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Abstract. Agustiyani D, Dewi TK, Laili N, Nditasari A, Antonius S. 2021. Exploring biofertilizer potential of plant growth-promoting
rhizobacteria candidates from different plant ecosystems. Biodiversitas 22: 2691-2698. Plant growth-promoting rhizobacteria (PGPR)
have been widely used as inoculants to increase the growth of crops. This study aims to evaluate the effective PGPR strains according to
their capability in various plant growth-promoting activities in vitro. Ten rhizosphere soil samples were obtained from several plant
ecosystems in Bangkinang, Kampar, Sumatra Island, Indonesia. A total of 42 bacteria were isolated and tested for three plant growth—
promoting activities i.e., phosphate solubilization, indole-3-acetic acid (IAA) production, and N fixation. Out of 42 isolates, 26 were
positive for phosphate solubilization, 11 were positive for IAA production, and five were positive for N fixation. The qualitative and
quantitative analysis of plant growth—promoting activities revealed that the highest phosphate solubilizing isolate was PK.4.2 (Sl 4.33);
the highest IAA-producing isolate was 1.4.2 (73.1 ppm); while the highest N-fixing ability was NFB.1.1. According to the seed bioassay
results, the shoot and root length of bok choy (Brassica rapa) seedlings were significantly enhanced with the PGPR isolates treatment.
The highest shoot length (2.53 cm) was observed among seeds treated with 1.4.2 isolate, followed by PK.6.1 (2.45 cm) and 1.5.3 (2.07
c¢m). The NFB.1.1 isolate promoted the longest root length (6.4 cm), although this was similar with 1.5.3 isolate (6.11 cm). Two isolates
that showed significant plant growth—promoting activities were analyzed using 16S rDNA sequences. The two isolates had a close

evolutionary relationship with genus Sinomonas strain Cw 108 (1.4.2) and Arthrobacter (1.5.3.).
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INTRODUCTION

Currently, soil management strategies depend on
inorganic chemical-based fertilizer and pesticides. These
strategies trigger severe threats towards human health,
environment, air, and water pollution (Santos et al. 2012;
Youssef and Eissa 2014). The toxic agrochemicals
contamination to soil and water (e.g., phosphate fertilizer
contaminated with heavy metals, pesticides, and
herbicides) is of particular concern. These pollutants are
generally found in small quantities in water and cannot
easily be seen or tasted. Their harmful effects do not
manifest in humans for several years but they led to the
escalation of deadly diseases (Bhandari 2014). Historically,
large amounts of chemicals are useful for agricultural soils
as fertilizers and pesticides. They increase heavy metals,
such as cadmium (Cd), lead (Pb), and arsenic (As) content
in the soil (Atafar et al. 2010). The utilization of microbes
is critical as biofertilizers due to their capability to produce
healthy food and sustainable crop production.

Biofertilizers are obtained from live or latent cells of
plant growth-promoting rhizobacteria (PGPR), such as
nitrogen-fixing, phosphate-solubilizing, and indole-3-acetic
acid (IAA)-producing microbes. Biofertilizers are applied
to seed, soil, or composting area to increase the number of
beneficial microorganisms. Moreover, biofertilizers could
stimulate the microbial processes to improve the nutrients’
availability and assimilation by plants. Biofertilizers play a
vital role to decrease the agrochemicals used during crop

production (Mahdi et al. 2010; Ramasamy et al. 2020).
Biofertilizers could increase the crop yield up to 30%
because of the added nitrogen and phosphorus in the soil
and the improvements of soil texture and quality help
plants to grow better during drought periods. Biofertilizers
also could reduce the effects of harmful organisms in the
soil, such as fungi and nematodes, and help plants resist
stress better and live longer (Schiitz et al. 2018).

PGPR are bacteria that can be found in the rhizosphere
and widely used as biofertilizers. PGPR strains employ one
or more direct or indirect mechanisms to enhance the
growth and health of plants. Some studies reported that
PGPR enhances the plant’s growth directly through several
mechanisms, such as atmospheric nitrogen fixation,
minerals  solubilization (phosphorus), production of
siderophores, and plant growth hormones synthesis (e.g.,
IAA, gibberellic acid, cytokinin, and ethylene) (Backer et
al. 2018). The indirect mechanisms involve the biological
control of plant pathogens and deleterious microbes by
antibiotics, lytic enzymes, hydrogen cyanide, catalase, and
siderophore production. It could also by competition
against nutrients and space (Vinayarani and Prakash 2018).
These mechanisms can be active simultaneously or
independently at the different stages of plant growth
(Vinayarani and Prakash 2018).

PGPR was divided into two categories, which are
epiphytes PGPR and endophytes PGPR (Singh 2018). The
epiphytes PGPR is located in the rhizosphere, on the
rhizosphere, or in the space between cells of the root
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cortex, while endophytes are commonly located inside the
specialized nodular structures of root cells. Agrobacterium,
Arthrobacter,  Azotobacter,  Azospirillum,  Bacillus,
Burkholderia, Caulobacter, Chromobacterium, Erwinia,
Flavobacterium, Micrococcus, Pseudomonas, and Serratia
belongs to the epiphytes group (Ahemad and Kibret 2014).
Rhizobiaceae  family  such as  Allorhizobium,
Bradyrhizobium, Frankia, and Rhizobium are endophytes
group. The endophytes can have a symbiosis with the host
plant and fix nitrogen from the air (Bhattacharyya and Jha
2012).

The geographic condition of Kampar makes it a
potential land for food crop development. Nevertheless,
this region still has declining food production, because the
management of land resources is not optimal yet. In
addition, the soil types in this region are the less fertile red
organosol and yellow podzolic, increasing the difficulty in
improving productivity. The development of organic
agriculture can be a solution to improve this area’s soil
fertility and health. Therefore, this current study sought to
isolate and investigate the indigenous bacteria from
rhizospheric soil at different plant ecosystems in
Bangkinang, Kampar, Riau, Sumatra Island. The selected
isolates are expected to be developed as biofertilizers that
can be used in the local agro-climatic conditions of
Kampar, Riau.

MATERIALS AND METHODS

Soil sampling

Soil and rhizosphere soil of various plants were
collected from four different villages (Ridan Permai, Muara
Uwai, Binuang, Pasir Sialang) in Bangkinang district,
Kampar, Riau, Indonesia. The soil pH was ranging from
4.0 to 6.8. During the sample collection, the intact root
system was dug out and the rhizospheric soil samples at the
vicinity root were collected in polyethylene bags. The
collected samples were brought to the laboratory and kept
in septic condition at 4°C as far as possible for further use.

Phosphate solubilization

The isolates were evaluated for their phosphate-
solubilizing ability on a modified Pikovskaya agar with
insoluble tricalcium phosphate (Joe et al. 2018; Majeed et
al. 2015). Then, a loop full of each culture was placed on
the center of an agar plate and incubated at room
temperature (28°C) for five days. The solubilization zone
was evaluated by subtracting the bacterial colony diameter
from the diameter of the total zone, as follows.

Colony diameter + Halozone diameter
Solubilisation = =
Colony diameter

The halo zone formation in the bacterial colonies is due
to the organic acids and polysaccharides production, which
is caused by the activity of phosphatase enzymes by
phosphate solubilizing bacterial strains. In theory, the
higher Sl reflects higher enzyme activity.
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Nitrogen fixation

The initial screening of N-fixing activity from pure
bacterial cultures was evaluated according to the N-free
semisolid malate medium (NFB) (Kim et al. 2010). The
plates were incubated at room temperature (28°C) for 24 h,
where the color change from pale green to blue
qualitatively indicates a positive effect of N»-fixing
activity.

Detection of IAA

Fifty milliliters of nutrient broth (NB) containing 0.1%
DL-tryptophan was inoculated with 500 pL of 24-hours-old
bacterial cultures with CFU > 107. After that, it was
incubated at 30°C + 0.1°C inside an incubator shaker with
180 rpm shake for 48 h in a dark condition. The bacterial
cultures were centrifuged at 10,000 rpm, 10 minutes at 4°C.
The estimation of 1AA in the supernatants was conducted
by colorimetric assay (Szkop et al. 2012).

One milliliter of supernatant was mixed to 4 mL of
Salkowski reagent. The absorbance of the resultant pink
color was determined after 30 minutes of reaction by a UV-
VIS spectrophotometer (UV mini 1240 Shimadzu, Japan)
at 535 nm wavelength. The appearance of the pink color in
the test tubes indicates IAA production based on Ghosh
(2019). The IAA production was calculated by a regression
equation of the standard curve and the result was presented
as pg/mL* over the control.

Production of hydrogen cyanide

The determination of hydrogen cyanide (HCN)
production was conducted according to El-Sayed et al.
(2014). The bacterial cultures were streaked on a nutrient
agar medium with 4.4 g/L of glycine. A Whatman filter
paper no. 1 was soaked in 0.5% picric acid solution (in 2%
sodium carbonate) and then placed into the lid of a plate.
The plates were sealed by parafilm and incubated for four
days at 30°C + 0.1°C. The development of a light brown to
a dark brown color indicated HCN production.

Siderophore production

The PGPR isolates were assayed to determine the
siderophore production on chrome azurole S agar (CAS) as
described by Louden et al. (2011). The agar plates of
Chrome azurole S were prepared and spot-inoculated by
bacteria, and then incubated at room temperature (28°C)
for five days. The development of a yellow-orange halo
around the colony was considered a positive finding of
siderophores.

Catalase activity

The catalase test was conducted by taking a drop of 3%
hydrogen peroxide and adding it to a 48-hour-old bacterial
colony on a clean glass slide, with subsequent mixing. The
effervescence result after mixing indicated the catalase
activity.

Bacterial molecular analysis

Selected microbial isolates were further analyzed based
on the 16S ribosomal RNA gene. Bacterial DNA was
extracted by the GES method (Cruaud et al. 2014). The



AGUSTIYANI et al. — PGPR based biofertilizer from different ecosystems

DNA amplification was conducted by universal primers for
16S rDNA (27F and 1492R) and the polymerase chain
reaction (PCR) cycle program was as follows: (1) two
minutes at 94°C; (2) 30 cycles during 30 seconds at 95°C,
40 seconds at 55°C, and 30 seconds at 72°C; and (3) five
minutes at 72°C. The PCR product was sequenced and then
analyzed using the Basic Local Alignment Search Tool
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) database. This
analysis was conducted to determine the homology of the
bacterial genetic code to other known species. Multiple
sequence alignment of the isolates was performed using a
muscle algorithm in the MEGAG program, and a neighbor-
joining phylogenetic tree was constructed based on this
alignment. The bootstrap method was used as the
phylogeny test to test the robustness of the tree.

Effect of PGPR on bok choy (Brassica rapa) seedling
growth, in vitro

Ten seeds of bok choy (Brassica rapa L.) were
prepared for each bacteria inoculation to evaluate the
effects of isolates on seedling growth. The seed
sterilization procedure was performed as the following: the
seeds were soaked in 95% ethanol for three minutes,
shaken in a 10% solution of Chlorox® (The Clorox
Company, Oakland, CA, USA) for three minutes, and
washed by sterile distilled water for five times. The
sterilized seeds were incubated into 12 tubes of NB media
containing 1 x 107 colony-forming units/mL of 12 bacterial
isolates at room temperature for two to four hours. One
tube with NB media without bacterial cells was incubated
as a control. After two to four hours of incubation, the
soaked seeds were placed in sterilized Erlenmeyer flasks
containing sterilized filter paper, with 10 seeds/flask. As
many as three flasks were used in this study or 30 seeds in
total. Seed cultures were incubated for five days at room
temperature (28°C). The percentage of germination and
some seedling parameters, such as shoot length (cm) and
root length (cm), were calculated.

RESULTS AND DISCUSSIONS

Isolation of bacteria

The interaction between PGPR and plants can be
unstable, but PGPR with PGP activities may be well
adapted in a particular soil environment. Based on this, we
isolated and identified PGPRs from different rhizosphere
soils according to their multiple mechanisms. The
preliminary screening of PGPRs was done under the
premise that PGPR may have the abilities of N2-fixing,
phosphate solubilization, and 1AA production. Forty-two
bacterial isolates were successfully isolated from 10 soil
samples. All isolates showed PGPR activities at various
rates, qualitatively (Table 1). There were 26 bacterial
isolates with phosphate-solubilizing properties, seven
isolates could produce IAA, and five isolates could fix
nitrogen.

Seven bacterial isolates showed IAA-producing abilities
according to the pink color formation that occurred
following the addition of Salkowski reagent in 48-hours-
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grown broth. The range of IAA production was from 4.04
to 73.12 ppm, where 1.4.2 produced the greatest amount of
IAA (73.12 ppm) at 48 hours of incubation (Figure 1). IAA
production mechanism could be different in each species
and strain. It is also affected by culture conditions, growth
stage, and substrate availability (Mohite 2013). Isolate 1-4.2
was isolated from maize roots and several reports have
shown that bacterial isolates from maize possess relatively
superior activity. Moreover, isolates from the rhizosphere
are more efficient auxin producers than isolates from bulk
soil (Sarwar and Kremer 1992).

A total of 26 isolates were evaluated by phosphate-
solubilizing ability on Pikovskaya agar. Maximum
phosphate solubilization was shown by isolate PK.4.2,
followed by PK.10.1 and PK.8.2, with the SI values of
4.33, 2.62, and 2.0, respectively. These three isolates
showed the clearest halo zones around their bacterial
colonies (Figure 2) that indicated higher phosphate-
solubilizing abilities in comparison with other isolates
(Table 2). The effectiveness of phosphate-solubilizing
microorganisms is mainly dependent on carbon-rich
sources from plant roots to produce organic acids for
solubilizing soil-bound phosphate (Sharma et al. 2013).
The effectiveness of phosphate solubilizing of isolate PK
4.2 (Sl = 4.33) in the present study could be attributed to
the sufficient root exudates. In comparison, the Sl values of
phosphate-solubilizing fungal strains (Penicillium italicum
and Aspergillus niger) were 2.42 and 3.15, respectively
(El-Azouni 2008). Phosphate is an essential major nutrient
required by plants and most of it is insoluble, so the
capability of bacteria to solubilize phosphate and make it
available to plants has become an important factor in
agricultural management (Alori et al. 2017; Kalayu 2019).

Twelve selected isolates were further investigated
through biochemical characterizations and plant growth-
promoting assays (Table 2). Among the selected 12
isolates, five were observed to fix nitrogen qualitatively
and 10 isolates produced ammonia. It has been reported
that ammonia production is another crucial trait of PGPR
as it influences plant’s growth indirectly. Some studies
reported that the positive effect of some diazotrophic
bacteria on non-leguminous plant growth and yields might
not only be due to nitrogen fixation. Instead, it is caused by
other mechanisms that contribute to growth responses
observed in non-leguminous plants (Santi et al. 2013).
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Figure 1. IAA production of eleven bacterial isolates (n- 3, p
value < 0.05)
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Table 1. Description of the bacterial isolates
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Sample number Source of microbial isolate (Soil pH)

Number of isolate Isolate codes

Rhizosphere soil of grass (pH 5,4)
Dugout’s soil (pH 5,0)
Soil of Kampar forest (4,0)
Rhizosphere soil of Zea mays (5,9)
Rhizosphere soil of Chili (6,1)
Rhizosphere soil of Rubber plant (5,0)
Rhizosphere soil of coconut palm (5,0)
Rhizosphere of Acacia (5,0)
Rhizosphere soil of leafy vegetable (6,8)
Rhizosphere of rice plant/paddy (6,2)
Total

SBoo~Noobs~wN R

6 11.1, 11.3, PK1.1, PK1.2, NFB1.1, NFB1.2
1.2.3

PK3.2, PK3.3, PK3.4

1.4.2,14.5, PK4.1, PK4.2, PK4.3, PK4.4
15.3, PK 5.1, PK5.2, PK5.3

PK®6.1, PK6.2, PK6.3, PK6.4

PK7.1, PK7.2, PK7.3, NFB7.1, NFB7.2
18.1, 18.2, PK8.1, PK8.2, PK8.3

19.5, 19.8, PK9.1, PK9.2

1.10.4, PK10.1, PK10.2, NFB10

Brproorprowr

Table 2. Plant growth-promoting activities of bacterial isolates

Isolate codes P s_olubilization N fixation 1AA production Ammon_ia HCN_ Catglgse Siderophore
index (S1) (ppm) production production activity

1-4.2 - - 73.12 - +++ +++ -
1-5.3 - - 30.06 ++ +++ ++ -
1-9.8 - - 13.45 + ++ + -
I-1.1 - - 20.09 + +++ +++ +
PK 4.2 4.33 - - +++ ++ ++ +++
PK 10.1 2.62 - - ++ + +++ +++
PK 10.2 1.90 - - ++ + +++ +++
PK 8.2 2.00 - - ++ +++ +++ ++
PK7.1 111 - - ++ +++ ++ ++
PK 6.1 1.80 - - + +++ +++ ++
N.1.1 1.13 ++ - ++ +++ +++ +
N.7.1 - + - - +++ +++ -

Notes: + = Positive, - = Negative, + (blue) N fixing positive, + (orange) ammonia production positive, + (pink) IAA production positive,
+ (light-dark brown) HCN positive, + (halo zone) siderophore production positive, + (effervescence) catalase positive. All tests were

done in duplicate

Table 3. The effect of bacterial isolates inoculation on seedling
growth

Treatment Germination  Shoot length  Root length
(%) (cm) (cm)
1.4.2 90 2.53¢ 4.93 ef
1.5.3 100 2.07d 6.119
1.9.8 80 2.07d 3.41d
1.1.1 80 2.05d 2.68¢
PK.4.2 90 1.91cd 241c
PK.10.1 70 1.23b 1.07b
PK.10.2 80 16lc 5.21f
PK.8.2 70 1.93cd 4.72¢e
PK.7.1 80 1.89 cd 5.15f
PK.6.1 70 245¢e 3.21d
N.1.1 90 1.70c 6.45 h
N.7.1 70 1.62c 4.73e
Control (H20) 40 1.20b 0.60a
Control (NB) 45 0.83a 0.42a

Note: Different letters show significant differences between
treatments for each cultivar (least significant difference test, P <
0.05,n=23).

Eight isolates had a positive result in the siderophore
production assay and showed a yellow-orange zone around
the colony. Three isolates (PK.4.2, PK.10.1, and PK.10.2)
had relatively high production. The capability of

rhizobacteria to produce siderophores has been considered
in several studies to further study the role of PGPR
(Maksimov et al. 2011). Siderophore-producing bacteria
make iron available to plants and as these bacteria compete
for this element against soil-borne pathogens, they function
as biocontrol agents (Ahmed and Holmstrom 2014; RadzKi
et al. 2013). Growth and siderophore production by PGPR
is attributed to organic acids, sugars, amino acids, minerals,
enzymes, and various other components of root exudates
(Olanrewaju et al. 2017; Pérez-Montarfio et al. 2014). In one
report, siderophore production depends on the type of
carbon source in Pseudomonas sp. (Kumar et al. 2017).
Siderophore production is affected by root exudates and
there is a possibility that bacteria isolated from different
plant roots will also have different siderophore activity.

In the present work, all 12 selected bacterial isolates
were positive for HCN production, which might act as an
inducer to plant resistance. HCN production by
rhizobacteria has a critical role in the biological control of
pathogens (Rijavec et al. 2016). All 12 isolates were also
positive for catalase activity. Bacterial strains with catalase
activities will likely have a high resistance to
environmental, mechanical, and chemical stress (den
Besten et al. 2013).
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Effect of PGPR on bok choy seedling growth

The performances of all selected bacterial isolates were
considered to be the best in terms of plant growth-
promoting activities according to their positive PGPR
activities (Table 2). The 12 isolates were further screened
by testing their effect on the germination and growth of the
bok choy seedling. Seed inoculation with PGPR isolates
significantly increased seed germination and seedling vigor
of bok choy (Table 4). The inoculated seed germination
reached 70-100%, while the control only reached 40-45%.
The treatment with isolates | 4.2, 1 5.3, PK 4.2, and N 1.1
achieved germination of 90-100%. The highest shoot
length was observed in seeds treated with isolate 1.4.2 (2.53
cm), then PK.6.1 (2.45 cm), 1.5.3 (2.07 cm), and 1.9.8 (2.07
cm). Seeds that were inoculated with these four isolates
showed shoot length increase by 110%, 104%, and 72%,
respectively, compared to non-inoculated control. The
seedlings’ root length was increased significantly after
treatments from 78% to more than 100% compared to
control. Seeds with isolate N.1.1 showed the highest root
length (6.45 cm) similar to isolate 1.5.3 (6.11 cm). From
Table 2, we have revealed that these isolates had positive
results on N fixation, ammonia production, catalase, and
siderophore production qualitative test. The root length in
treatment with isolates PK 10.2, PK 7.1, |1 4.2, PK 8.2, and
N 7.1 was also good, with a range from 4.72 to 5.21 cm.

It was shown that PGPR inoculation had a significant
effect on root and shoot development. The increase in shoot
and root length of bok choy seedlings inoculated by IAA-
producing bacterial isolates (I 4.2, 1 5.3) were observed in
this study as well (Table 3). The effect of growth hormone-
producing bacteria inoculation on root and shoot
development was also reported by several studies. Boiero
et al. 2007 reported that significant shoot growths in maize
and rice were promoted by gibberellins-like substances
excreted by Azospirillum spp. The PGPR induces changes
in external layers of the root cortex due to enhanced
divisions of cells in root tips (Baset Mia et al. 2010). The
involvement of PGPR formulated cytokinin was also
observed in root initiation, cell division, cell enlargement,
and increase in root surface area of crop plants through the
enhanced formation of lateral and adventitious roots
(Werner et al. 2003). In this study, it was shown that P-
solubilizing bacteria (PK 10.2, PK 7.1) and N-fixing
(N.1.1) also improved germination and root development.
The availability of balanced nutrients, e.g., nitrogen by N2
fixer, Fe by siderophore producers, and phosphate by
phosphate solubilizers as well as PGPS producers like
ammonia, HCN, and catalase enzyme might have resulted
in the significant growth of bok choy seedlings in this
study, as observed under in vitro conditions (Table 2).

In the present study, it was shown that there is a
correlation between the plant growth-promoting activity of
bacteria and the ability to increase germination and
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seedling vigor. However, there is also an inconsistency
observed. Several studies have reported that in vitro
screening techniques are useful to choose the potential
bacterial strains with multiple plant growth-promoting
abilities (Vinayarani and Prakash 2018; Kifle and Laing
2016; Zafar et al. 2012). However, a lack of consistency
often exists in correlation among results by in vitro and in
vivo (Mutumba et al. 2018; Abbas et al. 2017). The
combination of in vitro and in vivo screening techniques is
useful for the identification of potential strains. During the
experiment, those PGPRs that consistently caused
significant increases in the root or shoot development, or
both, are selected for further testing in the agricultural
field. From the results, it was shown that 5 bacterial
isolates (1 4.2, 1 5.3, PK 10.2, PK 7.1, N 1.1) had the
potential to be further tested in the field as a biofertilizer
agent. Of the 5 selected bacterial, two IAA producing
bacterial isolates (1.4.2 and 1.5.3) showed the best effect on
germination and growth of bok choy seedling. Two isolates
that showed high activities and significant plant growth-
promoting activities were analyzed using 16S rDNA
sequences.

Sequence identity, similarities, and phylogenetic tree of
bacterial isolates

Two selected isolates (1.4.2, and 1.5.3) that showed high
activities and significant plant growth-promoting activities
were analyzed for their 16S rDNA sequences. The
phylogenetic trees constructed from the partial 16S rDNA
sequences of these strains are shown in Figures 3 and 4.
Our results revealed that isolates 1.4.2 belongs to the genus
Sinomonas, while isolate 1.5.3 belongs to the genus
Arthrobacter.

Table 4. The impact of bacterial isolates inoculation on seedling
growth

Treatment Shoot length (cm) Root length (cm)
1.4.2 2.53e 4.93 ef
1.5.3 2.07d 6.11¢
1.9.8 2.07d 3.41d
.11 2.05d 2.68¢
PK.4.2 191 cd 241c
PK.10.1 1.23b 1.07b
PK.10.2 161c 5.21f
PK.8.2 1.93cd 4.72e
PK.7.1 1.89 cd 5.15f
PK.6.1 245e 3.21d
N.1.1 1.70c 6.45h
N.7.1 1.62c 473 e
Control (H20) 1.20 Db 0.60 a
Control (NB) 0.83a 0.42a

Note: Different letters show significant differences between
treatments for each cultivar (least significant difference test, P <
0.05, n =3).
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Figure 2. Qualitative activities of bacterial isolates, N fixation, the blue color indicates high activity (A), phosphate solubilization (halo
zone) (B), and IAA production (pink color) (C)

E‘j Sinomonas susongensis strain A31
89 Sinomonas humi strain MUSC 117

Sinomonas albida strain LC13

Sinomonas atrocyanea strain DSM 20127
Sinomonas soli strain CW 59

Sinomonas flava strain CW 108

Sinomonas echigonensis strain LC10

142

Sinomonas notoginsengisoli strain SYP-B575

Sinomonas mesophila strain MPKL 26

94 Sinomonas halotolerans strain JCM 31751

97 L_sinomonas halotolerans strain CFH S0499

Micrococcus luteus strain NCTC 2665

Figure 3. Neighbor-joining tree of isolate I 4.2. S. echigonensis strain LC10 seems to be the closest neighbor of isolate 1.4.2.

Arthrobacter defluvii strain 4C1-a

Arthrobacter niigatensis strain LC4

Arthrobacter equi strain IMMIB L-1606
Arthrobacter enclensis strain NIO-1008
Pseudarthrobacter chlorophenolicus strain A6
Arthrobacter chlorophenolicus strain A-6
Pseudarthrobacter phenanthrenivorans strain Sphe3

Arthrobacter siccitolerans strain 4J27

I—Arthmbacter parietis strain LMG 22281

73l idieohadiee pascens strain DSM 20545

I53

Kocuria kristinae NBRC 15354

Figure 4. Neighbor-Joining tree of isolate 15.3. The isolate is in the same clade as the Arthrobacter genus.
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Sinomonas (1.4.2) was isolated from maize rhizosphere
soil. This isolate could produce IAA, HCN, and catalase
enzyme (Table 2). It was reported that Sinomonas was the
abundant genera (13,3%) identified from Cameroon maize
rhizosphere soil (Gylaine et al. 2018). It was reported that
Sinomonas is a bacterium that can live in poor
environments, such as polluted forest soil and filtration
substrates (Zhou et al. 2009; Zhou et al. 2012; Ding et al.
2009). A high level of IAA production is generally
produced by the Pseudomonas genus (Xie et al. 1996).
Surprisingly, that the results of this study show that the
Sinomonas bacteria can produce sufficiently high IAA
(73.12 ppm) (Fig 1).

Meanwhile, the Arthrobacter is the most divergent
heterotrophic bacterial group of actinobacteria. Arthobacter
(1'5.3) isolated from rhizosphere soil of Chili are capable of
producing ammonia, HCN, and catalase enzymes, besides
the 1AA production (Table 2). Arthobacter can be found in
places with high environmental stress, such as in saline,
dry, polluted, and low-nutrient agricultural soils, where
they were found to be useful for plants by protecting them
from abiotic stress and by improving plant’s nutrition
absorption, health, and yield (Shrivastava and Kumar 2015;
Bianco and Roberto 2011; Tiwari et al. 2011; Qin et al.
2014).

The existence of these two genera is most likely related
to the character of the sampled soils, which was ultisol/red-
yellow podzolic. Those two bacteria should be further
tested as biofertilizer agent candidates in specific locations,
especially in areas containing red-yellow podzolic soil.

In conclusion, the effect of plant growth-promoting
rhizobia, indigenous to some plant rhizosphere soils from
Bangkinang, Kampar, Sumatra Island was observed. Two
isolates (Sinomonas flava strain Cw 108, 1.4.2, and
Arthrobacter nigatensis, 1.5.3) were selected as the
potential bacteria strains by multiple plant growth-
promoting activities. They had the most optimal effect on
the germination and growth of bok choy seedling. These
two PGPR isolates can be developed as candidates for
biofertilizers to be used in local agro-climatic conditions of
Kampar, or red-yellow podzolic soil environments in
general.
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