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Abstract

Seed inoculation with endemic plant growth promoting rhizobacteria (PGPR) is a suitable approach in
health management, improving the production and quality of agricultural products. The purpose of this
research is to isolate and identify plant growth enhancing bacteria from the rhizosphere of wheat plants in
Selseleh city (Iran) and to evaluate the beneficial characteristics of bacterial isolates. The screening of
PGPR isolates was done using tests of the ability to produce indole acetic acid (IAA), siderophore,
protease, bacterial swarming motility, biofilm formation, phosphate solubility and investigating the effect
of bacterial isolates on wheat seeds germination in laboratory conditions. Among the 100 bacterial
isolates extracted from the soil around the rhizosphere of wheat, the best four isolates were selected. The
superior isolates were identified based on their morphological and biochemical characteristics as well as
the nucleotide sequence of the 16sDNA region as Pseudomonas sp., Pseudomonas brassicacearum,
Exiguobacterium sp and Acinetobacter calcoaceticus. In this research, Pseudomonas sp. strain has the
highest IAA production (5.59 pug mi?), siderophore production (2.35 c¢m), protease production (1.7 cm)
and phosphate dissolution (390 pg ml?) among four bacterial isolates. The highest percentage of
inhibiting the growth of pathogenic fungus Fusarium graminearum, the cause of Fusarium blight disease
of wheat spike, was related to P. brassicacearum isolate, which was evaluated as 49.33%.
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Table 1. Phenotypic-biochemical characteristics of bacteria isolated from wheat rhizosphere soil.
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Fig 2. Phylogeny tree of bacterial isolates isolated from wheat rhizosphere soil based on 16s rRNA gene sequence analysis constructed by
MEGAT7 software using Neighbor-joining method with 1000 replicates of bootstrap test.
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Fig 3. Production of siderophore (appearance of orange halo) by selected bacterial isolate on CAS-agar medium. Al) Control, A2)
Pseudomonas sp. isolate. B1) Protease production (appearance of clear halo). C) Investigation of formation and the structure of bacterial
biofilm by microplate ELISA method C1) A. calcoaceticus and C2) P. brassicacearum.
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Fig 4. Bacterial swarming movement on NA 0.6 percent culture medium. Al) Pseudomonas sp. A2) P. brassicacearum. B1) The ability of
phosphate solubilization (clear halo around the bacterial colony) on the Sperber agar medium by Pseudomonas sp.and P. brassicacearum.

(7B SOk Sl edilash 5 elS w3 Sge sla, s esle bl e =Y g
Table 2. Simple variance analysis of effective factors in plant growth and inhibition of fungal pathogens. (average of squares)
Quantitative  Qualitative

Degrees - . . .
Sources of of IAA  Siderophore Protease  Biofilm  swarming dissolution  dissolution  Colony . Gf_o“.".‘“
changes of of growth  inhibition
freedom
phosphate phosphate
treatment 4 15.90™ 0.02™ 1.03™ 0.008™ 5.82" 0.50™ 0.54™ 215"  1112.16™
Rep 2 0.02" 0.0001" 0.01™  0.00005™  0.008"™ 0.00008"™ 0.01m 0.008 "™ 8.26™
C.V. HAK 3.53 18.14 15.12 16.11 12.62 1.31 27.29 4.45 13.43

Dl e s C}Ja"" NS (s s ) 50 C}]a,.ﬂp Sols gmn o a o
*and ** are significant at 5 and 1% levels respectively, ns: non-significant level.

F.graminearum 6 3 L 3l edisla3l 5ol di) 55 Jise b, 80 o SKle anslis =¥ Jgur

Table 3. Comparison of average effective factors in plant growth and inhibition of fungal pathogen F. graminearum (average)

Quantitative Qualitative Colony  Growth

Sources of changes IAA  Siderophore Protease Biofilm swarming  dissolution  dissolution of S
of phosphate phosphate growth inhibition
Pseudomonas sp. 5.59% 0.25a 1.73a 0.109b 3.36a 0.042a 1.61a 2.36¢ 42.33ab
P. brassicacearum 3.36¢ 0.19b 1.1b 0.139a 3.33a 0.035b 0.41b 1.83d 49.33a
A. calcoaceticus 1.37d 0.07c 0.50c 0.061c 1.63c 0.019c 0.35b 2.30c 39.33bc
Exiguobacterium sp. 3.81b 0.11c 0.30d 0.069¢c 2.23b 0.034b 0.56b 2.80b 32.33c
Control Oe od Oe Oc od od od 4.10a od

A e b (sl e O Ay gy e e 53 O g ST 53 S e Gy b sla S
The average with common letters in the same column do not have a significant difference at the 5% probability level.
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Table 4. Investigating the variance analysis of bacterial isolates in vigor index, seed germination rate, seed germination percentage, root
length and stem length wheat in growth chamber. (average of squares)

Sources of  degrees of root stem root fresh stem roo@ dry sten_] dry germination  germination _vigor
. fresh weight weight percentage rate index
changes freedom length length weight weight
treatment 4 255" 0.43™ 0.03™ 0.002" 0.0002" 0.00001™ 19.26™ 5.68"™ 32712*
Rep 2 0.09™ 0.10™ 0.0001"s 0.0001"™  0.000001™  0.000001" 1.66" 0.01m 2009 s
C.V. ol 8.40 5.37 3.85 2.77 4.83 4.01 0.42 11 1.34

Sl pa C}Jﬂ.w NS sy 50 C)LMJ: Solsgme o 5 4y i
*and ** are significant at 5 and 1% levels respectively, ns: non-significant level.

Lo, SSL s (.,\;f aradla 5 araiy; b Sialmr doys (Sialr Co e gy Setla 5y ol SL slaglis Sl s lis o =0 Jgd

Table 5. Comparing the average effect of bacterial isolates in vigor index, seed germination rate, seed germination percentage, root length
and stem length wheat in Growth chamber. (average)

root stem froo; fs terE roo'_c dhry séem germination N vigor
Sources of changes  length  length res res weight Y percentage germination index
ht  weight (gr) weight rate
em  m) "9 (%)
(gn) (gn) (gn)

Pseudomonas sp. 5.76a 3.90b 0.66b  0.69a 0.07a 0.074a 98a 16.43a 898.87b
P. brassicacearum 426b 450a 0.76a 0.70a 0.063b  0.076a 96.66b 15.81b 927.44a
A. calcoaceticus 3.56c 3.96b 0.57c 0.67ab 0.056c  0.064bc 95.33¢c 13.95d 730.59c
Exiguobacteriumsp. 4.60b 4.43a 0.56c 0.66ab 0.065ab  0.067b 94.33d 14.69¢c 830.81c
Control 35c 3.60c 050d 0.63b 0.046d 0.061c 91.33e 13.02e 686.31e

.JJJ‘J.;V.ALJ&)‘:&M S| MJ;@ JL.;AC\M); Q}.‘M&.{): S e J)fl.{dba&:i}l?a
The avarage with common letters in the same column do not have a significant difference at the 5% probability level.

Con Sosd Jeod

-5l et Slas S SIS ol e a S Leiaal e e o 3l 3 0L (55 4 bl Jass Ol il

Copdke 53 boslg w0 SBpas 3l AU e sl
ol sl SL S e el Sae )l
Khosravi et al. ) il o G slases b 850 5 Aol S coli
S 5 S A, il s PGPR s, 5, opl 5l (2015
Slosar il W a4 ok belss Loepsle 5 Jsas
(oAl Gied Al olie ole Osls 13 olS e res 3 Ll
Sl O gl 35S ( ALS S0 sas 58 A5 3 85 5 05,5
- Sl 3T A O 5 1wy Sl b, aLS
Caslie W5 Bas LS5 mis (o olns el
Wil pohe SGeos R S Ui 4 St
Bhattacharyya and Jha, 2012; Mirzaei Najafgholi et al. )
o= G 5 .(2015; Ashrafi et al. 2020; Aeini et al. 2018
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