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Fifteen most efficient phosphate solubilizing fungi (PSF) isolated from different crop rhizospherewere
studied for biochemical characteristics. PSF were grown in vitro for fifteen days on Pikovskaya's
medium and following analyses i.e. solubilization index, pH change, phosphorus (P) solubilized, P
immobilized and organic acids produced were carried out under in vitro conditions. P solubilization
index of theseisolatesranged from 1.15-3.75. Drop in pH of the medium ranged from 7 to 3.20 with the
continuous growth of these isolates for eighteen days. Study showed that more P was immobilized
(0.2-0.46%) than solubilized (0.088-0.22%). Asper gillus sulfureous and Peniciliumbilaii werefound
to be more active fungi in conversion of insoluble Pto soluble P. Tartaric acid and gluconic acid were
two common organic acids produced by PSF. Correlation studies suggested that besides organic
acids, there might be other factors such as microbial respiration, shaking or stagnant condition of
culture growth, carbon source used for culture growth, that are also involved in the process of

inorganic phosphorus solubilization.

K ey wor ds: Phosphate solubilization fungi (PSF), organic acid, solubilization index

Phosphorus is the second most important plant
nutrient after nitrogen (Donahue et al., 1990). It exists
in nature in avariety of organic and inorganic forms. P
availability is low in soils because of its fixation as
insol uble phosphates of iron, duminium and calcium. Since
deficiency of P is the most important chemical factor
restricting plant growth, chemical phosphatic fertilizers
arewiddly usedto achieve optimumyields. Solubleforms
of P fertilizer used are easily precipitated as insoluble
forms, which leads to their excessive and repeated
application to crop. Phosphorus supply through biological
means is a viable alternative. Phosphate solubilizing
bacteria (PSB), phosphate solubilizing fungi (PSF) and
actinomycetes have been reported to be active in
conversion of insoluble phosphateto soluble primary and
secondary orthophosphateions (Chabot et al., 1993; Pal,
1998). Although mechanism of phosphate solubilization
is gtill not fully understood, several mechanisms have
been implicated for the process. The production of
organic acids seems to be the main mechanism (Illmer
etal., 1995). In broth studies many workers have shown
that phosphate solubilization is due to organic acid

production (Guptaet al., 1994; Illmer & Schinner, 1992,
1995). Omar (1998) tested 36 fungal species on agar
plates and found that Aspergillus niger and Penicillium
citrinum caused a marked drop in pH of liquid culture
mediaand solubilized consi derable amounts of phosphate.
Nautiyal (1999) stated that organic acid productionisan
important mechanismin ‘P solubilization but not the sole
mechanism. Chabot et al. (1993) found that PSM
congtitute 26-46% of microbial population of four Quebec
soils studied. They isolated 10 bacteria and three fungi
capable of phosphate solubilization on the basisof large
clear zone on solid media containing different insoluble
phosphates. Khalil (1995) reported that phosphate
availability from rock phosphate was increased in soil
from 0.67 ppm in control to 17.78 ppm with PSM
inoculation in 20 days. In an effort to develop a PSF
inoculum for improving P uptake by wheat crop,
numerous PSF were isolated from the rhizosphere of
many commonly grown crops. Biochemical
characteristics of the most efficient 15 isolates were
studied.
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MATERIALS AND METHODS
Solubilization index (SI).

0.1 ml of each PSF culture preserved in sterile
distilled water was placed on Pikovskaya's agar (PA)
(Pikovskaya, 1948) plates|containing insolubletricalcium
phosphate 2.5 g, glucose 13 g, (NH,)SO, 0.5 g, NaCl
0.29, MgS0,.7H,0 0.1 g, KCI 0.2 g, Yeast Extract 0.5
g, MnSQO, trace, FeS0O,.7H,0 trace, Agar 15 g, pH
adjusted to 7.2 and dissolvedin 1000 mL distilled water]
and incubated for fifteen days. Solubilization Index was
measured using following formula (Edi-Premono et al .,
1996).

Colony diameter + halozone diameter

Sl

Colony diameter
pH change

1 ml of threeday old culturein sterile distilled water
(containing about 1x 10* CFU) was added to sterile 100
mL Pikovskaya's broth (PB) medium in 250 ml conical
flask and shaken intermitantly upto twenty-one days.
Sterile uninocul ated medium served as control. Initial pH
and changein pH was noted at theinterval of three days
up to three weeks by digital pH meter.

‘P’ Analysisin broth
Phosphorus solubilized

The clear filtrate after measurement of pH was
transferred to 100 ml volumetric flask and the volume
was made up with distilled water. Solubilization of
trical cium phosphatein terms of water soluble phosphorus
was estimated periodically by chlorostannous reduced
molybdophosphoric acid blue colour method as described
by Jackson (1958) by taking known gquantity of filtrate.

Test for available P

Broth phosphorus was determined by ascorbic acid
method (Watanabe and Olsen, 1965). One ml of broth
sample extract was taken in 50 ml conical flask and 9
mL of distilled water + 2.5 ml of freshly prepared colour
reagent [12 g ammonium molybdate { (NH4)gMo05.
4H,0} + 250 mL digtilled water and 0.2908 mg antimony
potassium tartrate { K(SbO)C,H,0.1/2 H,O} in 1000
mL of 5N H,SO, (148 mL conc.H,SO, L1)]. Both the
solutions were mixed and the volume was raised upto 2
It. 140 ml of this mixture was added to 0.74 g ascorbic
acid and stirred gently. The optical density of the blue
colour developed after 15 min. was measured at 880 nm
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by spectrophotometer and the concentration of available
P (ppm) was calculated.

Phosphorus immobilized

Pellets of centrifuged cultures after decanting
supernatant were taken in a 50 ml calibrated pyrex
Kjeldahl flask. Ten ml of percholoric acid and nitric acid
mixture (1:2) was added to the pellet. Samples were
digested on amicro Kjeldahl digestion rack using gentle
heat until clear solution was obtained. The volume of
sample was reduced to 2-3 ml. When effervescence
stopped, volume of digest was made 100 ml and stored
in plastic bottles.

Estimation of P

Immoabilized Pwas estimated by “Vanadomolydbdo
phosphoric acid colour method” (Jackson, 1958). To 5
ml plant digest, 5 ml colour reagent (50 gL -1 ammonium
molybdate + 2.5 gL -1 ammonium vanadate + 20 mL conc.
HNO; + 250 ml-1 HNO5) was added. Same procedure
was repeated with P standards of 5, 10, 15, 20, 25 and
30 ppm. After 30 min, optical density of yellow colour
was noted with spectrophotometer at 430 nm and
concentration of percent immobilized Pwas calcul ated.

Organic acids determination

Organic acids produced by PSFin PB medium were
analyzed by paper chromatography. The PSF were
grownin 100 ml PB mediumin 250 ml sterilized conical
flask for 15 days in B.O.D. at 28 + 2°C. The broths
werefiltered through filter paper under vacuum Buchner
funnel. The filtrate was concentrated at 90° C on water
bath and evaporated up to 3 ml and then pouredin 5 ml
volumetric flask and thevolumewasmadeup with distilled
water. The type and amount of organic acids produced
by fungal culture were identified by paper
chromatography in 20 cm x 5 cm paper stripe (Whatman
No 1).

Two parallel lines were drawn with lead pencil at a
distance of 2 cm from both ends longitudinally. There
after the concentrated culture sample aswell as standard
solution of organic acids were applied with the help of
capillary tube on a horizontal line from one end of the
paper, and weredried at room temperature. After drying
of gpots, the chromatographic papers were put in the
cylindrical developing chamber (containing, mixture of
n- butanol: formic acid: water: 5:1:4, v/v) for 10 - 12
hours. The chamber was made air tight by ground glass
cover. After the developments of spots in
chromatographic papers, they were allowed to dry and



these dried paperswere sprayed with bromophenol blue
reagent (0.05 % solution in ethanol) with a
chromatographic sprayer and the areas of yellow
coloured spotsin sky blue background wereimmediately
marked with lead pencil. The distancestravelled by the
advancing front in paperswere noted for finding out the
retention factor (Rf values).

The distances moved by solute (organic acid)
Rf values =

The distance moved by solvent front

The Rf values were calculated for different organic
acids and were compared with those of standard Rf
valuesof organic acids (fumaric acid, lactic acid, succinic
acid, malonic acid, malic acid, oxalic acid, citric acid,
tartaric acid and gluconic acid) and simultaneously
organic acids produced by fungal culturewereidentified
through Rf values.

Quantification of organic acids

For quantification, the yellow coloured spots were
stripped out from the paper with the help of scissorsand
were kept in petriplate. About 3 ml of n- butanol was
spread over the stripped part of chromatograph in order
to dissolve the compounds of yellow spotsin n- butanol.
When the strip paper became colourless, the solvent was
poured into 5 ml of volumetric flask and final volume
was made 5 ml with n- butanol. The intensity of light
yellow coloured spots of the entire samplewas measured
at 426 nm wavelength, where it gave the maximum
absorbance (%). Asmost of thefungal isolates produced
tartaric acid, so the standard was prepared with thisacid.
The standard curve was plotted with the reaction product
of tartaric acid and bromophenol blue of different
strengths of tartaric acid viz. 2.5, 5.0, 10, 15, 20, and 25
mg L-1dissolved in butanol. The percentage absorbance
of samplewas measured and itsactual amount produced
was calculated from standard curve.

Satistical analysis

Simple correlation wasrun to determine correlation
coefficients. The resultswere depicted diagrammatically.
RESULTS AND DISCUSSION
Solubilization index (SI).

Solublization index based on colony diameter and
halozone for each PSF isolate is presented in Table 1.
Results showed that among PSF, F;; was the most
efficient phosphate solubilizer on PA plates with Sl =
3.75 followed by Fo. Studies on agar plates reveaed
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that phosphate solubilizing fungi formed clear zones by
solubilizing suspended tricalcium phosphate.
M easurements ranged from 4.07- 8.84 cm for fungi.
Generally, halozone increased with increase in colony
diameter. Fluctuations in solubilization index were
observed during the fifteen days observation period. In
most of the casesit gradually increased (F;, Fy1, Fi3, F1a
and F5) while in few casesit first decreased and then
increased (F5, Fg and Fy, & F,3) and in certain cases
(F,5 and F5g) no systematic trend was observed. These
results are in accordance to Chabot et al. (1993) and
Nahas(1996). Similar resultswerefound by Kucey (1983,
1987), Edi- Premono et al. (1996) and Kumar and Narula
(1999). The solubilization index was determined for
fifteen daysonly because of overgrowth of fungus. Most
of PSF strains lost their ability to form halozone on
PikovskayaAgar medium on repeated subculturing. This
result is in accordance to Kucey and Leggett (1989),
and Ilimer and Schinner (1992).
pH

Most phosphate solubilizing fungi studied lowered
the pH of PB medium compared to uninocul ated sterile
PB (control) incubated for twenty-one days under
conditions as inoculated (Table 2). All fungal isolates
were found to be active in lowering of the pH. Drop in
pH by PSF ranged from 5.98 to 3.20 at the end of
incubation period. Few PSFisolates (F, and F,,) athough
showed larger halozones but, did not lower the pH
accordingly. Fluctuations in pH drop were also noted.
pH studies showed a drop of pH from 7.01 (control) to
3.2 (Fia, Fyp). Similar results were observed by Bar —
Yosef et al. (1999), and Khalil and Sultan (2000).

Immobilized and solubilized P

P solublization and immobilization dataindicate that
fungal isolates solubilized appreciable amount of
phosphorus, whichinturnimmobilized, at the samerate.
The percentage of P solubilized and Pimmobilized were
calculated at every incubation period, but only the
solubilized and immobilized P percentage at 15 days of
incubation, which wasthe highest among entireincubation
period, was represented (Fig. 1). Results indicated that
more Pwasimmobilized than solubilized. Theseresults
arein contrast to thefindings of previous studies (Kucey,
1983; Nahas, 1996). This contradication may be due to
thefact that fungi immobilize more P because they form
larger coloniesand their biomassisgreater than bacteria
(INlmer & Schinner, 1995). Thus, it may be concluded
that F,5 was the most efficient strain among all PSF,



becauseitimmobilized thelowest amount of phosphorus
(69.48%) in comparison to its solubilized amount of
phosphorus (65.24), where as F,3 was the least efficient
contributor of phosphorusfor solulilization of tricalcium
phosphate because it immabilized the highest amount of
phosphorus (64.63%) in comparison to the solubilized
amount of phosphorus. Solubilized P by all studied PSF
strains was higher than uninoculated control. Values of
solubilized Pranged from 54.67- 66.55% and the values
for Pimmobilized ranged from 64.63 — 72.36%. Ilimer
and Schinner (1995) noted that P contents of PSM
biomass varied from 0.4 - 0.8%. Johri et al. (1999)
found 0.036 - 0.44% P solubilized by PSM. This
difference might be dueto different strainsused by them.
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Figure1: Percent Pimmobilized and solubilized by
selected PSF isolated from different rhizosphere

Organic acids

Organic acids produced by PSF isolated from
different commonly grown crop rhizosphere have been
presented in Table 3. Results indicated that the highest
amount of total organic acid produced was 8.918 mgL 1
by strain F,s, followed by 8.612 mgL-1 (F3) and 8.068
mgL -1 (F;) while, thelowest was2.272 mgL-1in Fs. Most
common acids produced weretartaric and gluconic acids
whilelactic acid was produced by only one strain (F5).
F16 produced the highest concentration of tartaric acid
(7.489 mgL-1). Among all isolated fungi, Aspergillus
flavus (Fg) produced three types of organic acids viz.
tartaric, gluconic and malonic (1.751, 0.265 & 0.2605
mgL -1 respectively), while the total amount of organic
acids produced were the lowest (2.272 mg L-1) with this
isolate. Studiesrelated to the production of organic acids
have shown that tartaric and gluconic acids were the
two major organic acids commonly produced by PSF.
Production of oxalic acid as mgjor organic acid from
different species of Aspergillus, an unknown species of
Penicillium and Sclerotium rolfsii has been reported
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by Banik and Dey (1983), Guptaet al. (1994), and I [Imer
and Schinner (1995). Contrary to their findings, the
tartaric acid was first common organic acid produced
by PSF except F,, and gluconic acid was second. This
issimilar to thefindings of 1llmer and Schinner (1995)
indicating production of gluconic acid from A. niger.
However, it iscontradictory to the reportsby Ilimer and
Schinner (1992) and Whitelaw et al. (1999) that gluconic
acid was not produced by PSM strains. Venkateswarlu
et al. (1994) detected lactic acid from A. niger, while
none of the 10 isolates of Aspergillus produced lactic
acid in the study whereas Penicillium digitatum (F,,)
produced lactic acid in little amount (0.941 mg L-1).
Contradiction or smilaritiesmay beexplained onthebasis
that type and quantity of acid produced depends on the
PSF strain, media composition, growth conditions and
several other factors. Cunningham and Kuiack (1992)
reported that citric acid was the major organic acid
produced by P. bilji when nitrogen source was nitrate
but it was not detected when ammonium was used. PSF
used glucose as carbon source to produce organic acids
as found by Nautial (1999). They stated that more
organic acids were produced by microorganisms when
glucose was used as carbon source.

Correlation coefficients

Corrélation coefficient values showed significant (p<
0.05) correlation between P solubilized, P immobilized
and solubilizationindex (Table4). Theresultissimilar to
observation made by IlImer and Schinner (1995). But P
solubilized was hon-significantly correl ated with colony
diameter (r = 0.106) and colony+hal ozone diameter (r =
0.18). Significant (p< .05) and negative correlation was
found between pH and P solubilized, P immobilized,
solubilization index and halozone produced. Similar
correlation isreported by Kumar and Narula (1999) and
Whitelaw (2000). Least correlation was found with P
solubilized and colony + halozone diameter (r = 0.106).
Non-significant positive correl ation was found between
P solubilized and hal ozone produced. Theresultissimilar
tothat of Kucey (1983) study but oppositeto thefindings
of Edi- Premono et al. (1996) and, Kumar and Narula
(1999). This is because most PSF show fluctuationsin
their behaviour. Production of halozone on solid medium
isimportant but it is not necessary that PSF with larger
halozones will solubilize more phophorus. Johri et al.
(1999) suggested that isolation of efficient PSF based
on formation of avisible zone on agar plates was not a
reliabletechnique. Some PSM lost their ability to produce
hal ozone on sub culturing (Kucey, 1983). Highest positive



Table 1. Solubilization index of selected strainsof phosphate solubilizing fungi

Srains Crop Solubilization index through fifteen days
rhizosphere Day 3 Day 6 Day 9 Day 12 Day 15
Control 0.00 0.00 0.00 0.00 0.00
Aspergillus awamori (F3) Potato 121 127 120 135 144
Aspergillus flavus (Fg) Sugarcane 145 140 130 136 147
Aspergillus fomitopsis (F;) Wheat 155 180 198 217 228
Aspergillus niger (Fy) Radish 330 313 345 367 327
Aspergillus niger (Fq7) Lobia 145 146 147 149 165
Aspergillus sulfureous (Fy3) Ragjmash 234 234 263 270 271
Aspergillus sulfureous (F14) Lobia 224 225 233 262 281
Aspergillus sulfureous (Fi5) Parwal 244 250 231 211 221
Aspergillus sulfureous (Fyg) Wheat 125 150 184 193 222
Aspergillus sulfureous (F;7) Pea 230 375 280 259 222
Penicillium bilaii (F,) Parwad 121 115 186 180 176
Penicillium digitatum (Fy) Okra 302 224 162 162 299
Penicillium digitatum (F,3) Rajmash 305 229 165 166 281
Penicillium fuscum (F55) Maize 192 221 208 14 205
Rhizopus stolonifer (Fso)* Sugarcane 189 220 163 - -

* Solubilization index for this fungus was determined for nine days only because of fungal over growth.

Table2. Drop in pH by selected strainsof phosphate solubilizing fungi in Pikovskaya'sbroth

Srains pH Drop through twenty-onedays
Day 3 Day 6 Day9 Dayl12 Dayl5 Dayl8 Day?2l

Control 7.01 7.01 701 7.01 701 7.01 7.01
Aspergillus awamori (F3) 691 410 402 384 389 376 404
Aspergillus flavus (Fg) 6.99 482 39%5 368 352 345 343
Aspergillus fomitopsis (F;) 6.93 519 474 455 462 460 430
Aspergillus niger (Fy) 6.99 389 358 338 330 329 333
Aspergillus niger (Fq7) 6.4 35 344 325 325 323 333
Aspergillus sulfureous (Fy3) 6.99 383 373 361 349 339 343
Aspergillus sulfureous (F14) 6.99 437 458 429 360 333 320
Aspergillus sulfureous (Fi5) 6.99 450 444 439 429 425 433
Aspergillus sulfureous (Fyg) 6.99 506 365 354 340 345 340
Aspergillus sulfureous (F;7) 6.97 438 376 372 371 370 325
Penicillium bilaii (Fg) 6.99 6.83 558 491 459 391 320
Penicillium digitatum (Fy) 6.99 6.93 6.40 550 434 432 4.00\
Penicillium digitatum (F,3) 6.98 703 508 470 340 333 330
Penicillium fuscum (F55) 6.95 6.92 6.35 549 433 430 428
Rhizopus stolonifer (Fzp) 6.96 6.92 6.85 6.45 6.33 6.02 598
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Table3. Low molecular weight organicacidsproduced by phosphate solubilizingfungusisolated from different crop rhizosphere

PSF Tota Tartaric Citric Gluconic Malonic Fumaric Lactic
organic acid acid acd acd acid acid
acids
(mgL)
Fs 8612 598 - - - 2632 -
Fs 2272 1751 - 0.2605 0.2605 - -
F; 80638 2195 - 5873 - - -
Fio 4504 1576 - 2968 - - -
Fi1 4408 4408 - - - - -
Fis 6.272 4089 - 2183 - - -
Fia 4238 2978 - - - 126 -
Fis 7932 5.985 - - - 1947 -
Fis 9.360 7.489 - 1871 - - -
Fi7 7.258 6.981 - - 0277 - -
Fao 7.364 6.914 - 0450 - - -
Fo, 2816 - 1875 - - - 0941
Fos 5.768 4565 - - - 1203 -
Fos 8918 6.983 1935 - - - -
Fao 336 303 - 033 - - -
Control - - - - - - -

Table4. Corréation coefficientsof different biochemical char acter sof PSFisolated from different crop rhizosphere

Parameter PImmobilized  Solubilization Coalony Halozone H Organic
(%) index diameter (cm) acd
(cm) (mglL)
P Solubilized (%) 0.67** 0.552* 0.106 018 -057 044
Plmmobilized (%) 0.574* 0.67** 0472 -0.69** 037
Solubilization Index 0.058** 0485 -0.79** 0.825**
Colony diameter(cm) 0.515* -0.302 011
Ha ozone (cm) -0.625** 0468
pH -049

* gignificant (p<0.05); ** highly significant (p<0.01)

correlation was obtained with solubilization index and
organic acids produced (r = 0.825). This is due to the
fact that perhaps organic acids are the main factors
responsiblefor Psolubilization. A nonsignificant positive
correlation was observed between P solubilized and
organic acids produced by PSF suggesting that organic
acids may play important role in solubilization of
trical cium phosphate and rock phosphate but are not the
only possible mechanism for P solubilization (I1imer &
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Schinner, 1992). pH and organic acids were also found
to be non significantly correlated with each other.
Microbial respiration may beinvolved for dropinpH eg
(I1lmer & Schinner, 1992).

Thus, it may be concluded that PSF showed variation
in their biochemical charateristics. Organic acid
production was not the only possible reason for
phosphorus solubilization but also many other factorslike



microbial respiration, shaking or stagnant condition of
culture growth, carbon source used for culture growth
are also involved in this processes. Present study also
showed that F», and F,5 are the most efficient strainson
the basisof their Psolubilizing activity.
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