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Figure 1. The amplification of rDNA regions for molecular identification of fungal and bacterial isolates. a, b) The
amplification of SSU-ITS1-5.8S-ITS2-LSU region by nested PCR method to identify arbuscular mycorrhizal fungus
isolate (28). C) The amplification of ITS1-5.8S-ITS2 region to identify 7richoderma and S. indica. d) The amplification of
16S rDNA region to identify bacterial isolates (50). Dark lines represent amplified regions.
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Table 1. The name and sequence of primers used in this research.

S5 S36 A b
Sequence Primer Amplification region
5’-AGAGTTTGATCMTGGCTCAG-3’ 27F 16S rDNA
5’-TACGGYTACCTTGTTACGACTT-3’ 1492R
5’-TCCGTAGGTGAACCTGCGG-3’ ITS1 ITS1-5.8S-1TS2
5’-TCCTCCGCTTATTGATATGC-3’ ITS4
5’-ATGGGTAAGGAGGACAAGAC-3’ EF1 TEF-la
5’-GGAAGTACCAGTGATCATGTT-3’ EF2
5’-TGGGTAATCTTTTGAAACTTYA-3’ SSUmAf1 SSU-ITS1-5.8S-ITS2-LSU
5’-TGGGTAATCTTRTGAAACTTCA-3’ SSUmAf2
5’-TCGCTCTTCAACGAGGAATC-3’ SSUmCH1
5-TATTGTTCTTCAACGAGGAATC-3’ SSUmC{2
5’-TATTGCTCTTNAACGAGGAATC-3’ SSUmC13
5’-GCTCACACTCAAATCTATCAAA-3’ LSUmATr1
5’-GCTCTAACTCAATTCTATCGAT-3’ LSUmAr2
5’-TGCTCTTACTCAAATCTATCAAA-3’ LSUmATr3
5’-GCTCTTACTCAAACCTATCGA-3’ LSUmAr4
5’-DAACACTCGCATATATGTTAGA-3’ LSUmBrl1
5’-AACACTCGCACACATGTTAGA-3’ LSUmBr2
5’-AACACTCGCATACATGTTAG-3’ LSUmBr3
5’-AAACACTCGCACATATGTTAGA-3’ LSUmBr4
5’-AACACTCGCATATATGCTAGA-3’ LSUmBTrS
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Table 2. The treatments used in this research.

Lol

Treatments
T1 Control T10 T. harzianum
T2 Control (carrier) T11 R. irregularis
T3 B. velezensis T12 B. velezensis + R. irregularis
T4 B. pumilus T13 B. pumilus + R. irregularis
T5 B. subtilis T14 B. subtilis + R. irregularis
T6 B. velezensis + B. pumilus + B. subtilis T15 S. indica+ R. irregularis
T7 S. indica T16 T. atroviride + R. irregularis
T8 T. atroviride T17 T. longibrachiatum + R. irregularis
T9 T. longibrachiatum T18 T. harzianum + R. irregularis
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Figure 2. Morphological study of Trichoderma species: A-C) 7-day-old colony of TA2-2-1, TH5-1-2 and TL10-
3-1 on PDA medium, respectively D-F) Conidiophores in TA2-2-1, TH5-1-2 and TL10-3-1, respectively. G-H)
Conidium in TA2-2-1, TH5-1-2 and TL10-3-1, respectively.

$alir 4 Glaze DTEF-1a 5 (C) ITS1-5.8S-ITS2 «(B) SSU-ITS1-5.8S-ITS2-LSU (A) 16S DNA 1 5 5 -¥ K&
v TA2-2-1 1\ TH5-1-2 :0 JA :¢ SWRIs ¥ SWRIv :¥ SWRIp 1\  Kilis L o3 o 5,87 J5 3 S opl 55 ek aslisl
TA2-2-1:\\ 3 TH5-1-2 :\+ TL10-3-1 :4 SWRI :A TL10-3-1

Figure 3. The Amplification of 16S rDNA (A), SSU-ITS1-5.8S-ITS2-LSU (B), ITS1-5.8S-ITS2 (C) and TEF-1a
(D) regions belonging to the isolates used in this study in 1% agarose gel. L: Ladders, 1: SWRIp, 2: SWRly, 3:
SWRIs, 4: 1A, 5: TH5-1-2, 6: TA2-2-1, 7: TL10-3-1, 8: SWRI, 9: TL10-3-1, 10: TH5-1-2 and 11: TA2-2-1.
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Table 3. Identification of fungal and bacterial isolates by sequencing SSU-ITS1-5.8S-ITS2-LSU, ITS1-5.8S-ITS2,

TEF-1a and 16S rDNA.

o w3 o led

el Ao s L
Si;r;i;;r%ty per'centa;e, Accession number sp“;ies IL:O‘:;::S
Reoposhl  pomsasy s TEFla 16SiDNA
99 % - - - MG563306 Bacillus velezensis SWRIv
99 % - - - MG563307 Bacillus pumilus SWRIp
99 % - - - MG563308 Bacillus subtilis SWRIs
99 % KT456546 - - - Rhizophagus irregularis 1A
99 % - MG563310 - - Serendipita indica SWRI
99 %, 99 % - KT351796  MF000375 - Trichoderma atroviride TA2-2-1
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Figure 4. A Maximum Parsimony tree based on the sequences of SSU-ITS1-5.8S-ITS2-LSUregion. Bootstrap
values > 60% (1000 replications) are shown at the branches. The tree rooted with Ambispora gerdemannii
(JF439210). The species identified in this study are indicated with @.
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Figure 5. A Maximum Parsimony tree based on the sequences of 16S rDNA region. Bootstrap values > 60%
(1000 replications) are shown at the branches. The tree rooted with Serratia marcescens (MK634659). The

species identified in this study are indicated with @.
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Figure 6. A Maximum Parsimony tree based on the sequences of ITS1-5.8S-ITS2 region. Bootstrap values >
60% (1000 replications) are shown at the branches. The tree rooted with Synchytrium endobioticum
(JF795580). The species identified in this study are indicated with @ .

o e Wty o el g eddenn
el Lbals ol TEF-la o5 s )5
L obedls 5 s el alie glad S 5
Sl LS sbul Lo Ve el ol
L Fusarium proliferatum « S TEF-la &}
o 05,8 Olgea FI603514 o ns o jless

V) w4 S ks s

TA22-1 wlr BLASTN (pmir mls

TL10-3-1 «lu T atroviride <8 4
«\\> 5 T. longibrachiatum & « Gz
sy ol T. harzianum &S 4 Glawe THS-1-2
sbalis U balis o TEF-la 55 gls )i o
Loss A4 05 Kb s s e wlie gbawi S

el cEse s b sassls s call

Trichoderma atroviride KX538955
|_'_I: Trichoderma atraviride KJGE5418
] T atroviride KJ665421

3 L e

} 1) T. atroviride

atrowvinide 119 MF000375
- Trichoderma gamesii FJ436188
—99: Trichoderma gamsii FJ436186

Trichoderma onentale EU401580

| Trichoderma onentala EUL01584
75 Ll Trichoderma heficum FJ436187

L | 1 T

longibrachiatum EU280033

MH205264

'_|_. Trichoderma longibrachiatum 154 MFO003TE
T 2y T. longibrachiatum

I— Trichoderma lengibrachiatum MH203265

2 @ Tric

Trichod: h

100
a1 Trichederma harzianum MK050521
Trichoderma harzianum AYG05T93

133 MF00037T
HOM63434 3) T. harzianum

FJE03514

AV sl polis TEF-10 55 5 31 03Ul § 5 o mth oo iy gy oleol ok g5 305 S50 Y S
09 8 Olgsa Fusarium proliferatum (FJ603514) 48 .cusl odd o3ls L Sbladil (55 (IS Vere) dsys N 3l

Alodd asia@ b sk ol o edd plulid ba S s o ol

Figure 7. A Maximum Parsimony tree based on the sequences of TEF-1a gene. Bootstrap values > 60% (1000
replications) are shown at the branches. The tree rooted with Fusarium proliferatum (FJ603514). The species

identified in this study are indicated with @.
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Table 4. Mean comparison of the effect of fungal and bacterial treatments on plant height, shoot and root dry
weight, head length and weight, and weight of seeds of wheat in greenhouse experiment.
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Values followed by different letters within columns are significantly different using Duncan’s multiple range test (P<0.05).
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Abstract

Background and Objectives: Wheat is one of the most important food crops. In modern
agriculture, Due to the increasing human population and the detrimental effects of chemical
fertilizer such as environmental pollution and concerns about human health, adapting suitable
alternatives like production of bio-fertilizers which have none of these dangerous effects would be
necessary. Plant growth-promoting fungi and bacteria used in bio-fertilizers are the beneficial
microorganisms that can enhance plant growth, yield and resistance to biotic and abiotic stresses
directly or indirectly through a wide variety of mechanisms. Although bio-fertilizers have become
more noticeable in recent years, the lack of accurate identification of microorganisms used in the
production of these fertilizers is one of the problems of bio-fertilizers in Iran. Failure to accurate
identification of species is due to deficiencies in morphological or biochemical methods in fungi
and bacteria. Therefore, the purpose of this study was to identify of fungal and bacterial isolates
molecularly and also to investigate the effect of these isolates alone and in combination with
arbuscular mycorrhizal fungus on some growth characteristics of the wheat plant.

Materials and Methods: After the preparation of fungal and bacterial isolates from the Soil and
Water Research Institute, which are known as plant growth promoting microorganisms, accurate
identification of each isolate was performed based on morphological and molecular methods.
Extraction of genomic DNA in arbuscular mycorrhizal fungus was done by single-spore method
and in other bacterial and fungal isolates by CTAB method. Amplification of 16S rDNA
region in bacterial isolates, TEF-1o and ITS1-5.8S-ITS2 regions in Trichoderma species,
ITS1-5.8S-ITS2 region in Serendipita indica and SSU-ITS1-5.8S-ITS2- LSU region by nested
PCR method in the arbuscular mycorrhizal fungus was performed. To investigate the effect of
fungal and bacterial isolates alone or in combination with arbuscular mycorrhizal fungus in a
greenhouse, their effect on wheat growth indices such as plant height, shoot and root dry weight,
head height and weight and dry weights of seeds were measured.

Results: Based on the morphological and molecular investigation, three species of Bacillus
including Bacillus velezensis, B. pumilus, and B. subtilis and three species of Trichoderma
including Trichoderma atroviride, T. longibrachiatum, and T. harzianum and S. indica and
Rhizophagus irregularis were identified. T. harzianum + R. irregularis and T. longibrachiatum
showed the maximum dry weight and head weight. T. longibrachiatum + R. irregularis and T.
atroviride showed the highest effect on plant height. Pots treated with 7. harzianum +
R. irregularis, T. harzianum, T. atroviride and S. indica + R. irregularis showed the highest
weight of seeds compared to control plants.
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Conclusion: The result showed that the effect of fungal treatments such as T. harzianum +
R. irregularis and Trichoderma spp. on growth characteristics of wheat was significant.
According to the results of this study, the use of an appropriate combination of inoculants and
the preparation of primary formulations for use in farm experiments is proposed to increase the
availability of nutrients and improve the growth of wheat plants.
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