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Abstract

Background: The use of chemical fertilizers to solve the problem of nutrient deficiency in soil has been associated with a number of
environmental problems.

Objective: The aim of this study was to perform an isolation and screening of native phosphofungi from mine soil. To evaluate the effect
of phosphofungi on seed germination and seedling vigour index of Ground nut and Green gram.

Materials and Methods: The phosphofungi were screened using Pikovskaya’s agar medium with tricalcium phosphate (Cas (POa)2) as
the phosphorus source. The soluble phosphorus, Phosphate solubilizing activity, titrable acidity, pH and fungal biomass were determined.
Mineral phosphate solubilizing (MPS) activities of fungal isolates were tested in tricalcium phosphate medium.

Results: Five promising phosphate solubilizing fungal species were screened. Aspergillus niger (13+1.0 mm) and Aspergillus flavus
(8+0.6mm) showed the more phosphate solubilising index than compared to other fungal isolates. Analyzing the possible phosphorus
released, from 3, 6™ 9" and 12t day of incubation. Antagonistic effect of phosphofungi Aspergillus flavus (65+11 mm) and
Aspergillus niger (60+13 mm) showed more effective against Colletotrichum sp. than compared to other fungal isolates. Aspergillus
flavus (745+20pug/ml) and Penicillium spinulosum (600420 pg/ml) showed maximum phosphate solubilizing activity on 3™ and 12t day
of incubation. Fusarium redolens showed the more effectiveness on seed germination and seedling vigour than compared to other fungal
isolates. Aspergillus flavus showed positive result for the production of Indole 3 acetic acid and remain four fungal strains are negative
result.

Conclusion: Biofertilizers from native phosphofungi could be used alongside reduced levels of inorganic fertilizers to enhance soil

available Phosphorous.

Keywords: Arachis Hypogaea; Mine Soil; Phosphofungi; Phosphate Solubilizing Activity; Vigna Radiata.

1. Introduction

Phosphorous is second vital nutrient next to nitrogen required for
growth of plants and microorganisms. But most of the phospho-
rous is not available to plants. Only 1-2% phosphorous is supplied
to above ground parts of the plants (Ashok et al., 2012; Anjoram
and Mohammed, 2014; Elias et al., 2016). Therefore, to meet out
the phosphorous demand of the plants, exogenous source of phos-
phorous is applied to plants as chemical fertilizers. One of the
most common forms of phosphate fertilizer is super phosphate
(single/triple). The basic raw material for phosphate fertilizer is
the rock phosphate. But rock phosphate is not recommended to
apply directly due to agronomic problems being as raw material
(Karunai et al., 2011; Baig et al., 2012; Gupta et al., 2012).

So, the phosphate solubilizing microbes convert these insoluble
phosphates into soluble forms through special mechanism. That is
they carry out the process of acidification, chelation, exchange
reactions and production of gluconic acid. Many of the isolates are
evidence for the presence of multiple organic acids. They are able

to produce thirteen kinds of organic acids including citric acid
gluconic acid, 2-keto-gluconic acid, succinic acid, glycolic acid,
lactic acid, fumaric acid, formic acid, acetic acid, butyric acid,
isobutyric acid, valericacid, and isovaleric acid (Srilatha and Ven-
kateshwarlu, 2009; Naik et al., 2013; Kumar et al., 2014). The
type of organic acid produced and their amount differ with differ-
ent organisms. Among them glucoronic acid and 2-keto-gluconic
acid seems to be the most frequent agent of mineral phosphate
solubilization. Other organic acids such as acetic, citric, succinic,
propionic, glycolic, oxalic, malonic, fumaric and tartaric acid,
amino acid, vitamins and growth promoting substances like in-
dole-3-acetic acid (IAA) and gibberellic acid which helps in better
growth of plants etc. Have also been identified among phosphate
solubilises (Morales et al., 2011; Nisha et al., 2014). Carboxylic
acids are more effective as compared to monobasic, aromatic acids
and aliphatic acids and then to phenolic, citric, and fumaric acids
(Kulkarni et al., 2011; Anjalisoni et al., 2013).

Some phosphate solubilizing fungi such as Aspergillus, Penicilli-
um, Fusarium and Sclerotium from fungal genera is the most
powerful phosphate solubilisers (Pradhan and Sukla, 2005; Sem-
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biring et al., 2015). Several species of fungi are able to convert
insoluble metal compounds example certain oxides and phos-
phates into soluble forms by the excretion of protons and/or vari-
ous metabolites, including organic acids (Priya et al., 2013). Fun-
gal solubilization of insoluble metal compound appears to be of
increasing biotechnological potential, for example in the winning
of metals from low grade ores and recycling of metals from indus-
trial by products (Manikandan and Muthuselvam, 2014).

The fungi possess greater ability to solubilize insoluble phosphate
than bacteria. Species of Aspergillus, Penicillium and Fusarium
have been widely mentioned as efficient strains of phosphate sol-
ubilizers (Doni et al., 2014; Pooja et al., 2015).

Present study was taken up to isolate and characterize the phos-
phate solubilizing fungi from mine soil and also studied the effect
of phospho fungi on seed germination and seedling vigour index
of Ground nut and Green gram.

2. Material and methods

2.1. Collection of mine soil

Rhizosphere soil sample was collected at 15-20cm depth of mine
soil Bellary, Karnataka, India during the 2014-2015.The samples
were taken by means of sterilized spatulas and collected in sterile
sealed polythene bags. The sample was brought to the laboratory
and was maintained at room temperature for microbiological
study.

2.2. Isolation of fungi by serial dilution method

One gram of soil sample was taken in a conical flask containing
nine milliliters of sterile distilled water and shaken well in vortex
mixer for 30 minutes. From this stock, various dilutions were pre-
pared from 101 to 1077, using sterile distilled water. One milliliters
of the diluted sample was poured into Petri plates containing the
Pikovskaya’s agar medium and Potato dextrose agar (PDA) medi-
um. Distinct fungal colonies grown in Pikovskaya’s agar medium
and Potato dextrose agar medium were isolated from repeated
plating (Aneja, 2001; Paul and Daniel, 2007; Naveenkumar et al.,
2012).

2.3. Pure cultures of phosphate solubilizing fungal spe-
cies

Positive fungal colonies were subculture, on fresh Petri plates
containing medium for plate assay. Fungal cultures were isolated
by incubating the plates in inverted position in incubator for 3 to 5
days at 28 °C. Positive cultures were screened by observing trans-
parent halo zones in Pikovskaya’s medium, which is due to the
solubilization of insoluble tricalcium phosphate into the soluble
form and halo zones appears on the medium which is due to the
production of organic acids leading to lowering of pH within the
medium (Aneja, 2001).

2.4. Identification of fungi

Fungal morphology was studied macroscopically by observing
colony features (colour and surfaces) under Stereo binocular mi-
croscope and microscopically by staining with Lacto phenol cot-
ton blue and observed under binocular compound microscope for
the conidia, conidiophores and arrangement of spores. All the
isolates were pure cultured, identified and studied for Phosphate
solubilizing activity (Funder, 1961; Subramanian, 1993).

2.5. Phosphate solubilization by qualitative method

All the suspected colonies from PVK medium were subjected to
spot inoculative individually at the centre of PVK medium. The
plates were incubated at 28-30 °C up to 7 days. The diameter of
clear zone was measured as follows; the Phosphate solubilization

index is the ratio of total diameter, Zone of clearance (Z) and the
colony diameter (C) (Malviya et al., 2011).

Colony diameter + clearing zone
Sl=

Colony diameter

2.6. Quantitative measurement of phosphate solubiliza-
tion

The efficacies of the selected five fungal cultures in the solubiliza-
tion of insoluble phosphates (TCP) were determined. These cul-
tures were grown in 100 ml of Pikovskaya’s liquid medium con-
taining 250 mg of TCP as the phosphate source for 12 days at 28 +
30 °C in a shaker. Every three days the sample was taken and
filtered using Whatman No.1 filter paper. The biomass of the fun-
gus was measured on dry weight basis and the pH of the filtrate
was measured with a digital pH meter. From filtrate, the phosphate
was measured by the method of Fiskay-Subbarao (Sadasivam and
Manickam, 1996; Aneja, 2001)

2.7. Screening for indole-3-acetic acid production (I1AA)

The potent phosphofungi will be grown in potato dextrose medi-
um and will grown culture will be centrifuged at 3000 rpm for 30
minutes supernatant (2ml) will be mixed with 2 drops of ortho-
phosphoric acid and 4 ml of salkwoski reagent (50ml of 35% per-
chloric acid 1ml 0.5ml FeCls solution). Development of pink col-
our after 30 minutes to 2 hour incubation at room temperature
indicates indole-3-acetic acid production (Kafrawi et al., 2014).

2.8. Measurement of pH change and titrable acidity

One ml of 3 days old culture (1x103 CFU) in sterile distilled water
will be added to sterile Potato dextrose broth medium in 250ml
conical flask and incubated on rotary shaker for 7 days at room
temperature. Sterile uninoculated medium will be served as con-
trol. Initial pH and change in pH will be noted each day for one
week by digital pH meter. The titrable acidity of culture media of
each day culture filtrate will be estimated. For this, culture filtrate
will be centrifuged at 1000rpm for 10 minutes. Five ml of super-
natant will be added with few drops of phenolphthalein indicator
and titrated against NaoH Consumed (0.01N)/5ml of culture fil-
trate (Ponmurugan and Gopi, 2006)

2.9. Screening of antagonistic efficiency of phosphorus
fungi by dual culture plate method

Colony interaction between phosphofungi and test pathogens will
be studied in vitro by dual culture plate method. The individual
test organism (plant pathogens) will be grown separately on potato
dextrose agar medium and the individual species of phosphorus
fungi will be grown in separately on potato dextrose agar medium
respectively. The point inoculation of the individual species of
fungi and test pathogen will be inoculated just opposed to each
other approximately 3cm apart, on potato dextrose agar medium in
Petri plates. The position of colony margin will be recorded daily.
Assessment will be made for the fungi against test organism.
When it achieved an equilibrium after which there will be no fur-
ther alteration in the growth, the assessment will be done by the
formula (Baig et al., 2012; Kannahi and Umaragini, 2013).

Growth of organism in control plate X 100
Percentage of inhibition =
Growth of organism in dual culture plate
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2.10. Effect of phosphofungi on seed germination and
seedling vigour

Germination test was conducted using blotting paper (BP) method
of germination and fifty seeds per replication were sown on paper
towel. Germination test was conducted according to the Interna-
tional Seed Testing Association rules. Seeds were placed on the
surface of double sheets of paper towel which were moistened
with distilled water. The seeds were covered with other sheet
of paper towel. The sheets were rolled and placed vertically in a
plastic beaker, covered with polythene bags and placed at 30 °C
temperature in a germinator. Germination was interpreted as
the percentage of seeds producing normal seedlings (Kapri and
Tewari, 2010).

Number of seed germination x100

% of seed germination =
Number of seed placed

Seedling vigour = (Average root length + Average shoot length) x
% of seed germination

2.11. Statistical analysis

All the results were statistically analyzed using SPSS software to
determine the mean of three replicates and its standard error value
from independent experiments.

3. Results

3.1. Isolation and screening of phosphate solubilizing
fungi by serial dilution method

In the present study, five different phosphate solubilizing fungal
isolates were screened from mine soil by Serial dilution method
such as Aspergillus niger, Aspergillus flavus, Fusarium redolens,
Penicillium spinulosum and Penicillium sp. (Figure 1) (Table 1).

Table 1: Isolation and Characterization of Phosphate Solubilizing Fungi
from Mine Soil

Sl. No. Name of the Fungal Species

Aspergillus niger
Aspergillus flavus
Fusarium redolens
Penicillium spinulosum
Penicillium sp.

g wWwN -

Aspergillus flavus

Aspergillus niger

Penicillium sp.

Fusarium redolens

v

\
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Fig. 1: Microscopic View of Different Phosphate Solubilizing Fungal
Species Isolated from Mine Soil

3.2. Estimation of phosphate solubilizing index (SI)

The results of the phosphate solubilizing activity of the five fungal
species were isolated from the mine soil is given in table-1. As
indicated in the table, five fungal isolates, i.e., Aspergillus niger,
Aspergillus flavus, Fusarium redolens, Penicillium spinulosum,
Penicillium sp. and showed a zone of clearance as well as mycelli-
al growth. Aspergillus niger (13 *+ 1.0mm) showed maximum zone
of clearance than compared to Aspergillus flavus (8 + 0.6mm),
Fusarium redolens (1£0.1mm), Penicillium spinulosum (2 *
0.3mm) and Penicillium sp (1 £ 0.2mm) (Table 2).
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Table 2: Phosphate Solubilizing Ability of the Selected Five Fungal Spe-
cies Isolated from Mine Soil in Pikovskaya’s Solid Medium

The present results observed that there was reduction in pH of the
medium but an increase in titrable acidity. This might be due to
secretion of organic acids by Phosphate solubilizing fungi. The
titrable acidity of the Phosphate solubilizing fungal strains in me-
dium was fluctuated was tabulated in table 5.

Table 5: Analyze the Titrable Acidity by Phosphate Solubilizing Fungal
Species Using Potato Dextrose Broth

sI. Name of the Volume of 0.01 N NaoH Consumed

Mycelial Zone of Total
Sl. Name of the or- Growth Diameter
No. ganism (mm) Clearance (mm)

(mm)
1 Aspergillus niger 3020 13+1.0 43+3.0
2 Aspergillus flavus 10+ 1.0 8+0.6 18+2.0
3 Fusarium redolens 7 £ 0.5 1+01 8+1.0
4 LI 3£0.2 2403 5404
spinulosum

5 Penicillium sp. 2+0.1 1+0.2 3+0.3
Note: Mean * S.E. of three replicates (n=3).

3.3. Estimation of phosphate solubilizing activity

In the present study, Aspergillus flavus (745 + 20 ug/ml) showed
maximum phosphate solubilizing activity on 3 day of incubation
period as followed by Aspergillus niger (665 + 15 pg/ml),
Fusarium redolens (560 + 10 pg/ml) and Penicillium sp. (460 + 15
pg/ml).

After 12 day of incubation period filtered the Pikovskaya’s broth
using Whatman No. 1 filter paper for analysing the biomass.
Aspergillus niger (1.78 = 0.12 gm/d) showed maximum biomass
yield on 12™ day of incubation period as followed by Aspergillus
flavus (0.60 = 0.02gm/d), Fusarium redolens (0.52 + 0.01gm/d),
Penicillium spinulosum (0.59 %= 0.03gm/d) and Penicillium sp.
(0.55 = 0.04gm/d) (Table 3).

Table 3: Phosphate Solubilizing Activity of the Selected Five Fungal
Species Isolated from Mine Soil in Pikovskaya’s Broth

i st nd rd 4[h 5!h
No. organism 1day 2"day 3“day day day

1 Control 10+ 6.3+ 29+ 25+ 21+
0.1 0.3 0.3 0.2 0.2

2 Aspergillus 53+ 104 103+ 1.7+ 19+
niger 0.2 0.4 0.5 0.1 0.1

3 Aspergillus 8.0 78 19+ 21+ 1.7+
flavus 0.4 0.3 0.1 0.2 0.1

4 Fusarium 43+ 7.4 % 1.7+ 28+ 12+
redolens 0.6 0.2 0.1 0.2 0.1

5 Penicillium 26t 43+ 24+ 51+ 20t
spinulosum 0.2 0.1 0.3 0.3 0.3

- 2.7+ 34+ 54+ 89% 7.1%
6 Penicillium sp. 01 02 0.2 05 04

Phosphate Solubilizing Activity ~ 'omass
Yield
Sl Name of the (ng/ml)
; (gm/days)
No.  organism rd th th th
3 6 9 12 12" da
day day day day Y
Aspergillus 665 355 475+ 185
L niger +15 +20 85 45 Lt
Aspergillus 745 455 570+ 220+
2 flavs £20 10 96 10 DU
Fusarium 560 150 185+ 450
£ redolens +10 +£15 98 15 DLz o
Penicillium 360 200 275+ 600+
& spinulosum +80 +11 78 20 R
Penicillium 460 155 295+ 600+
5 o £15 +12 63 18 Bgia 0L

Note: Mean + S.E. of three replicates (n=3).

3.4. Measurement of pH change using pikovskaya’s
broth

We have studied the pH variation in different time of incubation
using Pikovskaya’s broth. In that, five phosphate solubilizing fun-
gal species were used for this study (Table 4).

Table 4:Ph Variation Observed during the Phosphate Solubilizing Activity
of the Selected Five Fungal Species Isolated from Mine Soil in
Pikovskaya’s Broth.

Note: Mean + S.E. of three replicates (n=3).
3.6. Measurement of pH change using PDA broth

In the present work, we have studied the pH variation in different
time of incubation using Potato dextrose broth. In that, total five
phosphate solubilizing fungal species were used for this study.
Initial pH of all the fungal species is showed 5.6 + 0.2, After incu-
bation were showed the less pH level in all fungal isolates.The
present study concentrates on phosphate solubilizing fungal organ-
isms in mine soil such as Aspergillus niger, Aspergillusflavus,
Fusarium redolens, Penicillium spinulosum and Penicillium sp.
were isolated. These isolates were separately inoculated in to the
Potato dextrose broth. The pH range of all the fungal species was
initially at 5.6 + 0.2 and finally variation of pH was observed.
Control showed pH of 6.02 + 0.1 at first day and finally it reaches
to 5.99 + 0.5 in fifth day of incubation as followed by Aspergillus
niger showed pH of 3.88 * 0.2 at first day and finally it reaches to
6.18+0.4 in fifth day, Aspergillusflavus showed pH of 3.87 + 0.1
at first day and finally it reaches to pH 6.0 + 0.3 in fifth days, re-
spectively (Table 6).

Table 6: Phosphate Solubilizing Ability of the Selected Five Fungal Spe-
cies Studied pH Variation in Different Time of Incubation Using Potato
Dextrose Broth

Sl. Name of the P" Values (Number of Days)

No.  organism 3" day 6" day 9" day 12" day
58+ 433 % 575 % 57+
1 control. 03 03 05 0.4
. . 38+ 40+ 45+ 315+
2 Aspergillus niger 02 02 03 01
q 54+ 5.65+ 3.86 = 317+
3 Aspergillus flavus 01 01 02 0.2
; 56+ 573+ 589+ 6.0+
4 Fusarium redolens 04 03 04 0.4
5 Penicillium 452 579+ 6.3+ 5.36 +
spinulosum 0.3 0.4 0.3 0.4
I 5.69 £ 5.99+ 6.59 + 436+
6 Penicillium sp. 0.2 01 02 03

sl NAMeOTpga gx ge g g g
No. organism pH day day day day day
56% 6.02 4.05 5.18 5.70 5.99
1 Contol 45" 101 +02 +05 02 +05
2 Aspergillus 56+ 3.88 3.70 4.63 5.85 6.18
niger 0.1 +02 02 03 03 04
3 Aspergillus  56* 3.87 3.90 5.78 5.87 6.0+
flavus 0.2 +01 01 +0.2 +0.3 0.3
4 Fusarium 56% 4.28 N3] 5.81 6.0+ 6.29
redolens 0.3 +01 02 02 02 +0.3
5 Penicillium 5.6+ 4.02 5.72 5.60 5.73 5.82
spinulosum 0.4 +03 03 01 01 02
6 Penicillium 5.6+ 4.46 4.16 4.35 4.22 4.74
sp. 0.2 +02 +04 $02 +03 #01

Note: Mean * S.E. of three replicates (n=3).

3.5. Estimation of titrable acidity

Note: Mean * S.E. of three replicates (n=3).
3.7. Dual culture method

Results showed that all the five fungi tested in this study exhibited
antagonistic activities against Colletotrichum sp. The pathogen of
Colletotrichum sp. radial growth of the pathogen was considerably
hindered by all the test antagonists under the conditions of this
study. In all cases the test fungi were found to grow more or less
faster than the pathogen. Aspergillus niger (60 £ 13mm) showed
growth of inhibition against Colletotrichum as followed by
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Aspergillus flavus (65 = 11mm), Fusarium redolens (50 £ 9.8mm),
Penicillium spinulosum (30 + 8.7mm) and Penicillium sp. (10 *
2.5mm) (Table 7).

Table 7: Antagonistic Effect of Phosphate Solubilizing Fungi against
Colletotrichum Sp.

Table 9: Comparison of Shoot Length, Root Length, Percentage of Seed
Germination and Seedling Vigour of Ground Nut.

Growth of  Growth of

- - . % of
SL. Name of the Qrgamsms Organisms in Growth
No. organism T Comel] - DUl FEE Inhibition
' g Plate Against Colleto-
(mm) trichum sp. (mm)
1 Aspergillus niger 70 10 60 +13 1428+ 1.6
Aspergillus
2 e 80+ 12 6511 21.42+12
Fusarium
3 o 6011 50+9.8 16.66 £ 2.0
Penicillium
4 spinulosum 50+ 13 30+8.7 40+3.0
5) Penicillium sp. 30+94 10+25 66.66 + 6.0

Average  Average -
Sl Treatment Root Shoot % of Seed f’/?egll:':g
No. Length Length Germination g
Index
(cm) (cm)
42+ 6.0+ 1020 =
1 Control 14 13 100+ 0.81 17
Aspergillus 6.0+ 69+ 567.6 £
2 niger 13 14 L 20
Aspergillus 55+ 57+ 537.6 £
8 flavus 10 15 e 30
Fusarium 35 5.6 %
4 redolens 11 11 50+4.4 455 * 25
Penicillium 16+ 18+ 1224
g spinulosum. 0.4 5.4 36145 10
Penicillium 43+ 52+
6 5p. 12 11 20+£3.2 190 £ 15

Note: Mean + S.E. of three replicates (n=3).

3.8. Effect of phosphofungi on seed germination and
seedling vigour

All the fungi reduce the seed germination significantly over un-
treated control but decrease in seed germination dependent on
concentration of pathogen. However concentration of pathogen
was increased germination of seed was reduced. It can be studied
by two different seed such as Groundnut, and Green gram.

3.8.1. Green gram

In green gram seed control, percentage of seed germination was
100 + 1.0 and seedling vigour was 2010 + 45. Treated with Asper-
gillus niger percentage of seed germination was 100 * 2.1 and
seedling vigour was 2670 * 65 as followed by Aspergillus flavus
percentage of seed germination was 100 + 1.8 and seedling vigour
was 2670 + 60, Fusarium redolens 100 * 1.1 and seedling vigour
was 2450 * 46, respectively (Table 8).

Table 8: Comparison of Shoot Length, Root Length, Percentage of Seed
Germination and Seedling Vigour of Green Gram

Note: Mean + S.E. of three replicates (n=3).

3.9. Production of Indole 3 acetic acid using Phosphate
solubilizing fungi

In the present study, we have also studied the production of
Indole-3-acetic acid by Phosphate solubilizing fungi. In that
Aspergillus flavus showed the positive result (brown-red colour)
and remain four fungal species are not showed the Indole-3-acetic
acid (Figure 2) (Table 10).

Table 10: Production of Indole Acetic Acid Using Phosphate Solubilizing

Fungi

SI.No.  Phosphate solubilizing fungi Indole-3-Acetic Acid (IAA)
. Positive

1 Aspergillus flavus (AF) (Red brown colour)

2 Aspergillus niger (AN) Negative

3 Fusarium redolens (FR) Negative

4 Penicillium spinulosum (PS) Negative

5 Penicillium sp. (P) Negative

Average  Average Seedlin
Sl. Treatment Root Shoot % of Seed Vigour 9
NO Length Length Germination g
Index
(cm) (cm)
6.0 141+ 2010 =
1 Control 021 25 100+ 1.0 45
Aspergillus 69+ 198+ 2670 +
2 higer 0.24 28 1002208 e
Aspergillus 73+ 169+ 2420 =
3 flavus 10 3.1 100£18 ¢4
Fusarium 100 % 145+ 2450 =
& redolens. 1.4 1.6 100+1.1 46
Penicillium 6.2 = 176 2380
2 spinulosum. 0.46 1.9 Lt 55
Penicillium 6.6 = 172+ 2380
£ species 0.13 2.2 Lyt 58

Note: Mean + S.E. of three replicates (n=3).
3.8.2. Ground nut seed

In ground nut seed control, percentage of seed germination was
100 * 0.81 and seedling vigour was 1020 + 47.Treated with As-
pergillus niger percentage of seed germination was 44 + 2.4 and
seedling vigour was 573 * 20 as followed by Aspergillus flavus
percentage of seed germination was 48 + 3.2 and seedling vigour
was 540 + 30, Fusarium redolenspercentage of seed germination
was 50 * 4.4 and seedling vigour was 455 * 25, respectively (Ta-
ble 9).

R ia

Fig. 1: Production of Indole-3 Acetic Acid (IAA) from Phosphate Solubil-
izing Fungi (Aspergillus Flavus Showed the Positive Result, Red Brown
Colour Indicates the IAA Production).

Note: AF- Aspergillus flavus, AN- Aspergillus niger, FR- Fusarium
redolens, PS- Penicillium spinulosum, P- Penicillium sp.

4. Discussion

Fungi have been reported to possess greater ability to solubilize
rock-phosphate than bacteria (lllmer et al., 1995; Nelofer et al.,
2009). The fungi, and probably all living organisms, synthesize a
number of phosphatases which are necessary to scavenge phos-
phates (Pi) from medium containing bound phosphorus. Both acid
and alkaline phosphatases exist in soil and are distinguished on the
basis of pH ranges at which they are active. These are secreted in
response to signals of the absence of Pi (Peleg et al., 1996; Oteino
et al., 2016). Seed or soil inoculation with PSMs is known to i
prove solubilization of fixed soil P and applied phosphates, result-
ing in higher crop yields (EI-Komy, 2005; Rudresh et al., 2005).

The present study deals with isolation and characterization of
phosphate solubilizing fungi using Aspergillus niger, Aspergillus
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flavus, Fusarium redolens, Penicillium spinulosum and penicilli-
um sp. were isolated from the mine soil. Karpagam and Naga-
lakshmi, (2014) reported that phosphate solubilizing microbes
plays an important role in plant nutrition through increase in phos-
phate uptake by plants and used as biofertilizers of agricultural
crops. Phosphate is one of the most vital macronutrient required
for the growth and development of plants. A large number of mi-
croorganisms present in the rhizosphere are known to solubilize
and make available the insoluble phosphorus in the available form
to the plants.

In the present study, phosphate solubilizing isolated fungi showed
solubilizing activities as detected in Pikovskaya’s agar medium by
the appearance of halo zones around the inoculum on the medium.
Isolates of organisms isolated from mine soil in this method, A.
niger showed maximum level of phosphate solubilizing activity
compared to other four phosphofungi. Because then medium was
supplemented with tricalcium phosphate (TCP) all organisms
utilizes this TCP as sole source of phosphorous and produces halo
zones (Pradhan and Sukla, 2005; Malviya et al., 2011; Ruang-
sanka, 2014).

In this study pH was no affected to the medium. The Penicillium
sp. showed maximum reducing pH in the medium compared to
other organisms. It showed initial pH is 7 and final pH is 4.74.
Gupta et al., (2010) reported that Penicillium sp. showed more pH
change. The decreasing pH indicates a large number of microor-
ganisms are known to produce acidic metabolites and chelation of
metal ions release fixed or insoluble phosphorous in available
form.

In this study, the fungal filtrate was taken and titrates against
0.01N NaOH using phenolphthalein as an indicator. In first day of
titration Aspergillus flavus consume more amount of 0.01NNaOH
compare to other organisms. In fifth day of titration Penicillium
sp. consumes more amount of 0.01 N NaOH.

The solubilizing activity was checked by quantitative method, the
third day of incubation Aspergillus niger showed maximum solu-
bilizing activity compared to other organisms. In 12" day of incu-
bation period showed more solubilizing activity by P. spinulosum
and Penicillium sp. Same relevant work done by Naveenkumar et
al., (2012) reported that A. niger showed maximum solubilizing
activity and yield of biomass than compared to other organisms.

In the present study, the Penicillium sp. showed a maximum
growth of inhibition compared to other phosphofungi against
Colletotrichum sp. Ajith and Lakshmidevi, (2010) reported that
the antagonistic activity of Z. masonii was studied against Colleto-
trichum capsici, pathogen responsible for Anthracnose disease in
bell pepper, by dual culture and poisoned food technique in-vitro.
Seed vigour index and pot experiments were also conducted by
treating Capsicum seeds with culture filtrate of Z. masonii under
greenhouse conditions. Formation of clear inhibition zone in dual
culture and decrease in mycelial growth of pathogen were ob-
served when treated with volatiles and non-volatile compounds
from the antagonist. Z. masonii treated seeds showed significant
increase in seed germination, shoot length, root length and dry
weight of the plant. The experiments showed that Z. masonii is a
potential antagonist to control anthracnose and can be used as a
biocontrol agent.

In the current study, the results showed that the inoculation of the
green gram seeds with inoculation of phosphofungi, significantly
increased seed germination rate and vigour index than compared
to control. But in ground nut seeds, control showed more seed
germination rate and vigour index than compared to treated phos-
phofungi. It indicates these phosphofungi are more effective for
growth of green gram seeds than compared to ground nut seeds.

In the present work, all phospho fungi do not produced Indole
acetic acid except A. flavus. Indole acetic acid is a type of auxin
that essential for plant growth and development. IAA involved in
various plant physiological processes such as root initiation, cell
elongation, vascular tissue differentiation and flowering Salkow-
ski reagent used in production of IAA assay serves as an indicator
of the 1AA biosynthesis. This reagent reacts with Indole pyruvic

acid that accumulates in the filtrate resulting in the formation of
pink color (Kafrawi et al., 2014).

Potentials of phosphate solubilizing fungi could be effectively
exploited in the future for the production of eco-friendly phos-
phate solubilizing biofertilizer for sustainable agriculture.

5. Conclusion

Present study had revealed that mine soil serve as good source for
the growth of phosphate solubilising fungi which were grown on
special pikovskaya media in the presence of tricalcium phosphate
as a source of inorganic phosphorous. The phosphate solubilising
fungi has been accelerating for both ecological and economic
reasons. Primarily for its use as alternative to chemical phospho-
rous fertilizer and production beneficial phosphofungi from rhizo-
sphere soil resources may improve the soil fertility, enhance the
plant growth and reduce the risk of environmental pollution and
diminish accumulation of phosphorous. Five fungal strains i.e.
Aspergillus niger, Aspergillus flavus, Fusarium redolens, Penicil-
lium spinulosum and Penicillium sp. could solubilize tricalcium
phosphate. Their efficient phosphate solubilization ability, it is
acceptable to propose here that these fungal strains have plant
growth potentials and could be exploited as biofertilizers or bio-
inoculant.
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