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ABSTRACT

The objective of this work was to isolate and characterize rhizobacteria from Jerusalem
artichoke in order to evaluate their abilities to promote early growth of the plant zz vivo.
Characterization of plant growth promoting activities such as nitrogen fixation, phosphate and
potassium solubilization, indole-acetic acid production (IAA), siderophore and phytopathogenic
inhibition was conducted. A total of 46 isolates gave positive results for either direct or indirect
plant growth promoting activity. Selected stains were identified on the basis of 16s rRNA
gene sequences, evaluated individually by being mixed in liquid media which was then used to
inoculate pots containing Jerusalem artichoke. Strains identified as Pseudomonas azgotoformans (N3-
903 and C2-114) and Rhbodococcus cercidiphylli (S1-903) were evaluated in pot experiments under
greenhouse conditions. Inoculation of strain C2-114 showed increased shoot dry weight (up to
52.6%), root dry weight (up to 58.5%), and biomass (up to 54.7%). The result of association
of IAA activity with plant growth was significant. We provide the first report of plant growth
promoting activity by R. cercidiphylli. Pseudomonas strains has the potential to be use in field-grown
Jerusalem artichoke.

Keywords: plant growth promoting rhizobacteria, indole-acetic acid, Psexdomonas azotoformans,
Rhodococens cercidiphylli

1. INTRODUCTION

Jerusalem artichoke (Helianthus tuberosusL..) — growth [1]. Moreover, the tuber is a source of
is becoming popular as a new crop in Thailand.  novel prebiotic foods for human consumption,
Its tuber containing inulin can reduce the  bioethanol, fructose syrup and animal feed [2].
risk of colon cancer, by suppressing tumour  Given these promising uses, it is important to
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develop sustainable strategies for cultivation,
including organic production.

It is possible that organic products can
find uses as fertilizers, growth regulators and
livestock feed additive, substituting partially
or completely for synthetic compounds, and
thereby improving agricultural sustainability [3].
Biofertilizers and biological control agents have
potential as less damaging substitutes [4]. For
example, plant growth promoting rhizobacteria
(PGPR) can be a part of new, more ecological
based agricultural system [5].

Numerous soil bacteria that prosper in the
plant rhizosphere, can enhance plant growth
with a plethora of mechanisms; these are known
collectively as PGPR [6]. They stimulate plant
growth via production of the phytohormones
indole-acetic acid (IAA), gibberellins and
cytokinins as well as mineral solubilization,
asymbiotic nitrogen fixation, antibiosis
against phytopathogenic microorganisms, and
production of hydrogen cyanide, siderophores
as well as antagonistic activity [7]. PGPR s the
mostimportant population providing available
substrate and mineral exchange into vicinity of
root system [8].

Previous research revealed endophytic
nitrogen fixing bacteria from the root of
Jerusalem artichoke in China [9]. However,
there are limitations on use of indigenous
microorganisms for enhancement of plant
productivity, as PGP activity may vary due
to environmental factors including climate,
weather, soil characteristics or activity of the
indigenous microbes of the soil [7]. Thus,
the aim of our work was to 1) discover novel
plant growth promoting microbial species
associated with the rhizosphere of Jerusalem
artichoke and 2) to evaluate the potential of
representative strains to act as biofertilizers.
To the best of our knowledge, this is the
first report of effective PGPR isolated from
Jerusalem artichoke in Thailand.
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2. MATERIALS AND METHODS
2.1 Isolation and Selection

Samples of soil adhering to Jerusalem
artichoke roots were collected from vatious
fields in Thailand during August-September,
2012 and soil was removed by shaking. The 18
rhizosphere soil samples from fields located
in Nakhon Ratchasima, Saraburi, Udonthani,
Phetchabun and Chaiyaphum provinces were
analyzed chemical characters (Table 1). Ten
grams of the each sample was transferred to
90 mL in sterile distilled water to shake on a
gentle shaker for 10 min. Serial dilutions were
spread on soil-extract peptone agar [10]. After
that, the petri dishes were incubated at 30°C for
48-72 h. Different characters of colony were
selected, then these colonies were purified on
nutrient agar (NA) by cross-streak technique
and maintained on agar slants at 4-7°C.

2.2 Assays for Direct Plant Growth Promotion
Activity

Nitrogen fixation was assayed in Ashbey’s
nitrogen-free mannitol broth [11], which was
dissolved in deionized water before sterilization.
National Botanical Research Institute Phosphate
medium (NBRIP) agar [12] was used for testing
capacity of strains to solubilize tricalcium
phosphate. Potassium solubilizing bacteria were
detected by Aleksandrov agar supplemented with
potassium aluminium silicate powder [13];a clear
zone around the colony, indicated to positive
solubilization after 7 days of incubation at room
temperature (25 to 30°C). Salkowski’s reagent
[4] was used to screen for IAA production in
nutrient medium broth (NB) (with and without
1 gL L-tryptophan) and incubation period was
72 h at room temperature. These experiments
were performed in triplicate.

2.3 Assays for Indirect Plant Growth
Promotion Assay

Siderophore production: Siderophore
production was investigated using chrome
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Table 1. Description of the rhizosphere soil samples.

Total elements Available

Soil % 4 elements Ec°

Province Area e (ORG (gkg) (mg kgl) pH* (ds m'l)

N P K P K
Nakhon Mueang S 053 033 0.12 047 4192 107.01 5.72 0.30
Ratchasima  Pak Chong SL 219 132 044 0.88 3533 10845 7.14 0.33
Saraburi Ban Mo SL 299 145 038 0.89 17.29 41459 7.67 0.40
Udonthani Mueang S 0.64 039 0.09 040 1647 3455 442 0.15
Phetchabun ~ Nam Nao SL 352 137 033 554 834 11948 410  0.20
Chaiyaphum IC)};Jrllabhorn LS 276 1.15 0.88 1.35 343.78 216.89 4.55 0.41

OM: Organic matter, N: Nitrogen, P: Phosphorus, K: Potassium, S: Sand, SL: Sandy loam, LS: Loamy sand

“1:2 (Soil:Distilled water)
*1:5 (Soil:Distilled water)

azurol S (CAS) agar [14]. Briefly, each isolate
was transferred by dissecting needle to the
surface of a petri dish containing CAS agar,
then incubated overnight for 7 days at 28°C
to detect the presence of an orange-yellow
halo zone denoting siderophore production.

Antipathogenic fungal assay: A
phytopathogenic, isolate of the soilborne
tungus Sclerotinm rolfsii obtained from an infected
Jerusalem artichoke in a field at Khon Kaen
University, was paired with the rhizosphere
inhabiting strains of bacteria on potato dextrose
agar (PDA) in dual culturing assays. A PDA
disc (5 mm diameter) containing the fungus
was placed up at the center of the plate and
incubated for 24 h. The candidate bacterial
strain was then streaked onto the plate 2 cm
away from the center. Sclerotinm rolfsii cultured
alone on PDA served as a control. All Petri
dishes were incubated at room temperature
for 72 h, after which the percentage of radial
growth inhibition of §. ro/fsii by each candidate
strain was calculated using the formula of
Sarathambal et al. [15].

2.416S rDNA Sequencing and Phylogenetic
Tree

Genomic DNA was extracted by using a
genomic DNA mini kit (Geneaid Biotech Ltd.,
Taiwan). Amplification of DNA coding 165
ribosomal RNA regions was carried out by PCR
with Tag polymerase, using two primers, 20F
(5>-GAG TTT GAT CCT GGC TCA G-3),
positions 9-27 and 1500R (5-GTT ACCTTG
TTA CGA CTT-3), position 1509-1492 [16].
Purified PCR products were directly sequenced
with an ABI PRISM® BigDye™ Terminator
Ready Reaction Cycle Sequencing Kit (Applied
Biosystems). Sequencing of 16s tDNA was
obtained by using the primers 27F (5-AGA
GTTTGATCM TGG CTC AG-3’) and 800R
(5>-TAC CAG GGT ATC TAA TCC-3), and
addition 518F (5-CCA GCA GCC GCG GTA
ATA CG-3’) and 1492R (5>-TAC GGY TAC
CTT GTT ACG ACT T-3°). An ABI Prism®
3730XL DNA Sequence (Applied Biosystems)
was used for DNA sequencing. The nucleotide
sequences derived from all primers were entered
to BioEdit (Cap contig assembly). Alignment
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algorithm was used for the calculation of
pairwise sequence similarity [17], which was
implemented on the EzTaxon-e server [18].
The MEGA 5.10 program was applied for
phylogenetic trees.

2.5 Quantitative Analysis 2z vitro of Direct
Plant Growth Activity

Selected strains were assessed for bio-
compatibility using a modified version of the
methods of Yu et al. [19]. Each culture was
streaked simultaneously across the central culture
line of a9 cm-diameter petri plate, perpendicular
to the central culture, for its bio-compatibility
on tryptone soya agar (HiMedia®, India) and
incubated at 30°C for 48 h. Occurrence of
an antagonistic zone at the intersections of
cultures inferred bio-incompatibility of the
isolates. Individual strain was grown in 50 mL
NB in Erlenmeyer flask, cultured on a shaker
(150 rpm) for 18 h. The bacterial cells were
suspended in distilled water and diluted to 10°
CFU mL". An equal volume of each single
inoculum was mixed and used as a mixture
suspension. One milliliter of individual and
mixture suspensions was transferred to media
for quantitative estimations:

Nitrogen fixation: The inoculum was
transferred to Ashbey’s nitrogen-free broth,
and then incubated on a rotary shaker at 30°C
for 72 h. Nitrogen content was processed using
micro-kjeldahl method and measured with a
Flow Injection Analyzer (FIA5012, Tecator,
Sweden).

Phosphate and potassium solubilization:
For this assay, 40 mL. NBRIP broth was added
to 125 mL Erlenmeyer flasks and potassium
solubilizing ability was detected in Aleksandrov
liquid medium supplemented with potassium
aluminium silicate as inorganic potassium
source. Both experiments were carried out
at 30°C for 7 days with a rotary shaker. After
incubation, the supernatant was collected and
centrifuged twice at 4,000 rpm for 30 min. For
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quantitation, soluble phosphate in supernatant
was measured by the vanadomolybdate method
[20]. Solubilized potassium content in the
supernatant was estimated in each of the
samples by a flame photometry apparatus at
766.5 nm wavelength.

TAA production: The colorimetric
quantification procedure was used following
the modified method of Ribeiro and Cardoso
[4]. One mL of the culture was inoculated
in an Erlenmeyer flask (aperture aluminum
foil) containing 40 mL. NB amended with
L-tryptophan (final concentration of 1 g 1.7,
and incubated at 30°C for 24 h on a rotary
shaker (150 rpm). IAA was separated by
centrifugation at 4,000 rpm for 30 min, a 1
ml aliquot was then mixed vigorously with
an equivalent volume of Salkowski’s reagent,
and incubated in darkness for 25 min at room
temperature. A pinkish color developed, and
was quantified using a spectrophotometer (530
nm) against with an IAA standard.

2.6 Plant Material and Pot Experiment
The Kaentawan 50-4 cultivar (JA102X89)
of Jerusalem artichoke was used, supplied by
Faculty of Agriculture, Khon Kaen University.
Young plants were prepared with tubers following
the method of Sennoi et al. [21]. One of two
true leaves per plant was transplanted to a 14.5
cm-diameter plastic pot filled with nonsterile
sandy soil (Table 2). The experiment was
conducted in an open-sided greenhouse at the
Faculty of Agriculture (Field Crop Division),
Khon Kaen University, in March, 2014. It was
designed in a randomized complete block with
four replications (three pots per unit). Plant
biomass (shoot and root dry weight) and height
was determined 30 days after transplantation.
Five treatments included both pure and
mixed strains and a non-inoculated control
treatment was added. Each inoculum mixture
was prepared individually in NB, then incubated
overnight at 30°C with shaking at 150 rpm.
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Table 2. Description of the characteristics of the soil used for potted experiment.

Available
Total elements
§ elements CEC Ec®
Soil texture % OM (mg kg) n 4 * 4
(mg kg") (cmol kg™) (ds m™)
N P K P K
sandy soil 0.36  144.02 67.96 291.45 6.02 47.03 2.57 5.5 0.02

OM: Organic matter, N: Nitrogen, P: Phosphorus, K: Potassium, CEC: Cation exchange capacity

“1:2 (Soil:Distilled water)
*1:5 (Soil:Distilled water)

Viable cells were collected by centrifugation
at 4,000 rpm for 20 min, washed with sterile
distilled water, thoroughly re-washed again and
re-suspended in sterile tap water, and adjusted to
a final concentration of10° CFU mL" (equivalent
volume of each strain as mixture treatment).
An autopipette was used for transferring 5 mL
of bacterial inoculum and inoculated into plant;
sterile tap water was applied to pots as control.

2.7 Statistical Analysis

Data analysis was conducted with analysis
of variance (ANOVA), using STATISTIX 8
software program (Analytical Software, Tallahassee,
Florida, USA). The least significant difference
(LSD) test was analyzed with separation of
means at P < 0.05 and P < 0.01 for iz vitro and
potted experiments.

3. RESULTS AND DISCUSSION
3.1 Characteristics of Bacterial Isolates
Exhibiting Plant Growth Promoting Activity
Forty-six isolates exhibited evidence of
direct plant growth promotion (Table 3). Of
this total, 21 (45.7 %) were able to grow in
liquid nitrogen free medium, and were therefore
considered to be diazotrophic bacterial isolates.
Solubilization of phosphate and potassium
occurred for 26 strains (56.5%), whereas 11
(23.9%) colonies grew on Aleksandrov agar.
Only eight strains (17.4%) were positive for

IAA. Whole isolates possessing direct plant
growth promotion activities were used in
indirect activity assays (siderophore and
antagonistic plant pathogen); results showed
>50% inhibition of . re/fsii mycelia growth for
S2-801 and U4-90101 on evaluated agar plates
and obtained 23 isolates that exhibited a yellow
halo zone on CAS agar. Ribeiro and Cardoso
[4] reported that rhizosphere microbes had
multiple mechanisms for promoting growth
of Araucaria angustifolia.

3.2 16S rDNA Sequence and Phylogenetic
Tree

Rhizobacteria isolates S1-903, C2-114 and
N3-903 had multiple functions for promoting
plant growth, so we selected these microbes for
characterization by 16s rRNA gene sequences.
The full sequences analyzed on homology with
available sequences deposited in the database,
revealing 99.58% similarity of C2-114 and N3-
903 with Psendomonas azotoformansin a clade with
type strain (Figure 1.). Pseudomonas azotoformans
has been found in the potato endosphere,
and may support to plant growing [22]. PGP
attributes of fluorescent P. agotoformans such
as nitrogen fixation, solubilization of mineral
phosphate and sulphur were reported in work
of Levenfors et al. [23], and we report here
IAA production, potassium solubilization and
siderophore production of P. azotoformans N3-
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Table 3. Characterization of bacterial isolates for nitrogen fixation, phosphate and potassium
solubilization, IAA production, siderophore and phytopathogen inhibition.

IAA production Antagonism
Isolate Nitrogen  Phosphate Potassium ] ] Siderophores against
fixation solubilization solubilization with without P S. rolfsii
L-tryptophan L-tryptophan (% inhibition)

H1-607 - + - - - - -
H1-1003 + - - - - - -
H1-702 + + - - - - -
H1-606 + - - - - - -
H1-801 + - - - - - -
H2-801 - + - - - - -
H2-703 - - - + - - -
H2-606 - - - + - - -
H3-603 : i . + . + .
H3-1002 + - - - - - -
P1-50102 - + - - - + -
P1-702 - + - - - - -
P1-5092 + - - - - - -
P1-504 - + + B} B} + B
P1-5091 + ) B} B B + )
P1-5071 + + . . . + i
P2-601 + - - - - - -
P2-502 + i - . . + .
P2-508 + - - - - - -
P3-703 + - - - - - -
S$1-1002 + - - - - - -
S$1-1003 - - - + - - -
$1-903 + + + + - + 30.24
$2-1003 - + - - - - -
$2-801 + - - - - + 52.37
$2-1002 - + - - - + -
$2-802 - - + - - - -
$2-1001 - + + - - + -
U1-805 - + + : B + B
U1-90101 + - - - - + _
U3-80201 - + - - - + -

U3-9021 - + - - - + -
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Table3. (Continued).

IAA production Antagonism

itrogen  Phosphat Potassium against

Isolate ljixa?iien solull))illi)zati:)n soll(ibifiszation with without Siderophores S. rolfsii
L-tryptophan L-tryptophan (% inhibition)

U4-90101 4 + - 4 _ + 50.67
U4-804 + B . . B, . -
U4-100202 + + - - - - -
U4-100201 - + - - - + _
Cl-112 - + + + - + -
C1-11201 + - - - - - -
€2-110201 7 + + - , + ,
C2-114 + + + + - + -
N1-90101 - + - - - + -
N2-1042 - + + . B} + B
N3-904 - - + - - - -
N3-90102 - + + - - - -
N3-906 - - + ‘ i} i )
N3-903 + + + + - + -

+ or — indicate positive or negative result respectively

52 Pseudomonas libanensis CIP 105460 (AF057645)
Pseudomonas gessardii CIP 10546 97 (AF074384)
Pseudomonas synxantha LAM12356T (D84025)
Pseudomonas mucidolensIAM1 2406 (D84017)
Pseudomonas azotaformans IAM1603T (D84009)
C2-114 (LC130639)
og IN3-903 (LC130640)
82 . Pseudomonas brenneri CFML 97-3917 (AF268968)
Pseudomonas proteolytica CMS 647 (AJ537603)
Pseudomonas panacis CG201 06T (AY787208)
n Pseudomonas migulae CIP 1054707 (AF074383)
59 . Pseudomonas lurida DSM 158357 (AJ581999)
Pseudomonas costantinii CFBP 57057 (AF374472)
Pseud Laasii ATCC 33618 T (D34028)
85 Pseudomonas poae DSM 149367 (AT492829)
Pseudomonas trivialis DSM 149377 (AJ492831)
62| —Pseudomonas extremorientalis KMM 3447 (AF405328)
¢3 —Pseudomonas simiae OLi™ (AJ936933)
Aze agilis 116937 (AB175652)

]

0.005

Figure 1. The evolutionary history of C2-114 and N3-903 strains was carried out by using the
Neighbor-Joining method with the bootstrap test (1000 replicates) and Azomonas agilis 11693"
as outgroup.
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903 and C2-114. 5§1-903 had 99.56% similarity
Rhodococcus cercidiphylli YIM 65003" (Figure 2.).
R. cercidiphylli first discovered by Li et al. [24]
as an endophyte of Cercidiphyllum japonicum
leaves, was examined as part of research for
new bioactive secondary metabolites. This
Rhodococens species has not been established in
PGPR group. To our knowledge, we present
the first evidence that K. cercidiphylli displays
attributes of PGPR.

Our results showed that Pseudomonas sp.
was not as antagonistic against 5. ro/fsiz under
the conditions tested. However, Ahmad et al.
[7] found that fluorescent Psexudomonas strains
had both siderophore synthesis and antagonistic
activity against the other fungal phytopathogens
Aspergillus sp., Fusarinm solani, F. ciceri and F.

Chiang Mati J. Sci. 2017; 44(1)

oxysporum. S. rolfsiz, the causal agent of southern
blight, was first reported on Jerusalem artichoke
in California, USA [25], and has also caused
widespread damage on this crop in Thailand.
Future work in our group will focus more
explicitly on interaction of PGPR with S. ro/fsii
with the goal of improving southern blight
management on Jerusalem artichoke.

3.3 Plant Growth Promoting Activity
There was no evidence of formation of
antagonistic zones among strains. Activities of
selected bacterial strains in quantitative estimation
following screening liquid media showed values
(Table 4). We obtained no significant differences
among treatments on the amount of available
P and Kin the crude extract samples. Deceased

90 - Rhodococcus wratislaviensis NCIMB 13082 T (137138)

50

Rhodococcus h

s REJ300 T (AY525785)

M Rhodococeus opacus DSM432057 (X80630)
31 Rhwdococcus percolates MBSIT (X92114)

81

49

Rhodococcus koreensis DNPS0ST (AF124343)

Rhodococeus jostii IFO16295 T (ABM4635T)
Rhodococeus marinonascens DEMJ3 7527 (X80617)
Rhodococcus maanshanensis M 71 2T (AF416566)
Rhodococcus tukisamuensis MBST (ABD§TT3)
—— Rhodococcus globerulus DSM4954T (X80619)
99 | Rhodococeus ervthropolis NBRC 100887 T (APDOS9ST)
Rhodococcus erythropolis DSM 43066 T (X79289)
Rhodococecus baikonurensis A1-227 (AB071951)
Rhodococcus gingshengit djl-6" (DQUSI961)
7| Rhodocaceus jialingiae djl-6-° (DQ183597)

50 Rhodococeus cerastrii C5T (FRT14842)

Rhodococcus cercidiphylli YIM 650037 (EUI25542)

51-903- (LC130641)

_ Rhodococcus fascians DSM 206597 (X79186)
Rhodococcus yunnanensis YIM 70036 T (AY602219)

Rhodococeus kyotonensis D54 727 (AB269261)

Rhodacoceus equi DSM 20307 T (X80614)
—-: Rhodococeus kunmingensis KIM 45607 T (DQ997045)
Rhodococcus canchipurensis MBRL 353 7 (JN164649)
Rhodococcus tristomae MMIB RIV-085T (AJ854055)

Rhedocoecus trifolii T87 (FRT14843)
Necardia corynebacterioides DSM 20151 T (AF430066)

51 Rhodococcus kroppenstedrii K07-237 (AYT26605)
Nocardia miyunensis 1177 (AY639901)
Gordonia bronchialis DSM 43247 T (CPO01802)

B
0.005

Figure 2. Estimation of the evolutionary history of strain $1-903 was carried out by using
the Neighbor-Joining method with the bootstrap test (1000 replicates) and Gordonia bronchialis
DSM 43247" as outgroup.
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Table 4. Plant growth promoting activities of rhizobacterial treatments.
Phosphate Potassium

Total N solubilization solubilization IAA
Treatment 1 4

(ng mL") Available P - Available K » (ng mL")

. P . p
(ng mL") (ng mL")

P. azotoformans N3-903  11.0 be 170.68 4.51 4.56 502  80.15a
P. azotoformans C2-114 ~ 13.73 ab 169.38 4.60 4.80 518  7875b
R. cercidiphylli $1-903 17.38 a 166.15 4.26 4.94 5.13 9.81d
Mixture' 647 c 174.40 4.58 4.51 517  1238c¢
F-test ok ns ns HoK

* Mixture of P. azotoformans N3-903, R. cercidiphylli S1-903 and P. azotoformans C2-114.
ns: non-significant, **: Mean values followed by the different letters in the same column are significant (P<0.01),

according to least significant difference (LSD) test .

pH of media was evidence of release of acids
that simultaneously increase phosphate and
potassium solubilization. Similar results of Hu
et al. [13] that described efficiency of mineral
solubilizations depending on organic acids and
capsule production. Moreover, exopolysaccharide
release with the acids (oxalic, gluconic, malic,
lactic, citric succinic and fumaric acids) can
increase phosphate solubilization activity [26].
Strain S1-903 of R. cercidiphylli was shown to
excrete more total N in the N free broth than
another non-symbiotic nitrogen fixing species
(Table 4). Many rhizosphere-associated bacteria
act as N fixers that can contribute available
nitrogen forms such as ammonium, nitrate
and amino acids in N-depleted soils [27]. Both
N3-903 and C2-114 Pseudomonas strains showed
high amount of production of an IAA analog,
ranging from 78.74 to 80.15 ug mL.", which
was significantly different (P<0.01) from other
treatments in the column (Table 4). Itis unclear
whether P. azotoformans has the ability to produce
TAA as no evidence has been reported [23].
The genera Azospirillum, Azotobacter, Bacillus,
Burkholderia, Enterobacter, Erwinia, Pantoea,
Psendomonas, and Serratia have been reported
as IAA biosynthesizing PGPR by using amino

tryptophan [28]. Some microbes (Azotobacter
spp. and Pseudomonas spp.) had IAA production
activity without tryptophan [29], but our data on
IAA production in the absence on tryptophan
showed a negative result.

3.4 Pot Experiment

Inoculation of pots with the P. azotoformans
strains resulted in significantly (P<0.01) greater
root dry weight, shoot dry weight and biomass
than the control, whereas K. cercidiphylli had
no significant impact on growth (Figure 3.).
The mixture of the three strains resulted in
significantly greater shoot growth but not greater
root growth than the control. This association
of PGPR-induced IAA levels and biomass
accumulation was also observed by Khalid et
al. [30]. It was clear that the presence of some
PGPR strains enhanced biomass accumulation
by Jerusalem artichoke. We found significant
positive correlations in IAA production and
total nitrogen production of these strains 7
vitro (Table 4) for plant parameters (Table 5);
IAA production and root dry weight (r=0.73,
P<0.01), shoot dry weight (r=0.48, P<0.05),
biomass (1=0.64, P<0.01); total nitrogen related
with plant height (r=0.47, P<0.05). In the
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Figure 3. Effect of bacterial treatments (Single inoculum: P. azotoformans N3-903; P. azotoformans
C2-114; R. cercidiphylli S1-903; Mixture inoculum: P. azotoformans N3-903, R. cercidiphylli S1-903
and P. azotoformans C2-114) on plant growth parameters of Jerusalem artichoke in pot condition.

Bar represents mean = SD of four replications.

present study, there was a statistically strong
association between IAA levels and greater
root and shoot development of growth. Similar
to Khalid et al. [30] who reported that 7 vitro
TAA production correlated with root and shoot
growth of wheat. The production of IAA by
PGPR enhances plant growth, particularly root
development. PGPR may perform via multiple
plant growth promoting mechanisms, such as
nitrogen fixation and phosphate solubilization,
simultaneously with IAA biosynthesis, for plant
growth enhancement [7, 15].

4. CONCLUSION

To our knowledge, we present the first
evidence that . cercidiphylli §1-903 act as PGPR.
P. azotoformans C2-114 and N3-903 promoted
shootand root dry weight of Jerusalem artichoke.
Thus, these strains could use for development
of bio-fertilizer.
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