristics
Aerobics Catalase

VTA3 Aerob Positive
VTB1 Aerob Positive
VTA5 Aerob Positive
VTB2 Aerob Positive
VTD3 Aerob Positive
VTD2 Aerob Positive
VTC1 Aerob Positive
VTA2 Aerob Positive
VTC2 Aerob Positive
VTA1 Aerob Positive
VTB3 Aerob Positive
VTA4 Aerob Positive
VTA6 Aerob Positive
VTA7 Aerob Positive

Table 8. Results of bacterial potential assessment for ni-
trogen fixation and nitrification abilities.

Isolate Code Characteristics
N Fixation Capability Nitrification Capability

VTA3 Positive Positive
VTB1 Negative Negative
VTA5 Negative Negative
VTB2 Positive Positive
VTD3 Negative Negative
VTD2 Positive Positive
VTC1 Positive Positive
VTA2 Positive Positive
VTC2 Positive Positive
VTA1 Positive Positive
VTB3 Negative Negative
VTA4 Negative Negative
VTA6 Negative Negative
VTA7 Positive Positive
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VTC1, and VTD2), alongside undulate (VTA1), entire 
(VTA2), conver papillate (VTA7), and law convex (VTC2) 
forms. The colony elevation shows variability, including 
umbonate (VTA1), law convex (VTA2), entire (VTA3, 
VTC1, VTD2), undulate (VTA7), ciliate (VTB2), and 
erose (VTC2). The predominant internal structure of the 
colony is coarsely granular (VTA1, VTA7, VTB2, VTC1, 
and VTC2), with transparent structures (VTA2, VTD2) 
and translucent elements (VTA3). Table 9 presents the cell 
characterization results for the eight bacterial isolates, re-
vealing that nearly all the bacterial cells are bacilli, except 
for one isolate, VTD2, which is cocci. Among the eight 
bacterial isolates, four are Gram-positive (VTA2, VTA3, 
VTC1, and VTC2) and four are Gram-negative (VTA1, 
VTA7, VTB2, and VTD2). From a physiological perspec-
tive, nearly all bacterial isolates are aerobic, with one fluc-
tuating aerobic isolate (VTC1). Furthermore, all bacterial 
isolates are confirmed to be catalase-positive based on the 
catalase test. In terms of enhancing the growth of Vanda 
tricolor orchids, all eight bacterial isolates demonstrate the 
capability to fix nitrogen and perform nitrification.

Identification of bacterial isolates based on 16S 
rRNA gene sequences

Molecular identification via 16S rRNA gene sequencing indi-
cated that all bacterial isolates from the rhizosphere of Vanda 
tricolor are classified within the genus Bacillus (Table 10).

The sequence identity percentage varied from 89.59% 
to 100%, revealing a close relationship between these iso-
lates and species such as Bacillus wiedmannii, B. cereus, 
B. toyonensis, and B. paramycoides. These organisms are 
phylogenetically categorized within the Bacillus cereus 
group. Sequence identities exceeding 97% generally in-
dicate species-level similarity, whereas lower percentages 

imply genus-level identification (Stackebrandt & Goebel, 
1994). Consequently, isolates VTA1, VTA2, VTB2, VTC1, 
VTC2, and VTD2 may be confidently classified into recog-
nized species, whereas isolate VTA3 (89.59%) and VTA7 
were identified only at the genus level. The prevalence of 
Bacillus spp. in the rhizosphere of Vanda tricolor aligns 
with other studies indicating that this genus is frequently 
located in the roots of orchids and other horticultural spe-
cies, however additional functional validation is required.

Functional potential of identified Bacillus species

The VTA1 isolate revealed 97.63% similarity to Bacillus 
wiedmannii. Rashid et al. (2025) stated that B. wiedman-
nii may promote plant growth in stressful circumstances. 
This isolate showed potential as a plant growth-promot-
ing rhizobacterium for Vanda tricolor. Nonetheless, be-
cause to the lack of obvious species identification and the 
absence of direct functional data on orchids, additional 
measures to quantify PGPR activity and efficacy on Vanda 
tricolor are required prior to extensive application.

The isolates VTA2, VTC1, and VTD2 showed a re-
markable 16S rRNA similarity (≥99%) to Bacillus cereus, 
signifying that all three are part of the B. cereus sensu lato 
complex. Several B. cereus strains have been identified 
as plant growth-promoting rhizobacteria (PGPR) due to 
their production of indole-3-acetic acid (IAA), sidero-
phores, phosphate solubilization, and antagonistic effects 
against plant pathogens, thereby potentially promoting 
root development and plant resilience, including in hor-
ticultural species such as tomato and rice (Solano-Álvarez 
et al. 2021; Kulkova et al. 2023). Due to the genetic diver-
sity of B. cereus and the presence of toxin genes (e.g., nhe, 
hbl, cytK, and ces) in certain strains that may induce toxic 
effects in humans and animals, additional identification 

Table 9. Results of the identification of colony morphology, cell shape, gram staining, physiological properties, and 
the capacity of bacteria for nitrogen fixation, and nitrification.

Isolate 
Code

Characteristics
Morphology Cell Physiology Growth Inducer

Color Diameter 
(mm)

Colony 
form

Edge 
shape

Elevation Internal 
structure

Cell 
shape

Gram 
stain

Aerobics Cata 
lase

N 
fixation

Nitrifi 
cation

VTA1 Cream 1.5 Curled Undulate Umbonate Coarsely 
granular

Bacilli (-) Aerob (+) (+) (+)

VTA2 Yellow 1.1 Circular Entire Law convex Transparent Bacilli (+) Aerob (+) (+) (+)
VTA3 Milky 

white
1.1 Circular Effuse Entire Translucent Bacilli (+) Aerob (+) (+) (+)

VTA7 Cream 1.9 Irregular Conver 
papillate

Undulate Coarsely 
granular

Bacilli (-) Aerob (+) (+) (+)

VTB2 Milky 
white

1.5 Circular Effuse Ciliate Coarsely 
granular

Bacilli (-) Aerob (+) (+) (+)

VTC1 Yellow 1.1 Circular Effuse Entire Coarsely 
granular

Bacilli (+) Fluctuative 
Aerob

(+) (+) (+)

VTC2 Yellow 1.1 Curled Law 
convex

Erose Coarsely 
granular

Bacilli (+) Aerob (+) (+) (+)

VTD2 Greenish 
Yellow

0.7 Circular Effuse Entire Transparent Cocci (-) Aerob (+) (+) (+)
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via whole-genome sequencing and toxin gene screening is 
essential prior to its use as a biological agent (Zhou et al. 
2024; Kowalska et al. 2024). Consequently, although the 
identification results indicate promising PGPR potential, 
safety verification and quantitative biological assessments 
remain necessary to confirm the advantages and safety of 
B. cereus isolates on the growth of Vanda tricolor.

Isolates VTA3 and VTA7, classified as Bacillus sp., 
show potential as plant growth-promoting rhizobacteria 
(PGPR), considering that the Bacillus genus is recognized 
for its ability to synthesize indole-3-acetic acid (IAA), 
solubilize phosphate, produce siderophores, and sup-
press pathogens via bioactive lipopeptides (Tsotetsi et al. 
2022). The taxonomic identity of isolate VTA3, with a low 
similarity of approximately 89.6%, requires further vali-
dation through genomic analysis, whereas VTA7, with a 
similarity of 99.7%, needs more testing on Vanda tricolor 
to evaluate its capacity to enhance plant growth. Due to 
the strain-specific functionality of PGPR in Bacillus, it is 
essential to conduct quantifiable phenotypic assessments, 
including IAA synthesis, phosphate solubilization, sidero-
phore activity, and antagonism tests prior to practical ap-
plication (Rigamonte et al. 2010; Sagar et al. 2024).

The VTB2 isolate showed significant similarity to Bacil-
lus toyonensis, a species within the Bacillus cereus sensu lato 
complex, which has been reported as safe and potentially 
advantageous as a plant growth promoter (PGPR). For ex-
ample, the AA1EC1 strain of B. toyonensis may create IAA, 
siderophores, and solubilize phosphate, which enhances 
plant length, root weight, and aerial growth in plants such 
as tomato and carrot (Roca et al. 2024). Due to these char-
acteristics, the VTB2 isolate indicates significant potential 
for enhancing the growth and survival of Vanda tricolor. 
However, additional verification procedures—such as phe-
notypic PGPR assays (hormone synthesis, phosphate sol-
ubilization, siderophore generation) and genomic safety 
confirmation—are required prior to practical use.

The VTC2 isolate has significant similarity to Bacillus 
paramycoides, a constituent of the Bacillus cereus sensu 
lato complex, which has been reported for its potential as a 
plant growth-promoting rhizobacteria (PGPR). Research 
indicates that B. paramycoides may synthesize sidero-
phores, hydrolytic enzymes, and antagonistic chemicals 
targeting plant diseases, and possesses genes associated 
with phosphate solubilization and growth hormone pro-

duction (Mghazli et al. 2022). The VTC2 isolate showed 
the potential to enhance the growth and resistance of Van-
da tricolor; nevertheless, phenotypic research is required 
to validate its efficacy.

The identification results reveal that bacterial isolates 
from the rhizosphere of Vanda tricolor are classified with-
in the genus Bacillus, namely B. wiedmannii, B. cereus, B. 
toyonensis, and B. paramycoides, which are extensively 
reported for their potential as plant growth-promoting 
rhizobacteria (PGPR). These species are known for their 
ability to create indole-3-acetic acid (IAA), solubilize 
phosphate, synthesis siderophores, and generate antifun-
gal lipopeptides that enhance root growth and plant re-
silience. However, the functional impact of these isolates 
on the growth of Vanda tricolor has not been empirically 
validated. Consequently, suggested subsequent actions 
include phenotypic evaluation of PGPR characteristics, 
inoculation trials on Vanda tricolor plantlets to evaluate 
growth impacts, genomic assessment to verify strain safe-
ty, particularly within the B. cereus sensu lato group, and 
bioinoculant formulations tested at greenhouse or field 
scales to ascertain their efficacy in enhancing plant growth 
and resistance.

Numerous studies have shown that bacterial popula-
tions in the rhizosphere of epiphytic orchids adapt to the 
unique climatic conditions of the volcanic region, includ-
ing those on the slopes of Mount Merapi. This adaptability 
is essential for the survival and growth of orchids. Rhiz-
osphere bacteria contribute to nutrient cycling, including 
nitrogen fixation, phosphate solubilization, and sidero-
phore synthesis. Due of changes in the seasons and limited 
nutrition supply, these bacteria can also withstand abiotic 
stress (Du et al. 2025; Aini and Hanudin 2025).

Phylogenetic relationship of bacterial isolates 
obtained from the rhizosphere of Vanda tricolor

Phylogenetic study of 16S rRNA from seven bacterial iso-
lates in the rhizosphere of Vanda tricolor revealed that all 
isolates were closely affiliated within the Bacillus cereus 
sensu lato complex, including B. cereus, B. paramycoides, 
B. toyonensis, and various Bacillus species (Fig. 4). The low 
genetic distance results suggested significant taxonomic 
similarity, indicating that the isolates were likely strains 

Table 10. Molecular identification of bacterial isolates from the rhizosphere of Vanda tricolor based on 16S rRNA 
gene sequence analysis.

Isolate code Predicted Species Identity value (%) NCBI Accession number
VTA1 Bacillus wiedmanni 97.63 MT634452.1
VTA2 Bacillus cereus 99.72 OL587994.1
VTA3 Bacillus sp. 89.59 EU685818.1
VTA7 Bacillus sp. 99.72 ON247933.1
VTB2 Bacillus toyonensis 100 MN421112.1
VTC1 Bacillus cereus 99.51 KU922452.1
VTC2 Bacillus paramycoides 99.79 OR394251.1
VTD2 Bacillus cereus 99.86 KX430857.1

http://www.ncbi.nlm.nih.gov/nuccore/MT634452.1
http://www.ncbi.nlm.nih.gov/nuccore/OL587994.1
http://www.ncbi.nlm.nih.gov/nuccore/EU685818.1
http://www.ncbi.nlm.nih.gov/nuccore/ON247933.1
http://www.ncbi.nlm.nih.gov/nuccore/MN421112.1
http://www.ncbi.nlm.nih.gov/nuccore/KU922452.1
http://www.ncbi.nlm.nih.gov/nuccore/OR394251.1
http://www.ncbi.nlm.nih.gov/nuccore/KX430857.1
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within the same species group. These results align with 
research conducted by Altinkaynak and Ozkoc (2020), 
which indicated the prevalence of the Bacillus genus in 
the rhizosphere and endophytes of diverse orchid species.

Species within the Bacillus cereus group are recognized 
as plant growth-promoting rhizobacteria (PGPR) capable 
of synthesizing IAA, solubilizing phosphate, producing 
siderophores, and generating antimicrobial compounds 
(Ait et al. 2013; Linnet 2024). Therefore, the discovered 
isolates possess the ability to enhance the development 
and resistance of Vanda tricolor. The subsequent recom-
mended procedures involve doing biochemical and in 
planta assessments to evaluate the functional activity of 
PGPR, alongside genomic analysis to verify the safety and 
efficacy of the isolates prior to their application as bioin-
oculants in the conservation and culture of Vanda tricolor.

Conclusions
This research identified eight bacterial isolates from the 
rhizosphere of Vanda tricolor, primarily classified under 
the genus Bacillus, including Bacillus cereus, Bacillus para-
mycoides, Bacillus toyonensis and Bacillus sp. Phylogenetic 
research utilizing 16S rRNA sequences revealed signif-
icant genetic similarities, indicating close evolutionary 
links and potential functional synergy in enhancing plant 
development. These isolates are expected to promote nu-
trient mobilization and root development, indicating their 
potential function as plant growth-promoting rhizobacte-
ria. Additional research is required to assess their direct 

impact on Vanda tricolor growth via in vitro and green-
house experiments to formulate effective bioinoculants 
that encourage orchid growth and conservation.

Authors’ contributions
Innaka Ageng Rineksane designed the research, conduct-
ed experiments, and wrote the manuscripts; Agung Astuti 
assisted in the selection and characterization of symbiotic 
bacteria; Gatot Supangkat Samidjo helped with microbi-
al growth; Pangesti Nugraheni proofread the manuscript; 
and Sumarsih assisted with the experiments. All authors 
played a role in the completion of the final manuscript.

Competing interests
The authors have declared that no competing interests exist.

Acknowledgements
The authors express gratitude to the Ministry of Educa-
tion, Culture, Research, and Technology of the Republic of 
Indonesia for providing research funding under the Reg-
ular Fundamental Research scheme (Contract Number 
107/ES/PG.02.00/PL/2024). Appreciation is also extended 
to Mr. Musimin for supplying samples from the Vanda 
tricolor orchid and Dr. Siti Nur Aisyah, S.P. for helping in 
sequencing analysis.

Figure 4. Phylogenetic relationship among seven Bacillus isolates from the rhizosphere of Vanda tricolor based on 
16S rRNA gene sequences.



Emir. J. Food Agric ⋅ Volume 38 ⋅ 2026 11

Emirates Journal of Food and Agriculture

References
Aini LN, Hanudin E (2025) Geochemical Weathering of Volcanic Mate-

rials at Southern Catena of Mountn Merapi. Indonesian Journal of 
Geography 57(1): 137–145. https://doi.org/10.22146/ijg.95745

Ait KA, Kacem CN, Dehimat L, Milet A, Youcef-Ali M, Ongena M, 
Thonart P (2013) Biocontrol and Plant Growth Promotion Char-
acterization of Bacillus Species Isolated from Calendula officinalis 
Rhizosphere. Indian Jurnar 53(4): 447–452. https://doi.org/10.1007/
s12088-013-0395-y

Alibrandi P, Monaco NLo, Calevo J, Voyron S, Puglia AM, Cardinale M, 
Perotto S (2021) Plant growth promoting potential of bacterial en-
dophytes from three terrestrial Mediterranean orchid species. Plant 
Biosystems 155(6): 1153–1164. https://doi.org/10.1080/11263504.20
20.1829731

Altinkaynak H, Ozkoc I (2020) Isolation and molecular characterization 
of plant growth promoting bacteria from the rhizosphere of orchids 
in Turkey. Rhizosphere 16: 100280. https://doi.org/10.1016/j.rhi-
sph.2020.100280

Andrade GVS, Rodrigues FA, Nadal MC, Dambros CMdeS, Martins AD, 
Rodrigues VA, Ferreira GMdosR, Pasqual M, Hugo BV, Doria J (2023) 
Plant-endophytic bacteria interactions associated with root and leaf 
microbiomes of Cattleya walkeriana and their effect on plant growth. 
Scientia Horticulturae 309: 111656. https://doi.org/10.1016/j.scien-
ta.2022.111656

Ashihah FR, Rineksane IA, Astuti A (2022) New Dogashima Medi-
um as Subculture Medium Improve the Growth of Vanda tricolor 
Shoots from Embryogenesis. Proceeding of IOP Conference Se-
ries: Earth and Environmental Science 985(1): 012006. https://doi.
org/10.1088/1755-1315/985/1/012006

Barazandeh N (2008) Microbiology Titles. Springer-Verlag Berlin Hei-
delberg. Media.

Bezerra Gabrielle A, Grabriel Mariano AVMD, Eduardo D, Cardoso, 
Carlos J (2019) In vitro culture and greenhouse acclimatization of 
Oncidium varicosum (Orchidaceae) with microorganisms isolated 
from its roots. Ornamental Horticulture 25(4): 407–416. https://doi.
org/10.1590/2447-536X.v25i4.2046

Biologyonline.com (2025) Aerotolerant anaerobes.
Buchanan RE, Gibbons NE (1974) Bergey’s Manual of Determinative 

Bacteriology (8th ed). Williams & Wilkins, Baltimore.
Campbell NA, Reece JB, Mitchell LG (2002) Biology, 5th ed. Erlangga.
Cappucino JG, Sherman N (1987) Microbiology: A Laboratory Manual. 

The Benjamin Cummings Publishing Company Inc.
Carr JH (2006) Scanning Electron Micrograph of Pseudomonas aeru-

ginosa. Centers for Disease Control and Prevention’s Public Health 
Image Library (PHIL) #232.

Cig A, Yilmaz H (2017) In vitro Symbiotic Culture Studies of Some Or-
chid Species. Journal of Agricultural Sciences 23: 453–463. https://
doi.org/10.15832/ankutbd.385859

Control Centers for Diseases (2023) Joint Program Executive Office 
for Chemical, Biological, Radiological and Nuclear Defense. https://
www.jpeocbrnd.osd.mil/Media/Photography/igphoto/2003278248/

Du J, Guo S, Li X, Geng Z, Yuan Z, Song X (2025) Study on the Rhizo-
sphere Soil Microbial Diversity of Five Common Orchidaceae Spe-
cies in the Transitional Zone Between Warm Temperate and Subtop-
ical Regions. Diversity 17(9): 605. https://doi.org/10.3390/d17090605

Dwiyani R (2013) Callus Induction in Vanda tricolor Lindl. Var. Suavis 
Orchid Plants, Efforts to Provide Transformation Targets through 
Agrobacterium tumefaciens. Jurnal Agrotropika 18(2): 73–76.

Fang L, Zheng X, Sun Z, Li Y, Deng J, Zhou Y (2023) Characterization of 
a Plant Growth-Promoting Endohyphal Bacillus subtilis in Fusarium 
acuminatum from Spiranthes sinensis. Polish Journal of Microbiolo-
gy 72(1): 29–37. https://doi.org/10.33073/pjm-2023-007

Gettyimages.com (2025) Facultative anaerobes.
Gontijo JB, Andrade GVS, Baldotto MA, Baldotto LEB (2018) Bio-

prospecting and selection of growth-promoting bacteria for Cym-
bidium sp. Orchids. Scientia Agricola 75(5): 368–374. https://doi.
org/10.1590/1678-992X-2017-0117

Halimursyadah H, Syamsuddin, Nurhayati I, Rizva D (2022) Explo-
ration, isolation and characterization of indigenous rhizobacteria 
from patchouli rhizosphere as PGPR candidates in producing IAA 
and solubilizing phosphate. IOP Conference Series: Earth and En-
vironmental Science 951(1): 012055. https://doi.org/10.1088/1755-
1315/951/1/012055

Herrera H, Sanhueza T, Novotna A, Charles TC, Arriagada C (2020) Iso-
lation and identification of endophytic bacteria from mycorrhizal 
tissues of terrestrial orchids from Southern Chile. Diversity 12: 55. 
https://doi.org/10.3390/d12020055

Holt J, Krieg NR, Sneath PHA, Staley JT, Williams ST (2000) Bergey’s 
Manual of Determinative Bacteriology 9th ed. Lippincott Williams & 
Wilkins.

Huang H, Zi X, Lin H, Gao J (2018) Host-specificity of symbiotic mycor-
rhizal fungi for enhancing seed germination, protocorm formation 
and seedling development of over-collected medicinal orchid, Den-
drobium devonianum. Journal of Microbiology 56(1): 42–48. https://
doi.org/10.1007/s12275-018-7225-1

Husna R, Hasanuddin R, Sriwati, Sulastri, Nurachidan, Arini A, Wulan-
dari U (2025) Isolation and Characterization of Indigenous Rizo-
bacteria from Shallot (Allium ascalonicum, L) Rizosphere as PGPR 
Agents. IOP Conference Series: Earth and Environmental Science 
1476(1): 012063. https://doi.org/10.1088/1755-1315/1476/1/012063

Jagannath S, Konappa NM, Alurappa R, Chowdappa S (2019). Produc-
tion, characterization of Indole Acetic Acid and its bioactive potential 
from endophytic Fungi of Cymbidium aloifolium L. Journal of Bio-
logically Active Products from Nature 9(5): 387–409. https://doi.org/
10.1080/22311866.2019.1688684

Johnson T, Stewart SL, Dutra MM, Kane ME, Richardson L (2007) Asym-
biotic and symbiotic seed germination of Eulophia alta (Orchidace-
ae) – preliminary evidence for the symbiotic culture advantage. Plant 
Cell, Tissue and Organ Culture 90: 313–323. https://doi.org/10.1007/
s11240-007-9270-z

Kaur J, Sharma J (2021) Orchid root-associated bacteria: linchpins 
or accessories? Frontiers in Plant Science 12: 661966. https://doi.
org/10.3389/fpls.2021.661966

Kiding A, Khotimah S, Linda R (2015) Karakterisasi dan kepadatan bak-
teri nitrifikasi pada tingkat kematangan tanah gambut yang berbe-
da di kawasan hutan lindung Gunung Ambawang Kabupaten Kubu 
Raya. Protobiont 4(1): 17–21.

Kowalska J, Mackiw E, Korsak J, Postupolski J (2024) Characterization 
of the Bacillus cereus group isolated from ready-to-eat foods in Po-
land by whole-genome sequencing. Foods 13(20): 3266. https://doi.
org/10.3390/foods13203266

Kulkova I, Dobrzyński J, Kowalczyk P, Bełżecki G, Kramkowski K (2023) 
Plant growth promotion using Bacillus cereus. International Jour-
nal of Molecular Sciences 24(11): 9759. https://doi.org/10.3390/
ijms24119759

https://doi.org/10.22146/ijg.95745
https://doi.org/10.1007/s12088-013-0395-y
https://doi.org/10.1007/s12088-013-0395-y
https://doi.org/10.1080/11263504.2020.1829731
https://doi.org/10.1080/11263504.2020.1829731
https://doi.org/10.1016/j.rhisph.2020.100280
https://doi.org/10.1016/j.rhisph.2020.100280
https://doi.org/10.1016/j.scienta.2022.111656
https://doi.org/10.1016/j.scienta.2022.111656
https://doi.org/10.1088/1755-1315/985/1/012006
https://doi.org/10.1088/1755-1315/985/1/012006
https://doi.org/10.1590/2447-536X.v25i4.2046
https://doi.org/10.1590/2447-536X.v25i4.2046
https://doi.org/10.15832/ankutbd.385859
https://doi.org/10.15832/ankutbd.385859
https://www.jpeocbrnd.osd.mil/Media/Photography/igphoto/2003278248/
https://www.jpeocbrnd.osd.mil/Media/Photography/igphoto/2003278248/
https://doi.org/10.3390/d17090605
https://doi.org/10.33073/pjm-2023-007
https://doi.org/10.1590/1678-992X-2017-0117
https://doi.org/10.1590/1678-992X-2017-0117
https://doi.org/10.1088/1755-1315/951/1/012055
https://doi.org/10.1088/1755-1315/951/1/012055
https://doi.org/10.3390/d12020055
https://doi.org/10.1007/s12275-018-7225-1
https://doi.org/10.1007/s12275-018-7225-1
https://doi.org/10.1088/1755-1315/1476/1/012063
https://doi.org/10.1080/22311866.2019.1688684
https://doi.org/10.1080/22311866.2019.1688684
https://doi.org/10.1007/s11240-007-9270-z
https://doi.org/10.1007/s11240-007-9270-z
https://doi.org/10.3389/fpls.2021.661966
https://doi.org/10.3389/fpls.2021.661966
https://doi.org/10.3390/foods13203266
https://doi.org/10.3390/foods13203266
https://doi.org/10.3390/ijms24119759
https://doi.org/10.3390/ijms24119759


Rineksane, et al.: Selection and characterization of bacteria for orchid growth12

Emirates Journal of Food and Agriculture

Linnet NM (2024) Plant Growth-Promoting Traits of Bacillus and Relat-
ed Genera. Microorganisms for Sustainability 51: 55–69. https://doi.
org/10.1007/978-981-99-8195-3_3

Manthos G, Abbaszadeh L, Zagklis D, Kornaros M (2023) Mathematical 
Modeling of Nitrification in Mixed Cultures: Insights into Nitrite-Ox-
idizing Bacteria Growth and Ammonia Starvation Effect. Fermenta-
tion 9(7): 681. https://doi.org/10.3390/fermentation9070681

Mayo-Mosqueda A, Hernandez EG, Noguera-Savelli E, Cetzal-Ix Wa, 
Alatorre-Cobos F (2022) Advances in Breeding, Bioprospecting 
and In Vitro Culture of Laelia orchid species. Horticulturae 8: 103. 
https://doi.org/10.3390/horticulturae8020103

Mc Cue P, Bishop J (2021) Microbiology in Equine Reproductive Pro-
cedures. Wiley, 55–58. https://doi.org/10.1002/978111.9556015.ch14

Mghazli N, Bruneel O, Zouagui R, Hakkou R, Sbabou L (2022) Char-
acterization of plant growth-promoting activities of indigenous 
bacteria of phosphate mine wastes, a first step toward revegetation. 
Frontiers in Microbiology 13: 1026991. https://doi.org/10.3389/
fmicb.2022.1026991

Munar A, Sembiring M, Tantawi AR, Sabrina T (2023) Isolation and 
identification of phosphate solubilizing microbes in the rhizosphere 
of maize by sound exposure. Emirates Journal of Food and Agricul-
ture 35(11): 964–970. https://doi.org/10.9755/ejfa.2023.v35.i11.3169

Murali A, Patel S (2017) The effect of different heavy metal acetate solu-
tions on the inhibition of catalase enzyme. Journal of the South Car-
olina Academy of Science15(2): 68–74.

Pavlova AS, Leontieva MA, Smirnova TA, Kolomeitseva, Netrusov AI, 
Tsavkelova EA (2017) Colonization strategi of the endophytic plant 
growth-promoting strains of Pseudomonas fluorescens and Klebsiel-
la oxytoca on the seeds, seedlings and roots of the epiphytic orchid, 
Dendrobium nobile Lindl. Journal of Applied Microbiology 123(1): 
217–232. https://doi.org/10.1111/jam.13481

Pujasatria GC, Miura C, Kaminaka H (2020) In Vitro Symbiotic Germi-
nation: A Revitalized Heuristic Approach for Orchid Species Con-
servation. Plants 9(12): 1742. https://doi.org/10.3390/plants9121742

Quijia-Lamina PH, Baquero LE, Kane ME, Zettler LW (2023) Symbi-
otic Seed Germination and Seedling Development of Epidendrum 
geminiflorum Knuth from Equador. Diversity 15(2): 236. https://doi.
org/10.3390/d15020236

Rashid R, Iqbal A, Shahzad M, Noureen S, Muqeet HA (2025) Carrier‐based 
application of phyto-benefic and salt-tolerant Bacillus wiedmannii and 
Bacillus paramobilis for sustainable wheat production under salinity 
stress. Plants 14(14): 2096. https://doi.org/10.3390/plants14142096

Rigamonte TA, Pylro VS, Duarte GF (2010) The role of mycorrhization 
helper bacteria in the establishment and action of ectomycorrhi-
zae associations. Brazilian Journal of Microbiology 41(4): 832–840. 
https://doi.org/10.1590/S1517-83822010000400002

Rineksane IA, Alifianindya AD, Samidjo GS (2022) Utilization of shoot 
multiplication medium for in vitro conservation of Vanda tricolor. 
IOP Conf. Series: Earth and Environmental Science 985(1): 1–8. 
https://doi.org/10.1088/1755-1315/985/1/012009

Rineksane IA, Juliarachmi AF, Putri RK, Astuti A, Samidjo GS (2021) 
Optimization of 2,4-D and cytokinin combination for the growth 
of Vanda tricolor in solid and liquid medium. IOP Conf. Se-
ries: Earth and Environmental Science 752(1): 1–7. https://doi.
org/10.1088/1755-1315/752/1/012025

Rineksane IA, Nu’imah MNK, Astuti A (2023) Effect of different types 
of medium and fertilizer on acclimatization of Vanda tricolor. IOP 

Conf. Series: Earth and Environmental Science 1172: 1–9. https://
doi.org/10.1088/1755-1315/1172/1/012026

Rineksane IA, Saputra EW, Samidjo GS, Astuti A (2020) Benzyl amino 
purine enhances multiplication of Vanda tricolor protocorm-like 
bodies. IOP Conf. Series: Earth and Environmental Science 458: 
012031. https://doi.org/10.1088/1755-1315/458/1/012031

Risanti RR, Hindersah R, Fitriatin BN, Suryatmana P, Maksum IP, Seti-
awati MR, Hanindipto FA, Nugraha GB (2025) Exploring the Bacillus 
from vegetable rhizosphere for plant growth. Journal of Ecological En-
gineering 26(1): 109–120. https://doi.org/10.12911/22998993/195286

Roca A, Cabeo M, Enguidanos C, Martínez-Checa F, Sampedro I, Lla-
mas I (2024) Potential of the quorum-quenching and plant-growth 
promoting halotolerant Bacillus toyonensis AA1EC1 as biocontrol 
agent. Journal of Microbiology and Biotechnology 17(3): e14420. 
https://doi.org/10.1111/1751-7915.14420

Sagar A, Rai S, Sharma S, Perveen K, Bukhari NA, Sayyed RZ, Mastinu A 
(2024) Molecular Characterization Reveals Biodiversity and Biopo-
tential of Rhizobacterial Isolates of Bacillus Spp. Microbial Ecology 
87(1): 83. https://doi.org/10.1007/s00248-024-02397-w

Sahu AK, Kar BKR, Sahu SS, Achary, Pragnya P, Harichandan PS (2019) 
Isolation, characterization of endophytic bacteria from Psidium gua-
java plant and screening of their antibiotic activities. International 
Journal for Research in Applied Science and Engineering Technology 
7(1): 345–355. https://doi.org/10.22214/ijraset.2019.1061

Sandhu N, Sethi M, Kumar A, Dang D, Singh J, Chhuneja P (2021) Bio-
chemical and Genetic Approaches Improving Nitrogen Use Efficien-
cy in Cereal Crops: A Review. Frontiers in Plant Science 12: 657629. 
https://doi.org/10.3389/fpls.2021.657629

Sari R, Prayudyaningsih R (2015) Rhizobium: pemanfaatannya sebagai 
bakteri penambah nitrogen. Info Teknis Eboni 2(1): 51–55.

Semiarti E, Purwantoro A, Sari IP (2022) Biotechnology Approaches on 
Characterization, Mass Propagation, and Breeding of Indonesian Or-
chids Dendrobium lineale (Rolfe.) and Vanda tricolor (Lindl.) with 
Its Phytochemistry. Orchids Phytochemistry, Biology and Horticul-
ture, 299–312. https://doi.org/10.1007/978-3-030-38392-3_12

Shah S, Chand K, Rekadwad B, Shouche YS, Sharma J, Pant B (2021) A 
prospectus of plant growth promoting endophytic bacterium from 
orchid (Vanda cristata). BMC Biotechnology 21(16). https://doi.
org/10.1186/s12896-021-00676-9

Shah S, Shrestha R, Maharjan S, Selosse M, Pant B (2018) Isolation 
and characterization of plant growth-promoting endophytic fungi 
from the roots of Dendrobium moniliforme. Plants 8(5). https://doi.
org/10.3390/plants8010005

Shchegolkova N, Kalimutu PK, Wirawan IGP, Suada IK (2024) Explora-
tion and Identification of rhizobacterial morphology in cocoa plan-
tations of Central Sulawesi, Indonesia. International Journal of Bio-
sciences and Biotechnology 11(2): 45–52. https://doi.org/10.24843/
IJBB.2024.v11.i01.p06

Silveira KC, De Melo RO, Baldotto MA, Baldotto LEB (2023) Acclimati-
sation of orchids using plant growth-promoting bacteria and humic 
acids. The Journal of Horticultural Science and Biotechnology 98(6): 
807–813. https://doi.org/10.1080/14620316.2023.2209569

Simarmata R, Ngadiman, Nisa IC, Saraswati, Rachmat A, Rohman MS 
(2023) Endophytic bacteria from paddy with double 1-aminocy-
clopropane-1-1carboxylic acid deaminase and nitrogenase activity. 
Emirates Journal of Food and Agriculture 35(11): 1–10. https://doi.
org/10.9755/ejfa.2023.3182

https://doi.org/10.1007/978-981-99-8195-3_3
https://doi.org/10.1007/978-981-99-8195-3_3
https://doi.org/10.3390/fermentation9070681
https://doi.org/10.3390/horticulturae8020103
https://doi.org/10.1002/978111.9556015.ch14
https://doi.org/10.3389/fmicb.2022.1026991
https://doi.org/10.3389/fmicb.2022.1026991
https://doi.org/10.9755/ejfa.2023.v35.i11.3169
https://doi.org/10.1111/jam.13481
https://doi.org/10.3390/plants9121742
https://doi.org/10.3390/d15020236
https://doi.org/10.3390/d15020236
https://doi.org/10.3390/plants14142096
https://doi.org/10.1590/S1517-83822010000400002
https://doi.org/10.1088/1755-1315/985/1/012009
https://doi.org/10.1088/1755-1315/752/1/012025
https://doi.org/10.1088/1755-1315/752/1/012025
https://doi.org/10.1088/1755-1315/1172/1/012026
https://doi.org/10.1088/1755-1315/1172/1/012026
https://doi.org/10.1088/1755-1315/458/1/012031
https://doi.org/10.12911/22998993/195286
https://doi.org/10.1111/1751-7915.14420
https://doi.org/10.1007/s00248-024-02397-w
https://doi.org/10.22214/ijraset.2019.1061
https://doi.org/10.3389/fpls.2021.657629
https://doi.org/10.1007/978-3-030-38392-3_12
https://doi.org/10.1186/s12896-021-00676-9
https://doi.org/10.1186/s12896-021-00676-9
https://doi.org/10.3390/plants8010005
https://doi.org/10.3390/plants8010005
https://doi.org/10.24843/IJBB.2024.v11.i01.p06
https://doi.org/10.24843/IJBB.2024.v11.i01.p06
https://doi.org/10.1080/14620316.2023.2209569
https://doi.org/10.9755/ejfa.2023.3182
https://doi.org/10.9755/ejfa.2023.3182


Emir. J. Food Agric ⋅ Volume 38 ⋅ 2026 13

Emirates Journal of Food and Agriculture

Simmons T, Caddell DF, Deng S, Coleman-Derr D (2018) Exploring the 
Root Microbiome: Extracting Bacterial Community Data from the 
Soil, Rhizosphere, and Root Endosphere. Journal of Visualized Ex-
periments 135: e57561. https://doi.org/10.3791/57561

Solano-Álvarez N, Valencia-Hernández JA, Rico-García E, Torres-Pa-
checo I, Ocampo-Velázquez RV Escamilla-Silva EM, Romero-García 
AL, Alpuche-Solís AG, Guevara-González RG (2021) A novel isolate 
of Bacillus cereus promotes growth in tomato and inhibits Clavi-
bacter michiganensis infection under greenhouse conditions. Plants 
10(3): 506. https://doi.org/10.3390/plants10030506

Stackebrandt E, Goebel BM (1994) Taxonomic note: A place for 
DNA–DNA reassociation and 16S rRNA sequence analysis in spe-
cies definition in bacteriology. International Journal of System-
atic and Evolutionary Microbiology 44(4): 846–849. https://doi.
org/10.1099/00207713-44-4-846

Stock.adobe.com (2025) Microaerophiles.
Sudewi S, Ala A, Baharuddin, Farid M (2020a) The isolation, character-

ization endophytic bacteria from roots of local rice plant Kamba in 
Central Sulawesi, Indonesia. Biodiversitas 21(4): 1614–1624. https://
doi.org/10.13057/biodiv/d210442

Sudewi S, Ala A, Patandjengi B, Farid BDRM (2020b) Isolation of phos-
phate solubilizing bacteria from the rhizosphere of local aromatic 
rice in Bada Valley Central Sulawesi, Indonesia. IOP Conference Se-
ries: Earth and Environmental Science 575(1): 012017. https://doi.
org/10.1088/1755-1315/575/1/012017

Suresh L, Reveendrann R, Decruse SW (2023) In vitro symbiotic seed 
germination in Vanda wightii, an endemic orchid species of Western 
Ghats, India supported by Ceratobasidiaceae isolates. Plant Science 
Today 10(3): 375–384. 

Taib EN, Maya H, Shabirah R, Siregar FR (2023) Isolasi dan identifikasi 
mikroba pada tanah bekas pertumbuhan bawang merah. Jurnal Bi-
ologi Edukasi 15(2): 96–104.

Teixeira da Silva JA, Tsavkelova EA, Zeng S, Bun NT, Parthibhan S, Do-
branszki J, Cardoso JC, Rao MV (2015) Symbiotic in vitro seed prop-
agation of Dendrobium: fungal and bacterial partners and their in-
fluence on plant growth and development. Planta 242: 1–22. https://
doi.org/10.1007/s00425-015-2301-9

Tsavkelova EA, Cherdyntseva TA, Botina SG, Netrusov AI (2007) Bacte-
ria associated with orchid roots and microbial production of auxin. 
Microbiological Research 162: 69–76. https://doi.org/10.1016/j.mi-
cres.2006.07.014

Tsavkelova EA, Egorova MA, Leontieva MR, Malakho SG, Kolomeitseva 
GL, Netrusov AI (2016) Dendrobium nobile Lindl. Seed germination in 
co-cultures with diverse associated bacteria. Journal of Plant Growth 
Regulation 80: 79–91. https://doi.org/10.1007/s10725-016-0155-1

Tsotetsi T, Nephali L, Malebe M, Tugizimana F (2022) Bacillus for Plant 
Growth Promotion and Stress Resilience: What Have We Learned? 
Plants 11(19): 2482. https://doi.org/10.3390/plants11192482

Wu H, Song X, Liu H (2012) Ex-situ symbiotic seed germination of Den-
drobium catenatum. Acta Ecologica Sinica 32(8): 2491–2497. https://
doi.org/10.5846/stxb201101280147

Yadav A, Boruah JLH, Geed SR, Sharma RK, Salkia R (2023) Occurrence, 
identification and characterization of diazotrophic bacteria from ae-
rial roots of Rhynchostylis retusa (L.) Blume for plant growth-pro-
moting activity. Archives of Microbiology 205: 131. https://doi.
org/10.1007/s00203-023-03458-3

Yadav A, Mudoi KD, Kumar N, Geed SR, Gogoi P, Sharma RK, Saikia R 
(2022) Auxin biosynthesis by Microbacterium testaceum Y411 asso-
ciated with orchid aerial roots and their efficacy in micropropaga-
tion. Frontiers in Plant Science 13: 1037109. https://doi.org/10.3389/
fpls.2022.1037109

Yadav S, Kumar A, Gupta M, Maitra SS (2018) Cross-Reactivity of Pro-
karyotic 16S rDNA-Specific Primers to Eukaryotic DNA: Mistaken 
Microbial Community Profiling in Environmental Samples. Current 
Microbiology 75(8): 1038–1045. https://doi.org/10.1007/s00284-
018-1482-4

Zhou Q, Li G, Cui Y, Xiang J, Zhu S, Li S, Huang J, Wang Y, Liu Y, Zhou 
L (2024) Genomic characterization of Bacillus cereus isolated from 
food poisoning cases revealed the mechanism of toxin production. 
Frontiers in Microbiology 14: 1238799. https://doi.org/10.3389/
fmicb.2023.1238799

Zhu M, Chen H, Si J, Wu L (2022) Effect of cultivation mode on bacterial 
and fungal communities of Dendrobium catenatum. BMC Microbiol-
ogy 22: 221. https://doi.org/10.1186/s12866-022-02635-6

https://doi.org/10.3791/57561
https://doi.org/10.3390/plants10030506
https://doi.org/10.1099/00207713-44-4-846
https://doi.org/10.1099/00207713-44-4-846
https://doi.org/10.13057/biodiv/d210442
https://doi.org/10.13057/biodiv/d210442
https://doi.org/10.1088/1755-1315/575/1/012017
https://doi.org/10.1088/1755-1315/575/1/012017
https://doi.org/10.1007/s00425-015-2301-9
https://doi.org/10.1007/s00425-015-2301-9
https://doi.org/10.1016/j.micres.2006.07.014
https://doi.org/10.1016/j.micres.2006.07.014
https://doi.org/10.1007/s10725-016-0155-1
https://doi.org/10.3390/plants11192482
https://doi.org/10.5846/stxb201101280147
https://doi.org/10.5846/stxb201101280147
https://doi.org/10.1007/s00203-023-03458-3
https://doi.org/10.1007/s00203-023-03458-3
https://doi.org/10.3389/fpls.2022.1037109
https://doi.org/10.3389/fpls.2022.1037109
https://doi.org/10.1007/s00284-018-1482-4
https://doi.org/10.1007/s00284-018-1482-4
https://doi.org/10.3389/fmicb.2023.1238799
https://doi.org/10.3389/fmicb.2023.1238799
https://doi.org/10.1186/s12866-022-02635-6

	Characterization of novel rhizosphere bacteria isolated from Vanda tricolor Lindl. var. Suavis Orchids in Mount Merapi Indonesia
	Abstract
	Introduction
	Materials and methods
	Study area
	Material preparation
	Isolation of bacteria from the roots of Vanda tricolor orchid
	Characterization of bacteria
	Characterization of colony morphology
	Gram staining and cell shape characterization
	Aerobics
	Catalase test
	Testing the Nitrogen-fixing ability of bacteria
	Nitrification test

	Identification of bacteria
	Data resources

	Results and discussion
	Colony morphological characteristics
	Cell characterization
	Cell physiology
	Bacterial potential for N fixation and nitrification capability
	Identification of bacterial isolates based on 16S rRNA gene sequences
	Functional potential of identified Bacillus species
	Phylogenetic relationship of bacterial isolates obtained from the rhizosphere of Vanda tricolor

	Conclusions
	Authors’ contributions
	Competing interests
	Acknowledgements
	References

