Print ISSN: 0973-7510; E-ISSN: 2581-690X ———

JOURNAL OF PURE AND APPLIED MICROBIOLOGY

RESEARCH ARTICLE OPEN ACCESS

Molecular Identification and Characterization of
Plant Growth Promoting Rhizobacteria and their
Effect on Seed Germination and Vigour Index of
Barley (Hordeum vulgare L.)

Divyanshu et al. | J Pure Appl Microbiol | 16(2):974-989 | June 2022 e A =B &
Article 7515 | https://doi.org/10.22207/JPAM.16.2.21 e
Published Online May 2, 2022

SN

Kumari Divyanshu* (2, Mukesh Yadav(>, Vaishali Shukla>, Sunil Kumar(,
Yashoda Nandan Tripathi?® and Ram Sanmukh Upadhyay

Laboratory of Mycopathology and Microbial Technology, Centre of Advanced Study (CAS) in Botany,
Institute of Science, Banaras Hindu University, Varanasi - 221005, Uttar Pradesh, India.

*Correspondence: kumaridivyanshubhu@gmail.com
(Received: December 29, 2021; accepted: February 24, 2022)

Abbreviations and Symbols: ACC- 1- aminocyclopropane-1-carboxylic acid, ANOVA- Analysis of variance, BLAST- Basic Local
Alignment Search Tool, CAS- Chrome Azurol Sulphonate, CFU- Colony Forming Unit, CMC- Carboxy Methyl Cellulose, dNTPs-
Deoxynucleotide triphosphates, HgCl, Mercury chloride, IAA- Indole-3-acetic acid, MgCl, Magnesium chloride, M.R.- Methyl Red,
NCBI- National Centre for Biotechnology Information, OD - Optical Density, PCR- Polymerase Chain Reaction, PGPR - Plant Growth
Promoting Rhizobacteria, Rpm- Revolutions Per Minute, SDS- Sodium dodecyl sulphate, SD- Standard deviation, TE - Tris-EDTA,
UV-vis- Ultraviolet-visible, V.1. - Vigour index, V.P.- Voges —Proskaur, pl- Microliter, ml - milliliter, ug/ml - micrograms per milliliter.

Citation: Divyanshu K, Yadav M, Shukla V, Kumar S, Tripathi YN, Upadhyay RS. Molecular identification and Characterization of
Plant Growth Promoting Rhizobacteria and their Effect on Seed Germination and Vigour Index of Barley (Hordeum vulgare L.).

J Pure Appl Microbiol. 2022;16(2):974-989. doi: 10.22207/JPAM.16.2.21

© The Author(s) 2022. Open Access. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License which
permits unrestricted use, sharing, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons license, and indicate if changes were made.

Journal of Pure and Applied Microbiology 974 www.microbiologyjournal.org


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-5934-257X
https://orcid.org/0000-0003-2197-4413
https://orcid.org/0000-0002-7740-7015
https://orcid.org/0000-0001-8784-1627
https://orcid.org/0000-0002-2974-2679
https://orcid.org/0000-0001-9738-0465

Divyanshu et al. | J Pure Appl Microbiol | 16(2):974-989 | June 2022 | https://doi.org/10.22207/JPAM.16.2.21

Abstract

Plant growth promoting rhizobacteria (PGPR) are a group of useful bacteria that colonize the plant
roots and significantly enhances the plant growth promotion. Keeping this in mind, an investigation
was performed for the screening of potent PGPR strains for enhancing seed germination and vigour
index of Hordeum vulgare (commonly called barley). Rhizobacterial strains were isolated and screened
for various plant growth promoting traits, their effect on seed germination and vigour index of barley
plant through pot trial, and resistant ability under various temperature and pH range. Based upon
16S rRNA sequencing data, Pseudomonas punonensis LMTO03 (R1), Pseudomonas plecoglossicida R4,
Pseudomonas aeruginosa DSM50071 (R2) and Alcaligenes faecalis (DBHU5) isolates were selected
and showed positive result for IAA production, Phosphate solubilization, ammonia production,
catalase activity, siderophore production and MR-VP test. Barley plants treated with P. punonensis
and P. plecoglossicida both showed 94.44% of highest seed germination %, while P. aeruginosa and
A. faecalis showed 83.11% and 77.33% respectively in comparison to the control plant shows which
49.99% seed germination only. These respective isolates also showed 2.57, 2.37, 2.0 and 1.69 fold of
increase in vigour index as compare to the control plants. The above increase in fold in vigour index
and seed germination is much higher as compared to earlier reports. Collectively, the data of current
study underpin that addition of these PGPRs to barley rhizosphere appears a promising strategy to
enhance root and shoot biomass of this important agriculture crop. To the best of our knowledge
this is the first report demonstrating the effect of P. punonensis and P. plecoglossicda on barley crop.

Keywords: Biopriming, PGPR characterization, Phosphate solubilization, Rhizobacteria, Seed germination, Vigour index
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INTRODUCTION

Due to increase in the world population
leads to rise in the food demand therefore to full
fill the food requirement, we are dependent on
the application of hazardous chemical fertilizers
and pesticides which is not appropriate for the
human health as well as for our food chain. These
chemical fertilizers undoubtedly increases the
yield at short duration but at the same time they
adversely affects the environment, causes abiotic
stresses, affects the biological food chain and also
are not affordable for the farmers. Inoculation
of plants with beneficial microorganism such as
plant growth promoting rhizobacteria (PGPR) can
increase the crop productivity through increase in
the seed germination, vigour index, and crop yield.
Addition of PGPR has also been shown to protect
the plants from abiotic and biotic stresses, and
hence makes the farmers to produce more food
at lower price and at minimum risk level.!

PGPR are the soil borne beneficial bacteria
found in association with roots at the rhizospheric
region of plants, which enhances the plant growth
promotion, and also protects the plants from the
soil born phytopathogens.? The exact mechanism
of action of PGPR is not well known,? but there
was two important mode of actions on the basis
of which PGPR can be categorized into two groups;

the first is direct which involves in the synthesis
of various plant hormones like IAA, Synthesis of
phosphate solubilizing compounds which exhibit
solubilization of inorganic and organic insoluble
phosphate into soluble form, synthesis of ACC
deaminase which regulates ethylene production
by hydrolysis of ACC (Precursor of ethylene)
into ammonia and a-ketobutyrate, siderophore
production, enhances fixation of atmospheric
nitrogen, develop resistance against various
abiotic stresses. The second is indirect which
involves in the development of tolerance ability
in plants against various phytopathogens (biotic
stresses) by production of secondary metabolites,
antibiotics, siderophore production, enzymatic
compounds and induced systemic resistance.>*
Treatment of these rhizobacteria enhances the
seed germination percentage, vigour index, leaf
surface area, root-shoot growth and development
in non-stress and stress conditions through direct
and indirect mechanisms.® Phosphate is the
second most fundamental nutrient for plants and
PGPR treated plants can enhance their phosphate
solubilizing ability and hence complete the basic
nutrient requirement of plants.® PGPR comprises
species of Alcaligens, Pseudomonas, Azotobacter,
Enterobacter, Azospirillum, Bacillus, Arthobacter,
Serratia, and Burkholderia etc., which are known
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for plant growth promotion.” Among all the
bacterial strains, specific strains of Pseudomonas
are known to be one of the most effective and
potent PGPR, which colonizes with the roots
and results in remarkable increase in the crop
yield.® Species of pseudomonas have potential to
produce various phytohormones like IAA which
indirectly support the water and nutrient uptake
by increasing the root surface area.® Alcaligens
faecalis plays vital role as PGPR and act as bio
fertilizer which enhances crop yield and hence
contributed in growth promotion of plants.’®

Barley is mostly cultivated in arid and
semi-arid areas, and is considered as the most
sacred and oldest cereal food in India, ranked
fourth after wheat, rice and maize. Barley is rich in
various nutritious values and for that its demand is
increasing day by day. Barley has also considered
as model experimental plant because of its short
life cycle, morphological, and genetical traits.'*?

Therefore, the major aim of the present
study was isolation, biochemical screening and
molecular identification of rhizobacteria and their
effect on seed germination and vigour index of
barley plant for screening of potent PGPR. Further
effect of Pseudomonas punonensis, Pseudomonas
plecoglossicida, Pseudomonas aeruginosa and
Alcaligenes faecalis on seed germination and
vigour index of barley plants were also analyzed
through pot trial. Growth and survivability of these
rhizobacteria were also analyzed under multiple
temperature and pH range. The results of the
present study suggest that suitable formulation
of these PGPRs could be a promising approach
for the production of chemical fertilizer free and
nutritionally rich barley crop which could suffice
the ever increasing demand of food all over the
world.

MATERIALS AND METHODS
Soil sampling

Soil samples were collected from the
rhizospheric region of barley crop plants for
isolation of rhizobacteria. The site of soil sampling
were Rajiv Gandhi South Campus, Barkachha
(RGSC, Banaras Hindu University, Mirzapur, UP),
Agricultural farm (AF, Banaras Hindu University,
UP), and Chandauli district (UP) in India. Whole
root portion were uprooted carefully from soil and
kept in a sterilized autoclaved poly bag. The soils

were kept at 4°Cin aseptic condition and used for
isolation. The soils were of good permeability and
silty loam in nature.
Isolation of rhizobacteria

Bacteria were isolated through serial
dilution plate technique, 1 gm of soil were
dissolved in 10 ml of autoclaved distilled water
through serial dilution process and appropriate
dilution were spread on yeast extract mannitol
agar (YEMA) media containing Yeast extract 1.00 g,
mannitol 10.00 g, KH,PO, 0.50 g, MgSO,.7H,0 0.20
g, NaCl 0.10 g and agar 15.00 g, pH 6.8-7.0 in per
liter of distilled water, and incubated at 30°C for
24-48 h. From the mixed cultures grown on YEMA
plates, colonies were purified through streak plate
method, colonies were streaked through sterilized
loop and maintained as pure culture on YEMA
media and stocked for further experiments. All the
pure cultures were morphologically characterized
through Gram staining.
Preliminary screening of bacterial isolates for
plant growth promoting activities

Ten rhizobacterial isolates were isolated
and morphologically characterized through
Gram staining and colony morphology after then
screened for multiple plant growth promoting
traits.
Phosphate solubilization

Allthe 10 bacterial isolates were screened
for phosphate solubilizing activity through
pikovaskaya agar media (PVK) plate technique
comprises of yeast extract 0.50 g, dextrose 10.00
g, Ca,(PO,), 5.00 g, (NH,),SO, 0.500 g, KCI 0.20 g,
MgSO, 0.10 g, MnSO, 0.0001 g, FeSO, 0.0001 g,
agar 15.00 g, Tri-calcium phosphate Ca,(PO,), in
per liter of distilled water.®® A Loop full of selected
isolates were placed on PVK media and kept for
48 h at 30°C, formation of clear transparent halo
zone around the bacterial colony indicated the
positive result for phosphate solubilizing activity.
Phosphate solubilizing index (PSl) is calculated by
following formula as described by.*

Colony diameter + Halozone diameter
Colony diameter

PSI=

Indole acetic acid

The above isolates were further
screened for auxin production ability followed
by quantitative detection of IAA production.t>6
Bacteria were cultured in YEMA-broth containing
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5 mM tryptophan and incubated at 30°C for 48 h
for IAA production test. Cultures were centrifuged
at 10,000 rpm for 10 min. 1 ml of supernatant
were collected and 2 ml of salkowski reagent
(Solawaski’s regent — 50 ml of 35 % Perchloric
acid and 1ml of 0.5(M) FeCl.) were added in the
supernatant and incubate for 1 h in dark condition
at room temperature. Development of pink color
confirms the IAA production and optical density
was taken at 530 nm in UV-vis spectrophotometer
for quantification. The concentrations produced
were estimated by using standard graph obtained
in ug mL2.
Ammonia Production

Ammonia production ability of the
isolates was detected by method17. 1 milliliter of
each bacterial suspension (3.9x107cfu ml?') were
incubated in 10 ml of peptone water (peptone 10
g, NaCl 5 g in 1000 ml distilled water, pH 7.2+0.2)
broth in sterilized test tubes and incubated for 48
h at 30°C. After incubation Nessler’s reagent (0.5
ml) in each test tube were added, a change in color
from yellow to brown indicated positive result for
ammonia production.
Siderophore production

Siderophore production was detected
qualitatively on solid CAS (Chromazurol S)
universal blue agar plates as by*®. Freshly grown
cultures spots were inoculated on CAS media plate
and incubated at 30°C for 3 days. Development
of orange-yellow halo zone around the bacterial
colony confirms the siderophore production.
Catalase activity

Catalase activities for isolates were
qualitatively screened by.* Fresh 24h old loop
full of culture were placed on a clean glass slide
and a drop of H,0, (30%) was dropped over the
colony and mixed very well with the help of loop.
Effervescence of gas bubbles from the colony,
confirms the positive catalase activity and was
recorded as weak (+), moderate (++), and strong
(+++).
Biochemical analysis of bacterial isolates
Methyl Red- Voges Proskaur (MR-VP) Test

MR-VP test comprises of two objectives,
methyl red (MR) test is used to detect the
fermentation pathway of glucose through
conversion of glucose into acidic product (acetate,
formate and lactate) while Voges-Proskaur is used

to detect the conversion of glucose into acetoin as
major product of glucose metabolism. The test was
performed in two sets, bacterial culture incubated
in glucose peptone broth (peptone 5.0 g; glucose
10.0 g; potassium dehydrogenate phosphate 5.0
g distilled water 1 L, pH 7.4) for 48 h at 30°C. Five
drops of pH indicator methyl red (methyl red 5.0
g; dissolved in 30 ml of 95% ethanol and diluted
in 50 ml of distilled water) is added in one set of
bacterial culture incubated in glucose peptone
broth. After addition of methyl red the culture
medium turns red because of its pH at, or below
4.4 which indicates the fermentation of glucose,
and positive result for MR test, while the culture
which show negative result will remain yellow and
have pH 6.0. 0.6 ml of a-naphthol and 0.2 ml of
KOH solution is added in another 1 ml of glucose
peptone culture broth set. A copper color ring
like circular structure at the top of broth surface
confirms the positive result for VP test.?
Temperature tolerance

Survivability of bacterial isolates
at different temperature was determined in
Nutrient-broth inoculated with 50 pL of bacterial
cultures (10° cfu mL?) and incubated at various
temperatures 20°C, 30°C, 40°C and 45°C. Optical
Density (0.D) was measured after 48 h at 420 nm
in UV-vis spectrophotometer.
pH tolerance

Growth of bacteria at multiple pH was
determined in nutrient broth maintained at
various pH 5, 7,9, 11 and inoculated with 50uL of
isolated cultures (10° cfumL?). O.D was measured
after 48 h at 420 nm in UV-vis spectrophotometer.
Treatment of PGPR on barley seeds

Total ten bacterial isolates were screened
for plant growth promoting traits out of them
4 isolates were found to show effective plant
growth promoting traits. These 4 isolates were
selected to evaluate its efficacy on vigour index
and germination percentage of barley plantin the
soil system through pot trial experiment.

These four cultures were inoculated in
nutrient broth and incubated at 30°C in shaker
incubator (90 rpm) for 48 h. After full growth the
cultures were centrifuged at 10,000 rpm, for 20
min at 4°C. Pellets obtained were washed with
0.85% of saline solution (NaCl) so that the rest
of residual culture broth from the pellets were
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removed out. Washed pellets were properly mixed
in 1% carboxy methyl cellulose (CMC) suspension
to form a uniform cell density 10° cfu mL™.?*
Seed biopriming of barley variety Manjula were
procured from Institute of Agricultural sciences,
Banaras Hindu University were surface sterilized
with 0.2% of HgCl, for 2 min, then rinsed thrice
with autoclaved distilled water. The sterilized seeds
were kept in laminar air flow on sterilized blotting
paper for 2 h for air drying then suspended and
mixed properly in the bacterial cell suspension as
described earlier. Non-suspended CMC- treated
sterile seeds were taken as control. All the four
bacterial suspended and non bacterial suspended
seeds were dried overnight aseptically in laminar
air flow. Further for pot experiment sterilized seeds
were sown in plastic pots containing autoclaved
sterile soil. Six plants in each pot were maintained
till experimental period, and 40% water holding
capacity of soil was maintained. The effect of PGPR
on seed germination percentage and vigour index
of barley was evaluated. After 7 days of sowing the

seeds were germinated and the seed germination
percentage was calculated by following Eq. 1.

Total No.of germinated seeds
Total No.of seeds sown

x 100

... Eq. 1.

All the treatments were in three
replications and arranged in a completely
randomized manner. The plants were uprooted
after 25 days of germination and the root, shoot
and leaf were collected. Root and shoot length
were measured to evaluate the plant vigour index.
Vigour index was calculated using formula given
in Eq. 2.

Vigour index = (Mean root length+mean
shoot length)xgermination (%) ...Eq.2
Molecular identification of the 4 selected potent
bacterial strains

DNA extraction of the selected bacterial
strains (R1, R2, R4 & DBHUS5) were done as described
by?? method. For amplification of 16S rRNA gene
of bacterial strain R1, R2, R4 two specific primers,
forward primer: 5° GGATGAGCCCGCGGCCTA 3’

Germination %=

Fig. 1. Gram staining of bacterial isolates and morphological characterization of pure bacterial cultures.
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and reverse primer 5 CGGTGTACAAGGCCCGG 3’
were used and for strain DBHUS forward primer:
5" ATATCGGAACGTGCCCAGTAGC 3’ and reverse
primer 5" TGACATGTCTGGGAAAG 3’ were used.
PCR Amplification conditions for 25ul of total
reaction volume contained 1 pl (100 ng/ ul) DNA
template, 1pl each primer of both 16s forward and
reverse primer, 4 pl of dNTPs (2.5 mM each), 0.33
ul (3 units/pl) Taq polymerase, 0.5 pl dNTPs, 2.5
ul 10Xx PCR buffer with 25 mM MgCl, and 18.67
pl milli Q water was used for the PCR. PCR was
performed in Prima-96 (HiMedia United States)
under the given conditions: for amplification of 16s
rRNA geneDNA was as follows: Initial denaturation
for 3 minutes at 94°C, final denaturation for 1

minutes at 94°C, annealing at 55°C for 1 minutes
followed by 35 cycles, extension at 72°C for 2
minutes and the final extension was done at 72°C
for 7 minutes. Purified amplicons were sequenced
by Sanger method and further analyzed by Basic
Local Alignment Search Tool (BLAST) with closet
culture sequence retrieved from the National
Centre for Biotechnology Information (NCBI)
database that finds regions of local similarity
between sequences.
Statistical analysis

All the statistical analysis and calculations
were performed by using IBM SPSS Statistics Ver.20
software. The statistical data were expressed as
the mean of three independent replications +

Table 1. Morphological and biochemical characterization of all the 10 bacterial isolates for their specific plant

growth promoting traits

Location of soil Bacterial Colony Gram Phosphate Ammonia Catalase
sample collection isolates morphology staining solubilization  production activity
(G+/G-) on (PSl)
Chandauli R1 Rod shaped, non G- 2 ++ ++
fluorescent, motile,
red colony
Chandauli R2 Rod shaped, motile, G- 0.9 ++ ++
RGSC Mirzapur R3 Rod shaped G+ - ++ ++
BHU R4 Rod shaped, yellow color G- 1.15 ++ ++
BHU DBHUS Rod shaped G- 0.65 ++ ++
BHU R6 Rod shaped G+ - ++ ++
BHU R7 Rod shaped G+ - ++ ++
Chandauli R8 Rod shaped G+ - ++ ++
RGSC Mirzapur R9 Rod shaped G+ - ++ ++
BHU R10 Rod shaped, G+ - - +

flagella, white

+ slightly or weak positive test, ++ moderate positive test, +++ strong positive activity,

- negative (No activity), G - Gram negative.

Table 2. Morphological,biochemical and characterization of PGPR traits of selected most potent four PGPR isolates

for screening of their plant growth promoting attributes

Bacterial strain Gram Phosphate

Ammonia
staining solubilization production

Catalase Methyl
activity red

Siderophore  |AA Voges-
production Producti Proskaur

(G+/G-) (PSI) on
P. punonensis G- 2 ++ ++ ++ + ++ ++
P. aeruginosa G- 0.9 ++ ++ ++ + ++ ++
P. plecoglossicida G- 1.15 ++ ++ ++ _ ++ ++
Alcaligenes faecalis G- 0.65 ++ ++ _ _ ++ +

+ slightly or weak positive test, ++ moderate positive test, +++ strong positive activity,

- negative (No activity), G - Gram negative.
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standard deviation (SD) of three replicates of each
experiment along with thrice repetitions data of
each replicates. The data were interpreted through
analysis of variance (one-way ANOVA) followed
by Duncan's multiple range test at the P<0.001
significance level. The experiments performed
in this study were done in triplicates and all
the experiments repeated thrice using totally
randomized design.

RESULTS
Isolation and morphological characterization of
rhizobacteria

Total ten rhizobacterial strains were
isolated from the rhizospheric region of barley
plants. The rhizobacterial strains were designated

IS T LT T [

a. Phosphate solublization

c. Catalase production

il
WL | )
= 300
E 280
=
Z 200
= 150
= 100 I I
T 50
o 0 - s 0 B
z -
= Q\o‘q-\sz?'e THEI LSRN
S QQ'

PGPR
‘{ACTERIZATIOV
Rhizobacterial isolate

as R1, R2, R3, R4, DBHUS, R6, R7, R8, R9 and R10.
Preliminary identification of all the isolates
was based on there preliminary morphological
characterization were characterized as rod shaped,
gram +ve and gram -ve bacteria, on the basis of
Gram staining and is presented in Fig. 1; Table 1.
In vitro plant growth promoting traits of bacterial
strains
Qualitative estimation of Phosphate solubilization
Out of ten rhizobacterial isolates, R1, R2,
R4, and DBHUS isolates showed a clear halo zone
around the colony which confirmed the phosphate
solubilizing ability of bacteria by solubilization of
phosphorus from tri-calcium phosphate added
to the Pikovskaya’s agar medium. The maximum
PSI is shown by isolate P. punonensis (R1) and

Bacterial Treatments

b. IAA production

e. Ammonia production

Fig. 2. PGPR characterization of bacterial isolates. (a.) Formation of halo zone around the colony showed phosphate
solubilizing activity of bacterial isolates (b.) Development of pink color indicates IAA production by bacterial isolates
and bar graph represents range of IAA production in ug/ml by bacterial isolates (c.) Effervescence of gas bubbles
from the bacterial colony shows catalase activity (d.) Bacterial isolate R1 & R2 shows siderophore production
through formation of halo zone around the colony (e.) Development of brown color in peptone water confirms

ammonia production by bacterial isolates .
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P. plecoglossicida (R4) i.e., 2 cm and 1.15 cm
respectively. The Phosphate solubilization index of
bacteria ranged from 0.65-2 cm. Further, isolate
A. faecalis and P. aeruginosa showed 0.65 and 0.9
cm zone of clearance respectively. Fig. 2a; Table 1
and 2.
Quantitative estimation of indole acetic acid
production

R1, R2, R3, R4, and DBHUS5 showed
positive result for IAA production in tryptone
yeast medium in the presence of L-tryptophan
and the concentration of IAA production range
varied from 323.2 to 163 pg/ml. It was found

that species of pseudomonas i.e., P. punonensis,
P. plecoglossicida and P. aeruginosa produce
maximum of 323.2 ug/ml, 283.6 ug/ml, 260.5
pug/ml and A. faecalis showed 163.0 ug/ml of
IAA production respectively, which was relatively
higher production in comparison to other isolates.
(Fig. 2b).
Ammonia production

Out of ten, nine isolates i.e., R1, R2, R3,
R4, DBHUS, R6, R7, R8, and R9 showed change
in color from yellow to brown in peptone water,
indicated positive result for ammonia production.
Fig. 2e.

Table 3. Effect of selected PGPR’s on seedling growth parameters (vigour index & germination %) of barley crop

with respect to control plant

Treatments Mean of Seed Mean shoot Mean root Mean Vigour
germination% length (cm) length (cm) index

P. punonensis 94.44+9.62° 29.65+3.04° 5.88+0.30* 585.73+87.85°

P. aeruginosa 83.11+17.0° 19.13+1.72¢ 5.24+0.49>  455.88+122.08a"

P. plecoglossicida 94.44+9.62° 24.9%5.24° 5.42+0.49*  538.26+102.80a°

Alcaligenes faecalis 77.33+19.62%* 15.842.33¢ 4.84+0.55% 384.71483.49

Control 49.99+16.66° 12.74+1.96° 4.37+0.60¢ 227.09+59.9¢

Data represents Mean+SD, obtained from three repetitions of data from three independent replicates. SD of mean is shown as
thin linear bar. (SD standard deviation). Different combinations of letters upon SD indicates data are significantly different from
each other (p<0.001). Results taken according to Duncan’s multiple range test at p<0.001.

Fig. 3 (a.) Development of red color in bacterial broth shows methyl red activity and control (without bacteria)
do not show color (b.) Formation of pink ring like structure at the top surface of broth confirms Voges —Proskaur.
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Siderophore production

Out of ten isolates, P. punonensis and
P. aeruginosa showed moderate amount of
siderophore production by formation of halo
zone around the colony on CAS (Chromazurol
S) universal blue agar plates, irrespective of

Table 4. Selected four potent rhizobacterial isolates
with their accession number

Bacterial strain Accession number

development of orange-yellow zone, which
indicates very mild siderophore production. Fig.
2d.
Catalase activity

All isolates showed evolution of O, as
effervescence of gas bubbles from the colony
which confirms the positive catalase activity and
was recorded as weak (+), moderate (++), and
strong (+++). Fig. 2c; Table 1.
Biochemical analysis of bacterial isolates
Methyl Red Test- Voges Proskaur (MR-VP)

R1, R2, and R3 were screened positive for

P. punonensis MT677939 .
P. aeruginosa MT845116 methyl red test by development of red colorin the
P. plecoglossicida MT883433 broth which indicates the fermentation of glucose
A. faecalis MT872514 while seven isolates i.e., R1, R2, R4, DBHUS, RS,
mpHS mpH7 mpHY9 mpHIl

L L

g

=

=

-

-

Q

=]

Bacterialisolates
b.
3.8 - m20:C m30-C m40-C m45:C

£

=

8

-

-]

e

(=]

Rl R2 R3 R4 DBHUS R6 R7 RS RO R10
Bacterialisolates
Fig. 4. (a) Growth of bacterial isolates at various pH (b) temperature range.
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R9, and R10 showed positive result for V.P test
by formation of copper, red to pink color ring like
circular structure at the top surface of the broth.
Fig. 3 a- b.
Effect of different pH on bacterial growth
Maximum growth of all the bacterial
isolates was at pH 7, however, R1 has the
maximum growth at each pH as compare to other
isolates which shows its tolerance ability even at
unfavorable pH range. It was also concluded that

ideal pH for the above bacterial growth was pH
7, while either below or above from pH 7 there is
reduction in bacterial growth density. Fig. 4a.
Effect of different temperature on bacterial
growth

Bacteria were incubated at various
temperatures (20, 30, 40 and 45°C) and observed
that, 30°C is the ideal temperature for maximum
growth while temperature either rises in between
30to 45°C or below 30°C there is uniform decrease

Fig. 5 a-b. Effect of bioprimed PGPR isolates [(P. punonensis (R1), P. aeruginosa (R2), P. plecoglossicida (R4) and A.
faecalis (DBHUS5)] on growth, vigour index and germination % of barley plants in comparison to non-inoculated

control plants through pot trial.
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in the growth density of bacterial cultures. Out of
all, R1 and DBHUS5 have maximum growth at 30°C
and also showed significant growth even under
unfavourable temperature i.e. higher and lower
than 30°C. Fig. 4b.
Effect of PGPR strains on seed germination and
vigour index

Barley plants were treated by all the ten
strains through pot trial, among them the four
strains R1, R2, R4, and DBHUS5 showed remarkable
increase in seed germination percentage and
vigour index. Increase in germination percentage
ranged from mean value of 77.33-94.44. It was
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found that barley plants treated with R1 and R4
both shows a highest 94.44%, while R2 and DBHU5
83.11% and 77.33% seed germination respectively
while control plants shows only 49.99%. R1 shows
the maximum vigour index of 585.73 followed by
R4 (538.26), R2 (455.88) and DBHUS (384.71),
while the control plants were found to show only
227.09 vigour index. R1 treated plants showed
maximum of 2.32 fold increases in shoot length,
and 1.34 fold of maximum increase in root length,
while R4, R2, and DBHUS5 showed 1.95, 1.5 and
1.2 folds of increase on shoot length and 1.24,
1.19 and 1.10 folds of increase in root length as
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Fig. 6. Graph representing effect of PGPRs on (a) root length , (b) shoot length (c) germination % (d) vigour index
in comparison to non-inoculated control plants. Graphs were expressed as means of triplicate and vertical bars
indicate standard deviation of the mean value. Bars affixed with different combinations of letters are significantly
different from each other (P < 0.001). Results taken according to Duncan’s multiple range test at P < 0.001. where,
R1 (P. punonensis), R2 (P. aeruginosa), R4 (P. plecoglossicida) and DBHUS (A. faecalis).
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compared to the control plant respectively (Fig.
5 a-b; Fig. 6 a-d; Table 3). Inoculation of barley
plants with P. punonensis, P. plecoglossicida both
showed 1.88 fold highest increase in germination
% while P. aeruginosa and A. faecalis shows 1.07
and 1.54 fold increase respectively in comparison
to control plant. P. punonensis showed highest
of 2.57 fold increase in vigour index of plant,
while P. plecoglossicida 2.37, P. aeruginosa 2.0
and A. faecalis 1.69 fold increase in vigour index
respectively.
Molecular Identification of the selected PGPR
strains

16S rRNA gene sequencing was
done for the molecular characterization and
identification of bacterial isolates. Sequences
obtained by gene sequencing were submitted
to NCBI GenBank using BLAST (basic local
alignment tool) analysis. Each isolates R1,

R2, R4 and DBHUS5 showed 100% similarity
with Pseudomonas punonensis, Pseudomonas
aeruginosa, Pseudomonas plecoglossicida, and
Alcaligenes faecalis respectively. Sequences of
these strains were submitted in NCBI GenBank
under the accession number of bacterial
isolates Pseudomonas punonensis (LMT03) (R1)
MT677939, Pseudomonas aeruginosa DSM 50071
(R2) MT845116, Pseudomonas plecoglossicida
(R4) MT883433, and Alcaligenes faecalis (DBHU5)
MT872514. The phylogenetic trees of the above
four rhizobacteria were constructed from the
sequences using Mega 11 software. All the four
isolates were closely related to each other. Fig.7
a-d; Table 4.

DISCUSSION
In our soil system there are diversity
of economically important microorganisms like

MT677939.1 Pseudomonas punonensis strain LMTO03

MW876130.1 Pseudomonas punonensis strain XJB-7

T

100

\
o

100

100

100

o 85 L MK883083.1 Pseudomonas punonensis strain S1 MA1T
KR708898.1 Pseudomonas punonensis strain XJPY7
MT883433.1 Pseudomonas plecoglossicida strain R4

— MT180538.1 Pseudomonas plecoglossicida strainPQLYC4
— MT091980.1 Pseudomonas plecoglossicida strain

— MT845116.1 Pseudomonas aeruginosa strain DSM 50071
— KP418811. Pseudomonas fluorescens strain PFC125
—— MT872514.1 Alcaligenes faecalis strain DBHU5

MT510414.1 Alcaligenes faecalis strain AERA1

100 Lr MKG603065.1 Alcaligenes faecalis strain 8B3-13

100 p1579857.1 Alcaligenes faecalis strain YZ19

Fig. 7. Phylogenetic tree of bacterial strains based on the 16S rRNA sequences analysis developed with the ClustarW
program in MEGA 11. (a) Pseudomonas punonensis (MT677939) (b) Pseudomonas aeruginosa (MT845116) (c)
Pseudomonas plecoglossicida (MT883433) (d) Alcaligenes faecalis ( MT872514) .
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plant growth promoting rhizobacteria, which is
essential for overall plant growth promotion and
crop productivity through various mechanisms like
catalase activity, phosphate solubilization, IAA,
ammonia and siderophore production.

In the present study, ten rhizobacterial
isolates were isolated and screened for
plant growth promoting traits. Out of them
P. punonensis, P. aeruginosa, P. plecoglossicida
and A. faecalis on barley plants were found to be
efficient for growth promotion. P. punonensis and
P. plecoglossicida performed extremely well in
seed germination and vigour index of barley plants
which is an important factor for plant development
and screened positive for all the biochemical
analysis performed in this study.

Phosphorous is the second most essential
element next to nitrogen and act as limiting
factor for the plants growth and development.?
Availability of phosphorus to the plants is major
concern and challenge, as in the soil phosphorus is
presentin insoluble form of inorganic complex and
plant roots are unable to solubilize or mobilize in
that form. PGPR with phosphate solubilizing ability
mobilize and solubilize the phosphate and makes
it available for plants by converting phosphate
into organic, simple and soluble form. Phosphate
solubilizing rhizobacteria Pantoea isolated from
the rhizospheric region of soyabean plant induces
phosphate solubilization in its culturing medium
reached upto 900 mg/L.>* Pantoea cypripedii
and Pseudomonas plecoglossicida significantly
enhances Phosphate uptake in maize.?

Siderophore are the low molecular weight
compound which have ability to chelate iron, many
of the PGPRs have ability to fulfil iron requirement
for plants by solubilization from organic and
inorganic complexes.? P. geruginosa is considered
as one of the most ubiquitous bacteria to acquire
iron from the soil.”’” Siderophore production is a
mechanism of PGPR through which they protect
themselves from phytopathogenic microorganism
via creating a iron deficient environment for
pathogens.?® PGPRs such as Aneurinibacillus
aneurinilyticu inoculated with tea plant enhances
siderophore production and thus plant growth
promotion.* Comparable result were found in our
results by plant treated with P. punonensis and P.
aeruginosa siderophore producing bacteria.

Bean plant treated with Pseudomonas

fluorescence, alone or in combination with an
arbuscular mycorrhizal fungus, Glomus mosseae
showed enhanced catalase activity and hence
performed extremely well in salt stress condition
by development of antioxidant property.*°Bacteria
having catalase activity shows its antioxidant
property by break down of harmful free radical
hydrogen peroxide into oxygen and water. Thus
the plant treated by mentioned four bacteria
having catalase activity as mentioned in the result
which may be the reason to protect the plants
from oxidative stress and thus healthy plant
were obtained. Another important plant growth
promoting activity was ammonia production which
is source of nitrogen supply to the plants and
achieves the nitrogen requirement of plants as a
result increase the root-shoot length and hence
favors the increase in vigour index of plants.?! The
mentioned bacterial isolates were found to positive
that may also be the reason to enhance the plant
biomass through ammonia production.3! Bacterial
isolates were also grown at various temperature
and pH ranges to examine the tolerance ability and
growth behavior. Further isolates R1, R2, R3, R4,
and DBHUS5 showed considerable and best growth
density at various fluctuations of pH range and
similar result was reported by.*?

Production of IAA in plants also leads to
increase in root length along with healthier root
development.?* P. aeruginosa, showed maximum
IAA production which results in suppression of
charcoal Rot Disease of Chickpea.** IAA production
directly contributes in healthier and increased
root length which results in increase in vigour
index.3? Several reports were available on IAA
production in the presence of tryptophan through
PGPR treatment.?* PGPRs such as Aneurinibacillus
aneurinilyticu, Sporosarcina koreensis and Bacillus
megaterium associated with tea plant were known
to enhance |IAA production.?® P. punonensis, P.
plecoglossicida, P. aeruginosa, and A. faecalis
was found to show positive in indole acetic acid
production hence it may be another way to
increase in vigour index and healthier plant as
compared to untreated one.

Inoculation of maize and rice plant
with isolates belonging to genus Bacillus,
Staphylococcus, Ochrobactrum, Pseudomonas,
Lysinibacillus, Micrococcus, Leifsonia, Arthrobacter
showed IAA, ammonia and siderophore production,
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and inoculation of these bacteria with rice and
maize crop plants results in increase in its growth
promotion.3® In support of our study similar result
was found after treatment of the above isolated
bacterial strains. Lentil plant inoculated with PGPR
also enhanced the root-shoot elongation.?”

Thus the selected four PGPR isolates
were very efficient in promoting root and shoot
growth during initial stage of seed germination
and development and there by resulting in
improved vigour index. However, after searching
several literature it was found that fewer studies
were done earlier on efficacy of P. punonensis, P.
plecoglossicida and A. faecalis on seed germination
and vigour index of barley crop plant. Increase in
upto double fold of root and shoot length by the
treatment of these strains were reported in the
present study was much higher as compared to
earlier reports on barley crop.

CONCLUSION

The applications of PGPR is an useful
tool in seed biopriming technique as our result
exhibits fruitful effect on enhancing vigour index,
rapid seed germination, and seedling growth.
Plant growth promoting rhizobacteria are the
extremely valuable microorganism present in our
ecosystem, which are of no cost, having no side
effects on the environment as pollutant and act
as natural bio fertilizers to be treated on plants
so the selected bacterial strains P. punonensis, P.
plecoglossicida, P. aeruginosa and A. faecalis were
screened for various plant growth promoting traits,
after treatment of these isolates on barley crop,
performed healthy effect in plants by various plant
growth promoting attributes and vigor index. As
per studied literature there is very fewer studies
were done on the effect of above bacterial isolates
on vigour index and seed germination% of barley
crop plant. Thus treatment of barley plants with
PGPR strains are cost effective and eco-friendly
approach to boost the agricultural productivity
and co-operate with the farmers.
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