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?S@eggedzim Plant Growth-Promoting Rhizobacteria (PGPR) are microbes that inhabit the
Publish’e 4 onfine: rhizosphere and rhizoplanes environment and can enhance plant growth. The
August1, 2023 application of PGPR in agriculture can reduce the use of chemical fertilizers on soil.

The purpose of this study was to determine the ability of the actinobacteria
consortium to produce Indole-3-Acetic Acid (IAA), solubilize phosphate, and
improve soybean growth in the greenhouse. The results of this study showed that the
actinobacteria (Streptomyces sp. ASR58, Streptomyces sp. ASR67) and Rhizobium sp.
which are used in this study are mutually compatible and tolerant to several types of
fungicides and bactericides. Meanwhile, the consortium of Streptomyces sp. ASR58
and Streptomyces sp. ASR67 produces the highest concentration of IAA i.e. 25.11
ppm compared to each isolate and other bacterial consortia. Accordance to the
guantitative phosphate solubilization assay, Streptomyces sp. ASR67 resulted in the
highest dissolved inorganic phosphate i.e. 179.7 + 13.3 mg / L. Inoculation of
Streptomyces sp. ASR58 and Streptomyces sp. ASR67 consortium into soybean seeds
can significantly increase 54.6% in stem length, 29% root growth, and 20.4% in plant
dry weight. This research indicated that Streptomyces sp. ASR58 and Streptomyces
sp. ASR67 consortium resulted in the best growth toward soybean plants compared to
other bacterial consortia.

Keywords: Actinomycetes, IAA, Phosphate solubilization, Rhizosphere

How to cite this:

Fatmawati U, Sari DP, Santosa S and Wiraswati SM. 1AA-producing and phosphate
solubilizer of rhizosphere actinobacteria consortium to promote plant growth in
O T soybean (Glycine max L.). Asian J. Agric. Biol. 2023(4): 2021402. DOI:
MyfiEinEneileseaneeel  https://doi.org/10.35495/ajab.2021.402

This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0 License.

(https://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided
the original work is properly cited.

Introduction contaminate  water, lead to heavy metal

contamination, and affect human health (Savci,
High-input chemical fertilizer in the soil is usually 2012); (Chandini et al., 2019). To decrease the
added to increase the quantity and quality of crop negative effects of chemical fertilizers and create
production. Using chemical fertilizers for a long time sustainable agriculture in the future, we should apply
can alter the soil fauna ecology, reduce soil fertility, environmentally friendly ways by using biofertilizers
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and microbes-based-product. Therefore, the use of
Plant Growth-Promoting Rhizobacteria (PGPR) plays
an important role in agriculture due to their potency as
a plant growth promoter and biocontrol agent (Basu et
al., 2021). In addition, the PGPR application can also
improve the quantity and quality of crop yield.

The role of PGPR in improving plant growth has
been extensively studied and commercialized in the
market as a bacterial inoculant (Santoyo et al., 2021).
At present, the use of bacterial consortia from several
bacterial strains has been widely investigated to
obtain more beneficial characteristics compared to
the application of single bacterial strains. Some
studies have also showed that the use of the PGPR
consortium can increase nodulation and growth of
several types of plants (Shaharoona et al., 2006);
(Tilak et al., 2006). This is due to bacterial consortia
consisting of several appropriate bacterial species
which interact synergistically (Ju et al., 2019). In
addition, the wuse of bacterial consortia can
accommodate several mechanisms of plant growth
promotion through nutrients uptake (Rana et al.,
2012), pest and plant pathogen inhibition (Villa-
Rodriguez et al.,, 2019), nitrogen fixation,
phytohormone production and iron chelation (Gosal
and Kaur, 2017).

Actinobacteria, an important rhizospheric bacterial
group commonly interact with plants by producing
growth-promoter and plant pathogens inhibitor
compounds. Many studies reported that soil and
rhizospheric actinobacteria are capable to increase
plant growth and inhibit the spread of pathogens.
These Gram-positive bacterial groups have been
widely utilized as biofertilizers and biopesticides to
combat plant pathogens in several developed
countries like the United States, Canada, Finland, and
New Zealand (Palaniyandi et al., 2013). Meanwhile,
in Indonesia, the use of actinobacteria as plant
growth-promoter and plant pathogen biocontrol in
agriculture is not common yet. Considering that
Indonesia is a tropical country with the second
highest level of biodiversity in the world, it should be
easy to explore various potential actinobacteria with
certain characteristics to develop an effective and
environmentally  friendly  actinobacteria-based
biofertilizer as well as biopesticides.

Streptomyces sp. ASR67, Streptomyces sp. ASR58,
and Rhizobium sp. are potential PGPR isolated from
the soybean plant rhizosphere. In previous studies, it
was known that actinobacteria species i.e.
Streptomyces sp. ASR67 and Streptomyces sp.
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ASR58 have the ability to increase soybean growth
in vitro and inhibit the growth of Rhizoctonia solani,
respectively (Fatmawati et al., 2020). In addition,
each actinobacteria species is also known as a
phosphate solubilizer, IAA hormone, siderophore,
and HCN producer (Fatmawati et al., 2019).
However, the effect of these actinobacteria consortia
towards soybean plants growth is unknown.
Therefore, the effect of actinobacteria and rhizobium
bacteria consortium in promoting the growth of
soybean plants have been analyzed in this study.
Specifically, the purpose of this study was to
determine the ability of the actinobacteria consortium
to produce IAA, solubilize phosphate and improve
soybean growth in the greenhouse. The application
of PGPR to soybean plants is expected to predispose
an optimal effect in improving the growth of soybean
plants. Furthermore, the results of this study can be
developed as effective and environmentally friendly
plant growth-promoting agents to create sustainable
agriculture in the future.

Material and Methods

Reculturing of Actinobacteria and Rhizobium sp.
isolates

Two actinobacteria isolates, Streptomyces sp. ASR67
and Streptomyces sp. ASR58 which are isolated from
soybean rhizosphere from Sukabumi, West Java were
recultivated in 1ISP2 agar medium (4 g yeast extract;
10 g malt extract; 4 g dextrose; 20 g agar; pH 7.3)
and incubated for 14 days at room temperature.
Rhizobium sp. isolate is also recultured on LB agar
medium (10 g tryptone; 5 g yeast extract; 10 g NaCl;
20 g agar) and incubated for 4 days at room
temperature.

Compatibility test between Actinobacteria isolates
and Rhizobium sp.

The compatibility test aims to determine the
interaction between actinobacteria isolates and
Rhizobium sp. The compatibility test was carried out
using cross streak method on modified Luria Agar
(LA) medium with the following composition (1 L
distilled water): 5 g yeast extract, 10 g casein, 0.5 g
NaCl, and 20 g agar (Retnowati et al., 2019).
Afterward, the bacterial cultures were incubated for 7
days at 28 + 2 °C of temperature. Antagonistic
interactions were detected by the presence of a clear
zone around the actinobacteria culture. The treatment
of each isolate was repeated three times.
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Fungicides and bactericides species tolerance
examination

Actinobacteria and Rhizobium isolates were streaked
onto ISP2 agar and LB agar medium containing 2000
ppm of each fungicide and bactericide i.e. mancozeb,
benomyl, chloramphenicol, and rifampicin. The
bacterial cultures were then incubated at 28 ° C for 5
days. Actinobacteria growth was measured on a scale
of 0-3 where 0 = no growth, 1 = thin growth, 2 =
moderate growth, and 3 = very well grown.

Measurement of IAA production by bacterial
consortium

Production of indol-3-Acetic Acid (IAA) was
measured according to (Khamna et al., 2010) with
modification in the duration of incubation time. IAA
production was measured from each bacterial isolate
(Streptomyces sp. ASR67, Streptomyces sp. ASR58,
and Rhizobium sp.), actinobacteria + Rhizobium sp.
consortium, and all bacterial consortia. Two agar
plugs (8 mm diameter) of actinobacteria and
Rhizobium sp. colonies were firstly grown on ISP 2
solid medium for 7 days and then transferred to 100
mL of ISP2 liquid medium containing 100 ppm of L-
tryptophan (L-trp) for 10 days incubation at 28° C of
incubator shaker. After 10 days, the bacterial cultures
were centrifuged for 15 minutes at 11.000 rpm; 4° C.
For IAA detection, 2 mL of supernatant was mixed
with 2 mL of Salkowski's reagent (150 mL H,SOy;
250 mL distilled water; 7.5 mL 0.5M FeCl,-6H,0)
and incubated in a dark room for 20 minutes. The
formed red or pink color intensity was measured at
530 nm using a UV VIS spectrophotometer and then
calculated using the 1AA standard curve to determine
the IAA concentration.

Measurement of dissolved inorganic phosphate
production bacterial consortium

To determine the dissolved inorganic phosphate, 1
plug (1x1 cm) of actinobacteria isolate was
inoculated on 25 mL of Pikovskaya Broth medium
and incubated in the shaker incubator at 150 rpm for
7 days. Simultaneously, 1 mL sterile 0.85% NaCl
was added to the Pikovskaya Broth medium and used
as a control. After 7 days of incubation, 10 mL of
dissolved inorganic phosphate were filtered using
filter paper (Whatman no.l ) to separate the
remaining Cag(PO,),. The filtrate was then
centrifuged at 10.000 rpm for 20 minutes. A total of 1
mL of supernatant was transferred to a flask and
homogenized with 10 mL of Chloromolybdic acid
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and 100 ul of Chlorostannous reagent, sequentially.
The distilled water was then added to the flask until
the volume reaches 50 mL. After incubating for 10
minutes, the absorbance of the sample was measured
at 600 nm. The dissolved inorganic phosphate
concentration was determined using a phosphate
standard curve (Thakur and Parikh, 2016).

Greenhouse assay for the consortium growth
promoter

The ability of actinobacteria and rhizobium isolates
to stimulate soybean growth was tested on the Wilis
soybean cultivar in the greenhouse. This experiment
was carried out in 7 experimental groups which
consist of Streptomyces sp. ASR 58; Streptomyces
sp. ASR 67; Rhizobium sp.; Streptomyces sp. ASR 58
+ Streptomyces sp. ASR 67; Streptomyces sp. ASR
58 + Rhizobium sp.; Streptomyces sp. ASR 67 +
Rhizobium sp. and Streptomyces sp. ASR 58 +
Streptomyces sp. ASR 67 + Rhizobium sp.
Meanwhile, the ISP2 liquid medium was used as a
control. Each treatment used 10 soybean seeds with
three replications. Initially, each bacterial treatment
was cultivated in an ISP2 liquid medium for 7 days.
The soybean seeds were sequentially surface sterilized
using 96% alcohol for 5 minutes, 2.5% sodium
hypochlorite solution for 1 minute, and washed using
sterile distilled water 10 times. Sterilized seeds were
then soaked in each 7 day old bacterial culture (10’
CFU ml™) for 60 minutes and planted on the planting
media containing soil: sand (3: 1). After 14 days of
planting, the shoot length, root length, and dry weight
were measured. To determine the effect of each
treatment, the growth parameters data were analyzed
statistically using SPSS software by one-way analysis
of variance (ANOVA) and Tukey's test at the 95%
confidence level.

Results

Compatibility  between  Actinobacteria and
Rhizobium sp.

Compatibility test between two actinobacteria strains
(Streptomyces sp. ASR 67 and Streptomyces sp. ASR
58) and Rhizobium sp. using the dual culture method
showed no inhibition zone at the intersection streak
of three bacterial isolates. According to this, the
actinobacteria isolates and Rhizobium sp. can grow
synergistically. The compatibility test result was

displayed in Table 1.
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Table-1. Compatibility of Streptomyces sp. ASR 58,

Streptomyces sp ASR 67, and Rhizobium sp.

No Strain

Streptomyces
sp. ASR58

Streptomyces
sp SR67

Rhizobium
sp.

Streptomyces

1 sp. ASR 58

+

+

+

Streptomyces

2 | “sp ASR 67

+

+

+

+

+

3 | Rhizobium sp. +

Note:
+ = compatible
= not compatible

Bactericides and  fungicides tolerant in
Actinobacteria and Rhizobium sp.

In in vitro conditions, the three tested bacteria
showed different levels of tolerance to
Chloramphenicol,  Rifampicin, Benomyl, and
Mancozeb. All bacteria are still capable to grow
slightly into thickly on LA medium supplemented
with each bactericide and fungicide. The bacterial
growth on a medium containing bactericides and
fungicides are shown in Table 2.

Indole  Acetic-Acid (IAA) production by
actinobacteria, Rhizobium sp., and bacterial
consortia

Actinobacteria and Rhizobium sp., the rhizospheric
bacteria were tested for their ability to produce IAA
phytohormones which play a role in increasing plant
growth. The IAA production assay results were
obtained from bacterial single isolate and consortium
(a combination of two and three isolates) (Figure 1).
According to the results, Streptomyces ASR 67 and
Streptomyces ARS8 consortium produced the highest
IAA concentration i.e. 25 ppm, while Rhizobium sp.
produced the lowest IAA concentration i.e. 4 ppm. In
addition, the consortium of Streptomyces sp. and

Rhizobium sp. resulted in lower IAA concentration
compared to single actinobacteria isolate.

Figure-1. IAA Production by Actinobacteria:
Streptomyces sp. ASR67, Streptomyces sp. ASR58,
Rhizobium sp., and Actinobacteria-Rhizobium sp.
consortium

According to the qualitative phosphate solubilization
assay, Streptomyces sp. ASR58, Streptomyces sp.
ASRG67 and Rhizobium sp. can solubilize phosphate.
Phosphate solubilization by these bacteria was
indicated by the presence of a clear zone around the
bacterial colonies on the Pikosvkaya Agar medium.
In addition, the gquantitative phosphate solubilization
test showed that each bacterial isolate has different
activity in solubilizing phosphate (Figure 3). The
highest solubilized phosphate was resulted by
Streptomyces ASR67 with 180 mg/L of phosphate
concentration. Meanwhile, Streptomyces ASR58 and
Rhizobium sp. consortium resulted in the lowest
solubilized phosphate i.e. 10 mg/L. generally,
actinobacteria and Rhizobium sp. consortium
displayed lower activity in solubilizing phosphate
than single bacterial isolate (Figure 2).

Table-2. Tolerance of bacteria to several types of bactericides and fungicides

Strain Mancozeb Benomyl Rifampicin Chloramphenicol | Control LA
Streptomyces sp. ASR 58 3 3 2 2 3
Streptomyces sp. ASR 67 3 3 2 2 3
Rhizobium sp 3 3 2 1 3
Note: 0 = no growth
1 = slight growth
2 = moderate growth
3 = thick growth
é t' J Asian ] Agric & Biol. 2023(4). 4/9
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Figure-2. Quantitative phosphate solubilization by
Actinobacteria:  Streptomyces sp. ASR67 and
Streptomyces sp. ASR58, Rhizobium sp., and
Actinobacteria and Rhizobium sp. consortium on the
liquid Pikovkaya medium

Effect of bacterial consortia on the growth of
soybeans in the greenhouse assay.

According to the greenhouse experiment, single
actinobacteria, Streptomyces sp ASR 58 + Rhizobium
sp. consortium, Streptomyces sp ASR 58 +
Streptomyces sp ASR 67 consortium, and three
bacterial ~ consortium  treatments  significantly
increased the soybean growth compared to control
treatment (Table 3). Specifically, Streptomyces sp.
ASR 58 + Streptomyces sp. ASR 67 consortium
treatment resulted in the longest shoot length i.e.
19.33 cm which indicated that this treatment

significantly increased the shoot length compared to
other treatments. In addition, Streptomyces sp. ASR
58 + Streptomyces sp. ASR 67 consortium treatment
also showed the longest root length i.e. 8.90 cm but it
is not significantly different compared to
Streptomyces sp. ASR 67 and Streptomyces sp ASR
58 + Streptomyces sp ASR 67 + Rhizobium sp.
treatments.

Discussion

Interaction between microbes and plant in the
rhizosphere environment contribute to beneficial
effect for soil fertility and plant fitness. Beneficial
soil bacteria isolated from the rhizosphere are usually
termed plant growth-promoting  bacteria  or
rhizobacteria (PGPB/ PGPR) due to their prosperity
in improving plant growth and yield especially in
nutrient-poor environments. The application of PGPR
could enhance plant growth by increasing the
availability of important plant nutrients such as
nitrogen, phosphorus, and iron (El-Tarabily et al.,
2021). PGPR also synthesizes siderophore,
phytohormone (auxin and gibberellin), ACC
deaminase as well as several volatile organic
compounds which can introduce plant endurance
toward plant pathogens (Riaz et al., 2021). In this
study, Streptomyces sp. species from soybean
rhizosphere which are proven as IAA producers and
phosphate solubilizers were further studied to
determine the ability of Streptomyces sp. and
Rhizobium sp. consortium to enhance the soybean
plant growth.

Table-3. The growth of soybean plants treated with various bacterial treatments in the greenhouse assay

Growth Parameter
Treatment -
Shoot length (cm) | Root length (cm) Dry weight (mg)
Streptomyces sp. ASR 58 16.37 yc 8.30 p¢ 141 4
Streptomyces sp. ASR 67 18.47 8.70 . 144
Rhizobium sp. 14.63 4 7.33 128 4
Streptomyces sp. ASR 58 + Rhizobium sp. 16.53 ¢ 7.73 anc 144
Streptomyces sp. ASR 67 + Rhizobium sp. 14.47 7.97 a0c 135 4
Streptomyces sp. ASR 58 + Streptomyces sp. ASR 67 19.33 4 8.90 . 147y,
itgeﬁitgrg%/:;sssg. ASR 58 + Streptomyces sp. ASR 67 17.03 oo 8.73. 147,
Control 125, 6.90 , 122,

Note: The same letter at the end of the number in the same column shows that the values are not significantly

different in the Tukey test (P <0.05).

{5} Asian ] Agric & Biol. 2023(4).
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On the initial compatibility test, we obtained that the
two Streptomyces sp. isolates and Rhizobium sp. can
grow synergistically on the growth agar medium. It
can be primary result to further develop the bacterial
isolates as plant growth promoter agents in the term
of PGPR consortium design. The bacterial
consortium commonly consists of two or more
different species with positive interaction (Sarma et
al., 2015) as well as favorable traits for plants.
Several studies have reported that bacterial consortia
provide more beneficial features in plants than single
bacteria through various mechanisms of plant growth
promotion and plant pathogen management (Ju et al.,
2019). Moreover, pesticides tolerant PGPR are also
important in the application of PGPR on the
conventional agricultural system which usually uses
huge number of pesticides. According to the pesticide
tolerance test results, Streptomyces sp. ASR 58,
Streptomyces sp. ASR 67 and Rhizobium sp. are
tolerant to the mancozeb and benomyl because their
main ingredients of them are antifungal compounds
that specifically inhibit the growth of pathogenic
fungi in soil and plants. Meanwhile, the three
bacterial isolates showed less tolerance to the
rifampicin and chloramphenicol which indicated that
the main ingredients of these bactericides strongly
inhibit the growth of the tested bacteria. This result
informs us that Streptomyces sp. ASR 58,
Streptomyces sp. ASR 67 and Rhizobium sp. are the
potential to apply as PGPR on the conventional
agricultural system which has been applied
bactericides and fungicides massively in the field
(Sreevidya et al., 2016).

The plant growth promoter bacteria are usually
characterized by the ability to produce plant growth
hormones like IAA or nutrient solubilization like
phosphate. The previous study proved each
Streptomyces sp. ASR 58 and Streptomyces sp. ASR
67 isolates were able to produce 1AA and solubilize
phosphate (Fatmawati et al., 2019). However, this
current study demonstrated that the Streptomyces sp.
ASR 58 and Streptomyces sp. ASR 67 consortium
resulted in the highest IAA concentration compared
to single isolate as well as other bacterial consortium.
Interestingly, the actinobacteria and Rhizobium sp.
consortium exactly decrease the ability of each
Streptomyces sp. isolate in producing IAA. It is
suspected that the existence of Rhizobium sp. was
inhibited to produce IAA in microbial consortia. This
finding is also supported by the study from (Imada et
al., 2017) which state that the IAA production by

()
;' J Asian ] Agric & Biol. 2023(4).

&/

Rhizobium sp. was strongly inhibited by the presence
of NH," in the culture medium. In contrast to the IAA
production, every single bacterial isolate showed
higher ability in solubilizing phosphate than bacterial
consortium. The highest solubilized phosphate
resulted from Streptomyces sp. ASR67 with 179.7 +
13.3 mg/L of concentration. The low phosphate
solubilization activity by bacterial consortium might
be caused by pH decline on the medium which
further affected the bacterial growth. According to
(Rashid et al., 2004), the influencing factors of
phosphate solubilization by microbes are the
excretion of organic acids which can decrease the pH
medium. The ability of PGPR to solubilize phosphate
plays important role in supplying available phosphate
to stimulate plants root and stem growth (Hamdali et
al., 2008). Meanwhile, the phosphate deficiency will
cause the plants to crumple more easily and slower
the fruit ripening process (Aziz et al., 2013).
Streptomyces sp. ASR58 and Streptomyces sp.
ASR67 is a Gram-positive bacterium isolated from
the soybean rhizosphere. Rhizobium sp. is also a
bacteria that is often found in the roots of leguminous
plants. In the previous studies, Streptomyces sp.
ASR58, Streptomyces sp. ASR67 and Rhizobium sp.
be able to increase the growth of soybean plants and
reduce sprouts in soybean (Fatmawati et al., 2020).
Therefore, in this study, a greenhouse experiment
was further conducted to prove the competence of
Streptomyces sp. and Rhizobium sp. in improving the
growth of soybean plants. According to the
greenhouse experiment result, the application of
Streptomyces sp. ASR 58 and Streptomyces sp. ASR
67 consortium displayed the finest impact on soybean
plant growth compared to a single bacterial isolate as
well as another bacterial consortium. The stem and
root length of the soybean plant treated with
Streptomyces sp. ASR 58 and Streptomyces sp. ASR
67 consortiums are 54.6% and 29% longer than
soybean plants treated with control treatment. The
Streptomyces sp. consortium also increased plant dry
weight in an amount of 20.4% higher than the
control treatment. This finding indicated that the
improvement of soybean plant growth is more
influenced by IAA production than phosphate
solubilization by Streptomyces sp. ASR 58 and
Streptomyces sp. ASR 67 consortium. It is also
suspected that the two Streptomyces sp. consortium
can grow synergistically to gain the capability in
producing secondary metabolites related to plant
growth promoters.
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The utilization of actinobacteria, rhizobium, and
rhizobacter consortia has been studied extensively by
many researchers. Bacterial consortium can increase
soybean germination, NPK absorption, soil pH, and
organic matter content by 34.8%, 83.6%, 0.7%, and
0.68%, respectively (Amule et al., 2018). (Solans et
al., 2016) also revealed that the inoculation of four
actinobacterial isolates, namely Streptomyces MM40,
Actinoplanes ME3, Micromonospora MM18, and
Frankia sp. in a single culture did not show any
enhancement in the growth of the test plants.
Whereas, the use of these actinobacterial consortiums
showed an increase in nodulation, shoot dry weight,
and root dry weight of Ochetophila trinervis. This is
presumably because Frankia sp. is known as a
symbiotic N-fixing actinobacteria that contributes to
stimulating nodulation in plants.

The use of a microbial consortium is considered to be
more effective in increasing plant growth compared
to a single microbial isolate (Shaharoona et al.,
2006); (Tilak et al., 2006). The existence of several
microbial species combinations will lead to creating
beneficial interaction among microbes. The formed
synergy interaction will generate more appropriate
conditions for microbes to produce metabolite
compounds, provide nutrients, degrade inhibitor
compounds, and complete the function as a plant
growth promoter that will increase the plant growth.
According to (Tabacchioni et al., 2021) with the use
of a microbe consortium, a unique ecosystem and an
ideal environment for microbial growth will be
formed, so their ability to produce bioactive
compounds also increases.

Conclusion

Based on the results of this study, we can conclude
that Streptomyces sp. ASR 58, Streptomyces sp. ASR
67 and Rhizobium sp. are mutually compatible and
tolerant to several types of fungicides and
bactericides. Furthermore, Streptomyces sp. ASR 67
showed the highest solubilized phosphate, while the
Streptomyces sp. ASR 58 and Streptomyces sp. ASR
67 consortium resulted in the highest IAA
concentration. The ability of Streptomyces sp. ASR
58 and Streptomyces sp. ASR 67 consortium in
producing 1AA was also confirmed in a greenhouse
experiment where this actinobacteria consortium
generated the finest effect on shoot and root length as
well as dry weight of soybean plant. This result is
predicted to be more influenced by IAA production
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than phosphate solubilization. Compared with other
treatments, giving a combination of Streptomyces sp.
ASR58 and Streptomyces sp. ASR67 in soybean can
be more stimulate the growth of soybean plants. This
finding indicated that the application of
actinobacterial consortium is considered to be more
beneficial than single bacterial.  Moreover,
Streptomyces sp. ASR 58 and Streptomyces sp. ASR
67 consortium is promising to be developed as a
biofertilizer for sustainable agriculture in the future.

Acknowledgment

Authors acknowledge the financial support by the
Ministry of Research, Technology, and Higher
Education of Indonesia through “Hibah Penelitian
Unggulan Universitas Sebelas Maret Surakarta (PU-
UNS)” 2020

Disclaimer: None.

Conflict of Interest: None.

Source of Funding: This study was finically
supported by the Ministry of Research, Technology,
and Higher Education of Indonesia through “Hibah
Penelitian Unggulan Universitas Sebelas Maret
Surakarta (PU-UNS)” 2020 to Umi Fatmawati with a
number of contract 452/UN27.21/PN/2020 from
LPPM Sebelas Maret University 2020..

References

Amule FC, Sirothiya P, Rawat AK and Mishra US,
2018. Effect of actinobacterial, Rhizobium and
plant growth promoting rhizobacteria consortium
inoculation on rhizosphere soil properties in
soybean in Jabalpur district of Madhya Pradesh.
Int. J Chem. Stud. 6(1): 583-586.

Aziz T, Sabir M, Farooq M, Masgood MA, Ahmad
HR and Warraich EA, 2013. Phosphorus
Deficiency in Plants: Responses, Adaptive
Mechanisms, and Signaling. pp. 133-148. In KR
Hakeem etal (eds), Plant Signaling:
Understanding the Molecular Crosstalk. Springer,
India. https://doi.org/10.1007/978-81-322-1542-4

Basu A, Prasad P, Das SN, Kalam S, Sayyed RZ,
Reddy MS and Enshasy HEI, 2021. Plant growth
promoting rhizobacteria (PGPR) as green
bioinoculants: Recent developments, constraints,
and prospects. Sustainability. 13(3): 1-20.
ttps://doi.org/10.3390/su13031140

Chandini, Kumar R, Kumar R and Prakash O, 2019.



Umi Fatmawati et al.

The impact of chemical fertilizers on our
environment and ecosystem. pp. 71-85. In
Research Trends in Environmental Sciences. 2nd
Edition. Akinik Publication, India

El-Tarabily KA, Sham A, Elbadawi AA, Hassan AH,
Alhosani BKK, El-Esawi MA, Al Khajeh AS and
Abu Qamar SF, 2021. A Consortium of
Rhizosphere-Competent Actinobacteria
Exhibiting Multiple Plant Growth-Promoting
Traits Improves the Growth of Avicennia marina
in the United Arab Emirates. Front. Mar. Sci. 8:
1-20 https://doi.org/10.3389/fmars.2021.715123

Fatmawati U, Meryandini A, Nawangsih AA and
Wahyudi AT, 2019.  Screening and
characterization of actinomycetes isolated from
soybean rhizosphere for promoting plant growth.
Biodiversitas, 20(10): 2970-2977.
https://doi.org/10.13057/biodiv/d201027

Fatmawati U, Meryandini A, Nawangsih AA and
Wahyudi AT, 2020. Damping-off disease
reduction using actinomycetes that produce
antifungal compounds with beneficial traits. J.
Plant Prot. Res. 60(3): 233-243.
https://doi.org/10.24425/jppr.2020.133318

Gosal SK and Kaur J, 2017. Microbial Inoculants: A
Novel Approach for Better Plant Microbiome
Interactions. pp. 269-289. In VV Kumar et.al (eds).
Probiotics in Agroecosystem. Springer Nature,
Singapore Pt. Ltd. https://doi.org/10.1007/978-
981-10-4059-7

Hamdali H, Hafidi M, Virolle MJ and Ouhdouch Y,
2008. Growth promotion and protection against
damping-off of wheat by two rock phosphate
solubilizing actinomycetes in a P-deficient soil
under greenhouse conditions. Appl. Soil Ecol.
40(3): 510-517.
https://doi.org/10.1016/j.apsoil.2008.08.001

Imada EL, dos Santos AAR, Oliveira ALM de,
Hungria M and Rodrigues EP, 2017. Indole-3-
acetic acid production via the indole-3-pyruvate
pathway by plant growth promoter Rhizobium
tropici CIAT 899 is strongly inhibited by
ammonium. Res. Microbiol. 168(3): 283-292.
https://doi.org/10.1016/j.resmic.2016.10.010

Ju W, Liu L, Fang L, Cui Y, Duan C and Wu H,
2019. Impact of co-inoculation with plant-
growth-promoting rhizobacteria and rhizobium
on the biochemical responses of alfalfa-soil
system in copper contaminated soil. Ecotoxicol.
Environ. Saf. 167: 218-226.
https://doi.org/10.1016/j.ecoenv.2018.10.016

>,
{ ;) Asian ] Agric & Biol. 2023(4). 8/9
Nage’

Khamna S, Yokota A, Peberdy JF and Lumyong S,
2010. Indole-3-acetic acid production by
Streptomyces sp. isolated from some Thai
medicinal plant rhizosphere soils. EurAsia J.
Biosci. 4: 23-32.
https://doi.org/10.5053/ejobios.2010.4.0.4

Palaniyandi SA, Yang SH, Zhang L and Suh JW,
2013. Effects of actinobacteria on plant disease
suppression and growth promotion. Appl.
Microbiol. and Biotechnol. 97(22): 9621-9636.
https://doi.org/10.1007/s00253-013-5206-1

Rana A, Saharan B, Nain L, Prasanna R and Shivay
YS, 2012. Enhancing micronutrient uptake and
yield of wheat through bacterial PGPR consortia.
Soil Sci. Plant Nutr. 58(5): 573-582.
https://doi.org/10.1080/00380768.2012.716750

Rashid M, Khalil S, Ayub N, Alam S and Latif F,
2004. Organic acid production and phosphate
solubilization by  Phosphate  Solubilizing
Microorganism (PSM) under in vitro condition.
Pak. J.  Biol. Sci. 7(2): 187-196.
https://scialert.net/abstract/?doi=pjbs.2004.187.1
96

Retnowati D, Meryandini A, Solihin DD,
Ghulamahdi M and Lestari Y, 2019. Biological
activities of paddy rhizosphere actinobacteria.
Eurasia J. Biosci. 13: 2125-2132.

Riaz U, Murtaza G, Anum W and Samreen T, 2021.
Microbiota and Biofertilizers. pp. 181-196. In
K.R Hakeem etal (eds.). Microbiota and
Biofertilizers. Springer Nature, Switzerland AG.
https://doi.org/10.1007/978-3-030-48771-3

Santoyo G, Guzman-Guzman P, Parra-Cota FI, de los
Santos-Villalobos S, Orozco-Mosqueda MDC
and Glick BR, 2021. Plant growth stimulation by
microbial consortia. Agronomy. 11(2): 1-24.
https://doi.org/10.3390/agronomy11020219

Sarma BK, Yadav SK, Singh S and Singh HB, 2015.
Microbial consortium-mediated plant defense
against  phytopathogens: Readdressing for
enhancing efficacy. Soil Biol. Biochem. 87: 25—
33. https://doi.org/10.1016/j.s0ilbio.2015.04.001

Savci S, 2012. Investigation of Effect of Chemical
Fertilizers on Environment. APCBEE Procedia.
1: 287-292.
https://doi.org/10.1016/j.apcbee.2012.03.047

Shaharoona B, Arshad M and Zahir ZA, 2006. Effect
of plant growth promoting rhizobacteria
containing ACC-deaminase on maize (Zea mays
L.) growth under axenic conditions and on
nodulation in mung bean (Vigna radiata L.). Lett.



Umi Fatmawati et al.

Appl. Microbiol. 42(2): 155-159.
https://doi.org/10.1111/j.1472-765X.2005.01827.x

Solans M, Scervino JM, Messuti MI, Vobis G and

Wall LG, 2016. Potential biocontrol
actinobacteria: Rhizospheric isolates from the
Argentine Pampas lowlands legumes. J. Basic
Microbiol. 56(11): 1289-1298.
https://doi.org/10.1002/jobm.201600323

Sreevidya M, Gopalakrishnan S, Kudapa H and

Varshney RK, 2016. Exploring plant growth-
promotion actinomycetes from vermicompost
and rhizosphere soil for yield enhancement in
chickpea. Braz J. Microbiol. 47(1): 85-95.
https://doi.org/10.1016/j.bjm.2015.11.030

Tabacchioni S, Passato S, Ambrosino P, Huang L,

Caldara M, Cantale C, Hett J, Del Fiore A, Fiore
A, Schllter A, Sczyrba A, Maestri E, Marmiroli
N, Neuhoff D, Nesme J, Sgrensen SJ, Aprea G,
Nobili C, Presenti O and Bevivino A, 2021.
Identification of beneficial microbial consortia
and bioactive compounds with potential as plant
biostimulants for a sustainable agriculture.
Microorganisms. 9(2): 1-23.
https://doi.org/10.3390/microorganisms9020426

Thakur A and Parikh SC, 2016. Isolation and
Characterization of Phosphate  Solubilizing
Bacteria Associated With Groundnut

Rhizosphere. Int. J. Agric. Sci.Res. (IJASR),
6(5):  243-260.  http://www.tjprc.org/view-
archives.php

P

(<)

- J Asian ] Agric & Biol. 2023(4).

o

9/9

Tilak KVBR, Ranganayaki N and Manoharachari C,

2006. Synergistic effects of plant-growth
promoting rhizobacteria and Rhizobium on
nodulation and nitrogen fixation by pigeon pea
(Cajanus cajan). Eur. J. Soil Sci. 57(1): 67-71.
https://doi.org/10.1111/j.1365-
2389.2006.00771.x

Villa-Rodriguez E, Parra-Cota F, Castro-Longoria E,

Lopez-Cervantes J and de los Santos-Villalobos
S, 2019. Bacillus subtilis TE3: A promising
biological control agent against Bipolaris
sorokiniana, the causal agent of spot blotch in
wheat (Triticum turgidum L. subsp. durum).

Biol. Control, 132: 135-143.
https://doi.org/10.1016/j.biocontrol.2019.02.012

Contribution of Authors

Fatmawati U: Planned and conducted the
research, collected & analyzed the data and wrote
the manuscript

Sari DP: Collected, analyzed and interpreted the
data

Santosa S: Provide the material, supervised the
research and interpreted the data

Wiraswati SM: Designed research methodology
and wrote the manuscript




