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Abstract: In the present study, 13 PSF were isolated and screened by Pikovskaya’s media from 15 rhizosphere soil samples of different
medicinal plants and labeled as PSF1 to PSF13. The in-vitro study confirms PSF10 has more phosphate solubilizing potential and was
identified as Talaromyces amestolkiae; morphologically and confirmed by molecular characterization. The 18s rRNA sequence was
deposited at GenBank, NCBI (MN904859). PSF 10 has good results in Sl (3.21) and reduced pH in culture filtrate (3.8 from 6.89),
colour change of Bromophenol blue indicator to yellow on an agar plate and Bromocresol purple indicator to yellow in broth to acidic
condition, TA (30.16g/L) and 45ug of phosphate was found in the culture broth. It produces siderophore and 1AA. Due to the maximum
phosphate solubilization efficiency of the fungus, Talaromyces amestolkiae compared to other fungal isolates it can be recommended
for the development of phosphate solubilizing biofertilizers used in agricultural fields.
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1. Introduction

Phosphorus (P) is a vital nutrient available to the roots of the
plant only in the form of a soluble state that is in short
supply in the soil (Malviya et al.2011). It is estimated that
about 98% of the Indian soil contains an insufficient amount
of available P, which is necessary to support maximum plant
growth (Nisha et al.2014). The two main categories of P in
soils are organic and inorganic forms (Lokesh et al.2016).
The organic form is found in humus and other organic
materials, which are taken up by plants from the soil and
utilized by animals that consume plants (Nisha et al.2014).
An adequate supply of Phosphate in the early growth stages
of a plant helps to promote the growth and productivity of
the crops (Mahantesh and Patil 2011).

A diverse group of soil microflora was reported to be
involved in solubilizing insoluble P complex enabling plants
to easily absorb P (Walpola and Yoon 2012). So the
Phosphate Solubilizing Microorganisms (PSM) converts
these insoluble phosphates into soluble forms through
special mechanisms. That they carry out the acidification
process, chelation, exchange reaction (Gulati et al.2010),
and production of Gluconic acid (Nisha et al.2014).
Production of these organic acids resulted in the
acidification of the microbial cell and its surroundings
(Nisha et al.2014). The organic and inorganic acids from the
microbes, convert tri-calcium phosphate into di-and
monobasic phosphates (Walpola and Yoon 2012) with the
net result of enhanced availability of the element to the
plants. The organic acid type produced by the microbes and
their amounts differs with different organisms (Mahamuni
2012).

Not only proving P to the plants the PSM also facilitates the
growth of plants by stimulating the efficiency of nitrogen

fixation, accelerating the accessibility of other trace
elements, and by synthesizing important growth-promoting
substances (Mittal et al.2008), including siderophores and
antibiotics and providing protection to plants against soil-
borne pathogens. Many bacterial, fungal, yeast, and
actinomycetes species capable of solubilizing sparingly
soluble P in pure culture have been isolated and studied
(Pradhan and Sukla 2005). PSM includes various bacteria,
fungi, and actinomycetes, which help to convert insoluble
phosphate into a simple and soluble form of phosphate.
Fungi are the best phosphate solubilizers compared to
bacteria and other microorganisms.

The forests and hill regions of the Western Ghats are the
treasure house of medicinal plants. Many of them are used
for traditional and folk medicinal practices (Hemavani et
al.2011). Medicinal plants have been used to a greater extent
for the control of diabetes mellitus in various traditional
systems of medicine worldwide as they are of natural origin.
In India, Costus igneus popularly known as the insulin plant
due to the consumption of its leaves helps to prevent
diabetes mellitus by decreasing the blood sugar level (Laha
and Paul 2019). The rhizosphere region of medicinal plants
contains a variety of symbiotic microorganisms attracted by
root exudates of medicinal plants and they help plants in
various aspects like phosphate solubilization, nitrogen
fixation, siderophores production, soil amendment, various
mineral nutrients supply to plants, triggers the plant growth
hormones and gave protection to the plants from invading
pathogens. All these aspects promise rhizosphere soil of
medicinal plants is a good source of phosphate-solubilizing
microorganisms.

In the present study, Talaromyces amestolkiae-a potential
phosphate solubilizer among the rhizosphere soil fungi of
medicinal plants isolated from rhizosphere soil of medicinal
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plants, characterized the phosphate solubilizing fungi and
they were screened for solubilization efficiency and assessed
for production of organic acids, which are involved in P
solubilization, production of siderophores and plant growth
promoter i. e., indole acetic acid (IAA).

2. Materials and Methods

Collection of rhizosphere soil samples

The rhizosphere soil samples (10-15cm depth around the
roots) were collected from different medicinal plants in dry
deciduous forest of Western Ghats regions of Shivamogga
district in sterile polythene covers and brought to the
laboratory in aseptic condition and stored in a refrigerator at
4°C until used for the isolation of phosphate solubilizing
fungi (Chatli et al.2008).

Isolation Phosphate Solubilizing Fungi

1g of rhizosphere soil was suspended in 9 ml of sterilized
0.85% of saline solution and serially diluted. The dilutions
were plated on sterile solidified Pikovskaya’s agar medium
by spread plate method and incubated for 7 days at room
temperature. After incubation plates were examined for
solubilizing zone around fungal colonies and colonies
showing solubilizing zone were selected and sub-cultured on
fresh media for further use (Nelofer et al.2015; Gomes et
al.2014).

Characterization of Phosphate Solubilizing Fungi

Microscopic Characterization: The specimen was stained
with LPCB stain, a coverslip was placed above it and
observed under the microscope at 40X magnification, and
characters were noted by observing spore shape, spore size,
spore arrangement, and arrangement of hyphae and
identified by referring to the standard manuals (Aneja 2009;
Booth 1971).

Molecular Characterization: Isolated phosphate
solubilizing fungi DNA was extracted by the CTAB method.
The DNA concentration in the sample was estimated by
recording absorbance at 260 and 280nm in a UV/ VIS
spectrophotometer.

Solubilization Index (SI)

The isolated fungal cultures were point inoculated on
Pikovskaya’s medium and plates were incubated at room
temperature for 7 days. After incubation, observed the
formation of a zone around the colonies of fungi. The
solubilization index was measured based on colony diameter
and solubilization zone diameter formed around the colony
of phosphate solubilizing fungi (Elias et al.2016). Using the
formula,

S| = Colony diameter + Halo zone diameter
Colony diameter

Measurement of pH and Titrable acidity

PSF culture filtrate was centrifuged at 1000rpm for 10min
and supernatant was collected. The P" of the culture filtrate
was measured by a P meter before inoculation and after
incubation. Uninoculated broth served as a control (Jain and
Singh 2015; Kumari et al.2010). The amount of acid

production was estimated by titration using alkali.50ml of
culture supernatant was titrated against 0.1N NaOH solution
with a few drops of phenolphthalein indicator. The titrable
acidity was expressed in g/L (Khan and Gupta 2015).

Assay of qualitative acid production

Assay of qualitative analysis for acid production on solid
media: Pikovskaya’s agar plates were prepared by
supplemented with Bromophenol blue indicator. These
plates were point inoculated with each fungal culture and
incubated at room temperature for 7 days (Chadha et
al.2015).

Assay of qualitative analysis for acid production in broth:
Sterilized  Pikovskaya’s  broth  supplemented  with
Bromocresol purple indicator was inoculated with fungal
culture and incubated for 7 days at room temperature (Khan
and Gupta 2015).

Estimation of Phosphate

PSF culture was inoculated in Pikovskaya’s broth and
incubated at room temperature for 7 days at 100rpm in an
orbital shaker incubator. The culture filtrate was collected
and centrifuged at 3000rpm for 30min. Estimation of
phosphate in the supernatant was done by the
Vanadomolybdate yellow colour method, absorbance was
measured at 420nm and it was expressed in pg/ml. The
amount of phosphate was calculated from the standard curve
of KH,PO, (Verma and Ekka 2015; Sahoo and Gupta 2014).

Screening for siderophore production

The siderophore production was screened by using Chrome
Azurol Sulfonate (CAS) agar medium.60.5mg of Chrome
Azurol S was dissolved in 50ml of distilled water and mixed
with 10ml of an Iron solution prepared by 1mM Ferric
chloride in 10mM Hydrochloric acid. While constantly
stirring this solution was slowly added to HDTMA solution
(72.9mg of HDTMA dissolved in 40ml of distilled water)
and sterilized. The resultant dark purple solution was added
to Pikovskaya’s medium containing no tri-calcium
phosphate to make CAS agar. Then the CAS agar plates
were point inoculated with PSF culture and incubated at
room temperature for 7 days (Ghosh et al.2017).

Screening for Indole Acetic Acid (IAA) production

PSF culture was grown in potato dextrose broth
supplemented with 1% Tryptophan. After growth, culture
filtrate was centrifuged at 1000rpm for 10min, and the
supernatant was collected. About 2ml of culture supernatant
was mixed with 2 drops of ortho-phosphoric acid and 4ml of
Salkwoski reagent and allowed to stand in dark. After 2h
incubation of the reaction mixture at room temperature, the
development of pink colour indicates the production of
indole acetic acid (Pant and Agrawal 2014; Priya et al 2013).

3. Results and Discussion

Isolation Phosphate Solubilizing Fungi

A total of 15 rhizosphere soil samples of medicinal plants in
the Western Ghats regions of Shivamogga district were
collected. From them, 13 fungal colonies among the isolates
showed a solubilization zone on Pikovskaya’s agar medium
and they were subcultured and labeled as PSF1 to PSF13
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listed below in Table 1. The results were correlated with
earlier findings of Lokesh et al. (2016) have isolated 5
phosphate solubilizing fungi from the mine soil in Bellary,
Karnataka, India. Gomes et al. (2014) tested 59 isolates from
maize rhizosphere; the genera were dominant Burkholderia
and Bacillus in the group of the most efficient bacteria and
Talaromyces and Penicillium in the fungi group.

Characterization of Phosphate Solubilizing Fungi

Microscopic characterization: Isolated PSF was identified
as Aspergillus sp., Alternaria sp., Penicillium sp., and
Talaromyces sp. based on morphological characteristics
regarding the standard fungal manuals (Table 1).

Table 1: Isolation of PSF from rhizosphere Soil Samples of
Medicinal Plants

S. No.| Medicinal plant name C::J;tduere Cultures

1 Datura fastuosa PSF 1 Aspergillus sp.
2 Moringa oleifera - -

3 Leucus aspera PSF2 | Aspergillus sp.
4 Phyllanthus acidus PSF 3 Alternariasp.
5 Argemone mexicana PSF4 | Aspergillus sp.
6 Achyranthus aspera PSF 5 Penicilliumsp.
7 Centella asiatica PSF 6 Penicilliumsp.
8 Asparagus racemosus | PSF 7 | Talaromyces sp.
9 Gymnema sylvestres PSF8 | Aspergillus sp.
10 Tinospora cordifolia PSF 9 Penicilliumsp.
11 Costus igneus PSF 10 Talaromy_ces

amestolkiae

12 Saraca asoca PSF 11 | Aspergillus sp.
13 Calotropis procera - -

14 Calotropis gigantea PSF 12 | Penicilliumsp.
15 Vitex nigundo PSF 13 | Aspergillus sp.

Molecular Characterization: PSF 10 isolated from

rhizosphere soil of Costus igneus (Fig 1A) was selected
based on its maximum phosphate solubilizing efficiency and
its molecular characterization was done byl8s rRNA

—1
—

e

sequencing and confirmed the culture PSF10 was confirmed
as Talaromyces amestolkiae (Fig 1B and 1C) and its 18s
rRNA gene sequence given below was deposited at
GenBank, NCBI with reference code MN904859.
GCGGAAGATGGGGGGCCCTCGTGGCCAACCTCC
CACCCTTGTCTCTATACACCTGTTGCTTTGGCGG
GCCCACCGGGGCCACCTGGTCGCCGGGGGACAT
CTGTCCCCGGGCCCGCGCCCGCCGAAGCGCTCT
GTGAACCCTGATGAAGATGGGCTGTCTGAGTAC
TATGAAAATTGTCAAAACTTTCAACAATGGATCT
CTTGGTTCCGGCATCGATGAAGAACGCAGCGAA
ATGCGATAAGTAATGTGAATTGCAGAATTCCGT
GAATCATCGAATCTTTGAACGCACATTGCGCCCC
CTGGCATTCCGGGGGGCATGCCTGTCCGAGCGT
CATTTCTGCCCTCAAGCACGGCTTGTGTGTTGG
GTGCGGTCCCCCCGGGGACCTGCCCGAAAGGCA
GCGGCGACGTCCGTCTGGTCCTCGAGCGTATGG
GGCTTTGTCACTCGCTCGGGAAGGACTGGCGGA
GGTTGGTCACCACCAAAATTTTACCACGGGTGA
CCTCGGATCAGGTAGGATTTAC

Figure 1: A: Costus igneus, B: Talaromyces amestolkiae
and C: Microscopic observation (40X)

Construction of Phylogenetic tree

A Phylogenetic tree was constructed to compare the 18s
rRNA sequence of Talaromyces amestolkiae (PSF 10) with
the top nearest sequences databases of NCBI deposits. T.
amestolkiae 18s rRNA sequence resembles the close
relationship with the other related strains sequence database
shown below in Fig 2.

CHROMGENE_PSF10_ITS1_A05.ab1 0.03128
MF475966.1_Talaromyces_purpureogenus_isolate_Au-XII-1.1 0.00526
MK368459.1_Talaromyces_sp._strain_SK-S009 0.00308
MH223590.1_Talaromyces_sp._isolate_TL -0.00127
LC465032.1_Talaromyces_amestolkiae_P19 -0.00111
MH299387.1_Talaromyces_amestolkiae_isolate_NRRL_62228 -0.0006
MH856395.1_Talaromyces_amestolkiae_strain_CBS_365.48 0.00184
LT558957.1_Talaromyces_amestolkiae_genomic_DNA_sequence -0.00061
MH268112.1_Talaromyces_sp._strain_AHB30_8A -0.00023
LT558956.1_Talaromyces_amestolkiae_genomicDNA_sequence_contains_|TS1_ 0.00023
MH299353.1_Talaromyces amestolkiae isolate NRRL 28498 -0.0004

Figure 2: Phylogenetic tree constructed for Talaromyces amestolkiae (PSF10)

Solubilization Index (SI)

The solubilization indexes of 13 fungal cultures ranged from
1.29 to 3.21 shown in Table 2. Among these PSF 10 showed
a maximum solubilization index of 3.21 (Fig 3). The results
were highlighted by earlier works of Elias et al. (2016)
isolated a total of 359 fungal isolates from 150 rhizosphere
soil samples and their solubilization index (SI) was recorded
ranging from 1.10 to 3.05. Verma and Ekka (2015) reported
Sl of 18 fungal culture strains ranged from 1.06 to 3.34.

Figure 3: Solubilization Index (SI) of Talaromyces
amestolkiae
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Measurement of pH and Titrable Acidity

A total of 13 fungal cultures reduces the P" recorded ranging
from 5.4 to 3.8 and PSF 10 showed maximum decreases the
P to 3.86 in culture broth from 6.89 (Table 2). The measure
of the amount of acid present in the culture broth of 13 PSF
ranged from 30.16g/L to 12.4g/L and the PSF 10 showed
30.16g/L (Table 2). The results were highlighted by Jain and
Singh (2015) reported on applying the inoculation of
phosphate solubilizing fungi, a decrease in P" was observed
in a liquid medium ranging from 4.0 to 3.2 from initial pH of
7.5+0.2 by the production of organic acids. Results were
correlated with Khan and Gupta (2015) checked the ability
of acid production and 5 isolates LAK-2, BS-1.6, CM-2,
DR-1 and DR-2 showed good acid production.

Assay of qualitative acid production assay

The colour change was observed in the media during the
growth of fungus, it showed colour change from blue to
yellow on the agar plate when using Bromophenol blue (Fig
4a) and colour change from red to yellow in broth was
observed while using Bromocresol purple (Fig 4b). The
results of our work similar with earlier findings of Chadha et
al. (2015) inoculated the fugal isolate with Bromophenol
blue at a concentration of 0.003%, showed blue colour to
yellow colouration upon incubation of 7days at 28°C. While
Khan and Gupta (2015) subjected 29 acidophilic fungal
isolates for qualitative assay for acid production using
0.04% of Bromocresol purple showed the formation of
yellow colouration of the medium upon 5days incubation.

@ "= (lm)

Figure 4: Qualitative acid prdduction on agar plate (a) and
in broth (b) of Talaromyces amestolkiae

Cominat

-

Estimation of Phosphate

The phosphate solubilization during incubation of 13 PSF
cultures of tri-calcium phosphate as a source ranged from
270ug/ml to 45ug/ml and PSF 10 showed 45ug/ml (Table
2). Verma and Ekka (2015) reported the concentration of
phosphate in culture broth amended with tri-calcium
phosphate inoculated by different PSF isolates gradually
increases ranging from 219.16ug/ml to 59.17ug/ml.

Table 2: Phosphate solubilization activity of isolates

S. No. | Culture Code | SI pH |TAg/L |Conc. of P (ug)
1. PSF 1 247 | 4.8 23.2 145
2. PSF 2 270 | 46 |21.68 100
3. PSF 3 2.16 | 5.05 | 15.92 185
4. PSF 4 129 | 54 |12.08 270
5. PSF 5 3.15 | 3.9 | 2472 50
6. PSF 6 251 | 47 21.6 135
7. PSF 7 3.08 | 4.09 | 248 60
8. PSF 8 3.02 | 4.30 | 26.08 70
9. PSF 9 160 | 51 | 168 220
10. PSF 10 3.21 | 3.86 | 30.16 45
11. PSF 11 271 | 46 |21.04 100

12. PSF 12 149 [ 528 | 136 235
13. PSF 13 133 | 517 | 124 260

Screening for siderophore and IAA production

Upon screening, 13 isolates were showed positive result for
siderophore production by change from blue to pink (Fig 4a)
and IAA production by developing pink colour in culture
filtrate (Fig 5b). Ghosh et al. (2017) have reported that
isolates of Trichoderma have shown positive results for
siderophore production in CAS agar plate. Priya et al. (2013)
have isolated and evaluated the IAA producing P
solubilizing microbes using Salkowski reagent and the
colour developed within 30min.

)

Figure 5: Siderophore and Indole Acetic Acid (IAA)
production by Talaromyces amestolkiae

4. Conclusion

Predominantly Phosphate solubilizing biofertilizers can be
used as an alternative to chemical P fertilizer because they
nature friendly and non-hazardous to farmers and agriculture
fields and the production of beneficial phosphate
solubilizing fungi from rhizosphere soil of medicinal plants
resource may improve the soil fertility, enhance the plant
growth and reduce the risk of environmental pollution,
nutrients amendment to the crops and avoids the entry of
invading pathogenic microorganism to crop plants and
diminish the accumulation of P. Hence P solubilizing
microorganisms play an important role in supplementing P
to the plants allowing sustainable use of P fertilizers. High P
solubilization efficiency of Talaromyces amestolkiae and its
ability for the production of siderophores and I1AA
production, this Talaromyces amestolkiae inoculums is
recommended as P solubilizing biofertilizer which will be
used for agriculture and horticulture crop fields.
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