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oolS Ady 5 eals Jhals 1) alS lisslen Jolse
Wy oUl5 (2016 sl 5 Ssle)) Aas s 55
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A s (2018 OSn 5 Sg) 3 Dlind oS
A ale 5 (5, Se3lLl 55,6 b oaS ki o4 Al
a8y b s e s o mi ks glawla
a0 st Slll 5 bl S el Ol e
(b 8 e O]
Lalir IS0 oLl

b S Sl balts JSse plalis ol
CTAB i3, & Laglis DNA sl s eslid
A el (Cetyltrimethyl Ammonium Bromide)
ITSI(5- s Sslel (1987 (Lo 5 _Ls)
ITS4 (5- s TCCGTAGGTGAACCTGCGG-3)
axl iS5 ¢l , TCCTCCGCTTATTGATATGC-3')
A5 4 S Sa glasa DNA | ITS1-5.85-ITS2
Sk lopmss oSty (1990 OLSea 5 eal)
5l eslizad L« (Polymerase chane reaction, PCR)
Sleyyg ol
PCR _Sly oS 5 .o 8 &5 50 FGENO2TP,USA)

DNA Tag 1 DNA 5 1 =5 5L (als Sa) Juls
S5l 1 :MgCl, 1 :dNTP 5/1 :polymerase

(Techne, Genius

A5 Sn B0z b 0 0zizes O 5 1 plas e
s W sl s adsl gole wd sy STy sy
30 Joli ol el 5 4y gy e b sk
3 94 ls ;5 DNA  (g3le awduly 4t >
50 slos L3 La S5kl Jlasl asli 45 e 40 o g
Loz 53 DNA txc s sl 45 Se a4 gk a5
2 26 s 5 00 S 4 e pd a3 T2
A plail aids 10 s &0 s a5 72 oo
TBE (1X) 3L 3 Ao s G 58T J5 51 PCR U peame
e ke a4 Al el se (Tris-Borate-EDTA)
100bp DNA Sl 5wl 385 DNA axkss o3l!

5 Gl LAl Cg s sl Ol Ladder RTU
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@ A el LSS A s oliles] b
A3 8 o 5 4 SAS (el 1l p 5 Sl el L
(Least LSD o3l iy, 5l laesls Sle avulis
Loy e Jlez| C]a.n > Significant Difference)
LSS e
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Ly Gy Gosre S pols Sl il
2 ot B Slid oS - slag B o kS
Ll Sy s 4 LS oz LB a5
dw S (gla sa5 51 26wl 384 sl anlas s
A bl eyl s oliile S (g gy Olul & Ol
LUl S il S, Ol bl Gli Al WSS
3g el b 5o Dland S (6 5 Il s gl
oS | (10,55/37) wlo 144 s il ol oS
1y 2Uls i wlae 27 0 cpl 5l Ks gy Saus
(05 <48 w0 Wla b o) Winls OLES i IDUsl
ITS1-5.85- axb i 5l Jols <Vsmme b5
W50 2 se B Sleds glojy JASTs 55 ITS2
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3 dp (1K) sls OLas 1) 5wl 27 55 15 5L
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100 bp

J5 5 1TS4 9 ITSL 551 oS &y 2 )8 sldaslaa (glaimd IDNA 1 ITS1-5.85-ITS2 b iS5 4 boga o DNA wib— 1 JSo
Mo s S 5,61
A: Aspergillus niger (PF198).B: Aspergillus tubingensis (PF 140-2). C: Talaromyces pinophilus (MFA). D: Talaromyces
pinophilus (PF174). E: Talaromyces pinophilus (1FB). F: Talaromyces pinophilus (PF 140-1). G: Talaromyces helicus
(PF136-2), H: Talaromyces helicus (PF101-1). I: Talaromyces. helicus (PF 121-2).J: Talaromyces verruculosus (PF

157-2) K: Talaromyces verruculosus (15FI11). L: Talaromyces. verruculosus (PF105 I1). M: Talaromyces funiculosus

(PF 48). N: Talaromyces rugulosus (46 FA). O: Penicillium. chrysogenum (48 FA) « P: Penicillium sizovae (PF 40-2).

NCBI (sl ol 3 iyl o 0 lond 9 Cblund o )3 Sl joled Sl (275035 o5 sl Joo ol -1 Jouor

Jowo oyl!

s il Calus o yd ol 0 ylows wlas z8 7))
AC-ITS1 olisle 8 100 MT267797 PF198 Aspergillus niger 1
TT-ITS1 S9y olol > 100 MT267798 PF140-2 Aspergillus tubingensis 2
NA-ITS1 ool 99 MT267799 MFA Talaromyces pinophilus 3
LA-ITSL olisle S 100 MT267800 PF174 Talaromyces pinophilus 4
FA-1TS1 ool 99 MT267801 1FB Talaromyces pinophilus 5
FB-ITS1 K9y ol 100 MT267802 PF140-1 Talaromyces pinophilus 6
FC-1TS1 S9y olol > 100 MT267803 PF136-2 Talaromyces helicus 7
LC-ITS1 S9y olol > 100 MT267804 PF101-1 Talaromyces helicus 8
KH-1TS1 S9y olol > 100 MT267805 PF121-2 Talaromyces helicus 9
FD-ITS1 olisle S 100 MT267806 PF157-2 Talaromyces verruculosus 10
FF-1TS1 ool 99 MT267807 15FAI Talaromyces verruculosus 11
LB-ITS1 K9y ls 100 MT267808 PF105I1 Talaromyces verruculosus 12
LD-ITS1 Mt 99 MT267822 PF48 Talaromyces funiculosus 13
EE-ITS1 Mt 100 MT267823 46FA Talaromyces rugulosus 14
SS-1TS1 Mt 100 MT267811 48FA Penicillium chrysogenum 15
PP-1TS1 Mt 99 MT267814 PF40-2 Penicillium sizovae 16
HH-1TS1 Mt 100 MT267815 PF37-1 Penicillium sizovae 17
RR-ITS1 S9y olol > 100 MT267816 PF104 Penicillium oxalicum 18
VV-ITS1 S9y olol > 100 MT267817 PF83-1 Penicillium oxalicum 19
ZZ-ITS1 S9y olol > 100 MT267818 PF81-2 Penicillium oxalicum 20
RA-ITS1 Mt 100 MT267819 PF16 Penicillium polonicum 21
JJ-ITS1 Mt 99 MT267820 PF45-2 Penicillium polonicum 22
NB-ITS1 Mt 100 MT267821 18FB Penicillium polonicum 23
AB-ITS1 K9y ol 99 MT267809 PF58-1 Penicillium chrysogenum 24
KK-1TS1 ool 99 MT267810 PF44-1 Penicillium chrysogenum 25
LL-ITS1 olisle 8 100 MT267824 48FA Penicillium aurantiovirens 26
LE-ITSL ool 100 MT267826 PF8 Cladophialophora 21

carrionii
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001 — Penicilium aurantiovrens LLATS1 (MT267824)
001 f_@ Penicillium polonicum NB-TS1 (MT267821)
mpenlrﬂlluln polonicum RAITS? (MT267819)
— Penicilium polonicum JJ-TS1 (MT267820)
=5 Cladophialophora carrionil LE-ITS1 (MT267826)
| Feﬂlcnhum chrysogenum AB-ITS1 (MT267809)
Penicilium chrysogenum SSATS1 (MT267811)
Pm.c.mum chrysogenum KKATS1 (MT267810)
0.08 [ Penicilium sizovae HHTS1 (MT267815)

L Penicilium sizovae PPATS1 (MT267614)
o o * Penicilium oxalicum VVATS1 (MT267817)
003 0.00

L&
;

.02

Penicilium oxalicum RRATS1 (T267616)
" ]—|
i Penicilium oxalicum ZZ1TS1 (MT267818)

,— A:vpelgllius nuger AC-ITS1 (MT267797)

1220 ppergilus tubingensis TT-TS1 (MT267798)

Talaromyces rugulosus EE-ITS1 (MT267823)

0.01 —— Talaromyces helicus FCITS1 (MT267803)
"T'?\ammyces helicus LC-TS1 (MT267804)

0.08

0.05 2% ataromyces helicus KHATS1 (MT267805)
00

001 ol Talaromyces pinophilus FAITS1 (MT267801)
e 0.00 ’—Calaromyces pinophilus NA-TS 1 (MT267799)
[ Talaromyces funiculosus LDATS1 (MT267822)
Talaromyces pinophilus FB-ITS1 (MT267802)
7 Talaromyces pinophilus LAATS1 (MT267800)
— Talaromyces verruculosus FF-TS1 (MT267807)
Talaromyces verruculosus FO-TS1 (MT267806)
- Talaromyces vermuculosus LBJTS1 (MT267808)

0.01

s o3liuol 135l €& )3 a5 S MEGAG 1331 05 31 *
S5 old Cundge oaidd (WS ITS1-5.85-1TS2 asl o5 j1 a3likeo! b 0w e (25,15 5 -2 JSCis
adllho 3590 (Slacylan

dola 2yl Sl bauors 3 (Jire Oliud (S S g5 (ke duglie -2 Jga
L alas &8 5 @ db Jhd Cuns

(G9s > ) O)loj alax 3,
8 5 4 3 2 1
1fg 1gh 1fg 1ef le le PF 198 1
1.17 df 1.17dg 1.17 df 1ef le le PF 140-2 2
411a 411a 411a 411a 411a 3.33a MFA 3
1.32ce 1.32 bf 1.23 cf 1.23ce 1.19de 122cd PF174 4
1fg 1gh 1fg 1ef le le 1FB 5
l4cd 1.4bd l.4hc l.4hc l4cd 1.33¢c PF 140-1 6
0.79¢g 0.62i 0.63h 0.34¢g le 0g PF 136-2 7
1.26 df 1.37 be 1.12dg 1.2ce 1.07e le PF 101-1 8
1.07 eg 1l1eh 1.04fg 0h 0g 0g PF 121-2 9
1.75b 1.59b 152b 141bc 16hc 16b PF 157-2 10
1.04fg 1.04fg 1.04fg 1.09ef 1.08e 1.09de 15FAl 11
1.3 df 1.14 dnh 1.09eg 1.23ce 1.24de le PF 105 Il 12
1.11df 1.06 fg 1fg 1ef le le PF 48 13
1.19 df 1.37 be 1.35hd 1.19ce 1le 0g 46 FA 14
1fg 1gh 1.07eg 1.53b 186 b b1.6 48 FA 15
1fg 1gh 1fg 1ef le le PF 40-2 16
1fg 1gh 1fg 1ef le le PF 37-1 17
1fg 0.94h 0.84 gh 0.83f 05f 0.51f PF 104 18
1.3 df 1.49 bc 1.5hc 1.38hd 1.12de le PF 83-1 19
1fg 1gh 1fg 1ef le le PF 81-2 20
1.25 df 1.25¢cg 1.24 cf 1.06ef 1le le PF 16 21
1.25df 1.25¢g 1fg 1ef le 0g PF 45-2 22
1fg 1gh 0.97 fg 1ef le le 18 FB 23
1.29 df 1.24cg 1.24 cf 1.23ce 1.08e 1.05de PF58-1 24
1.25 df 1.25¢cg 1.15df 1ef le 0g PF 44-1 25
1.64 bc 157b 152b 141bc 11le le PF 146 26
1.17 df 1.16 dg 1.16 df 1.16de 1le le PF8 27

.JJ)I.L}M):5CL.~)>)I>J'M O gt a5 S rhe by > ¥
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M Ok 5 o 4 ke e 1 i
verruculosus =6 Lwgs (p < 05/0) Ll s
(2 53 p S ke 8/23) PF 1572 4l Talaromayces
72/120) MFA 4lu> Talaromayces pinophilus b
PF 4 lu> Aspergillus tubingensis G)G ‘(J.,J 3 f;‘-;“'"
pinophilus 7,55 (= s oS e 5/20) 140-2
M5 (& 3 S e 04/20) 1FB « /.1 Talaromayces
(2 52 0 S on WD) Jlome i e oy a8
Talaromyces helicus G)G Lol C‘L b s 30
sl s bl Ad e PR 1362 4l
Lol Jaes 55 1) a8, 4l b ol o iy S
03 58 1o A Pl GUIS cp it el L S sl
5 Shter mlE LS Gry b O sl b
Wer 5 o e b e (1397) O
sy sl 55 (2002) ol Ses (.JT 5(2016)

plb S oo 53 e jid SuiS Jo
(NBRI Broth)

s b bl Jdee jaud Pl LUl
G5 L ek o mbe b 3 gl il
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Abstract

The application of phosphate solubilizing fungi (PSF) is a biological and eco-
friendly method to increase phosphorus availability from insoluble sources.
The aim of this study was to obtain PSFs that can be used as biological agent in
order to increase soil phosphorus and improve plant growth. Initially, 144 PSFs
isolates were isolated from the soil of corn fields (0-30 cm) in Fars,
Kermanshah, and Khorasan Razavi provinces, Iran. Among them, 27 isolates
showed the maximum solubilizing ability of tricalcium phosphate (TCP).
Based on molecular analysis, different genera were identified as Aspergillus
(7.5%), Talaromyces (44.4%), Penicillium (44.4%) and Cladophialophora
(3.7%). This is the first report of Cladophialophora as mineral phosphorus
solubilizing agent. The maximum phosphate solubilizing ability in solid media
was represented by Talaromayces pinophilus strain MFA (hallo to colony
diameter is 4.11 mm), whereas this ability was manifested by Talaromayces
verruculosus strain PF 157-2 (23.8 mg/l), Talaromayces pinophilus strain MFA
(20.7 mgfl), Aspergillus tubingensis strain PF 140-2 (20.50 mg/l) and
Talaromayces pinophilus strain FB (20.04 mg/l) in liquid media respectively.
Aspergillus tubingensis strain PF 140-2 and Talaromayces pinophilus strain
1FB showed the maximum auxin (9.2 mg/l) and siderophore

(ratio of halo zone diameter to colony diameter: 4.44 mm) production ability
respectively. The maximum amount of hydrogen cyanide (grade 4) was
produced by Penicillium oxalicum strain PF 83-1. These results confirmed that
PSF especially Talaromayces pinophilus strain MFA, Talaromayces

verruculosus strain PF 157-2, Aspergillus tubingensis strain PF 140-2 and
Talaromayces pinophilus strain 1FB can be introduced as biological agents
which could increase soil phosphorus availability and improve plant growth.

Keywords: Plant growth promotion, Phosphorus availability, Biological agents, and
Phosphate Solubilizing Fungi
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