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A B S T R A C T

Bioinoculants provide better opportunity for ecological farming practices to improve the plant growth and
enhanced crop productivity. Different types of bioinoculants containing single microbial culture and multiple
microbial strains in single formulation could be used for agricultural sustainability. The different efficient mi-
crobial strain in single formulation as a consortium is an emerging trend in the present era. The present study
deals with the isolation of nitrogen fixing, phosphorus and potassium solubilizing microbes from rhizospheric soil
and root's internal tissues of different cereal/pseudocereal crops and their application as a microbial consortium
for the growth of cereal crops. A total of 152 rhizospheric and endophytic bacteria were isolated and screened for
the plant growth promoting (PGP) traits of nitrogen fixation, solubilization of phosphorus, and potassium. Among
all the isolates, nine were found to fix nitrogen, fifteen and eleven exhibited phosphorus and potassium solubi-
lization activity, respectively. Three selected efficient bacterial strains were identified using 16S rRNA gene
sequencing as Erwinia sp. EU-B2SNL1 (N-fixer), Chryseobacterium arthrosphaerae EU-LWNA-37 (P-solubilizer), and
Pseudomonas gessardii EU-MRK-19 (K-solubilizer). The inoculation of these three bacterial strains on barley crop as
single inoculum and as microbial consortium enhanced the growth and physiological parameters including root/
shoot length and biomass, chlorophyll, carotenoids, phenolics, flavonoids and soluble sugar content in compar-
ison with untreated control. The microbial consortium was found to be more effective as compared to single
inoculum. The microbial consortium of nitrogen fixing and mineral solubilizing microbes could be used as bio-
fertilizer for plant growth and soil health.
1. Introduction

Macronutrients, nitrogen (N), phosphorus (P) and potassium (K) are
the basic need for plant growth which play several significant roles in the
entire life of the plants. These nutrients perform beneficial activities in
the metabolism of plant and protect them from various abiotic and biotic
factors exerted from outer environment. Macronutrients help in
increasing the quality and quantity of crop grain (Tripathi et al., 2014).
The fulfillment of nutrient requirements until the middle of the twentieth
century was relied on organic manures, but the beginning of green rev-
olution, the chemical fertilizers are used for high production and its
consumption drastically increased with every progressed year world-
wide. In India, during the 1950–1951, the consumption of N fertilizer
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(urea), P fertilizer (di-ammonium phosphate) and K fertilizer (potash)
was 0.06, 0.01 million ton (Mt) and almost nil, respectively and by
2000–2001 the consumption of N, P, K fertilizer hiked to 10.8 Mt, 1.8 Mt
and 0.81 Mt, respectively and which resulted an increment of crop the
yield by 190 folds (Pathak et al., 2010). According to FAOSTAT 2021
report 27 billion tons of NPK fertilizer is being yearly used.

In earlier times, i.e. from 1950-1991 the use of the NPK chemical
fertilizers increased the annual per capita food availability to 208 kg but
after a decade it declined to 192 kg. The reason behind the stagnation
rate of food availability was due to fertilizers harmful impact such as N
fertilizer leads to acid deposition, nitrate leaching into ground water,
eutrophication, loss of biodiversity and production of greenhouse gas
that contributes to ozone depletion (Powlson 1993). Whereas, P fertilizer
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pollutes the surface as well as groundwater and on the other hand
K-fertilizer increases the soil dispersion and infiltration that leads to the
soil erodibility (Auerswald et al., 1996; Spiess 2011). This serious
concern began the scientific interest for using the beneficial microbes as
biofertilizer instead of chemical fertilizers to ensure the agrarian sus-
tainability (Fasusi et al., 2021; Yadav and Sarkar 2019).

Microbes, the tiny miracle are increasingly gaining attention for
agriculture sustainability due to cost-effective and eco-friendly nature.
Various groups of plant associated microbial strains have been reported
for improving plant growth in normal and stressed environmental con-
ditions such as Bacillus, Pseudomonas, and Rhizobium (Afzal et al., 2017),
Azospirillum brasilense (Di Salvo et al., 2018), Oceanobacillus (Albdaiwi
et al., 2019), Streptomyces laurentii (Kour et al., 2020), and Pseudomonas
alcaliphila (AlAli et al., 2021). Microbes living freely or in association
with plant's different regions (rhizospheric, epiphytic and endophytic)
promotes the growth of the host via direct and indirect PGP attributes
such as fixation of atmospheric nitrogen; nutrients (P, K, Zn) solubiliza-
tion and mobilization; production of siderophores (Fe chelating agent),
plant growth regulators (auxin, abscisic acid, cytokinin, ethylene, gib-
berellins, jasmonic acid), ammonia, hydrogen cyanide, 1-aminocyclopro-
pane-1-carboxylate (ACC), hydrolytic enzymes (protease, cellulase,
amylase and chitinase) and various plant growth promoting bioactive
compounds secondary metabolites (Kaur et al., 2021; Kour et al., 2019).

Microbes have capability to promote the growth of plants when
applied either singly or collective in a mixture as microbial consortium.
Microbial consortium is an emerging trend for agricultural sustainability.
Microbial consortium are more effective for plant growth and enhanced
crop yield as compare with single microbial inoculation (Jain et al.,
2013). In a study, the inoculation of microbial consortium containing
nitrogen fixer (Enterobacter sp.), phosphorus solubilizer (Microbacterium
arborescens) and IAA producer (Serratia marcescens), on wheat was effi-
ciently improving the growth, yield and nutrient uptake as compared to
the single application of these bacteria (Kumar et al., 2017). Similarly,
another study of Ghorchiani et al. (2018), microbial consortium is more
efficient over single microbial culture by experimenting co-inoculation of
arbuscular mycorrhiza fungi (Funneliformis mosseae) and phosphorus
solubilizing bacterium (Pseudomonas fluorescens), on maize crop. In
comparison to single microbial inoculation treatment and control, the
microbial consortium was efficiently enhancing the growth and yield of
the maize crops. In another report, PGP microbes, Burkholderia sp. Mes-
orhizobium sp., Pseudomonas sp. and arbuscular mycorrhiza fungi (Clar-
oideoglomus claroideum, Funneliformis geosporum and Rhizophagus
irregularis) on chickpea was reported for increasing growth, grain yield
and protein content under the rainfed condition over single strain inoc-
ulation (Laranjeira et al., 2021). The present investigation aimed for
examining microbial consortium of N-fixer, P and K solubilizer in both
in-vitro and field trials. The study was concerned with the impact of
microbial inoculum over individual microbial inoculation on barley
growing in hilly region.

2. Materials and methods

2.1. Area of study and samples collection

The rhizospheric soil and plant samples were collected from the Baru
Sahib Valley of Divine Peace (30.7537 N, 77.2965 E), District Sirmour,
Himachal Pradesh, India. A total of 17 samples of cereal and pseudo-
cereal crops (wheat, rice, maize, finger millet, and oats) were collected
from Baru Sahib in sterilized plastic packets and stored at temperature 4
�C until further process.

2.2. Isolation of rhizospheric and endophytic microbes from crops

The culturable rhizospheric microbes were sorted out through
enrichment methods using the standard technique of serial dilution and
spread plate using different defined, undefined and selective growth
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media including nutrient agar (NA), tryptic soy agar, T3A agar, King's B
agar, Luria-Bertani described by Verma et al. (2014). The endophytic
microbes were isolated as per the method described by Conn and Franco
(2004). The colonies that appeared on agar plate were purified by
re-streaking using respective medium agar plates. The obtained pure
cultures were maintained on nutrient agar slants and in 25% of glycerol
stock at 4 �C and -80 �C, respectively for future experiments.
2.3. Screening of microbes for NPK plant growth prompting traits

2.3.1. Qualitative estimation
All the isolates were screened for PGP traits i.e. nitrogen fixation, P

solubilization and K solubilization. Solubilization of P and K attributes
was screened qualitatively using Pikovskaya and Aleksandrov agar plate
assay as described by Pikovskaya (1948) and Hu et al. (2006), respec-
tively. P solubilization was done using Pikovskaya agar supplemented
with 0.5% each of tricalcium phosphate, rock phosphate, and apatite as
an inorganic source of P whereas K solubilization was carried out using
Aleksandrov's agar supplemented with 0.2% mica as of inorganic source
of K.

2.3.2. Quantitative estimation
Biological nitrogen fixation: The nitrogen fixing capability of the

isolates was estimated using the acetylene reduction assay (ARA) (Han
and New 1998). The rhizospheric and endophytic isolates were inocu-
lated in nitrogen free bromothymol blue (NFb) medium slants and
incubated at 30 �C for 24–36h. After the growth, cotton plugs of the test
tubes were replaced by Suba seal and gas phase inside the test tube was
interchanged with 10% mixture of nitrogen gas, air, and acetylene
(90:10:10, v/v). The tubes were re-incubated for 24 h at 30 �C and the
produced ethylene was calculated by a Perkin Elmer F-11 gas
chromatograph.

Solubilization of phosphorus:Quantitatively, P solubilization of the
selected bacterial strains was estimated by method of Murphy and Riley
(1962). The test was performed by the inoculation of bacterial culture (1
mL) in Pikovskaya broth (25 mL) containing 0.5% tricalcium phosphate.
After the incubation of 7 days, the culture suspension was centrifuged for
15 min at 10,000g. The optical density (OD) of the supernatant was
estimated at 600nm and P concentration was expressed in mg/L.

Solubilization of potassium: Quantitative estimation of the K sol-
ubilization of the selected bacterial strains was estimated as per the
method of Sugumaran and Janarthanam (2007). The experiment was
performed by the inoculation of bacterial culture in 50 mL of Aleksan-
drov broth containing mica as insoluble source of potassium. After 7 days
of incubation, 10 mL of microbial suspension was centrifuged for 10 min
at 10,000g. The K content of the supernatant was indicated by using
flame spectrophotometry.
2.4. Identification of selected NPK bacterial strain and phylogenetic
analysis

Genomic DNA (gDNA) of the selected bacterial strains having attri-
butes of N-fixation, P, and K solubilization was carried out by the earlier
described method by Yadav et al. (2015). 16S rRNA gene was amplified
using set primers pA (50AGAGTTTGATCCTGGCTCAG30) and pH
(50AAGGAGGTGATCCAGCCGCA30) to obtain nearly 1500-bp fragment.
The PCR amplification of the gDNA was carried out in a 100 mL volume,
and conditions of amplification were used as described earlier by Yadav
et al. (2015). The amplified PCR products were purified with a QIA quick
purification kit (Qiagen). The identity of bacteria was determined by
BLASTn programme to those of closely related strains of bacteria based
on a sequence similarity percentage (>97%) available at the GenBank
database. The phylogenetic tree was constructed using neighbor joining
(NJ) method on the aligned dataset implemented in the program MEGA
4.0.2. (Tamura et al., 2007).



T. Kaur et al. Heliyon 8 (2022) e09326
2.5. Development of microbial consortium

The microbial consortium was developed using three efficient bac-
terial strains EU-B2SNL1, EU-LWNA-37, and EU-MRK-19 having nitrogen
fixation, P and K solubilization PGP traits, respectively. The bacterial
strains were checked for their compatibility using cross streaked assay
onto nutrient agar medium. One of the bacterial strain was streaked in
the center of the agar plate and other two bacterial strains were cross
streaked. The plate was incubated at 28 �C for 2–3 days and compatibility
was determined on the basis of no growth inhibition of colonies. After the
compatibility check, the microbial consortium was prepared by growing
bacterial cultures individually in 200 mL nutrient broth for 24 h at 28 �C.
After the growth of bacterial cultures colony-forming units was recorded
1.23�107 cells/mL (EU-B2SNL1), 2.54�107 cells/mL (EU-LWNA-37)
and 1.32�107 cells/mL (EU-MRK-19). The bacterial suspension of each
strain was mixed in an equal amount and microbial consortium was
prepared for further validation on barley crop.

2.6. Validation of microbial consortium under greenhouse and field
conditions

The combined and individual effect of efficient N-fixer, and P and K
solubilizer were studied under both greenhouse (pot experiment) and field
condition on barley crop. A total of thirteen treatments viz. T1 (N-fixerþ P-
solubilizer þ K-solubilizer); T2 (N-fixing bacteria); T3 (P-solubilizer bac-
teria); T4 (K-solubilizer bacteria); T5 (recommended full dose of NPK
chemical fertilizer); T6 (half dose of NPK chemical fertilizer); T7 (recom-
mended full dose of urea); T8 (half dose of urea); T9 (recommended full
dose of DAP); T10 (half dose of DAP); T11 (recommended full dose of
potash); T12 (half dose of potash); T13 (un-inoculated control) were
replicated three times in both greenhouse and field conditions. In both
greenhouse andfield experiment randomized blockdesignwas followed. In
greenhouse, the experiment was carried out in plastic pots (30 cm � 30
cm�26 cm) filled with 4 kg non-sterile soil. The pots were placed at equal
distance fromeachother to reduce the cross contaminationof the control. In
each pot, 6 seeds were sown and after germination four plants were
maintained ineachpot till theharvesting.Afield experimentwas conducted
at the Experimental Farm, Machher (30.7537 N, 77.2965 E), Eternal Uni-
versity, Baru Sahib, District Sirmour, Himachal Pradesh, India, in the plot
size of 16.5 m2 (11� 1.5m2) inwhich each bed was 0.5 m apart. The seeds
of barley treated with single culture andmicrobial consortiumwere coated
with sugar solution in ration of 1:1 before the sowing. After the 90 days of
sowing, barley's growth and physiological parameters were recorded.

2.7. Analysis of growth and physiological parameters

The growth parameters such as length, fresh/dry weight of shoot/root
were studied. The content of chlorophyll and carotenoid was determined
as per method of Lichtenthaler (1987). The soluble sugar content of
barley was done as per the method of Irigoyen et al. (1992) and leaf
phenolics and flavonoid content was determined by the method of Kim
et al. (2003) and Park et al. (2008), respectively.

2.8. Statistical analysis

Data were subjected to statistical significance using a Student's t-test.
Mean comparisons were conducted using the least significant difference
(LSD) test (P ¼ 0.05) and critical difference (5% and 1%). Standard error
and LSD results were calculated.

3. Results

3.1. Isolation of rhizospheric and endophytic microbes from crops

The rhizobacterial and endophytic bacterial population was
enumerated on different growth medium from cereal and pseudocereal
3

crops grown in Baru Sahib region. A total of 152 bacterial strains (98
rhizospheric and 55 endophytic) were isolated. The population of rhi-
zospheric and endophytic varied from 0.36�107 to 3.54 � 107 CFU/g of
soil and 0.01�107 to 2.19� 107 CFU/g of plant, respectively. The highest
diversity was observed in nutrient agar medium from maize in case of
rhizospheric soil samples and wheat in case of endophytic samples. The
pure colonies were sorted out from each sample on different growth
medium on the basis of colony and cultural characteristic.

3.2. Screening of microbes for NPK plant growth prompting traits

Among 152 bacterial isolates, 9 isolates exhibited nitrogenase activ-
ity, 15 and 11 showed P and K solubilization, respectively. Nine bacterial
strains exhibited nitrogenase activity in range of 2.01–22.51 nmol C2H4
mg�1 protein hr�1 whereas fifteen isolates showed P-solubilization in the
range of 41.7 � 0.005 mg/L to 155.90 � 0.005 mg/L. Among nine
bacterial isolates exhibiting nitrogenase activity strain EU-B2SNL1
showed maximum nitrogenase activity of 22.51 nmol C2H4 mg�1 pro-
tein hr�1 whereas highest phosphorus was solubilized by EU-LWNA-37
(155.90 � 0.005 mg/L) and strain EU-MRK-19 (32 � 0.8 mg mL�1)
was found to be an efficient K-solubilizer.

3.3. Identification of selected NPK bacterial strain and phylogenetic
analysis

Partial 16S rRNA gene sequences obtained after sequencing were
compared with those available in NCBI database using BLASTn algo-
rithm. The phylogenetic tree was constructed to know the taxonomic
affiliation of obtained strain (Figure 1). The BLASTn analysis of 16S rRNA
gene sequence of three selected potential strains EU-B2SNL1, EU-LWNA-
37 and EU-MRK-19 showed <99% similarity with Erwinia sp., Chrys-
eobacterium arthrosphaerae and Pseudomonas gessardii, respectively. The
partial sequence of 16S rRNA gene was submitted to online database
NCBI GenBank and accession number were assigned as MN294539,
MN733442 and OL687416. The bacterial strains EU-B2SNL1, EU-LWNA-
37, and EU-MRK-19 were deposited at ICAR-National Bureau of Agri-
culturally Important Microorganisms (NBAIM) culture-collection facility,
Mau Nath Bhanjan, Uttar Pradesh, India.

3.4. Validation of microbial consortium under greenhouse and field
conditions

The efficient N2 fixer, P and K solubilizer, Erwinia sp. EU-B2SNL1,
C. arthrosphaerae EU-LWNA-37, and P. gessardii EU-MRK-19 were eval-
uated as microbial consortium and individual inoculation for PGP of
barley crop under greenhouse and field conditions.

3.5. Analysis of growth and physiological parameters

The combined treatment of Erwinia sp. EU-B2SNL1, C. arthrosphaerae
EU-LWNA-37, P. gessardii EU-MRK-19 increased the growth parameters
including shoot/root length, fresh/dry weight of the barley (Tables 1 and
2). The microbial consortium of Erwinia sp. EU-B2SNL1, C. arthrosphaerae
EU-LWNA-37, and P. gessardii EU-MRK-19 showed 1.3, 1.3, 1.3 and 2.8
fold increment of the shoot length in greenhouse experiment and 1.2, 1. 2,
1.3 and 1.7 fold high in field trial in comparison to individual inoculation
of Erwinia sp. EU-B2SNL1, C. arthrosphaerae EU-LWNA-37, P. gessardii EU-
MRK-19 and uninoculated control, respectively. Root length was found to
be enhanced by the microbial consortium in greenhouse and field exper-
iment as compared to EU-B2SNL1, EU-LWNA-37, EU-MRK-19 and unin-
oculated control by 1.4, 1.8, 1.6, and 3.3 fold and 1.5, 1.2, 1.1 and 1.7 folds
respectively. The fresh weight of the barley was also found to be positively
affected by the microbial consortium in comparison to all the treatments in
both greenhouse and field conditions. In greenhouse experiment, micro-
bial consortium enhanced the barley fresh weight in comparison with EU-
B2SNL1 (1.7 fold), EU-LWNA-37 (2.1 fold), EU-MRK-19 (1.6 fold), full



Figure 1. Phylogenetic tree showing the relationship among nitrogen fixing,
phosphorus and potassium solubilizing bacterial isolates, 16S rRNA gene se-
quences with reference sequences obtained through BLAST analysis. The trees
were constructed using neighbor joining (NJ) with algorithm using MEGA 4
software (Tamura et al., 2007).
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recommended dose of NPK chemical fertilizer (2.3 fold), half recom-
mended dose of NPK chemical fertilizer (2.8 fold), full dose of urea (1.8
fold), half dose of urea (1.9 fold), full dose of DAP (2.1 fold), half dose of
DAP (1.9 fold), full dose of potash (3.6 fold), half dose of potash (3.5 fold)
and uninoculated control (3.8 fold). Similarly, in field conditions the mi-
crobial consortium showed the increment in the fresh weight of barley by
1.5 fold (EU-B2SNL1), 1.9 fold (EU-LWNA-37), 1.4 fold (EU-MRK-19), 1.7
fold (full recommended dose of NPK chemical fertilizer), 2.9 fold (half dose
of NPK chemical fertilizer), 2.5 fold (full dose of urea), 3.3 fold (half dose
of urea), 2.1 fold (full dose of DAP), 3.8 fold (half dose of DAP), 2.8 fold
(full dose of potash), 3.5 fold (half dose of potash), and 4.4 fold (uninoc-
ulated control).

The dry weight of barley was shown to be increased as compared to
other treatments andmaximum increase was observed with uninoculated
control i.e. by 3.6 folds in both greenhouse and field condition. Microbial
consortium also positively affected the chlorophyll content in greenhouse
conditions in barley by 1.6 fold as compared to EU-B2SNL1, 2.0 fold then
EU-LWNA-37, 1.2 fold in comparison to EU-MRK-19, 2.4 fold then full
dose of NPK chemical fertilizer, 2.8, 1.5, 2.2, and 3.1 folds then, half dose
of NPK chemical fertilizer, half dose of DAP, half dose of potash and
4

uninoculated control, respectively. In field experiment chlorophyll con-
tent also significantly enhanced as compared to EU-B2SNL1 (2.2 fold),
EU-LWNA-37 (1.9 fold), EU-MRK-19 (1.8) full dose of NPK chemical
fertilizer (2.1 fold), half dose of NPK chemical fertilizer (2.8 fold), full
dose of urea (1.0 fold), half dose of urea (1.8 fold), full dose of potash (1.4
fold), half dose of potash (1.4 fold) and uninoculated control (3.6 fold
fold). In case of carotenoids content, microbial consortium also showed
increment in both greenhouse and field conditions. In greenhouse con-
ditions the carotenoids was 3.3 fold higher as compared to uninoculated
control, whereas in field experiment, carotenoids content was 4.4 fold
higher in comparison with control.

The phenolics content in the barley leaves were also observed to be
enhanced by the microbial consortium by 2.5 folds in greenhouse condi-
tion as compared to uninoculated control. In field conditions, the microbial
consortium of N-fixer, P, and K-solubilizer increased the phenolic content
in comparison with uninoculated control by 3.2 folds. In both greenhouse
and field experiment, flavonoids content was too hiked by microbial
consortium in comparison to all the treatments and by uninoculated con-
trol by 1.3 and 1.6 folds, respectively. The sugar content has been
increased by the microbial consortium by 4.1 fold in greenhouse condi-
tions and 1.9 fold in field conditions as compared to uninoculated control.

4. Discussion

Chemical fertilizers are one of the basic and important needs of the
agricultural farmers. The application of chemical fertilizers in field cause
problems like pollution, depletion of biodiversity, groundwater contami-
nation, eutrophication, soil erodibility, acid deposition and production of
greenhouse gases. Moreover the synthetic fertilizer has also led to accu-
mulation of heavy metals like nickel, copper, cadmium, lead and mercury.
All these environmental effects of chemical fertilizers have resulted in to
33% loss of cultivable land (Prashar and Shah 2016). Rhizospheric and
endophytic plant growth promoting microbes are best alternative of the
chemical fertilizer which promotes plant growth by availing required plant
nutrients without affecting the environment. Microbes have begun to
substitute the chemical fertilizer in agricultural fields (Kumari et al., 2019).
Diverse group of microbes with potential of nitrogen fixation, P and K
solubilization attributes have been reported such as Bacillus pumilus, Cur-
tobacterium albidum, Pseudomonas libanensis, and P. azotoformans (Adhikari
et al., 2021; Kour et al., 2019; Verma et al., 2016; Vimal et al., 2019). These
PGP microbes possess better capabilities to enhance the growth of the
plants then chemical fertilizer when applied singly to plants.

There are few reports available on microbial mixture exhibiting
different PGP attributes and their application for plant growth promo-
tion. In present study microbial consortium of Erwinia sp. EU-B2SNL1,
C. arthrosphaerae EU-LWNA-37, and P. gessardii EU-MRK-19 were iso-
lated from the plant interiors and rhizospsheric region. In a study, Erwinia
sp. was reported as an endophye of coastal sand dune plants roots (Shin
et al., 2007). In present study, C. arthrosphaerae EU-LWNA-37, and
P. gessardii EU-MRK-19 were reported as rhizospheric bacteria. In a
report, C. arthrosphaerae was sorted out from the rhizosphere of the cu-
cumber (Jeong et al., 2017). El Kahkahi et al. (2019) reported P. gessardii
from the carob tree (Ceratonia siliqua L.) rhizospheric region. In the
present investigation, microbial strains Erwinia sp. EU-B2SNL1,
C. arthrosphaerae EU-LWNA-37, and P. gessardii EU-MRK-19 were re-
ported to fix nitrogen, solubilized the P and K, respectively and their
single and combined inoculation in barley crop showed an increased
growth. In a report, Erwinia sp. exhibiting PGP traits such as phosphorus
solubilization, production of ammonia, siderophores, IAA and ACC
deaminase activity was reported for enhancing the plant growth of wheat
by elongating the root and shoot length as compared to the untreated
control (Sagar et al., 2018). In another report, bacterium species
belonging to genera Chryseobacterium was reported as a efficient sol-
ubilizer of P and reported to enhance the plant growth in horsegram in
comparison with 100%, 50% and 30% recommended dose of N and P
fertilizer (Singh et al., 2013). Heredia-Acu~na et al. (2019) reported



Table 1. Effect of microbial consortium on growth and physiological parameters of barley under greenhouse conditions.

Treatments Shoot length (cm) Root length (cm) Fresh weight (g) Dry weight (g) Chlorophyll (mg/g) Carotenoids (g/L) Phenolics (μg/g) Flavonoid (μg/g) Soluble sugar (μg/g)

MC 60.90g**�2.71 47.35i**�1.15 12.34g*�2.32 3.21h*�1.54 68.76j**�0.05 15.68i**�0.10 1.14i**�0.02 8.96j � 0.01 62.65g**�0.68

N-culture 44.25e*�2.96 33.60g*�2.71 7.19f � 1.88 1.62e � 0.11 40.72f*�0.07 13.58h*�0.12 0.85h**�0.01 8.26i � 0.36 45.41d**�2.36

P-culture 46.00f*�2.41 25.45d � 0.95 5.76d � 0.11 2.09f � 1.19 34.25c � 0.59 12.91g*�6.05 0.85h**�0.00 8.11h � 0.14 48.82e**�1.28

K-culture 45.25e*�0.65 29.35f*�0.55 7.40f � 0.90 2.53g � 0.28 55.10i**�0.28 14.07h*�0.96 0.67d**�0.00 8.21i � 0.28 50.76f**�1.97

NPK 100% 41.75d*�0.15 24.70d � 1.71 5.18c � 2.44 0.78a � 0.08 28.58b � 0.32 8.25e � 0.22 0.65c**�0.00 6.81b � 0.88 43.15c**�1.81

NPK 50% 34.20c � 2.01 24.60d � 2.11 4.37b � 0.20 0.85b � 0.04 24.36a � 1.18 6.37d � 0.17 0.77f**�0.01 7.45e � 0.49 38.76b**�3.57

N 100% 41.70d*�0.60 35.05h*�1.76 6.66e � 0.71 1.55e � 0.14 37.88e*�5.58 11.87f � 1.07 0.80g**�0.00 7.47e � 0.12 44.24c**�1.22

N 50 % 37.20c � 1.10 23.15c � 2.16 6.41e � 0.54 1.47d � 0.21 35.44d � 3.83 13.43g*�1.08 0.78f**�0.01 7.30d � 0.10 48.73e**�2.84

P 100% 35.95c � 4.16 22.50c � 0.80 5.73d � 0.46 1.44d � 0.13 49.66h**�0.16 8.54e � 0.23 0.79g**�0.01 7.92g � 0.43 46.23d**�1.86

P 50% 37.15c � 2.26 15.90b � 0.60 6.40e � 0.04 1.31c � 0.09 43.52g**�0.48 5.00b � 0.14 0.53b*�0.01 7.50f � 0.45 51.05f**�3.61

K 100% 46.30f*�1.71 33.05g*�3.26 3.34a � 0.03 1.51b � 0.13 32.47c � 5.27 5.77c � 0.10 0.77f**�0.01 7.56f � 0.24 44.63c**�2.50

K 50% 26.15b � 0.85 26.65e � 3.36 3.47a � 0.47 0.89b � 0.13 30.00b � 0.40 4.88b � 0.18 0.73e**�0.01 6.92c � 0.54 38.52b*�5.59

Control 21.50a � 3.61 14.00a � 1.71 3.23a � 1.74 0.75a � 0.02 22.92a�0.79 4.26a � 0.12 0.45a � 0.00 6.73a � 0.60 12.47a � 0.69

LSD 1.67 1.22 0.33 0.08 1.85 0.58 0.01 0.07 1.62

SE 9.84 8.92 4.6 1.6 7.42 4.12 0.04 1.8 11.72

CD 5 percent 17.53 15.89 8.19 2.85 13.22 7.34 0.07 3.2 20.88

CD 1 percent 26.38 23.91 12.33 4.28 19.89 11.04 0.10 4.82 31.42

MC: Erwinia sp. EU-B2SNL1þC. arthrosphaerae EU-LWNA-37 þ P. gessardii EU-MRK-19; N-culture: Erwinia sp. EU-B2SNL1; P culture: C. arthrosphaerae EU-LWNA-37; K-culture: P. gessardii EU-MRK-19.
[Numerical values are mean � Standard deviation of mean (SD) of three independent observations].
Common superscript code on mean values indicate the non-significant differences among derivatives as based on unpaired Student t-test at p< 0.05. On the other hand, different superscript indicates significant differences
among lines.

Table 2. Effect of microbial consortium on the growth and physiological parameters of barley under field conditions.

Treatments Shoot length (cm) Root length (cm) Fresh weight (g) Dry weight (g) Chlorophyll (mg/g) Carotenoids (g/L) Phenolics (μg/g) Flavonoid (μg/g) Soluble sugar (μg/g)

MC 48.00h**�1.00 8.25i � 0.75 4.02k � 0.03 0.58h*�0.01 72.37i**�0.55 17.77j*�1.15 1.60i**�0.03 10.01j**�0.01 42.93i**�0.03

N-culture 38.25g � 2.26 5.25c � 0.25 2.57i � 0.39 0.44f � 0.09 30.72c � 0.10 12.45e � 0.29 1.12h**�0.02 9.25i**�0.15 32.46g**�0.43

P-culture 37.00f � 2.01 6.75g � 0.25 2.06g � 0.22 0.28d � 0.01 37.24e**�0.68 12.74e � 0.63 1.04g**�0.02 8.16h*�0.35 33.09h**�0.11

K-culture 36.75f � 1.76 7.00h � 0.00 2.78j � 0.62 0.35e � 0.02 43.10g**�0.09 15.63h � 0.76 0.62b � 0.02 7.95g*�0.05 23.66c**�0.03

NPK 100% 35.50e � 0.50 5.25c � 0.25 2.33h � 0.40 0.47g � 0.08 34.40d**�0.05 13.39f � 2.28 0.74d*�0.02 7.97g*�0.02 33.17h**�0.43

NPK 50% 36.25f � 2.76 4.75a � 0.25 1.37d � 0.28 0.24c � 0.07 25.55b � 1.04 9.91d � 0.25 0.75d*�0.03 7.42e � 0.04 22.31b**�0.71

N 100% 35.25e � 1.25 6.25e � 0.25 1.59e�0.71 0.29d � 0.08 39.45f**�0.55 17.02i*�2.37 0.79e*�0.02 7.01d � 0.25 28.35f**�0.37

N 50 % 28.75b � 2.76 6.00d � 1.00 1.20c � 1.28 0.17b � 0.07 40.73f**�0.00 12.38e � 2.28 0.64b � 0.01 6.53c � 0.33 24.79d**�0.42

P 100% 35.00e � 1.00 7.00h � 1.00 1.89f�0.43 0.16b � 0.01 50.67h**�0.07 14.16g � 3.65 0.92f**�0.02 8.03g*�0.07 31.81g**�0.20

P 50% 30.50c � 0.50 5.00b � 0.00 1.05b � 0.37 0.23c � 0.04 51.22h**�2.39 12.34e � 0.49 0.73d*�0.03 7.72f*�0.32 26.68e**�1.76

K 100% 32.00d � 1.00 6.50f � 0.50 1.39d � 0.06 0.16b � 0.01 25.28b � 0.71 8.14c � 1.50 0.80e* �0.02 6.25b � 0.15 23.79c**�0.79

K 50% 29.25b � 0.25 5.00b � 0.50 1.12b � 0.42 0.17b � 0.15 29.00c � 0.16 6.98b � 2.38 0.68c � 0.01 7.36e � 0.40 26.16e**�0.06

Control 26.75a � 1.76 4.75a � 0.25 0.90a � 0.03 0.13a � 0.01 20.24a � 0.06 3.95a � 0.66 0.45a � 0.05 6.09a � 0.16 11.68a�0.06

LSD 0.77 0.15 0.12 0.02 1.98 0.52 0.04 0.15 1.05

SE 6.66 2.05 2.51 0.23 2.52 7.3 0.14 0.90 2.59

CD 5 percent 11.86 3.65 4.47 0.4 4.49 13 0.24 1.60 4.61

CD 1 percent 17.85 5.49 6.72 0.61 6.75 19.57 0.37 2.41 6.94

MC: Erwinia sp. EU-B2SNL1þC. arthrosphaerae EU-LWNA-37 þ P. gessardii EU-MRK-19; N-culture: Erwinia sp. EU-B2SNL1; P culture: C. arthrosphaerae EU-LWNA-37; K-culture: P. gessardii EU-MRK-19.
[Numerical values are mean � Standard deviation of mean (SD) of three independent observations].
Common superscript code on mean values indicate the non-significant differences among derivatives as based on unpaired Student t-test at p< 0.05. On the other hand, different superscript indicates significant differences
among lines.
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P. gessardii from coniferous trees rhizosphere for exhibiting PGP trait of
solubilizing P. This strain was concluded as beneficial microbe for the
forest nursery production.

The combination of N fixing (Erwinia sp. EU-B2SNL1), P solubilizing
(C. arthrosphaerae EU-LWNA-37) and K solubilizing (P. gessardii EU-MRK-
19) strain were shown to improve the growth parameters shoot/root
length and fresh/dry biomass of the barley crop. Many studies have re-
ported collective inoculation of different microbes for enhancing the
plant growth parameters. In a report, the similar results have been re-
ported in which co-inoculation of Rhziobium phaseoli and Pseudomonas sp.
in common bean has increased shoot dry weight (Knezevic-vukcevic
2011). Similar finding was reported by the inoculation of microbial
mixture Enterobacter asburiae, Bacillus amyloliquefaciens subsp. plantarum,
Microbispora hainanensis and Streptomyces canus in sugarcane which
showed the enhancement of shoot/root length and biomass (Kruasuwan
and Thamchaipenet 2016). Etesami and Alikhani (2016) concluded,
co-inoculation of rhizospheric and endophytic bacterium Pseudomonas
putida and P. fluorescens, respectively in rice crop, enhanced the fresh dry
weight, length of root and shoot in comparison to recommended dose
N-fertilizer. The similar finding has shown that, the tri-inoculation of
Arthrobacter chlorophenolicus, Enterobacter sp. and Pseudomonas aerugi-
nosa in wheat, enhanced the crop biomass in comparison to control under
both greenhouse and field conditions (Kumar et al., 2021).

The chlorophyll also showed an increment by the incoulation of mi-
crobial consortium in present study. A similar finding, has reported the
inoculation of Azotobacter sp. in maize crop was enhancing the chlorophyll
content and alleviating the salinity stress (Rojas-Tapias et al., 2012).
Similarly, tetra-inoculation of Azotobacter chroococcum, Bacillus polymixa,
Pseudomonas putida, and Glomus intraradices have also been reported for
enhancing the chlorophyll content in the stevia plant (Vafadar et al.,
2014). The content of the compounds flavonoid and phenolics have been
reported to show increment by microbial consortium of Erwinia sp.
EU-B2SNL1, C. arthrosphaerae EU-LWNA-37, and P. gessardii EU-MRK-19 in
the present study. In a report, the phenolic and flavonoids have been
enhanced by the co-inoculation of Delftia sp. and Sinorhizobium meliloti in
alfalfa plant (Morel et al., 2015). The content of phenolics compounds
content was reported to be enhanced by Bacillus amyloliquefaciens and
Pseudomonas fluorescens in peppermint plant growing under drought stress
(Chiappero et al., 2019). The present study also revealed that microbial
consortium Erwinia sp. EU-B2SNL1, C. arthrosphaerae EU-LWNA-37 and
P. gessardii EU-MRK-19 also enhanced the soluble sugar content as
compared to single inoculation and untreated control in the barley plant.
The similar finding have been reported by Upadhyay and Singh (2015) in
which Bacillus aquimaris inoculated in salinity stressed wheat crop was
having higher total soluble content in comparison with control. Similarly,
the co-inoculation of the Pseudomonas koreensis and Microbacterium
hydrothermale in red pepper growing in saline conditions was found to have
higher accumulation of sugar.

In conclusion, the microbial consortium of N-fixing and P–K solubi-
lizing microbes Erwinia sp. EU-B2SNL1, C. arthrosphaerae EU-LWNA-37,
and P. gessardii EU-MRK-19 enhanced the growth of the barley crop more
in comparison to single inoculation, chemical control, and uninoculated
control. In recent days, reduction of NPK chemical fertilizers is in emer-
gence due to sustainability of agriculture and environment. The use of
microbial consortium could be an ideal bioformulations for fulfilling
macronutrient nutritional requirement of plant. In future, the microbial
consortium could be experimented on the different cereal and horticultural
crops. The strains could be improved through the genetic engineering to
the better performance to enhance the crop productivity and growth.
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