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Abstract. Potassium is one of macronutrients required by plants. The concentrations of soluble
Potassium in the soil are usually very low, more than 90% of Potassium in the soil are (K)-
bearing minerals form, one of them is Feldspar which quite abundant found in Indonesia.
Rhizobacteria have been found to solubilize (K)-bearing mineral into a form that plants can
access. This study aims to isolate and characterize Rhizobacteria from paddy rhizosphere that
potentially dissolve mineral feldspar as potassium source. This study was conducted on
February-June 2018 in Microbiology Laboratory, Department of Biology, Universitas Negeri
Surabaya. Seven bacteria isolates capable of solubilizing potassium were LJK 1, LIK 2, LJK 4,
LBK 4, LBK 3, PSUK 4, and PSIK 6. Based on the potassium-solubilizing index, seventh
isolates were capable of solubilizing feldspar in Alexandrov solid medium, the best isolate with
the highest score was LIK 2 (5,25 cm in diameter), contrary with the lowest score was LBK 4
(2,37 ¢cm). In amended Alexandrov broth, isolate suspension of LJK 2 caused maximum
solubilization (6,846 mg/L), while the minimum solubilization was PSIK 6 (6,724 mg/L). All
these isolates were characterized on the basis of morphological and physiological-biochemical
test up to 39 characteristics.

1. Introduction

Potassium (K) is an essential nutrient that plays important roles for plant growth and development,
such as activating enzyms, maintaining turgor, transporting of nutrient, and protecting plant from
disease and insects. As one of the agricultural commodities, paddy needs Potassium in the generative
phase for the developing and filling grain. In such, the availability offBotassium become one of the
factors that affect the productivity of paddy. Unfortunately, more than 90 to 98 per cent of Potassium
found in the soil are K-bearing minerals which are unavailable for plant uptake. Indonesia has some
K-bearinfJminerals of low solubility such as feldspar and mica [1]. Soil microorganisms H§}e been
reported play a key role in ion cycling and soil fertility [2]. Many studies have known that microbes
decompose silicate minerals such as feldspar and mica, transformed insoluble K into available K so
that can be directly absorbed by plants [3]. In light of above facts, the objective of this research was to
isolate and characterize of (otassium-solubilizing bacteria (KSB) from paddy rhizosphere and its
ability to solubilize feldspar as the sole source of insoluble K in Alexandrov medium.

2. Method

2.1. Isolation of Paddy Rhizosphere Bacteria

Sample of rhizosphere was taken from four farming areas, Bangkingan, Jeruk, Sumber Makmur and
Siwalan Makmur. Ten grams of rhizosphere were inoculated onto 90 ml Alexandrov broth for 4 days.
The serial dilutions up to 107 consisted of 1 ml of sample and 9 ml of 0.85% NaCl solution. Each
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dilution was continuously shaken for two minutes by vortex, and was inoculated on Alexandrov agar
plate. The isolates were then incubated at 30°C for 4 days.

2.2. Characterization of Potassium Solubilizing Bacterial Isolates

The isolates were cultured on Alexandrov's medium. Cell and colony morphology and physiological-
biochemical characteristics were examined. Motility, catalase test, Ziehl-Nelseen test, Methyl Red test,
Voges-proskauer test, urease test, nitrate reduction test, indole production test, ornithine utilization
test, H2S production test, citratase utilization, growth in different pH (3, 7, and 10), growth in different
temperature (25°C, 30°C, and 45°C ), and starch hydrolysis were studied as physiological-biochemical
characters.

2.3. Potassium Solubilizing Aectivity in Alexandrov Agar

The selected bacterial isolates from paddy rhisphere were subjected to a Potassium solubilizing test
in Alexandrov agar, incubated at 30°C for 4 days. Detection of potassium solubilization by different
rhizobacterial isolates based upon the ability of solubilization zone formation. The medium contains of
glucose 5.0 g; agar 20 g; MgS0.4.7H,0 0.5 g; CaCO; 0,1 g; FeCl; 0,006 g; Ca;PO4 2.0 g; and Feldspar
3 g diluted by 1 L deionized water [4].

2.4. Potassium Solubilizing Activity in Alexandrov Broth

The so]ubi]itnlf Potassium was investigated in 50 ml Alexandrov broth, all those isolates incubated at
30°C for 7 dayf) The growth suspension was centrifuged at 7,000 rpm for 10 minutes in the
microcentrifuge to separate the supernatant from the cell growth and insolubff Potassium. One ml of
the supernatant was taken and placed into 50 ml volumetric flask, added with distilled water and
mixed thoroughly. The solution was fed to Atomic Absorption Spectrometer to determine (AAS) K
content [5].

2.5. pH Measurement in Alexandrov Broth

pH was measured before and after incubation in Alexandrov broth. Before its sterilization, the pH of
Alexandrov broth was measured by pH roll (6,6-7.0). After seven days incubation, each pH culture
measured, then compared against pH before incubation periods.

3. Results and discussion

Twenty two KSB isolates were isolated from rhizospheric soils of paddy (Oryza sativa L.). Seven
isolates were capable of solubilizing Feldspar in Alexandrov agar presented in Table 1. These seventh
isolates colonies showed exhibiting zone of clearance indicating Potassium solubilization. The value
of clear zone from each isolates examined by using Premono’s selection ratio, noted as Solubilizing
Index (SI) [6]. Solubilization of K from mineral Feldspar by bacterial strains also examined in
Alexandrov broth using AAS (Table 1).

Table 1. Potassium solubilization values of selected bacterial isolates in Alexandrov agar

Isolates Solubilizing Index (SI) Solubilization AAS
LIK 1 3,03 6.803
LIK?2 5.25 6.846
LIK 4 3,00 6.784
LBK 4 2.37 6.759
LBK 5 2,63 6,770
PSUK 4 2.67 6.744
PSIK 6 3.11 6.724

The morphological colony (shape, margin, elevation, surface, pigmentation, and optic) and cell
morphology of seventh bacteria are presented in Table 2.




MISEIC 2018 10P Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 1108 (2018) 012105 doi:10.1088/1742-6596/1108/1/012105

Table 2. Morphological colony, cell shape, gram reaction and spore formation
characteristics of Potassium Solubilizing Bacteria

Isolates Colony characters Cell shape Gram reaction Spore formation
Irreguler, undulate,

LIK 1 raised, smooth, Coccus -ve T
white, opaque
Irreguler, undulate,

LIK 2 flat, smooth, white, Bacil +ve -b
translucent
Irreguler, undulate,

LIK 4 raised, smooth, Bacil -ve +
white, translucent
Circular, entire,

LBK 4 raised, smooth, Coccus +ve +
creamy, opaque
Irreguler, entire,

LBK 5 flat, smooth, Coccus +ve -
creamy, opaque
Irreguler, undulate,

a

PSUK 4 raised, smooth, Coccus +ve +
white, opaque
Irreguler, entire,

PSIK 6 flat, smooth, white, Coccus +ve +
opaque

* positive (+)
b negative (-)

Physiological-biochemical characteristics test include motility, catalase test, Ziehl-Nelseen
test, Methyl Red test, Voges-proskauer test, urease test, nitrate reduction test, indole production test,
ornithine utilization test, H,S production test, citratase utilization, growth in different pH (3, 7, and
10), growth in different temperature (25°C, 30°C, and 45°C ), and starch hydrolysis (Table 3).

Table 3. Physiological-biochemical characteristics of Potassium Solubilizing Bacteria

Characters LIK1 [JK2 LIK4 LBK 4 LBK 5 PSUK 4 PSIK 6
Motility + + + + + + +
Catalase test + + + + + + +
Ziehl-Nelseen + + + + + + +
MR + + + + + + +
VP + - + - - - -
Urease - - - - - - -
Nitrate reduction + + + + + + -
Indole production - - - + + - _
Ornithine utilization — + + + + + + +
H-S production + + + - - - -
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Characters LIK1 LJK2 LIK4 LBK 4 LBK 5 PSUK 4 PSIK 6
Citratase utilization + - + - + + +
Growth in pH 3 + - + + + + +
Growth in pH 7 + + + + + + +
Growth in pH 10 + + + + + - -
Growth in 25'C + + + + + + +
Growth in 30°C + . + + + + +
Growth in 45°C + + + + + + +
Glucose hydrolysis + + + + + + +
fructose hydrolysis + + + + + + +
Lactose hydrolysis + - + + + - -
Sucrose hydrolysis + + + + + + +
Mannitol hydrolysis  + + + + + + +
Amilum hydrolysis + - + + - + +

1

g}tﬁssium solubilization by rhizobacterial isolates wi§ studied on Alexandrov agar and Alexandrov
broth medium. Solubilizing index #s used to measure the K-solubilization zone ability of the KSB on
Alexandrov agar. Seventh of KSB were found to be capable of K-solubilization, and the Solubilization
Index ranged from 2,37 to 5,25 cm in diameter. Strain LJK 2 showed the highest ability to solubilize K
(5,25 cm in diameter) followed by PSIK 6, LJK 1, LJIK 4, PSUK 4,LBK 5, and LBK 4. Solubilization
of Potassium also conducted on Alexandrov broth then fed to AAS, this aims to determine the
concentration of ion K from solubilization activities by KSB after 7 days incubation period. The
results exhibited that isolate LJK 2 was consistent with the previous studies on Alexandrov agar as the
best isolate compared to other isolates, its dissolved K of 6,846 mg/T. at 7 D

There were least differences in the solubilization activity of each isolates, it is hypfhesized that the
release of K may be due to the various organic acids that produced by KSB, besides, the production of
organic acids by each isolates ha§)different concentration. Organic matter while solubilize minerals
produced by KSB has known as oxalic acid and citric acid [4], ferulic acid and coumaric acid [7],
formic acid, ma]acid and acetate acid [8]. tartric acid [9]. These organic acids produced by the KSB
might enhanced the dissolution of K-bearing minerals by supplying protons, destabilizing surface of
K-bearing and complexing Ca”", Fe*", and AP* ions [10,11,12]. In this study, feldspar (KalSi;Og) was
the sole source of K-bearing, this reacts with organic acids promotes cation exchange reactions
between H' and K* ions. Furthermore, K released from feldspar into available K for plant uptakes,
besides, these solubilizing activity also forms a secondary mineral as kaolinite (HsAl281:09) [1,13].

Characterization of the KSB were examined by 39 characters: morphological colony (shape,
margin, elevation, surface, pigmentation, and optic) and cell morphology. Physiological-biochemical
characteristics test include motility, catalase test, Ziehl-Nelseen test, Methyl Red test, Voges-
proskauer test, urease test, nitrate reduction test, indole production test, ornithine utilization test, H»S
production test, citratase utilization, growth in different pH (3, 7, and 10), growth in different
temperature (25°C, 30°C, and 45°C ), and starch hydrolysis. Characterization performed in this study
was also conducted in previous studies to characterize Potassium solubilizing bacteria [4,14,15].
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4. Conclusion

Isolation and screening processes have found seven isolates from rhizospheric soils of paddy
(Oryza sativa 1..). Seventh isolates were capable of solubilizing Feldspar in Alexandrov agar and
Alexandrov broth. The best isolate with the highest score in Alexandrov agar was LIK 2 (5,25 cm
diameter), this isolate also caused maximum solubilization in Alexandrov broth (6,846 mg/L). All
these isolates were characterized on the basis of morphological and physiological-biochemical test up
to 39 characteristics.

Seventh KSB in this study are able to dissolve Potassium from K-bearing mineral have both
economic and environmental advantages, so that these isolates potentially to be applied as an
alternative bio-fertilizer agent of Potassium, generally the bio-fertilizer can be applied to the seed, soil,
or during composting. Microencapsulation engineering and fermentation engineering can be done to
ensure an increase in the microbial population and reduce the potential for microbial contamination of
other undesirable during storage and transportation [16].

References

[1] Pratama D and Anas S 2016 Ability of Potassium-solubilissing microbes to solubilise Feldspar and
their effects on sorghum growth Malaysian Journal of Soil Science 20 163-175.

[2] Bin Lian, Bin Wang, Mu Pan, Conggiang Liu and H. Henry Teng 2010 Microbial release of
Potassium from K-bearing minerals by thermophilic fungus Aspergilus fumigatus Geochimica et
Cosmochimica Acta 72 87-89.

[3] Zhang C and Fanyu K 2014 Isolation and identification of Potassium-solubilizing bacteria from
tobacco rhizospheric soil and their effect on tobacco plants Applied Soil Ecology 82 18-25

[4] Prajapati K B and Modi H A 2012 Isolation and characterization of Potassium solubilizing bacteria
from ceramic industry soil CIB Tech Journal of Microbiology 1 8-14.

[5] Parmar P and Sindhu S S 2013 Potassium solubilization by rhizosphere bacteria: influence of
nutritional and environmental conditions Journal of Microbiology Research 3 25-31.

[6] Premono E M, Moawad A M, and Vlek P L G 1996 Effect of Phosphate solubilizing Pseudomonas
putida on the growth of maize and its survival in the rhizosphere Indonesian J. Crop Sci. 11 13-
23,

[7] Setiawati T C and Laily M 2016 Solubilization of Potassium containing mineral by
microorganisms from sugarcane rhizosphere Agriculture and Agricultural Sci.Procedia 9 108-
117.

[8] Shanware A S, Surekha A K, and Minal M T 2014 Potassium solublisers: occurrence, mechanism
and their role as competent biofertilizers Int J.Curr.Microbiol App Sci 3 622-629.

[9]1Hu X F, Chen I, and Guo J F 2006 Two Phosphate and Potassium solubilizing bacterial isolated
from Tiannu Mountain, Zhijiang, China World J. Microbiology and Biotechnology 22 983-990.

[10] Stillings L. L, Drever S L, Brantly Y S, and Oxburgh R 1996 Rates of feldspar dissolution at pH
3-7 with 0-8 mM oxalic acid Chemistry Geology 132 79-90.

[11]Meena V S, Bihari R M, Jai P V, Abhinav A, Ashok K, Kangmin K and Vivek K B 2015
Potassium solubilizing rhizobacteria (KSR): isolation, identification, and K-release dynamics
from waste mica Ecological Engineering 81 340-347.

[12] Styriakova I, Styriak [, Galko I, Hradil D, and Bezdicka P 2003 The release of iron-bearing
minerals and dissolution of feldspar by heterotrophic bacteria of Bacillus species Ceramics
Silicaty 47 20-26.

[13] Ismangil and Eko H 2005 Degradasi mineral batuan oleh asam-asam organik Jurnal Iimu Tanah
dan Lingkungan 5 1-17.

[14] Ahmad M S and Zargar M Y 2017 Characterization of Potassium solubilizing bacteria (KSB) in
rhizospheric soils of apple (Malus domestica Borkh.) in temperate Kashmir Journal of Applied
Life Sci.International 15 1-7.

[15] Archana D S 2007 Studies on potash solubilizing bacteria Ph.D theses UAS Dharwad India.

[16] Gunalan 2006 Penggunaan mikroba bermanfaat pada bioteknologi tanah berwawasan lingkungan
vol 32 (Universitas Sriwijaya: Majalah Sriwijaya) p 2.




Isolation and Characterization of Potassium-Solubilizing Bacteria
from Paddy Rhizosphere (Oryza sativa L.)

ORIGINALITY REPORT

13. 11, 13, 8.

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

article.sapub.org

Internet Source

4,

publications.aston.ac.uk

Internet Source

3%

"Potassium Solubilizing Microorganisms for
Sustainable Agriculture", Springer Science and
Business Media LLC, 2016

Publication

3%

Vijay Singh Meena, Bihari Ram Maurya, Jai
Prakash Verma, Abhinav Aeron, Ashok Kumar,
Kangmin Kim, Vivek K. Bajpai. "Potassium
solubilizing rhizobacteria (KSR): Isolation,
identification, and K-release dynamics from
waste mica", Ecological Engineering, 2015

Publication

3%

Exclude quotes On Exclude matches <2%

Exclude bibliography On






	Isolation and Characterization of Potassium-Solubilizing Bacteria from Paddy Rhizosphere (Oryza sativa L.)
	by

	Isolation and Characterization of Potassium-Solubilizing Bacteria from Paddy Rhizosphere (Oryza sativa L.)
	ORIGINALITY REPORT
	PRIMARY SOURCES


