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ABSTRACT: Liquid formulation is an upcoming technology to overcome the limitations associated with carrier
based formulation. In our study a total of nine Azospirillum spp. were isolated, screened for plant growth promoting
traits (PGP) like indole acetic acid (IAA), ammonia, phosphate solubilisation and siderophore production. The selected strain Asp-7 was showed tolerance to drought and temperature stress. Biochemical and molecular characterization of the strain Asp-7 was done and identified as Azospirillum brasilense by 16S rDNA sequence analysis and the
gene sequence was submitted to Genbank under the accession number KT374217. The Azospirillum brasilense strain
Asp-7 was further screened with different polymeric additives to support growth and shelf life of liquid formulation.
Among the additives tested PVP at 4% concentration showed the highest cell population. Liquid formulation of
Azospirillum brasilense strain Asp-7 formulated with PVP was evaluated for its shelf life for 16 months. The results
of the present study confirmed that addition of PVP has enhanced the shelf life of liquid formulation of Azospirillum
brasilense strain Asp-7.
Keywords: Azospirillum brasilense; Liquid formulation; Plant growth promoting traits; Polymeric additives; Shelf life and
Temperature stress.

INTRODUCTION: In most of the agricultural systems nitrogen is one of the major limiting nutrient that
dictates crop productivity. Despite its presence in
larger quantities in the atmosphere, plants cannot utilize nitrogen since it is inert.7 Nitrogen is made available in form of chemical fertilizers, and extensive use
of these chemical fertilizers causes environmental
pollution and kills different beneficial microorganism
in soil. Bioinoculants are environmental friendly and
these are one of the best modern tools for agriculture.50 Bioinoculants upon inoculation enhance the
plant growth by nutrient mobilization, nitrogen fixation, phytohormone production and induction of defence mechanisms against biotic and abiotic stresses.27,21,6,38,22&2 In India most of the bioinoculants are
solid carriers, with certain constraints such as lower
shelf life, high degree of contamination, unavailability
and quality inconsistency of carriers, poor survival
under adverse environmental conditions and unpredictable field performance.5 & 28
Liquid formulations/Liquid bioinoculants is one of the
solution to defeat the problems associated with solid
carriers.26 Liquid bioinoculants containing not only
the desired microorganisms and their nutrients but
also special cell protectants or additives that promote
for longer shelf life and tolerance to adverse condi-

tions.20 & 28 Many kinds of additives have been used
for liquid bioinoculant production because of their
ability to limit heat transfer, their good rheological
properties, lower dosage use and high water activities.33 & 34 Recent study also revealed that shelf life of
Azospirillum spp. enhanced up to 9 months by using
trehalose.45 Viability of liquid bioinoculants will be
done using different additives or amendments such as
sodium alginate, gum Arabic, polyvinyl pyrrolidone
(PVP), polyvinyl alcohol (PVA) and polyethylene
glycol (PEG). Therefore, in the present study, an attempt was made to isolate drought and temperature
tolerant Azospirillum spp. and to evaluate the optimum concentration of additives that could enhance
the shelf life of liquid bioinoculants.
MATERIALS AND METHODS:
Isolation of Azospirillum spp.: Azospirillum spp.
were isolated from rhizosphere soil sample collected
from different crop production systems covering arid
and semi-arid regions in India. The plants were uprooted and the bulk soil removed by gently shaking
and root adhering soil (RAS) was carefully collected
and used for isolation of Azospirillum spp. by serial
dilution18 and inoculated into nitrogen free
bromothymol blue (NFB) semi solid medium and kept
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for incubation for three days at 30 ± 2ºC. The presence of Azospirillum was indicated by the formation
of white pellicle few millimeters below the surface of
the medium.13 & 32 For pure culture, a loopful of the
pellicle was streaked on to congo red agar medium
and incubated at 30 ± 2°C for 48–72 h. Typical pink,
often wrinkled colonies formation confirmed successful isolation1. The pure cultures were maintained on
nitrogen free bromothymol blue (NFB) agar media
slants under refrigerated conditions. Fresh broth cultures of each strain were prepared and stored for further experiments.
Plant Growth Promoting (PGP) traits: All the
Azospirillum strains were tested in vitro for plant
growth promoting traits. For testing ammonia production by bacterial strains, overnight raised cultures
were inoculated in 10 ml of peptone water and incubated at 30°C for 2 days, and 1ml of Nessler’s reagent
was added. Development of yellow to brown colour
indicated ammonia production.11 For hydrogen cyanide (HCN) production, the overnight bacterial culture
was streaked on nitrogen free bromothymol blue
(NFB) agar and Whatman no. 1 filter paper disc
soaked in 0.5% picric acid (in 2% sodium carbonate)
was placed inside the lid of Petri plate. The plates
were sealed with para film and incubated at 30°C for 4
days for the development of deep orange color.4 For
siderophore production, 10 µl of overnight raised culture in Luria Bertain broth (LB) was spotted on
Chrome Azurol S (CAS) agar plates and incubated at
30°C for 48 – 72 h. Plates were observed for the appearance of orange halo around the bacterial colony. 42
The method of17 was followed for the estimation of
IAA. One ml of the broth culture, raised in LB
(amended with 5 mM tryptophan), was centrifuged
and supernatant was carefully decanted in a separate
test tube; 4 ml of Salkowsky reagent (2% 0.5 FeCl3 in
35% HClO4 solution) was added to 1 ml of supernatant and then the mixture was incubated for 1h at
room temperature for the development of pink colour
under dark condition. After incubation, the absorbance
was read at 530 nm. For studying phosphate solubilisation29 5 µl of overnight raised culture was spotted
on Pikovskaya’s agar plates containing 2% tricalcium
phosphate. The plates were incubated at 30°C for 48–
72 h and observed for the appearance of the solubilisation zone around the bacterial colonies.
Pot experiment: The protective effect of inoculated
Azospirillum strains on maize seedlings was studied
under sterile soil under greenhouse conditions. Among
the nine strains tested for PGP traits, three strains with
highest PGP traits were selected for plant studies.
Seeds of maize var. DHM117 were surface sterilized
with 0.1% HgCl2 and 70% ethanol and bacterized

with overnight (108 cfu ml-1) grown bacterial cultures,
shade dried and sown in 250 ml plastic cups filled
with 300 g of soil. Plastic cups (inoculated and
uninoculated) were replicated six times in randomized
block method. Soil moisture was maintained constant
during the experiment by daily sprinkling with sterile
distilled water. After 15 days of germination, inoculated and uninoculated seedlings were harvested for
further analysis. Plant experiments were conducted in
six replicates to study the variation between inoculated and uninoculated seedlings. Shoot and root length
were measured according to the manual method41 and
dry biomass was recorded after drying the samples at
105ºC.
Screening for drought stress: Best strains from plant
studies were selected and screened for drought tolerance. LB broth with different water potentials (−0.05,
−0.15, −0.30, and −0.49 MPa) was prepared by adding
appropriate concentrations of Polyethylene glycol
6000 (PEG 6000)30 & 40 and inoculated with 1% overnight raised bacterial culture. Six replicates of each
strain at each concentration were prepared. After incubation at 30°C under shaking conditions (120 rpm)
for 24 h, growth was estimated by measuring the optical density at 600 nm using a spectrophotometer.
Screening for temperature stress: LB broth was
inoculated with overnight raised broth culture (1%)
and incubated at different temperatures ranging from
30-40ºC. Six replicates of each strain at each temperature were maintained. After incubation at respective
temperatures under shaking conditions (120 rpm) for
24 h, growth was estimated by measuring the optical
density at 600 nm using a spectrophotometer.
Biochemical and molecular characterization: The
selected strain Asp-7, 24 h culture was used for different biochemical tests (ONPG, Lysine utilization, Ornithine utilization, Urease, Phenylalanine Deamination,
Nitrate reduction, H2S production, Citrate utilization,
Voges Proskauer’s, Methyl red, Indole, Malonate utilization, Esculin hydrolysis, Arabinose, Xylose,
Adonitol,
Rhamnose,
Cellobiose,
Melibiose,
Saccharose, Raffinose, Trehalose, Glucose, Lactose,
Oxidase and Catalase) using Enterobacteriaceae identification kit (KB003 Hi25TM Hi media, India).
For molecular characterization, bacterial genomic
DNA was isolated8 and subjected to Polymerase
Chain Reaction (PCR) for amplification of 16S rDNA
gene
using
universal
forward
(5′AGAGTTTGATCCTGGCTCAG-3′) and reverse
(5′CGGTTACCTTGTTACGACTT-3′) primers under
standard conditions (initial denaturation at 94°C for 5
min, 30 cycles of denaturation at 94°C for 1 min, annealing at 50°C for 40 s, extension at 72°C for 90 s,
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and final extension at 72°C for 7 min). The PCR (approximately 1.5 kb) product was purified and sequenced (SciGenom Labs, India). The 16S rDNA gene
sequence obtained were compared with the existing
database of 16S rDNA gene and submitted to
Genbank.
Phylogenetic analysis: Sequence analyses of selected
strain were performed using Basic Local Alignment
Search Tool (BLAST) available on the NCBI homepage (http://www.ncbi.nlm.nih.gov). Homologous gene
sequences were collected from the NCBI database
using BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi).
Sequence data were aligned with ClustalW 1.6 and
evolutionary tree construction was done by using Molecular Evolutionary Genetics Analysis 6.0 (MEGA6)
software.48 & 36 Tree branches were evaluated using the
bootstrap method. 14 & 23
Effect of additives on isolates viability: Nutrient
broth was amended with different concentrations of
additives such as polyvinyl pyrrolidone (PVP) 1.0,
2.0, 3.0, 4.0 and 5.0% (w/v); gum arabica 0.1, 0.3, 0.5,
0.7 and 0.9% (w/v) and sodium alginate 0.1, 0.2, 0.3,
0.4 and 0.5% (w/v). The experiments were carried out
in 250 ml flasks containing 100 ml of amended medium. Late log phase culture of the Azospirillum strain
Asp-7 was inoculated into test media (1% v/v), and
incubated in an incubator shaker at 30°C at 140 rpm.
After 10 days of inoculation, the viable cell population were determined by spread plate method on nutrient agar medium.
Shelf life studies of liquid bioinoculants: Liquid
bioinoculants of Azospirillum strain Asp-7 was prepared in 100 ml of nutrient broth amended with 4%
PVP with the cell population adjusted to 7 x 1011 cfu
ml-1 using sterile nutrient broth and made up to 250
ml with sterile nutrient broth containing 4% PVP in
sterilized high density polyethylene (HDPE) bottles.
Same cell population and quantity was maintained in
controls (without PVP 4%). The formulated products
was stored at room temperature and assessed for their
shelf life at monthly interval up to 16 months.
Statistical analysis: A total of six replicates were
used for each parameter and the data obtained was
analyzed using analysis of variance (ANOVA) and
expressed in mean ± SD of six replicates.
RESULTS AND DISCUSSION:

Results: Isolation and screening for PGP traits: A
total of nine Azospirillum spp. were isolated from ten
rhizosphere soil samples collected from different crop
production systems grown under arid and semi-arid
regions of India. In vitro screening of the strains revealed variations in the production of PGP traits (Ta-

ble 1). Among the nine strains, Asp-7 solubilized maximum amount of phosphate (15.37 ppm) followed by
Asp-6 (12.29 ppm) and Asp-4 (10.76 ppm). Similarly,
strain Asp-7 was the best producer of IAA (7.91
µg/mg protein), followed by Asp-6 (6.93 µg/mg protein), Asp-4 (6.06 µg/mg protein) and Asp-5 (3.84
µg/mg protein). Siderophore production was observed
only in strain Asp-7. Furthermore, all the nine strains
were negative for HCN production but, positive for
ammonia production (Table 1). Based on plant growth
promoting traits Asp-4, Asp-6 and Asp-7 were selected for plant studies.
Pot experiment: Effect of Azospirillum strain on plant
growth promotion of maize seedlings was demonstrated using maize (var. DHM117) as a test crop. Bacterial inoculation significantly enhanced the seedling
growth in terms of root, shoot length and dry biomass
(Figure 1), compared to uninoculated control. Among
three different treatments, maize seed treated with
Azospirillum strain Asp-7 showed significantly higher
shoot (48.2 cm), root length (58.2 cm) and dry biomass (0.733 mg) compared to strains Asp-4, Asp-6
and uninoculated control (Figure 1).
Screening for drought and temperature tolerance:
Based on PGP traits and plant studies Azospirillum
strain Asp-7 was selected for further screening for
drought and temperature stress. The strain Asp-7 was
evaluated for drought tolerance and could grow at a
minimum water potential − 0.49 MPa. The strain Asp7 was also screened for temperature tolerance on LB
broth at different temperatures. Strain Asp-7 was able
to grow even up to 40ºC.
Biochemical and molecular characterization: Microscopic studies revealed Azospirillum strain Asp-7 as
Gram negative, motile, rod shape bacteria. The strain
Asp-7 was positive for ONPG, oxidase, catalase activity, utilized malonate, citrate showed nitrate reduction,
esculin hydrolysis and produced indole (Table 2).
A BLASTN search was performed for nucleotide sequence of partial length of strain Asp-7; the sequence
showed a 100% homology with the 16S rDNA sequence of Azospirillum brasilense strain AZ 74
(KC920689.1). The sequence was submitted to
Genbank under the accession no. KT374217.1. Phylogenetic analysis of 16S rDNA sequence was carried
out using neighbor joining method which showed
significant bootstrap value ranged from 51% to 80%
with Trichoderma turrialbense strain CBS 112445 as
the out group (Figure 2).
Effect of additives and Shelf life of liquid
bioinoculant formulation: Among the three different
additives, PVP showed excellent viable count at 4%
(9.00 cfu ml-1 at 109) followed by 3% (7.90 cfu ml-1 at
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109), 5% (6.65 at 109 cfu ml-1), 2% (5.94 cfu ml-1 at
109) and 1% (3.21 cfu ml-1 at 109). After 4%PVP, viable count dropped. Gum arabic showed highest viable
count at 0.5% (7.60 cfu ml-1 at 109) followed by 0.7%
(5.92 cfu ml-1 at 109), 0.3% (3.92 cfu ml-1 at 109) and
0.1% (2.90 cfu ml-1 at 109). After 0.5% gum arabic,
viable count dropped. In case of sodium alginate viable count was dropped after 0.2% concentration. Sodium alginate showed very low viable count at 0.2%
(5.97 cfu ml-1 at 109). The obtained results showed
excellent viable count at 4% PVP compared to gum
arabica and sodium alginate (Figure 3).
In both the cases (liquid formulation with 4% PVP
and without PVP), the initial set population 7 x 1010
cfu ml-1 was maintained. Liquid formulation with 4%
PVP, 1st month cell population was 9.30 x 1010 cfu ml-

1

, then dropped with lapse of time. In case of liquid
formulation without PVP, the cell population was
decreased from 1st month onwards. The 1st month cell
population was 9.00 x 109 cfu ml-1 only noticed. The
degree of declination was very fast in liquid formulation without PVP than 4%PVP liquid formulation. The
liquid formulation without PVP recorded 3.21 x 105
cfu ml-1 cell population at the end of 6th month (Table
3). After 6th month growth was not observed. But in
the liquid formulation with 4% PVP recorded 6.50 x
1010 cfu ml-1 cell population at the end of 6th month. In
case of 4%PVP liquid formulation, the cell population
declination was very slow. The study was continued
up to 16 months. At the end of the 16th month 2.00 x
109 cfu ml-1 cell population was recorded (Table 3).

Table 1: Plant growth promoting traits produced Azospirillum spp.
Phosphate solubilisation
IAA
Siderophore
HCN
Ammonia
(ppm)
(µg/mg protein)
Asp-1
No zone
++
Asp-2
No zone
++
Asp-3
No zone
+
a
a
Asp-4
10.76 ± 0.12
6.06 ± 1.28
++
Asp-5
No zone
3.84 ± 0.57b
+ ++
Asp-6
12.29 ± 0.67b
6.93 ± 0.23ca
+ ++
c
Asp-7
15.37 ± 0.15
7.91 ± 0.82d
+
+ ++
Asp-8
No zone
2.48 ± 0.39e
+
Asp-9
No zone
++
Note: -, absent; +, presence; +, fair; ++, good; +++, excellent. Values are the means of six replicates
with ± SD value. Values with different letters are significantly different at P<0.05

Strains

Table 2: Biochemical characterization of Azospirillum strain Asp-7.
Biochemical tests
ONPG
Lysine utilization
Ornithine utilization
Urease
Phenylalanine Deamination
Nitrate reduction
H2S production
Citrate utilization
Voges Proskauer’s
Methyl red
Indole
Malonate utilization
Esculin hydrolysis
Arabinose
Xylose
Adonitol
Rhamnose
Cellobiose
Melibiose
Saccharose
Raffinose
Trehalose
Glucose
Lactose
Oxidase
Catalase
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+
+
+
+
+
+
+
+
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Table 3: Survival of Azospirillum brasilense Asp-7 (cfu ml-1) liquid formulation amended with PVP and
without PVP.
Months

Control

PVP

10

Other bacterial
-

0

7.00 x 10

1

9.00 x 109

9.30 x 1010

-

2

5.29 x 10

9

10

-

3

4.00 x 108

8.72 x 1010

-

4

3.32 x 10

7

10

-

5

2.69 x 106

7.29 x 1010

-

6

3.21 x 10

5

10

-

7

No growth

5.23 x 1010

-

8

No growth

4.00 x 10

10

-

9

No growth

9.21 x 109

-

10

No growth

9.08 x 10

9

-

11

No growth

8.02 x 109

-

12

No growth

6.59 x 10

9

-

13

No growth

6.32 x 109

-

14

No growth

4.20 x 10

9

-

15

No growth

3.50 x 109

-

9.10 x 10
8.50 x 10

6.50 x 10

2.00 x 10

No growth

Cell population 109 cfu ml

16

7.00 x 10

10

Figure 1: Root, shoot length and dry mass of maize
seedlings inoculated with Azospirillum spp. strains
Asp-4, Asp-6 and Asp-7 along with uninoculated
control. Error bars are mean of ± standard deviation with n=6.

Figure 2: Phylogenetic analysis of Azospirillum
strain Asp-7 based on 16S rRNA gene sequences
available from the NCBI Genbank database. Distances and clustering analysis with the neighbour
joining method was performed by using the software packages Mega ver. 6.0. Bootstrap values
(n=500) are listed as percentages at the branching
points.

9

-

PVP

Gum arabic

Sodium alginate

10
8
6
4
2
0
1 2 3 4 5 0.10.30.50.70.90.10.20.30.40.5

Concentrations

Figure 3: Azospirillum strain Asp-7 viable cell population at different concentrations of additives.
Discussion: In the present study a total of nine
Azospirillum spp. were isolated from the rhizosphere
soil of different crop production systems. Out of nine
Azospirillum strains, strain Asp-7 showed better plant
growth promoting traits like phosphate solubilisation,
ammonia production, IAA and siderophore production. Physiologically, most active auxin in plant
growth and development is IAA.51 Furthermore, plant
studies proved the effect of inoculation of
Azospirillum Asp-7 with enhanced root length. IAA
production may be responsible for increased root
growth and/or enhanced formation of lateral roots and
root hairs in various plant species.12 Azospirillum
brasilense producing nitric oxide, a small diffusible
gas act as a signaling molecule in IAA inducing pathway and helps in adventitious root development in
tomato plants.9, 31 & 51 In our study, strain Asp-7
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showed highest IAA production and also enhance root
formation in maize. The amount of phosphorus in the
soil is generally high, most of this phosphorus is insoluble and therefore not available to support plant
growth. Solubilisation of phosphorus by phosphatesolubilizing bacteria is an important trait.39 & 37 Phosphorous solubilizing bacteria (PSB) are used as
biofertilizers since 1950's.25 Many phosphorous solubilizing bacteria are reported as plant growth promoter
in several crops like tomato, rice etc.39, 19 & 24
Azospirillum strain Asp-7 showed highest phosphate
solubilisation helping plant in better nutrient uptake
and also used as a biofertilizer. Siderophore chelate
the ferric ions with a high specific activity and serve
as vehicles for the transport of irons (Fe3+) into the
cell. Siderophore producing organisms will be making
the soil fertile and they also have antifungal activity
against phytopathogens.16 & 3 Siderophore producing
bacteria improves plant health at different levels like
enhance iron nutrition, inhibit the growth of pathogens.43 Azospirillum strain Asp-7 showed siderophore
production compared to other isolates. Inoculation of
Azospirillum strains Asp-7 enhanced plant growth
parameters like root length, shoot length and dry
mass. These results revealed that the strain Asp-7 can
promote plant growth promotion and selected for further studies. Furthermore, Azospirillum strain Asp-7
can tolerate minimal water potential of -0.49 MPa and
even could grow up to 40ºC such strain can be a valuable candidate for dry land crops. Molecular characterization of the strain was done on the basis of 16S
rDNA gene sequence analysis35 & 46 and identified as
Azospirillum brasilense and the sequence was submitted to Genbank under the accession number
KT374217.
To enhance the shelf life of Azospirillum brasilense
strain Asp-7 in liquid formulation, its growth performance was checked with three different additives such
as polyvinyl pyrrolidone (PVP), gum Arabic and sodium alginate. These polymers can be used as additives
as well as cell protectants in the medium. These additives will improve quality of the inoculant, such as
stabilizing the product, better adhesion to seed, inactivating soluble seed coat toxins and improving cell
survival during storage as well as after exposure to
different environmental conditions after inoculation
and seed planting.34, 33 & 28
In our study, among the three additives, PVP at 4%
showed good cell population compared to gum arabic
and sodium alginate. It could be due to PVP have the
ability to limit heat transfer, high water activities and
good rheological properties.44 Polyvinyl pyrrolidone
also have a high water binding capacity, which could
maintain water around the cells for their metabolism10

and other properties like sticky nature, which may
support cell adherence to seed and their viscous nature
may slow the drying process of the inoculant after
seed inoculation.48 The liquid formulation was developed with an initial set population of 7 x 1010 cfu ml-1.
The cell population decreased rapidly after six months
of incubation in liquid formulations without PVP,
whereas the cell population in PVP amended liquid
formulation decreased slowly. The obtained results
were similar to the liquid formulation developed with
PVP.45, 50 & 15 But in our study, more concentration of
PVP was used, it may increase the higher shelf and
maintain the good number of cell population than the
other studies. This finding suggests the liquid formulation with PVP probably gave higher shelf life because of the high water binding capacity which could
maintain water around the cells for their metabolism
than without PVP. Further plant studies are required to
explore effect of liquid formulation under greenhouse
and field conditions.
CONCLUSION: The present study supports that the
isolated Azospirillum brasilense strain Asp-7 showed
plant growth promoting traits, temperature and
drought tolerance. After screening with different additives the polyvinyl pyrrolidone selected for the development of liquid formulation. PVP enhanced the shelf
life of Azospirillum brasilense strain Asp-7 in liquid
formulation. Subsequent studies under field conditions
are necessary to evaluate the efficacy of the developed
liquid formulation.
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