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Table 1. Elemental analysis of micaceous minerals used in the experiment using XRF (%)

Mineral type Na,O MgO AlLO; SiO; KO CaO0 Fe:03 MnO POs TiO; LOI*

Muscovite 064 0.08 33.99 4844 998 017 167 0.06 003 0.06 45

Phlogopite 045 2254 1462 4224 927 412 421 011 004 056 09
b glos 5o 559 Sl %

* Loss on Ignition

@ LY Gragss ol 50 eoliswl 8 yg0 By yusbusdl et buzo bS5 -¥ Jgos
Table 2. Compositions of Aleksandrov culture medium used in this study g L)

Cas(PO4), Mica CaCOs3 MgS0..7H,0 Glucose
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Table 3. Analysis of variance (mean squares) of fungi and mineral effect on measured parameters

Sources of variation df pH EC P K Fe
Fungi species (F) 9 2.86*** 2.26%** 412%** 0.998*** 0.129***
Mineral type (M) 1 15.2%** 0.413*** 481*** 5.08*** 3.42%**
FM 9 0.498***  0.356*** 66.5*** 0.169*** 0.055***
Error 40 0.009 0.003 2.93 0.017 0.007
Coefficient of 1.89 5.05 1.86 12.06 16.94

variation (%)

**%*: Significant at 0.1% probability level.
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Figure 1. pH changes by fungal species in the presence of phlogopite (F) and muscovite (M) (Means with
common letters have no significant difference at 5% probability level).

b b paly oz )8 ool osaline LB 5 s
5 les S ol CysSuge a4 Cund CusSol
S ey i ool o8 et laighy
b JheelSles a4 cond JloelSleys sl
Pinzari et al., 2022; ) ol ool )58 oIl

Sadeghi Azad et al., 2017, Ashrafi Saedloo et al.,
,5 (2017; Eslami Seyyedmahaleh et al., 2017

SU 50 () sl onds laie o g0 alie (pl 4z g
Sladdyy 4 Cond fnSg 0 Suadee (CugSage
b5 2 pels g O alold 5 009 hile (UL
S (Jb 50 Db o0 @0 feS prnilly i 50 el
SeP 0Fgn 9 0o Jloy CusBae (nl (aysSeld o
&0 b pamslly a2 50 bl oo SOV (G pamlly
S5 JhaalsT a8y o e eslS (V005 oo
gSuge G 50 5 miie 5 (D) ol woysSald
e 5 ool Sl oS Gl 5l ail oo el
2 ey g Wl iy partiedl] 4 o

210 o gSge dy Camd (55T (55l Sy sT sl

\F

Jolxe sl 3 (5758 Slaaiss 53U
E9 kol Jlas ol las bosls il s 4y 320 bl
Jsbwe eliy 5 gl Jlite 15 SIS g5 5 2
as ol s e, Siloo s lin (¥ Joaz) o jlo sxe
V¥ i 4 bty 53lsli] 4 o 2 slaaiS
5 CamsSols SIS Glls CotS Lams 45 woys VAR
S5 b s e o as,e WAL YYD
Ot (7B SBASS G 0 aidloe CugSge
Aspergillus niger z,B ;ga> )0 Jolowo pawly laie
£S5 ko YI-Y) T. koningii 5 (od 2 p,5 Lo YIV+)
(RS g SangSold SIS (slls cunS oo 50 (i
sk < IFY) T. atroviride z,8 52> ,0 ;0 o jlaie
03 CugSge (SIS ghlo cuiS bazme ;5 (i pp S
55 S CapsSslh oS el Y S 0
5 wibee JhaalSlgs (S wasSuge o Jlaals]
05 (0 plmil CagSmge 5l Sy SongSold (Sauolse
S (oo Sobl CnoSold )0 9290 amlly
28 jsboles cplply el walss k5, 1y



ey L?)b LgL(MU; )| L?JJ G.l)IS

K (mg L?)

K- .
Fungal species
W3 (S e By > (5110 (SLapRilae) (2B rdisS bawgi (M) e gSugo 5 (F) cunysF ol 5 iy (55kula; -F S5
(bl o0 0050 O Jlois |l 50 Hl0 Sxe iglds

Figure 2. Release of potassium from phlogopite (F) and muscovite (M) by fungal species (Means with
common letters have no significant difference at 5% probability level).
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Table 4. Correlation between the measured parameters

Parameters pH K Fe P EC
pH 1 -0.807*** -0.575%** -0.723*** -0.779***
K 1 0.540*** 0.642*** 0.678***
Fe 1 0.409*** 0.139™
P 1 0.742%**
EC 1

il g oy /Y izl mhaw 13 ()5 sixe g () sire e onialid o 5 4y wan g NS
ns and *** denote non-significant and significant at 0.1% probability level, respectively.
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Figure 3. Release of iron from phlogopite (F) and muscovite (M) by fungal species (means with common
letters have no significant difference at 5% probability level).
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Figure 4. Dissolution of phosphate from tricalcium phosphate by fungal species in the presence of phlogopite
(P) and muscovite (M) (means with common letters have no significant difference at 5% probability level).
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Abstract

Using efficient microorganisms can be beneficial for providing essential elements of phosphorus (P),
potassium (K) and iron (Fe) to plants. In this study, the ability of some fungal species including
Trichoderma asperellum, T. atroviride, T. brevicompactum, T. citrinoviride, T. harzianum, T.
koningii, T. viridescens, Alternaria sp. and Aspergillus niger to release of these elements from
insoluble minerals was evaluated. For this, the fungal species were added to Aleksandrov medium
including tricalcium phosphate (P source) and muscovite or phlogopite (K and Fe source) and were
incubated for 10-days under optimum conditions. The results showed that fungal species were able
to release K from phlogopite by 103-389% and from muscovite by 21.5-178% compared to control.
Among fungal species, the highest and lowest K release was observed by Aspergillus niger and T.
koningii from phlogopite and by T. atroviride from muscovite, respectively. Also, the highest and
lowest amount of soluble Fe was observed in medium with T. citrinoviride and Aspergillus niger in
the presence of phlogopite and with T. atroviride in the presence of muscovite, respectively. The
highest increase in soluble P was observed by Aspergillus niger (in the presence of both minerals),
Alternaria sp., T. citrinoviride, T. coningii and T.viridescens in the presence of phlogopite compared
to the control. Fungal species increased the electrical conductivity, indicating the release of elements
from insoluble sources by the fungi species. There was also a significant negative relationship
between P, K and Fe with pH, indicating that fungal species may have been able to release elements
from the insoluble sources by producing organic and inorganic acids. In general, the fungal species
have the ability to dissolve tricalcium phosphate and release more K and Fe from phlogopite than
muscovite under in-vitro conditions. Thus, application of these microorganisms can be promising to
provide the essential elements of plants.
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