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Corn productivity in Indonesia is still relatively low compared with other countries.
Therefore, it is necessary to increase the productivity of corn by using rhizobacteria,
which have multiple traits. This study was conducted to obtain indigenous rhizobacteria
of Bali that have multiple traits, can produce indoleacetic acid (IAA), fix nitrogen
from atmosphere, produce siderophores, colonize roots, increase seed germination,
and promote the growth of corn. Isolation of rhizobacteria was carried out from the
rhizosphere of plants belonging to the Gramineae family that grows in Bali Island,
Indonesia. Six isolates, namely, Sr3, Tb9, Rg1, Rg23, Al27, and Jg8, could produce IAA,
fix nitrogen from the atmosphere, produce siderophores, and increased germination rate
and vigor index of corn seedling. Among them, three isolates, namely, Rg1, Sr3, and
Jg8, significantly (p < 0.05) increased the germination rate of corn seeds, increased
vigor index, increased root dry weight and shoot dry weight of corn at the age of 7
days, and were able to colonize corn roots. Compared with the control, the rhizobacteria
treatment increased the germination of corn seeds ranging from 5.04 to 13.05%.
Based on the analysis of the 16S rRNA gene, it was found that these rhizobacteria
species were Glutamicibacter nicotianae strain Rg1 (accession number OM349119),
Brevibacillus invocatus strain Sr3 (accession number OM327515), and Micrococcus
luteus strain Jg8 (accession number OM362349). Under a greenhouse condition, all
the three isolates significantly (p < 0.05) increased nutrient uptake, the leaf chlorophyll
content, net assimilation rate, and crop growth rate of corn when compared with control.
These results suggested that these isolates of rhizobacteria obviously promoted the
growth of corn and can be developed as biostimulant to promote the growth and increase
the corn yield in Bali, Indonesia.

Keywords: rhizobacteria, Gramineae, multiple traits, growth promoter, corn

INTRODUCTION

Corn (Zea mays L.) is one of the agricultural commodities with high economic value. This
commodity is used as raw material for animal feed industry, corn flour, non-cholesterol vegetable
oil, and bioethanol, as well as raw materials for processed food such as snacks and cakes (Bantacut
et al.,, 2015). In Indonesia, domestic corn consumption continues to grow faster than the national
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production, which has forced the government to import corn
from the United States, Brazil, and Argentina every year. In 2017,
Indonesia imported 517.5 thousand tons of corn, whereas in
2018, Indonesia imported 737.2 thousand tons of corn (Ministry
of Agriculture of the Republic of Indonesia., 2019). The Food
and Agriculture Organization of the United Nations (FAOSTAT,
2018) reported that the average corn yield per hectare in
Indonesia in 2018 was 5.32 tons/ha, lower than Austria at 10.14
tons/ha, Bangladesh at 8.21 tons/ha, Chile at 12.47 tons/ha, New
Zealand at 11.06 tons/ha, Qatar at 12.52 tons/ha, and the United
Arab Emirates with an average of 28.46 tons/ha in 2018. Based
on this reason, efforts to increase domestic corn production in
Indonesia are very much needed. One technology to increase
corn production is the use of multitraits rhizobacteria that can
produce several substances, which function as plant growth
promoter. Rhizobacteria are bacteria that live in the rhizospheres
or root areas that may produce plant growth hormones and may
act as plant growth promoters (biostimulant), fix atmospheric
nitrogen (biofertilizer), and produce several substances such as
siderophores that can suppress plant pathogen (bioprotectant) to
increase crop yields (Mendes et al., 2013).

The mechanisms of rhizobacteria in increasing plant growth
directly include nitrogen fixation, phosphate dissolution,
phytohormone production (Timmusk, 2003; Kundan et al,
2015; Figueiredo et al., 2016; Goswami et al., 2016), and the
production of bacterial volatile compounds (BVCs) (Fincheira
et al, 2017; Kanchiswamy et al, 2015; Chung et al, 2016).
Nitrogen-fixing rhizobacteria are symbiotic (such as Rhizobium)
and nonsymbiotic (such as Azotobacter and Azospirillum)
rhizobacteria that fix free nitrogen in the atmosphere into
ammonia (NHj3) through a deamination process or are first
converted into nitrate compounds through nitrification (Mus
et al.,, 2016; Widawati and Suliasih, 2019). Rhizobacteria can
also produce phytohormones, namely, a group of non-nutrient
organic compounds, both naturally occurring and man-made,
which in very low concentration can regulate plant growth
and development (Sezgin and Kahya, 2018). Indoleacetic acid
(IAA) is one of the phytohormones produced by rhizobacteria
belonging to the auxin group. The use of rhizobacteria that fix
nitrogen and produce phytohormones and siderophores has
been reported by several researchers to increase plant growth
and yield (Breedt et al., 2017; Khalimi et al., 2017; Adrianus et al.,
2018; Akinrinlola, 2018; Gholami et al., 2018; Youseif, 2018;
Wahyudi et al., 2019), but mostly with a single trait. Based on
this reason, this study focuses in obtaining rhizobacteria of Bali,
which can produce TAA, fix nitrogen, produce siderophores, and
obviously promote the growth of corn.

MATERIALS AND METHODS

Sampling and Isolation

Sampling was done by taking soil and roots from the rhizosphere
of plants belonging to the Gramineae family such as Saccharum
officinarum, Cymbopogon citratus, Imperata cylindrica, Zea mays,
and Pennisetum purpureum. A total of 50 g of soil was taken at
random from the rhizosphere of plants growing in Bali. Samples
were taken from a layer with a thickness of 1-5cm from plant

roots, put in a plastic bag, and brought to the laboratory using an
ice box.

Isolation of rhizobacteria was carried out based on a modified
procedure developed by Khambani et al. (2019). A total of 9ml
of saline solution (0.85%) was added to 1 g of soil. The stratified
dilution series was carried out with up to 10~7 dilutions. A total
of 0.1 ml of suspension from 10> to 10~/ dilution was plated
on nutrient agar (NA) medium containing 500 mg/l maintained
at 28 £ 2°C for 48 h. Colonies that appeared from this medium
were then streaked on NA medium to obtain single colony. This
colony was maintained in a slant NA medium before being used.

Test for Morphology and Biochemical

Properties

The color of bacterial colonies on nutrient agar medium, the
shape of the cells, and their reaction to Gram stain were all
observed to determine the isolates’ morphology. Additionally, we
conducted several biochemical tests, including an oxidase test, a
catalase test, and a hydrogen sulfide production test.

Test for Indoleacetic Acid-Producing Ability
The screening for the ability to produce IAA was carried out
following the method developed by Agustiyani (2016). All the
isolates were first grown in a 5-ml tryptic soy broth in a test
tube and incubated at 28 £ 2°C in the dark for 48h. A total
of 1ml Salkowski’s solution was put into test tube and the
color change was observed. Appearance of a pink color in the
suspension indicates that the rhizobacteria isolate are capable of
producing TAA.

Test for Ability to Fix Nitrogen

All the isolates that can produce IAA were tested for their ability
to fix N, qualitatively based on the modified method developed
by Imamuddin et al. (2015). Bacterial isolates were grown on
nitrogen-free bromothymol blue malate medium containing
5g malic acid, 4g KOH, 0.5g K;HPOy, 0.05g FeSO4.7H,0,
0.01 g MnSO4.7H,0, 0.01g MgSO4.7H,0, 0.02g NaCl, 0.01¢g
CaCly, 0.002 g NapMoOQy, 0.5% bromothymol blue, and 2% agar
with medium pH ranging from 6.6 to 7.0. The cultures were
maintained for 48h at 28 £ 2°C. The color change of the
colony to yellow indicated that rhizobacteria were positive for
fixing nitrogen.

Test for Ability to Produce Siderophores
Siderophore production was detected using chrome azurol
sulfonate (CAS) agar media according to the modified method
developed by Khambani et al. (2019). CAS medium consists of
60.5 mg of CAS that was dissolved in 50 ml of distilled water and
mixed with 10 ml of iron solution (1 mmol/l of FeClz.6H,O and
10 mmol/l of HCI) while shaking. This solution was slowly added
by 72mg of hexadecyltrimethylammonium bromide dissolved
into 40 ml of water. A total of 10 ml of CAS media was poured
into a Petri dish in laminar flow and allowed to solidify. Each
rhizobacteria isolate were inscribed on the surface of CAS media
and then incubated for 48h in the dark and at 28 £ 2°C. The
color change of the colony to orange indicated that the isolate
was positive for producing siderophores.
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Test for Ability to Stimulate Seed

Germination and Plant Growth

Six isolates of rhizobacteria that showed ability to produce TAA,
fix nitrogen, and produce siderophores were tested for their
ability to stimulate corn seed germination of corn cultivar Pertiwi
that is commonly grown in Bali, Indonesia. Sterilization of corn
seeds surface was done by dipping the seeds in 0.02% sodium
hypochlorite for 2 min and continued by washing with sterile
distilled water. The seeds were then coated with 20% gum arabic
and then rolled into a bacterial suspension [10° colony-forming
unit (CFU)/ml] with perlite until all the parts of the seeds were
coated (Gholami et al., 2009).

Test for germination was done according to the towel paper
method (Gholami et al., 2009). This experiment was designed
in a completely randomized design with six treatments (five
rhizobacteria isolates and one control) and each treatment was
replicated four times, so that there were 24 experimental units.
Each experimental unit consisted of 100 corn seeds germinated
on sterile plastic tray with wet towel paper and maintained in a
growth chamber at 28°C for 7 days after which the number of
germinated seeds was counted. Root length and shoot length of
each seedling were measured to determine the vigor index using
formula 1 developed by Abdul-Baki and Anderson (1973).

Formula 1:

VI = (RL + SL) x GR (%)

Where,

VI = Vigor index

RL = Mean root length

SL = Mean shoot length

GR = Germination rate
To determine the dry weight of roots and shoots, 10 plants per
experimental unit were taken as samples. Roots and shoots were
separated before being dried in an oven at 60°C until the weight
was constant.

Observation of Rhizobacterial Colonization

on Corn Roots

Three isolates of rhizobacteria that showed the best performance
in stimulating seed germination of corn seeds were observed for
their ability to colonize corn roots using a scanning electron
microscope (SEM). Observations with SEM were focused on
the presence of bacterial cells on the roots of corn plants. The
preparations for SEM were derived from germinated corn seeds,
soaked in rhizobacteria suspension with a density of 10® CFU/ml.
Colonization of rhizobacteria was observed with SEM and was
carried out based on the method of Souissi et al. (1997). Root
cut as a sample was fixed with a 2.5% glutaraldehyde solution
in 100 mM phosphate buffer (pH 7.0) at 40°C for 4h and let
to stand at room temperature (25°C) for 1 h. This fixed sample
was washed with sodium cacodylate buffer (pH 7.2) and fixed
with 1% osmium tetroxide in 0.1 M cacodylate buffer and let
to stand at room temperature for 4 h. The sample was washed
with distilled water and then subjected to the dehydration process
using ethyl alcohol in series (20, 40, 60, 80, 95, and 100%), after
which the sample was cut using a freeze cutting device (TF-
2, Eiko, Japan). The sample was then dropped with a solution

of t-butyl alcohol and placed in a vacuum freeze-drying (ID-
2, Eiko, Japan). The dried sample was coated with osmium
tetroxide (OPC 60A, Filgen, Japan) and platinum (JUC-5000,
JEOL, Japan). The sample was observed under SEM using JEOL
JSM-35 (Japan) with an acceleration voltage of 20 kV.

Molecular Identification of Rhizobacteria

Analysis of 16S rRNA gene sequences was applied for
rhizobacteria identification. First, DNA of rhizobacteria was
extracted and purified using the GeneJET Genomic DNA
Purification Kit (Thermo Fisher Scientific). The 16S rRNA
gene was amplified by PCR using primer pairs 16S (63F 5'-
CAG GCC TAA CAC ATG CAA GTC-3') and 1387R (5'-
GGG CGG WGT GTA CAA GGC-3') using 2x Kappa PCR
ReadyMix (Kappa Biosystem) at 94°C for 5min, followed by
30 consecutive cycles at 94°C for 30s, 55°C for 45s, and
72°C for 2 min, with the last plus 72°C for 10 min. Nucleotide
sequences were determined using the ABI PRISM 3100-Avant
Genetic Analyzer. The DNA sequences were then trimmed and
assembled using the ChromasPro version 1.5 program. The
assembled data is then proceeded to BLAST with data that
has been registered in the National Center for Biotechnology
Information (NCBI) through the website http://www.ncbi.nlm.
nih.gov/BLAST. Several homologous sequence data from BLAST
results, which are the closest species, were taken from GenBank
data at the NCBI. The data were then analyzed again by
aligning the sequences using the MEGA version 6.0 program.
Furthermore, the data were analyzed using the PAUP 4.0b
program with the maximum parsimony method with 1,000
replicates bootstrap (Calvo et al., 2005). Finally, the phylogenetic
tree was designed using TreeGraph 2.0 (Stover and Muller, 2010).

Efficacy of Rhizobacteria to Promote Corn
Growth

The efficacy of three isolates of rhizobacteria, namely, Sr3,
Rgl, and Jg8, to promote the growth of corn, was tested in
a greenhouse. The experiment was designed in a completely
randomized block design with four treatments, namely, PO
(control), P1 (treated with isolate Sr3), P2 (treated with isolate
Rgl), and P3 (treated with isolate Jg8). Each treatment was
repeated six times, so that 24 experimental units were obtained,
each consisting of 10 polybags of corn plants. Corn seeds were
planted in polybags with a diameter of 30 cm and a height of
40 cm filled with fertile soil and compost with a ratio of 1:3.
The treatment of the rhizobacteria suspension was carried out
at the time of planting by coating the surface of corn seeds
with rhizobacteria suspension with a density of 107 CFU/ml,
perlite, and gum arabic. The corn variety used was Pertiwi
hybrid corn, which was obtained from the kiosk of agricultural
production facilities in Denpasar, Bali. Two seeds were planted
per polybag. At 14 days after transplanting, one plant was
discarded and another one plant was maintained until the end
of the experiment.

The parameters measured were leaf chlorophyll content, leaf
wet and dry weight, root wet and dry weight, shoot dry and wet
weight, crop growth rate (CGR), and net assimilation rate (NAR).
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NAR (in mg cm~2 day~!) was measured based on the method of
Hasanah and Rahmawati (2014) as presented in formula 2.

Formula 2:

NAR = (Wz—W])/(Tz—T]) X (Ll’l LAz—Ln LA1)/LA2—LA1

Where,

T = Time

W, = Dry weight of the plant at T,

W, = Dry weight of the plant at T,

LA; = Total leaf area at T

LA, = Total leaf area at T,

Ln = Natural logarithm

Crop growth rate was measured based on formula 3 used by
Tanveer et al. (2014).

Formula 3:

CGR = (W,-W)/(T>-Ty)

T,-Ty

Where,

T = Time

W, = Dry weight of the plant at T

W, = Dry weight of the plant at T

Data Analysis

All the quantitative data were analyzed using ANOVA and
continued by significance test using the Duncan’s multiple range
test at 5%. Statistical analysis was conducted with the help of SPSS
software for Windows version 17.0 in 2009.

RESULTS

Six isolates of rhizobacteria of Bali, namely, Sr3 (from
rhizosphere of C. citratus), Tb9 (from rhizosphere of S.
officinarum), Rgl and Rg21 (from rhizosphere of P. purpureum),
Al27 (from rhizosphere of I cylindrica), and Jg8 (from
rhizosphere of Z. mays), showed capability to produce IAA, fix
nitrogen, and produce siderophores. All the other isolates showed
positive reaction for Gram reaction test, except the isolate Sr3
that showed negative reaction. On NA, the color of colony of
the isolate Sr3 was gray white with rod-shaped cells, isolate Tb9
was yellowish white with coccus-shaped cells, isolate Rgl was
yellowish white with rod-shaped cells, isolate Rg23 was gray white
with coccus-shaped cells, AI27 was yellowish white with coccus-
shaped cells, and isolate Jg8 was yellow with coccus-shaped cells.
All the isolates were oxidase positive and catalase positive and
negative for hydrogen sulfide (H,S) production.

Effect of Rhizobacteria on Germination
Rate and Seedling Growth Promotion

Treatment with rhizobacteria significantly (p < 0.05) increased
the germination rate of corn, as given in Table 1. However, three
isolates, namely, Tb9, Rg23, and Al2, did not significantly (p >
0.05) affect germination rate when compared with control. There
were isolates that significantly (p < 0.05) increased germination
rate with the increment above 9.0% compared with controls,
namely, Rgl (9.65%), Sr3 (12.61%), and Jg8 (13.05%). Treatment
with rhizobacteria significantly (p < 0.05) increased the root
length of corn plants at the age of 7 days, as given in Table 2.

TABLE 1 | Effect of rhizobacteria to the germination rate of corn cultvar Pertiwi at
3 days after treatment.

No. Isolate Germination rate Increment against
(%) £+ Sd control (%)

1 Control 76.00 £ 16.71 b*

2 Sr3 85.58 + 15.89a 12.61

3 Th9 79.83 + 18.12 ab 5.04

4 Rg1 83.33 + 19.67a 9.65

5 Rg23 80.55 + 14.88 ab 5.99

6 Al27 79.9 +£17.21 ab 5.13

7 Jg8 85.91 + 15.68a 13.05

Sd, standard deviation. “Values followed by the same letters are not significatly different

according to Duncan’s Multiple Range. Test at 5% level (p < 0.05).

TABLE 2 | Effect of rhizobacteria to the length of roots and shoots of corn cultivar

Pertiwi at the age of 7 days.

No. Isolate Roots length Shoots length
(cm) £+ Sd (cm) £+ Sd
1 Control 10.65+£341¢c* 13.01 £ 2.67 ¢*
2 Sr3 13.31 £2.97 ab 16.56 £ 5.43 a
3 Tb9 12.38 + 3.46 bc 14.87 £ 3.57 bc
4 Rg1 13.43 £ 4.25 ab 17.08 £5.98a
5 Rg23 1213+ 3.77 bc 14.06 £4.98¢c
6 Al27 12.94 £ 4.36 ab 14.49 + 3.76 bc
7 Jg8 14.87 £4.78a 1743 +4.23a

Sd, standard deviation. “Values followed by the same letters in the same column are not
significatly different according to Duncan’s Multiple Range Test at 5% level (p < 0.05).

Treatment with isolate Jg8 showed the highest root length
among treatments. Treatment with rhizobacteria also had a
significant (p < 0.05) effect on corn shoot length at the age of
7 days. Treatment with isolate Jg8 resulted in the highest shoot
length of 17.43 cm followed by isolate Rgl with shoot length
of 17.08cm and Sr3 with shoot length of 16.56cm. Data in
Tables 1, 2 suggested that isolates Rgl, Sr3, and Jg8 are the potent
plant growth promoter for corn.

Based on the data of germination rate, root length, and shoot
length, the vigor index was determined. Vigor index indicates
the ability of seeds to grow normally in field conditions and
suboptimum environments (Copeland and McDonald, 2001).
Results showed that rhizobacteria treatment significantly (p <
0.05) affected the vigor index of corn at the age of 7 days, as shown
in Table 3. The increase in vigor index compared with the control
varied from 17.43 to 54.73%. The highest increase resulted from
treatment with rhizobacteria isolate Jg8 and the lowest increase
resulted from treatment with rhizobacteria isolate Rg23.

The dry weight of root and shoot was also affected by
the treatment with rhizobacteria. Data in Table 4 showed that
treatment with rhizobacteria significantly (p < 0.05) increased
the dry weight of roots and shoots of corn at the age of 7 days.
Isolate Jg8 showed the highest dry weight both for the roots
and shoots.
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TABLE 3 | Effect of rhizobacteria to the vigor index of corn cultivar Pertiwi at the

age of 7 days.

No. Isolate Vigor index Increment against
(%) + Sd control (%)

1 Control 17.95 +4.71 ¢* -

2 Sr3 2554 £ 6.77a 42.28

3 Tb9 21.79 £+ 5.67 bc 21.41

4 Rg1 25.46 +7.23a 41.85

5 Rg23 21.08 £+ 6.67 bc 17.43

6 Al27 21.82 £+ 6.07 bc 21.57

7 Jg8 27.78 £ 7.54a 54.75

Sd, standard deviation. "Values followed by the same letters are not significatly different

according to Duncan’s Multiple Range Test at 5% level (p < 0.05).

TABLE 4 | Effect of rhizobacteria to the dry weight of roots and shoots of corn
cultivar Pertiwi at the age of 7 days.

No. Isolate Dry weight (mg) + Sd
Roots Shoots

1 Control 209.2 + 41.33 ¢* 303.6 + 38.55 ¢*
2 Sr3 351.0+54.71a 449.8 + 60.34 a
3 Tb9 280.4 +£35.76 b 412.0 £ 62.21 ab
4 Rg1 326.3 + 46.32a 436.5 +58.78 a
5 Rg23 266.0 + 40.23 b 366.5 + 55.48 b
6 Al27 260.9 +£43.26 b 373.8 £48.38b
7 Jg8 356.5 +£57.37a 458.9 + 56.47 a

Sd, standard deviation. "Values followed by the same letters in the same column are not
significatly different according to Duncan’s Multiple Range Test at 5% level (p < 0.05).

Colonization of Rhizobacteria on Corn

Roots

Rhizobacteria colonization on plant roots is an ideal condition
that is expected to provide maximum benefit to plants. The
results of this study showed that the three rhizobacteria isolates,
namely, Rgl, Sr3, and Jg8, could colonize the roots of corn plants,
as shown in Figure 1, whereas no bacteria cell was observed on
root of corn of control.

Molecular Identities of Rhizobacteria
Amplification of PCR product of sequence 16S rRNA of isolates
Rgl, Sr3, and Jg8 using two primers, viz., 16S (63F 5'-CAG GCC
TAA CAC ATG CAA GTC-3') and 1387R (5'-GGG CGG WGT
GTA CAA GGC-3') resulted in DNA fragments of £1,500 bp
(Figure 2). The DNA fragments were then purified and subjected
to sequencing to identify these three isolates based on their
similarity with other species of bacteria that previously have been
identified and deposited in GenBank.

Based on sequence comparison with database of GenBank
using the BLAST program, isolate Sr3 (accession number
OM327515) showed a close relationship with Brevibacillus
invocatus (B. invocatus) strain B32, B. invocatus strain B25, B.
invocatus strain LMG 18962, B. invocatus strain LMG 18167, B.

invocatus strain NCIMB 13772, B. invocatus strain SEPV 7, B.
invocatus strain AB14, B. invocatus strain 361, B. invocatus strain
C4, B. invocatus strain YNB25, and B. invocatus strain WA111
(Table 5). Based on phylogenetic tree analysis, isolate Sr3 is in
the same clade with Brevibacillus invocatus (Figure 3).

Sequence of 16S rRNA gene of isolate Jg8 (accession number)
OM362349 showed close relationship with Micrococcus luteus
(M. luteus) strain MA3, M. luteus strain SR1.3.1, M. luteus strain
AUH1, M. luteus strain JGTA S5, M. luteus strain H399, M. luteus
strain Amic 3, M. luteus strain NCTC 2665, M. luteus strain
HPB4, M. luteus strain K2, and M. luteus strain CGAPGPBBS
084. Based on phylogenetic tree analysis, isolate Jg8 is in the same
clade with Micrococcus luteus (Figure 3).

Isolate Rgl (accession number OM349119) has a close
relationship with Glutamicibacter nicotianae (G. nicotianae)
strain MSSRFD36, G. nicotianae strain Al5a, G. nicotianae strain
SNSAB38, G. nicotianae strain MSSRFPD35, G. nicotianae strain
ESK19, G. nicotianae strain S5, G. nicotianae strain S9, G.
nicotianae strain X012, G. nicotianae strain X01 Z3, and G.
nicotianae strain DSM 20123, as given in Table 5. The result of
phylogenetic tree analysis using maximum parsimony method
with 1.000x replicates of bootstrap showed that isolate Rgl is
Glutamicibacter nicotianae because it is in the same clade with
the sequence of G. nicotianae (Figure 3).

Growth Promotion Capacity of

Rhizobacteria

The content of macronutrients N, P, and K in the leaf of corn
treated with three rhizobacteria species, namely, M. luteus Jg8,
B. invocatus Sr3, and G. nicotianae, was significantly (p < 0.05)
higher than that of the control at 28 days after planting (DAP),
as shown in Table 6. This study demonstrated that rhizobacteria
treatment significantly increases nutrient uptake, particularly N,
P, and K.

At 28, 42, and 56 DAP, leaf chlorophyll content was
significantly (p < 0.05) higher in corn treated with rhizobacteria
than in control. The leaf chlorophyll contents of corn plants
treated with rhizobacteria did not differ significantly (p >
0.05) between the three species, except at 42 DAP, when leaf
chlorophyll contents were significantly higher with M. luteus Jg8
treatment than with B. invocatus Sr3 treatment (Table 7).

In line with the increase in leaf chlorophyll contents, the
NAR in corn treated with rhizobacteria was significantly (p
< 0.05) higher than the control in both the growth period
14-28 and 28-42 DAP, as given in Table 8. The NAR value
in the control in the growth period 14-28 DAP was 1.9415
and 2.3829mg cm ™2 day ! in the growth period 28-42 DAP,
whereas the NAR of corn treated with rhizobacteria ranged
from 2.4610 to 2.6975mg cm 2 day ! and from 3.0563 to
3.1880mg cm~2 day~! at growth periods of 14-28 and 28-
42 DAP, respectively. The rhizobacteria treatment increased the
NAR value by 26.80-38.66% compared with the control in the
14-28 DAP growth period and 29.83-38.15% in the 28-42 DAP
growth period.

The CGR data showed a similar trend to the NAR data.
The growth rate of corn in the treatment with rhizobacteria
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FIGURE 1 | Scanning electrone microscope photographs of corn root cultivar Pertiwi. (A) Root of control. (B) Root colonized by isolate Sr3. (C) Root colonized by
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FIGURE 2 | PCR ampilification of 16S rRNA genes on agarose gel. 1. Isolate Sr3; 2. Isolate Jg8; 3. Isolate Rg1; and M. 1 kb DNA marker.
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was significantly (p < 0.05) higher than the control, both
in the growth period of 14-28 and 28-42 DAP. The plant
growth rate (CGR) in control in the growth period 14-
28 and 28-42 DAP was 0.1968 and 0.4164g plant~! d~l,
respectively, whereas the CGR value in plants treated with
rhizobacteria in the growth period 14-28 and 28-42 DAP

ranged from 0.2591 to 0.3184g plant™! d~! and from 0.5702
to 0.6926g plant™! d~!, respectively. Based on this data,
it is known that there was an increase in the CGR value
compared with the control by 31.66-61.79% in the 14-28
DAP growth period and 39.93-66.33% in the 28-42 DAP
growth period.
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TABLE 5 | Comparison of percentage of similarities of 16S rRNA gene of isolate
Rg1, Sr3, and Jg8 with several DNA sequences of GenBank using BLAST
program.

Isolate Similarity (%) Accession
number
Isolate Sr3 - OM327515
Brevibacillus invocatus strain B32 98.26 MH587029
Brevibacillus invocatus strain SEPV 7 98.11 KF228917
Brevibacillus invocatus strain B25 98.14 MH587028
Brevibacillus invocatus strain LMG 18962 98.25 NR041836
Brevibacillus invocatus strain LMG 18167 98.25 AF378231
Brevibacillus invocatus strain NCIMB 13772 98.25 NR112210
Brevibacillus invocatus strain AB14 98.11 MH587925
Brevibacillus invocatus strain 36 1 98.11 KX454106
Brevibacillus invocatus strain YNB25 98.11 JQ039981
Brevibacillus invocatus strain WA1 11 98.11 JF496468
Isolate Jg8 - OMB362349
Micrococus luteus strain MA3 99.78 MT072186
Micrococus luteus strain SR1.3.1 99.78 MN421440
Micrococus luteus strain AUH1 99.78 EF187229
Micrococus luteus strain JGTA S5 99.71 KT805418
Micrococus luteus strain H399 99.71 MH669309
Micrococus luteus strain Amic 3 99.71 KX223364
Micrococus luteus strain NCTC 2665 99.71 MNO075406
Micrococus luteus strain HPB4 99.71 KX817342
Micrococus luteus strain K2 99.78 MW996734
Micrococus luteus strain CGAPGPBBS 084 99.71 KY495217
Isolate Rg1 - OMB349119
Glutamicibacter nicotianae strain Al5a 99.93 MH707177
Glutamicibacter nicotianae strain SNSAB38 99.93 MF425603
Glutamicibacter nicotianae strain MSSRFPD35  99.93 KY849351
Glutamicibacter nicotianae strain ESK19 99.93 MN173453
Glutamicibacter nicotianae strain S5 99.78 MN830158
Glutamicibacter nicotianae strain S9 99.78 MK031931
Glutamicibacter nicotianae strain X01 2 99.79 MN515131
Glutamicibacter nicotianae strain X01 Z3 99.78 MN515135
Glutamicibacter nicotianae strain DSM 20123 99.71 NR026190
Glutamicibacter nicotianae strain MSSRFD36 99.93 KY849352

DISCUSSION

Three species of rhizobacteria were identified in this study: M.
luteus Jg8, B. invocatus Sr3, and G. nicotianae Rgl. These three
rhizobacteria species exhibit a variety of characteristics, including
the ability to produce IAA, fix nitrogen from the atmosphere,
and produce siderophores. These three rhizobacteria species
can improve corn seed germination, shoot and root length,
and colonize corn roots. These three indigenous Balinese
rhizobacteria with diverse characteristics are the first to be
described. Prior study has concentrated on one of the features,
specifically the ability to synthesize TAA (Khalimi et al., 2017)
and acetoin (Khalimi et al., 2017; Adrianus et al., 2018). Although
prior researchers have reported on rhizobacteria with growth
promotion properties, there are no comprehensive data on

their diverse characteristics and growth-promoting capabilities
on corn.

Micrococcus luteus has been shown to produce antimicrobial
compounds against food-borne pathogens such as Salmonella
typhimurium, Listeria monocytogenes, Escherichia coli, Klebsiella
pneumoniae, and Staphylococcus aureus (Akbar et al., 2014). Dar
et al. (2018) reported that the bacteria Micrococcus luteus strains
such as WI12, WI41, and WI80 isolated from the rhizosphere
of the walnut plant (Juglans regia) can dissolve phosphate and
produce IAA, siderophores, and gibberellic acid, so that it has the
potential as a plant growth promoter.

Bacteria G. nicotianae strain ZMO05 and Acinetobacter tandoii
ZMO6 in the form of a consortium can decompose dipropyl
phthalate (DPrP) and cadmium (Cd), which are often found as
environmental contaminants (Wang et al., 2019). The bacteria
G. nicotianae strain MSSRFPD35 isolated from the rhizosphere
of the Canna indica plant growing in locations contaminated
with distillation waste showed the ability to degrade phenol with
high efficiency (Purushothaman et al., 2020). These bacteria have
potential as bioremediation agents, especially for phenol and its
derivatives and heavy metal polluted environments.

Brevibacillus is a genus of Gram-positive bacteria that can live
in a variety of habitats and its growth is fast. This genus has
the ability to produce various types of enzymes to decompose
low-density polyethylene and has potential as a biocontrol
agent against plant pathogens (Panda et al, 2014; Ahmed
et al., 2018). Treatment with B. invocatus and Ralstonia pickettii
significantly increases the plant growth, sugar, flavonoids and
phenolics, chlorophyll b, total chlorophyll, carotenoids content,
and activities of superoxide dismutase, catalase, and peroxidase
in sunflower hybrid Parsun 3 irrigated with water containing high
total dissolved solid (Urooj et al., 2021).

Auxins, cytokinins, and gibberellins have been shown to
promote plant growth and can alter the root system architecture
(Yaxley et al, 2001; Moubayidin et al, 2009; Overvoorde
et al., 2010). Additionally, these hormones can increase the
surface area of root branches, allowing the plant to access
more nutrients from the soil. Indoleacetic acid (IAA) is a well-
known compound produced by several rhizobacteria, including
Alcaligenes, Azospirillum, Pseudomonas, Pantoea, Rhizobium,
and Enterobacter (Spaepen et al., 2007).

Other  researchers  established  that  Azospirillum,
Agrobacterium, Pseudomonas, and Erwinia produced IAA,
which increased the root length, hairs on the root, root branch
length, and root surface area of seedlings (Bashan et al., 2004).
The three rhizobacteria species identified in this study are free-
living bacteria found in the rhizospheres of Gramineae (Poaceae)
plants that grow in Bali and are capable of nitrogen fixation
from the surrounding environment. This property benefits
surrounding plants by increasing the amount of nitrogen
available in the soil, which plants can use to grow. These three
species have the ability to colonize the roots of corn plants,
allowing them to interact very closely with them. As Tabassum
etal. (2017) demonstrated, free-living bacteria surrounding plant
roots can interact with plants by providing nitrogen to the plants
in exchange for root exudates containing amino acids, proteins,
enzymes, vitamins, and growth hormones.
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MHGE9309 1 34 1425 Micrococcus luteus strain H399
MNOT5406 1 34 1425 Micrococcus luteus strain NCTC 2665
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KX223364 1 53 1443 Micrococcus luteus strain Amic 3
KT805418 1 50 1441 Micrococcus luteus strain JGTA S5
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—  KYB49352 2 33 1428 Glutamicibacter nicotianae strain MSSRFPD36
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MH707177 1 54 1449 Glutamicibacter nicotianae strain Al5a
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MN515131 1 28 1423 Glutamicibacter nicotianae strainx01 2
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MK031931 1 12 1405 Glutamicibacter nicofianae sirain 59
OK103753 1 12 1405 Glutamicibacter nicotianae strain S5
MN17345 1 14 1407 Glutamicibacter nicofianae strain ESK19
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FIGURE 3 | Phylogenetic relationship tree of isolate Rg1, Sr3, and Jg8 with several isolates of bacteria based on 16S rRNA gene using maximum parsimony method.

Nitrogen is a macroelement that is critical for the growth  Besides being able to produce IAA and fix nitrogen, these
and development of plants (Gopalakrishnan et al, 2017).  three rhizobacteria species can also produce siderophores.
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TABLE 6 | Effect of rhizobacteria to the content of N, P, and K in the leaf of corn
cultivar Pertiwi at 28 days after planting (DAP).

Treatment Nutrients content (%) + Sd

N P K
Control 2.88 £ 0.05¢* 0.23 £+ 0.02¢ 253+0.15b
M. luteus Jg8 3.93 + 0.07a 0.38 + 0.02a 4.06 + 0.32a
B. invocatus Sr3 3.64 + 0.14b 0.34 £ 0.02b 3.93 £+ 0.16a
G. nicotianae Rg1 3.59 + 0.11b 0.31 £ 0.01b 3.84 + 0.28a

Sd, standard deviation. “Values followed by the same letters in the same column are not
significatly different according to Duncan’s Multiple Range Test at 5% level (p < 0.05).

TABLE 7 | Effect of rhizobacteria to the leaf chlorophyll content of corn cultivar
Pertiwi at 28, 42, and 56 days after planting (DAP).

Treatment Leaf chlorophyll content (SPAD unit) + Sd

28 DAP 42 DAP 56 DAP
Control 26.09 + 4.87b* 32.11 £ 5.72¢ 35.03+6.76 b
M. luteus Jg8 30,37 + 4.23a 40.82 + 7.24a 46.68 + 6.39a
B. invocatus Sr3 29.99 + 5.27a 38.20 £+ 6.22b 46.79 £ 5.74a
G. nicotianae Rg1 28.63 £ 4.12a 38.73 £ 5.97ab 46.73 £+ 6.98a

Sd, standard deviation. "Values followed by the same letters in the same column are not
significatly different according to Duncan’s Multiple Range Test at 5% level (p < 0.05).

TABLE 8 | Effect of rhizobacteria to the net assimilation rate (NAR) and crop
growth rate (CGR) at 14-28 and 28-42 DAP of corn cultivar Pertiwi.

Treatment NAR (mg cm=—2 d-") CGR (g plant~'d~")
14-28 hst 28-42 hst 14-28 hst 28-42 hst
Control 1.94 £0.37b* 2.38+£0.43b 0.19 +£0.05c 0.41 £0.11¢c
M. luteus Jg8 269+ 047a 3.18+0.71a 0.32 £0.07a 0.69 +0.13a
B. invocatus Sr3 255+ 0.51a 3.09+0.63a 0.27 £0.05b 0.64 +£0.13b
G. nicotianae Rg1  2.46 +£0.48a 3.05+0.57a 0.26+ 0.05b 0.57 £+ 0.09b

Sd, standard deviation. "Values followed by the same letters in the same column are not
significatly different according to Duncan’s Multiple Range Test at 5% level (p < 0.05).

Siderophores are compounds with low-molecular weights that
can chelate iron (Shaikh and Sayyed, 2015; Mhlongo et al,
2018). On one hand, siderophore-producing rhizobacteria can
stimulate plant growth and on the other hand, siderophore-
producing rhizobacteria inhibit the growth of plant pathogens
by reducing the availability of iron for plant pathogens (Ma
et al, 2011). Several bacterial genera have been reported to
produce siderophores such as Azospirillum, Dickeya, Klebsiella,
Nocardia, Pantoea, Pseudomonas, Azotobacter, Paenibacillus,
Bacillus, Serratia, and Streptomyces (dos Santos et al., 2020).
There have been no reports regarding the ability of M. luteus, B.
invocatus, and G. nicotianae to produce siderophores.
Numerous researchers have documented the role of multitrait
rhizobacteria in promoting plant growth and suppressing
important plant pathogens (Dinesh et al., 2015; Sharma et al.,

2015; Batistaa et al., 2018; Haque et al., 2020; Venieraki
et al., 2021). However, the rhizobacteria species with multiple
characteristics previously described were not the same as the
species described in this study. Venieraki et al. (2021) isolated
four rhizobacteria strains that produce the enzyme arylsulfatase
[an enzyme that converts organic sulfur to inorganic sulfur, so
that it is available to plants, i.e., isolates from the genera Bacillus
spp. (strains 1.SG.7 and 5.SG.3) and Pseudomonas spp. (strains
2.5G.20 and 1.C.19)] and all of the rhizobacteria isolates used
were multitrait rhizobacteria, which means that they can form
biofilms, are salinity tolerant, and are compatible with plants.
These four rhizobacteria isolates increased the abundance of
lateral roots and shoot biomass, while decreasing salinity stress.
Additionally, the study team demonstrated that in-vitro testing
of the performance of this mixture of four microbial isolates
demonstrated that it could significantly increase the growth of
wheat plants compared to single isolates.

Other studies have demonstrated that rhizobacteria treatment
can increase the vigor index of seeds, such as Sutariati
et al. (2006), who demonstrated that plant growth-promoting
rhizobacteria treatment can increase the vigor index of chili
seeds. Haque et al. (2020) reported the ability of biofilm-
producing bacteria to stimulate the growth of tomato plants. In
an experiment in pots under water stress, tomato plant growth
was better in the treatment with the rhizobacteria Pseudomonas
azotoformans ESR4, P. poae ESR6, P. gessardii ESRY, P. cedrina
ESR12, P. chlororaphis ESR15, Stenotrophomonas maltophilia
ESR21, and Pseudomonas ESR20 with control (Haque et al.,
2020). Two isolates of rhizobacteria, namely, Bacillus spp.
RZ2MS9 and Burkholderia ambifaria RZ2MS16, were shown to
stimulate the growth of corn and soybean in a greenhouse study
(Batistaa et al., 2018) with an increase in dry weight of corn roots
at the age of 60 days by 247.8 and 136.9% compared with controls,
respectively. Bacillus subtilis strain S25 has muliple traits, i.e.,
it can dissolve P to produce IAA and produce siderophores to
increase germination, root length, and root dry weight of tomato
plants grown in greenhouses (Sharma et al., 2015). Treatment
with rhizobacteria was able to increase germination and vigor
index, as was the case with studies conducted on wheat, where
bacteria with multiple traits (producing ammonia, producing
siderophores, dissolving phosphate, and as antifungal) were
able to increase germination at 4 days of age and vigor index
compared with control (Rana et al., 2011). The mode of action
by which rhizobacteria in this study increased germination and
promoted the growth of corn was not studied; however, IAA
production may be related to the increase of seed germination
and seedling growth promotion. The germination process starts
from the inhibition process, where water enters the seeds with
a moisture content of approximately 12%, so that an isotonic
balance occurs. The entry of water into the seeds causes the
activation of enzymes in the seeds such as amylase, protease,
lipase, and nuclease. These enzymes will catalyze the degradation
of macromolecules into simple molecules and are ready to
be used for germination process. Activation of these catalytic
enzymes is carried out by growth hormones such as gibberellins,
TAA, kinetin, and cytokinins (Sunarpi et al., 2019). Rhizobacteria
M. luteus Jg8, B. invocatus Sr3, and G. nicotianae Rgl can
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produce IAA, so that it can stimulate the germination of
corn seeds.

It was discovered in this study that three indigenous Balinese
rhizobacteria, namely, M. lutesus Jg8, B. invocatus Sr3, and
G. nicotianae Rgl, increased nutrient uptake, leaf chlorophyll
content, as well as the NAR and CGR of corn plants. This
ability is believed to be associated with the isolates™ ability to
synthesize IAA and fix nitrogen from the environment. Three
Bali rhizobacteria species with growth-promoting properties are
described for the first time. As a result, these three isolates
demonstrate significant potential for use as biostimulants to
promote maize growth and production, particularly in Bali.
These studies were conducted on a small scale and in a controlled
environment, which is one of this study’s limitations. To ensure
that the identified rhizobacteria perform consistently, field testing
in a variety of locations and growth seasons is required. The
optimal formulation for rhizobacteria growth and performance
in the field is unknown and additional study will be conducted
to ensure that farmers, particularly in Bali, can widely use this
biological agent.

CONCLUSION

Three species of rhizobacteria native to Bali were isolated
from the rhizospheres of Gramineae plants: M. luteus Jg8, B.
invocatus Sr3, and G. nicotianae Rgl. These three rhizobacteria
have been shown to increase the germination rate of corn
seeds, the length and dry weight of roots and shoots, and
the vigor index of the Pertiwi corn cultivar. These three
species are capable of producing IAA, fixing nitrogen from
the air, producing siderophores, and colonizing corn roots.
Under greenhouse conditions, treatment with these rhizobacteria
significantly increased nutrient uptake, leaf chlorophyll content,
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NAR, and CGR, indicating that they have considerable potential
for development as biostimulants to promote growth and yield
increase in corn, particularly in Bali.
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