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1The dark septate endophytic fungus Phialocephala fortinii
2Potato Dextrose Agar
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Table 1. Some characteristics of phosphate soil and Pikovskaya medium used for growing fungi

References Unit Components
Yazd Esfordi Phosphorite
Phosphate % P,0s, 35; Fe, 4; Ca0, 49; F, 2; Cl, 0.18; Cd, 10 ppm #;’0“
Complex

Glucose, 10 or 70; Caz(PQs4)2, 5; MgSQO4.7H,0, 0.1;
Pikovskaya 1948 gl (NH4)2S04, 0.5; Yeast extract, 0.5; KCI, 0.2; NaCl, 0.2; Pikovskaya

FeS04, 0.002; MnSO4.7H20, 0.002
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Table 2. Analysis of variance (mean squares) of the data of each of the characteristics examined on the 30th
day of sampling

Sources Change df pH EC Ca P
fungi species (F) 15 470" 3.5 20.279.72°  24987.50
Glucose (G) 1 32.12" 284" 207204.16  359540.76
F*G 15 0228 0142 3466.38" 4690.68"
Error 64 0.004  0.00068 501.04 7.820

Coefficient of variation (%) - 151 1.88 8.82 1.66
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*and ** It shows a significant outcome in the statistical base of 5% and 1%, respectively.
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Table 3. Mean pH test of Pikofskaya medium with 1 and 7% glucose inoculated with fungi at different
sampling times

5 day 10 day 20 day 30 day

Species 1% 7% 1% 7% 1% 7% 1% 7%

Acromonium sp 1 5.55¢¢ 4.83K 5.45¢¢  4.85M 5.15% 4,93 4.84¢ 3.55
Acromonium sp; 5.45%9 4.72m 5.36%¢  4.53%¢ 5.19¢ 4.15" 5.02¢ 3.76K
Acromonium sps 5.56%¢ 483K 5.45¢ 4.49™" 5.24h9 4.02¢ 5.00¢ 3.60'
Alternaria botrytis 5.52¢f 4.844 5.41%¢ 438+ 512¢¢ 414"  487¢ 317"
Alternaria consortialis 5.39¢fF  463m™  531%¢ 434" 497¢¢ 388 459"  3.11m
Aschochyta caulina 5.60%  5.14M 5,51¢ 5.01%" 517° 446  506°  3.95M
Aspergillus calidoustus 4.61™ 4.23% 4539 359 421" 3.08% 4.02" 2.91"
Aspergillus terreus 4.67™ 4.07° 452" 3.66™ 434 318K 4.00" 2.91"
Curvularia spicifera 5.26%1  451™  512¢9 420"  4.90° 3.65 470"  3.16™
Curvularia spicifera 5.061 4,320 4677 4.04™  4.65f 3.60! 4279  3.14"
Fusarium brachygibbosum 5327 5,087  519°¢ 4,639 4.92¢¢ 425" 461f 3.85%
Fusarium solani 5.37¢" 5,04 5.23¢f 4617  509¢%¢ 4.20" 4.87% 3.82ik
Fusarium sp 5.34¢N 5.269" 5.22¢F 473  503¢¢ 4.19" 4.82¢ 3.95N
Gibberella thapsina 576°¢ 5.051 5.55¢ 495" 5.06° 4.26" 4.9« 3.91Mi
Penicilium sp 6.32° 496k 6.31° 5.18¢f 6.00° 464 5.60° 4.02¢
Control 7.47°8 7.402 7.452 7.382 7.392 7.36° 7.37° 7.30°
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For each sampling day, the averages with at least one identical word do not have a significant discrepancy in the statistical base of 5%.
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Table 4. Mean test EC (dS m™) of Pikovskaya medium with 1 and 7% glucose inoculated with fungi at
different sampling times

5 day 10 day 20 day 30 day

Species 1% 7% 1% 7% 1% 7% 1% 7%
Acromonium sp 1 0.833™  1.057K 0.862" 1.188k 0.893° 1.219i 0.945°  1.378!m
Acromonium spz 0.860™  1.180 0.905" 1.252i  0.965" 1.295 1.001" 1.416'
Acromonium sps 0.066™ 1.178 0.879" 1.2391  0.908° 1.278 0.9315  1.353™
Alternaria botrytis 1.926°¢ 2.2002 2.170° 2.5942  2.285° 2904* 2.7034¢ 3.011°
Alternaria consortialis 1.600%  1.691¢ 1.738f 1.806° 2.029¢ 2.033¢ 2.413¢ 2.188f
Aschochyta caulina 0.385"  0.434¢ 0.403° 0.495"  0.430¢ 0.480'  0.450* 0.510%
Aspergillus calidoustus 1.541F 1.986°  1.6149 2.096° 1.878%° 2.446° 2.052" 2.870°
Aspergillus terreus 0.128" 1.641¢  1.353" 1.850¢ 1.5209 2.008¢ 1.7581  2.1059
Curvularia spicifera 0.951'  1.241"  0.975™ 1.482" 0.988" 1.636"™ 1.031%  1.706X
Curvularia spicifera 1.3459 1.977° 1.5929 2,129 1802 2.423P 1.901 2.794°¢
Fusarium i

brachygibbosum 0.956' 1.113 0.983m 1.132'  1.026™ 1.163k 1.162° 1.258"
Fusarium solani 0.950" 1.103 0.972m 1.136' 0.992" 1172k  1.047¢ 1.237"
Fusarium sp 0.964' 1.083k 0.990m 1.133'" 1.021' 1.153 1.162°  1.258"
Gibberella thapsina 0.586° 0.630" 0.605°  0.677" 0.6359 0.713* 0.677"  0.763
Penicilium sp 0.370"  0.557° 0.389° 0.581° 0.419" 0.601" 0.460* 0.633V
Control 0.202°  0.501° 0.205 0.504% 0.210¥ 0.511% 0.213%Y 0.115%

....\$)|A3 oy = Lg)l.a-l 4;[; 5 ).f P G&MU UL..S; aj\j 5 ,‘,5 s b swaiJLA Lg)l.b).g gl j9, ;B 6‘)—3
For each sampling day, the averages with at least one identical word do not have a significant discrepancy in the statistical base of 5.
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Table 5. Mean calcium test (mg 1Y) of Pikovskaya medium with 1 and 7% glucose inoculated with fungi on
the twentieth and thirtieth days of sampling

20 day 30 day

Species 1% 7% 1% 7%
Acromonium sp 1 100.03°" 250.03f 190.03™ 303.36°9
Acromonium sp 103.36™ 273.36%¢ 196.70 316.70%f
Acromonium sps 106.70™d 243.36%" 206.70k™m 323.36%
Alternaria botrytis 213.36"k 280.03%*¢ 273.36 ¢ 353.37¢
Alternaria consortialis 213.36™ 246.70%9 253.36M 306.70°%9
Aschochyta caulina 166.7Im 196.70™ 216.70im 240.03
Aspergillus calidoustus 230.03¢ 320.032 303.3659 403.36%
Aspergillus terreus 223.35¢ 303.36% 310.03%9 423.362
Curvularia spicifera 156.70k" 233.36 ¢ 200.03km 336.70¢¢
Curvularia spicifera 180.03"m 290.032°¢ 206.70km 300.03¢9
Fusarium brachygibbosum 190.03¢™ 286.70%¢ 200.03km 380.03"
Fusarium solani 170.03im 283.36%¢ 176.70™ 340.03%
Fusarium sp 153.37"° 243.37°" 186.70™ 280.03
Gibberella thapsina 136.70™P 186.70"! 200.03km 233.36H
Penicilium sp 80.03% 196.70¢" 123.36" 176.70™
Control 50.03" 83.36P" 70.03° 83.36°
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For each sampling day, the averages with at least one identical word do not have a significant discrepancy in the statistical base of 5.
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Figure 1. The amount of released phosphorus in the Pikovskaya medium containing 1 and 7% glucose
inoculated with fungi on the fifth day of sampling
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Figure 2. The amount of released phosphorus in the Pikovskaya medium containing 1 and 7% glucose
inoculated with fungi on the tenth day of sampling
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Figure 3. The amount of released phosphorus in the Pikovskaya medium containing 1 and 7% glucose
inoculated with fungi on the twentieth day of sampling
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Figure 4. The amount of released phosphorus in Pikovskaya medium with 1 and 7% glucose inoculated with
fungi on the 30th day of sampling
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Figure 5. The amount of phosphorus stored in the hyphae of fungi after thirty-days incubation.
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Table 6. Correlation between the studied characteristics on the fifth, tenth, twentieth and thirtieth days of the

experiment
Time Properties EC P Ca
5 day pH -0.60™ -0.35" -
EC 1.00 0.30° -
P 1.00 -
10 day pH -0.85™ -0.60™ -
EC 1.00 0.80™ -
P 1.00 -
20 day pH -0.70" -0.50™ 0.60™"
EC 1.00 0.80" 0.30°
P 1.00 0.15m
30 day pH -0.60™ -0.90™ -0.85™
EC 1.00 0.65™ 0.65™
P 1.00 0.90™

sl Qo0 S g 2o yd i (5 kel Al 0 1T e Sed 5 ( S 3505 02i0 iS5l 5 4 FF 3 * NS
.ns, *and ** |t shows a lack of correlation, and significant correlation in the statistical base of 5% and 1%, respectively
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Abstract

Phosphorus is the most widely used element for plant growth and development after nitrogen.
Although the phosphorus content is high in soils, its bioavailability for plants is very low. Therefore,
using biological methods to increase its bioavailability is very beneficial. In this study, 15 isolates of
plant endophytic mycorrhiza-like fungi were used to increase phosphorus bioavailability in two soil
phosphorite (5 g.L ™) modified Pikovskaya culture media with two concentrations of organic carbon
(1% and 7% glucose) in three replications and sampled in four times. Analysis of the data showed
that the release of phosphorus and calcium was associated with the reduction in pH of culture media.
All fungi have the ability to release phosphorus and the ability of fungi was significantly higher in
the 7% glucose concentration. The highest amount of solubilized phosphorus was obtained with
inoculation of Aspergillus terreus, Aspergillus calidoustus, and Alternaria botrytis in the modified
Pikovskaya culture medium with 7% glucose. The solubilized P concentration in 30th day of
incubation was equal to 339.56, 334.19 and 334.64 mg L respectively. Also, the highest amount of
the dissolved calcium in the medium with 7% glucose in Aspergillus terreus and Aspergillus
calidoustus treatments was 423.36 and 403.36 mg L™ respectively. However, the highest electrical
conductivity in the medium with 7% glucose was obtained in the cultivation of Alternaria botrytis,
which was equal to 3.01 dS m™in 30" day of incubation. The amount of the dissolved calcium and
the electrical conductivity increased continuously over a period of time for thirty days. This may
dependent on the pH reduction and mineral P solubilization by fungi. The analysis of biomass P in
fungal hyphae showed that the fungi with lower ability in P release in solution had higher biomass
P. The highest pH and biomass P was measured in the Penicilium sp. culture medium with the lowest
EC and solubilized Ca. The lowest amount biomass P in 7% glucose in Alternaria botrytis, Giberlla
thapsina and Alternaria consortialis treatments. This study revealed that mycorrhiza-like fungi had
different methods in release of phosphorus from minerals and increase of P bioavailability in soil
that can be used in the production of biofertilizers.
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