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The most prevalent nutrient is potassium (K), which makes up around 2.5% of
the lithosphere. Approximately 90-98% of soil mineral K is present in the forms of feldspar
(orthoclase and microcline) and mica (biotite and muscovite). Particularly in smallholder
agriculture, replenishing potassium remains difficult because of its dependence on fertilizer.
Potassium shortage in soil can be addressed by the use of soluble mineral potassium fertilizers;
however, farmers have been constrained by the high price and restricted availability of these
products. The present study aims to identify and select soil Actinomycetes from the soils used in
the ceramic industry that may dilute potassium. Since feldspar, an insoluble potassium source,
is used by most ceramic manufacturers as a raw ingredient, we gathered samples from these
businesses. In the Gujarati cities of Morbi, Meshana, and Kadi, ceramic firms were contacted for
a total of fifteen samples. 22 Actinomycetes isolates were chosen for further investigation after
primary and secondary screening and inoculation onto Aleksandrov agar supplemented with
0.5 percent potassium aluminium silicate. The 16S rRNA sequence of strain KSA 16 confirmed
that it was Streptomyces atacamensis. In a liquid solution, KSA 16 was the most effective in
dissolving the insoluble potassium source, feldspar.
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Potassium is a macroelement necessary for
all forms of life. Both in terms of its concentration in
plant tissues and the biochemical and physiological
functions it plays, it is the most important cation in
the study of plant physiology.' The majority of the
minerals that include potassium are insoluble. The
parent elements from which most soils are derived
are typically feldspar and mica.? Lack of potassium
caused all small grains, potato tubers, and the tips or
margins of lower leaves of tobacco, cotton, maize,
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and legume crops to become black, which in turn
decreased photosynthesis and resulted in burning
and scorching.’ Banana, cotton, and a few other
species have a larger requirement for potassium
than nitrogen, despite the fact that most cultivated
plants have a far lower absorption amount of
potassium by roots than nitrogen do. * Research has
also indicated that plants have the greatest chance
of reaching their potential economic output when
potassium is abundant in the soil. It is possible that
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agricultural soil with low potassium availability
will not respond as well to high potassium
fertilisation rates, with yield improvements of less
than those seen in enriched soil. The enhanced soil
stores have ensured that potassium is now widely
available in the soil profile, where the vast majority
of plant roots are located. As a consequence of crop
absorption, potassium stocks in the soil solution
are restored. Crops having a shorter growth season
stand to gain somewhat more. Because their root
systems are limited, these plants need to take up
nutrients rapidly in order to flourish. Although
potassium fertilizers have been a helpful step
forward, the high cost of this input means they
are not a viable long-term answer for developing
nations like India.* The formation of various
organic acids, which are then followed by exchange
processes known as acidolysis and complexolysis,
as well as the mobilisation of insoluble potassium
and structurally inaccessible forms of potassium
compounds are all significant mechanisms involved
in the conversion into a soluble form. Wheat,
fodder crop, maize, and Sudan grass crops are only
some of the field test crops that have been studied
for their potential to lessen the need for chemical or
organic fertilisers thanks to potassium solubilizing
bugs. There has been very little research on the
potential uses of Actinomycetes as enzyme makers
in the agricultural sector. ”. Recently, actinomycetes
have been considered as a kind of rhizobacteria
that helps plants develop by encouraging nutrient
cycling in the soil. #°1°.

MATERIALS AND METHODS

Sample Collection

Feldspar, an insoluble source of potassium,
is used by most ceramic businesses, hence samples
from these sectors were gathered. A total of 15
samples were gathered from three different ceramic
factories in Gujarat, one each in the towns of Morbi
(22.82520 N,70.84910 E), Meshana (23.58800
N,72.3630 E), and Kadi (23.29730 N,72.33020 E).
the samples labeled S1 to S22.
Adaptation and Enrichment

Soil samples were mixed with insoluble
potassium (Feldspar) and CaCO3 to encourage the
development of Actinomycetes (for a week at room
temperature). One milliliter of soil was added to
each test tube liquid containing broth containing
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1% glucose, 0.05% yeast extract, and 0.5% feldspar
after a week of acclimatization at 28 + 2 % c and
120 rpm.
Isolation and Screening of Potassium Solubilizing
Actinomycetes

Enriched samples were diluted from 10-1
to 106 before even being plated onto Aleksandrov’s
agar medium (1% glucose, 0.05% MgSo04.7H20,
0.0005% FeCl3, 0.01% CaCO3, 0.2% CaPO4, and
0.5% KAISi, agar 3% pH6.5 11) and maintained at
28+2 &% c. for a week. Colonies with a noticeable
solubilization zone for potassium were selected.

The zone diameters of the various isolates
grown on Aleksandrov’s agar plates were evaluated
using Khandeparkar’s selection ratio for a second
round of screening.'?

Ratio = D/d = Diameter of zone of clearance /
Diameter of growth

Isolates of Actinobacteria were seeded on
Aleksandrov’s medium with a pH indicator dye in
order to explore the process by which potassium
is absorbed (0.025 percent Bromothymol blue)."
Macroscopic / Morphological Characterization

KSA 16 Actinomycete colony properties
were investigated using Glycerol Asparagine
Agar (GAA). Cell size, shape, arrangement, and
pigmentation were only few of the morphological
features that were documented across a wide
variety of different isolates. Gram staining was
used to confirm the cell morphologies found in
the isolates, which were then examined using a
compound microscope.'*

Scanning Electron Microscopy (SEM) of KSA 16

Three-dimensional SEM images for
judging the surface structure of the Actinomycete
was studied by preparing a thin smear of matured
culture on a glass cover slip. The smear was fixed
with 2 % Glutaraldehyde solution and kept for 10-
40 min. After fixation, the fixative was removed by
tilting on tissue and washing cover slip with sterile
distilled water followed by air drying. The cover
slip was stuck on SEM holder by using carbon
conducting tape and placed in sputter coating unit.
The samples were then analyzed by SEM, using
30 kV accurate voltages on a SEM with the model
number LEO s- 440i, after being coated with a thin
coating of gold ( ~50 or 100 microns). Both 6000x
and 9000x magnification images of KSA 16 were
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obtained. The final image gives a magnified look
at the isolated cells’ outer surface.
Potassium Solubilizing ability of KSA 16

Using a medium of modified Aleksandrow
agar + bromothymol blue, the degree of potassium
solubilization was evaluated subjectively. The
modified Aleksandrow medium was used for
the Streptomyces atacamensis (KSA16) spot
vaccinations, and the plates and liquid broth
(GYE) were incubated at 28 + 2°C for 3—4 days
while being stirred at room temperature (RT). The
formation of separate halos surrounding the colony
was evaluated using Khandeparkar’s selection ratio
technique. D/d = Diameter of the hydrolysis zone/
Diameter of the growth
Production of Growth Promoting Substances
by Potassium Solubilizers

KSA 16 was evaluated for its ability
to produce TAA (Indole Acetic Acid) and GA
(Gibberellic Acid) on Luria agar treated with SDS
(0.06%) and glycerol (1 percent ). All five isolates
were judged positive for IAA and GA synthesis
based on the growth of red color on the filter paper
(Qualitative approach) or green fluorescence under
UV light."s
Media Optimization and quantitative estimation
of Streptomyces antamenecia (KSA 16)
Effect of pH on Growth of K solubilizers

The studies were carried out in nutritive
broth in a medium that had its pH adjusted with
0.1 M HCI and NaOH. 10 ml of N-broth medium
were mixed with a loopful of an active bacterial
culture, and the combination was then cultured for
3—4 days at 28 £+ 2 °C. The development was then
visually examined. '¢
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Effect of Temperatures on Growth of K
solubilizers

Nutrient broth medium was used to
investigate the impact of various temperatures.
A bacteriological culture that had already been
activated was added to 10 ml of broth medium,
and the combination was incubated for 3 to 4 days
at varied temperatures. The progress was then
inspected visually.
Effect of NaCl concentration on Growth of K
solubilizers

To verify their findings, different NaCl
concentrations were utilised in the N-broth
medium. A loop of the activated bacterial culture
was added to 10 ml of the N-broth media after
the bacterial culture had been incubated there for
3—4 days at 28 + 2 °C. After then, the growth was
inspected visually.
Detection of Organic acids produced by KSA-16

Analyzing organic acids with a low
molecular weight in soil solution is now much
simpler due to RPHPLC. A Chrom Sil C 18
HPLC column was used for the research. The best
measurement of organic acid was made at room
temperature (25°C) at a detection wavelength of
220 nm using a solvent system of 10 mM KH 2
PO 4 -CH 3 OH (955, pH 2.7), flow rate of 0.8 mL/
min, and sample size of 10 pL."”
Molecular Characterization and Identification
of KSA 16

To discover the additional closely related
species members, the 16S rRNA sequence was
BLAST searched. Sequence data for related species
were retrieved and multiple sequence alignment
was performed using the Clustal W program to

Table 1. Soil Sampling sites with Isolates code

No  Industry Name Collection Rgion Isolates Code

1 Golf Ceramics Balol,Meshana SA1,SA3

2 Aarati Ceramics Litarar Road,Morbi SA2

3 Aquatech Ceramics Thangadh,Morbi SA4

4 Kholer Ceramics Shobeshwar Road,Morbi SAS5

5 PSSHDA Ceramic Lab S.V Campus,Kadi SA6,7,8 &9

6 Bajrang Refacteries Pvt.Ltd Kadi,Meshana SA10

7 Gobind Glass& Industries Pvt.Ltd GIDC,Kadi SAll

8 Alaska Ceramics Dhanali,Kadi SA12 & 13

9 Italiya Ceramics Kaiyal,Meshana SA14,15, 19,20,21 & 22
10 Cera Sanitaryware Kalol,Kadi SA16, SA17, SAI8
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validate the uniqueness of our sequence. '*The
hyper variable nucleic acid region of isolate was
compared with 100 closely related sequences.
KSA16 from the BLAST program was used for the
phylogenetic tree construction, and Streptomyces
antamenecia was determined to be the biological
parent using 16S rRNA analytical techniques.

RESULT AND DISCUSSION

Soil Sample collection and Isolation

The soil samples were collected from 10
different insoluble potassium rich sites in an around
Morbi, Meshana, Kadi. The gathered soil samples
were analyzed for colony characterization, which
led to the isolation of 22 different actinomycetes.
Colony morphology of individual colonies on
Aleksandrov’s agar dilution plates at 104, 107,
and 10 levels. Colonies were chosen based on
their capacity to dissolve the potassium aluminum
silicate added to the growth medium, as shown by
the presence of a distinct zone of solubilization.
A total of 22 actinobacterial isolates, designated
KSA-1 through KSA-22, were shown to be efficient
potassium solubilizers. (Table-3.1).
Isolation and Screening

Aerial mycelium of KSA 16 (Streptomyces
atacamensis) was shown to be a dark yellow, smooth,
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round, reverse bright yellowish pigment generator
in modified GAA (Glycerol Asparagine Agar).
After 72 hours of incubation on Bromothymol
blue-supplemented modified Aleksandrov’s Agar, a
yellow hue develops at low pH. The Bromothymol
blue-containing zone of potassium solubilization.
When grown in Aleksandrov medium supplemented
with the pH indicator dye Bromothymol blue, these
Actinomycetes strains showed a distinctive zone
of potassium solubilization with the creation of a
yellow hue owing to acid generation all around
growth (Table 2). Table 2 showed morphological
characteristics of all isolates.
Secondary Screening

All the bacterial isolates with selection
ratio values and solubilization zones of potassium
aluminum silicate on Aleksandrov’s agar media
over 1 were put through further testing in liquid
medium. After incubation for 7, 15, and 20 days
in a GYF (Glucose Yeast extract Feldspar) broth
containing feldspar, the amounts of K released
by the isolates were calculated (DAI). Feldspar
with greater potassium release from isolates
KSA 9, KSA 10, KSA 12, KSA 16, and KSA 17.
Table 3 shows that all strains released a quantity
of K from mineral K that peaked 20 days after
incubation. This amount increased with the length
of incubation. At 20 days post-inoculation (DAI),
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Fig. 2. Colony morphology of KSA 16 on GAA medium& Its Microscopic view

Table 2. Morphological characterization of isolates

Culture Size Shape  Margin  Texture  Elevation Consistency Opacity Pigmentation
code
S5AM Medium Round Entire Leathery Rased Dry/ Translucent white
powdered

5402 Small Round Entire  Powdery Flat Dry Opaque white

SA 03 Medium  Found Entire Erupted Rased Moist Translucent Yellow

SA D4 Medium  Round Entire Smooth Rased Moist Opagque white

SA D5 Medium  Irregular Entire Smooth Flat Moist Transparent white

SA 06 large Round Entire Powdery Raised Moist Opagque white

SA 07 Small Round Entire Smooth Slightly Moist Opague white

raised

SA 08 Small Round Entire  Smooth Flat Moist Opaque white

SA D9 Small Round Entire Leathery Flat Moist Opagque Cement grayish

SA 10 Medium Round Entire Smooth Raised Moist Opaque white

SA 11 Medium  Round Entire Leathery Rased Moist Opaque Cement grayish

(Dnffusible Pigment)

SA 12 Pin- Round Entire  Leathery Flat Moist Opaque Rusty
point

SA 13 Medium  Round Entie  Smooth Flat Moist Opaque white

SA 14 Medium  Round Entire Powdery Rased Moist Opaque Yellow

SA 15 Medium  Round Entire Smooth Flat Moist Opagque white

SAl6 Medium  Round Entire Leathery Flat Moist Opaque Light orange

(Diffusible Pigment)

SA 17 Medium  Round Entire Smooth Flat Moist Opaque whte

SA 18 Medium  Round Entire Smooth Flat Moist Opagque Yellow

SA 19 Pin- Round  Entire $mooth Flat Moist opaque Rusty
point

SA 20 Pin- Round Entire Smooth Flat Moist Opagque white
point

SA21 Pin- Round  Entire Smooth Flat Moist Opaque white
point

SA 22 Pin- Round  Entire  Leathery Flat Moist Opaque Rusty
point
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the isolates’ K release from feldspar varied from
5.8 mg/lit to 45.4 mg/lit.
Macroscopic / Morphological Characterization
Colonies of Streptomyces atacamensis
(KSA16) are shown in Fig-2. From the Colonical
observation the actinomycete were exhibiting
smooth, round, flat, entire, leathery, opaque, light
orange diffusible pigment.
Molecular Characterization and Identification
of KSA 16
Scanning electron microscopy of the
Streptomyces atacamensis (KSA16) isolates were
carried out and their images are shown in Fig. 3
Isolate KSA-16 cells are long and thin rods (0.5
to 0.7 wum width and 2.0 to 3.7 m long.) that often
form chains. Conventional SEM is used to visualize
actinomycetes which had been fixed, dehydrated,
and dried.
Potassium Solubilizing ability of KSA 16
Seven days of incubation in Aleksandrov
medium with bromothymol blue resulted in
a potassium solubilization index of 1.162 for
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Streptomyces atacamensis (KSA16), as reported in
Table 3. In bromothymol blue (BTM)-containing
Aleksandrov media, Figures 4 and 5 demonstrate
that a yellow hue forms around the isolate’s
development, indicating that it is creating organic
acid to solubilize the potassium from the solid
medium. Figure 6 shows an estimate of the
solubilization of potassium in liquid medium, as
determined using the flame photometry method.
Media Optimization and quantitative estimation
of Streptomyces antamenecia (KSA 16)
The pH Effect on K-Solubilizer Development
In the effect of pH ,total 5 pH variations
(2.0, 4.0, 6.0, 8.0 and 10.0) were selected and
estimation levels were studied and measured
after 72 hrs. as optical density at 600 nm and
cell free supernatant was used for estimation of K
solubilization. The experiments were conducted in
triplicate and mean values are represented KSA 16
showed higher potassium solubilization at pH -6 (
23.89 mg/l) figure 6.2

Table 3. Potassium solubilization values of Actinomycetes isolates by
Khandeparkar’s selection ratio (mm)

Isolates Diameter of Diameter of D/d (ratio)
Growth and growth (d) mm mm
Clearance (D) mm
KSAO01 9 9 1
KSA02 10 10 1
KSA03 11 10 1.1
KSA04 12 12 1
KSAO05 9 8 1.13
KSA06 10 10 1
KSA07 11 11 1
KSA08 9 8 1.13
KSA09 14 9 1.56
KSA10 11 8 1.37
KSA11 10 10 1
KSA12 10 8 1.25
KSA13 10 10 1
KSA14 10 10 1
KSA15 10 9 1.11
KSA16 13 8 1.62
KSA17 10 8 1.25
KSA18 11 11 1
KSA19 10 10 1
KSA20 11 10 1.1
KSA21 12 12 1
KSA22 9 8 1.13




1009

EffeR uct of Temperatures on Growth of K
solubilizers

In the effect of Temperature, total 5
Temperature variations (5°C, 10°C, 25°C, 37°C
and 55°C) were selected and estimation levels
were studied and measured after 72 hrs. as
optical density at 600 nm and cell free supernatant
was used for estimation of K solubilization. The
experiments were conducted in triplicate and mean
values are represented . KSA 16 showed higher
potassium solubilization at 25°C ( 24.66mg/1)(
figure 8).%
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Impact of NaCl Concentration on K Solubilizer
Growth

In the effect of NaCl concentration, total
6 concentrations variations (2%, 4%, 6% 8% and
10%) were selected and estimation levels were
studied and measured after 72 hrs. as optical
density at 600 nm and cell free supernatant was
used for estimation of K solubilization. The
experiments were conducted in triplicate and mean
values are represented KSA 16 showed higher
potassium solubilization at 6% (26.2 mg/1)( figure
8).20

Fig. 3. Streptomyces antamenecia strain name in SEM

Fig. 4. Zone of Potassium solubilization KSA16 on
Aleksandrov’s +BTM medium

Fig. 5. Zone of Potassium solubilization in KSA16 on
Aleksandrov’s +BTM medium Liqid medium(GYE
broth).
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Fig. 6. Potassium solubilization of strain name Streptomyces antamenecia

Influence of pH on K Solubilization and Growth of Potassium
Solubilizers (KSA16)

Fig. 7. Influence of pH on K Solubilization and Growth of Potassium Solubilizers (KSA16)

Influence of Temperature on K Solubilization (KSA16)
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10.01

0.128

25°C
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Fig. 8. Influence of Temperature on K Solubilization and Growth of Potassium Solubilizer (KSA16)
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Detection of Organic acids produced by KSA-16

When comparing the KSA16 sample
solution to the Oxalic Acid Standard Solution, at
a flow rate of 0.8 ml/min and with a 5:95 methanol
to phosphate buffer (pH 2.7) ratio, the Oxalic Acid
peak at 220 nm (retention time about 4.26) was
clearly resolved using HPLC.. (Refer Data report
of Test 15.lcd for sample and standard 42.lcd for
standard)( figure 9).
Molecular Characterization and Identification
of KSA 16

The isolate was verified to be Streptomyces
atacamensis using 16S rRNA gene sequencing and
molecular characterization (KSA16). Figure 3.5
shows the related phylogenetic tree.
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DISCUSSION

Potassium solubilizing actinomycetes are
playing an important role in the soil and its fertility..
In addition to bacteria, fungi, actinomycetes,
and even algae, a total of ?! different microbial
species are crucial to the process of Potassium
(P) solubilization. Actinomycetes, a broad class
of microorganisms, are entophytes that inhabit
the rhizosphere and the roots of plants and are
crucial for the growth of plants. The famous
ability to convert complex carbohydrates like
chitin, cellulose, starch, and lipids into simple
sugars is just one illustration of their ability to

Influence of NaCl Concentration on K Solubilization
(KSA 16)

*—K5A 16

+— K5A 16

NaCl CONCENTRATION

Fig. 9. Influence of NaCl concentration on K Solubilization and Growth of Potassium Solubilizer (KSA16)
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Fig. 10. HPLC Chromatogram of Organic acids production by KSA -16
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Streptomyces sp. strain JJ01 165 ribosomal RNA gene, partial sequence
? Streptomyces sp. strain Al-Dhabi-105 16S ribosomal RNA gene, partial sequence
: Streptomyces sp. strain Al-Dhabi-97 16S ribosomal RNA gene, partial sequence
) Streptomyces sp. strain Al-Dhabi-107 16 ribosomal RNA gene, partial sequence
Streptomyces sp. strain Al-Dhabi-98 168 ribosomal RNA gene. partial sequence
Streptomyces fenghuangensis strain JJ74 168 ribosomal RNA gene, partial sequen.
) Streptomyces fenghuangensis strain JJ40 168 ribosomal RNA gene, partial sequen..
Actinobacterium HSr1 168 ribosomal RNA gene, partial sequence

Streptomyces radiopugnans strain BRS07 168 ribosomal RNA gene, partial sequence

Streptomyces atacamensis strain AK1 168 ribosomal RNA gene, partial sequence

Fig.11. Streptomyces antamenecia at Phylogenetic tree

recycle nutrients. Actinomycetes are essential to
agricultural ecosystems because they decompose
organic matter near the plant’s root surface,
allowing the plant to more easily absorb the
nutrients it needs to grow. In addition to potassium
solubilization and siderophore formation, hydrogen
cyanide, auxin, ammonia, and lytic enzyme
production are additional possible functions of
these bacteria. 2 Actinomycetes secreted enzymes
and low molecular weight organic acids can help
dissolve phosphate and potash rock. Several
actinomycetes release phytase, an enzyme that
breaks down phytate, to make more of the
organic phosphorus pool in the soil available to
plants. Streptomyces venezuelae, S. alboniger, S.
ambofaciens, and S. lienomycini are some of these
actinomycetes. Actinomycetes make indole acetic
acid often, making them potential candidates for
use as biofertilizers. ** Pseudomonas and Bacillus
are two bacterial genera that have been found
repeatedly to be efficient potassium solubilizing
bacteria. Aspergillus and Penicillium species
of fungi are the only ones shown to be able to
dissolve potassium in their isolation forms.
However, in cases involving barley, chickpea,
or soybean, the effectiveness of potassium-
solubilizing microorganisms in enhancing plant
K uptake was not clearly recognised.” ** The
authors hypothesized that phosphate-solubilizing
microorganisms introduced into soil may enhance
plant development in ways other than by increasing

the soil’s capacity to take up phosphate. Further
studies will examine whether or whether this
Streptomyces atacamensis strain produces and/
or exerts influence on the synthesis of any other
growth-promoting substances.

CONCLUSION

The diversity of potassium solubilizing
microbes/actinomycetes at different ceramic
industry regions were observed in this study.
All actinomycete isolates obtained were able to
solubilize the potassium in high concentration.
Streptomyces atacamensis, which in the current
study had the best potential to increase potassium
solubility, is one example of an effective KSM that
can be used to improve crop productivity and yields
without adversely affecting soil health. Because
potassium-solubilizing actinomycetes play a
substantial role in plant nutrition by increasing K
absorption by plants, their usage as PGPR makes
a considerable contribution to biofertilization of
agricultural crops.
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