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ABSTRACT

Management of drought stress through application of plant growth promoting rhizobacteria (PGPR) is
now considered as an effective strategy in the present scenario of altered environmental conditions of
the world. The aims and objectives of the present investigation was isolation, characterization and
identification of some potential microbial resources (PGPR) from drought-affected upland rice fields of
South Bengal  followed by experimentation on the effect of isolated PGPR on drought induced rice
seedlings. Selected isolates were isolated from rice field rhizospheric soils and tested for their PGPR
activity,  through  phosphate  solubilization,  nitrogen  fixation,  IAA  production  and  ACC  deaminase
activity.  Then, the selected isolates were identified through 16S rDNA sequencing and phylogenetic
analysis. Among the screened isolates two (isolate 1 and isolate 6) showing plant growth promoting
traits, was applied on studied germplasm (IR64) to find out the influence of the applied organisms on
rice growth and development under induced drought.  Both  organisms showed a  positive influence
(through increase in germination percentage, root growth, shoot growth, fresh weight and dry weight)
on the studied rice growth and development under induced drought.  Isolate 1 and 6 identified as
species of Mycobacterium sp. and Bacillus sp. respectively through molecular taxonomy. Hence, these
two isolates are expected to alleviate drought stress in the rice field for their nature of plant growth
promotion under drought stress.

Introduction
Among the different abiotic factors, drought is one of
the major constraints that adversely affect rice plant’s
growth and productivity worldwide and it is expected
that  drought  will  hamper  rice  production  in  more
than 50% of the arable lands by 2050 (1). Also increase
in  population,  decrease  in  arable  lands  due  to
urbanization and constant increasing global warming
makes the situation more adverse (2).

Plants  response  to  drought  in  several  ways
including reduction in cellular water potential, closure
of  stomata,  decrease  in  the  rate  of  photosynthesis,
nitrate  assimilation  and  generation  of  a  number  of

antioxidative  enzymes  like  Super  oxide  dismutase
(SOD), Catalase (CAT), Peroxidase etc. (3).

A variety of strategies has been used to improve
the drought tolerance of rice like conventional stress
management,  different  breeding  approaches,  genetic
engineering  etc. (4,  5).  Though  the  most  successful
strategy for management of drought tolerance is the
use  of  drought  tolerant  potent  rice  genotypes  and
introgression  of  drought  tolerance  in  higher  yield
background but the strategy is very complex and long
time  consuming  (6).  So  researchers  are  looking  for
different  and  easy  techniques  to  achieve  their  goal.
Use of PGPR in relation to stress management is one of
them.  It  is  one  of  the  recently  employed  strategy
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which  promote  plant  growth  and  development  by
virtue  of  production  hormone  and  availability  of
micronutrients (7). Available reports suggest that the
beneficial native rhizospheric bacteria that colonize
in  the  plant  roots  resulted  in  the  production  of
growth  promoting  hormones  and  some  essential
micronutrients which help the rice plants to survive
and  also  help  to  avoid  the  period  of  adverse
environment (7).  As this approach is relatively new
there  is  lack  of  resource  of  information  related  to
PGPR in relation to rice drought stress management.
Keeping this in mind a research attempt was taken to
isolate selective PGPR from a drought prone upland
rice  field  soil  followed  by  application  of  the
investigated  microorganisms  on  a  drought
susceptible rice lines maintained under differentially
induced drought stress.  

Materials and Methods

Collection, isolation and enrichment

Soil samples were collected from selected rice fields
of  four  drought–prone districts  (Bankura,  Birbhum,
Purulia and West Midnapur) of South Bengal (Fig. 1)
randomly to make the collection diverse. 

Ten  gram  soil  samples  were  taken  from  the
rhizospheric regions  (about  2  to  3  cm  beneath  of
surface)  and  mixed  with  90  ml  of  distilled  water
followed  by  serial  dilution  (10-7).  100  µl  diluted

suspension was spread on the LB (Luria-Bertani) agar
plate and incubated in BOD incubator at 28±1°C for
72 hrs. After appearance of colonies, each isolate was
purified  though  pure  culture  technique  (8)  and
screened for PGPR activity.

Characterization of selected isolates as PGPR

For characterization of the selected isolates as PGPR,
four important characteristics have been chosen for
the study, such as, phosphate solubilisation, nitrogen
fixation,  IAA  production  and  ACC  deaminase
production.

Phosphate solubilization

Phosphate solubilization property was tested through
plating  the  microbial  isolates  on PKV agar medium
(9)  and  incubated  at  28±1°C  for  5  days.  Clear  halo
zone around microbial  colonies were considered as
the activity of phosphate solubilizing property of the
tested organisms and colonies were further purified
by  re–streaking  on  the  fresh  PKV  agar  plates  to
confirm their  phosphate solubilizing capability.  The
ability of the isolate to solubilize insoluble phosphate
was  expressed  in  the  form  of  PSI  following  the
standard  protocol  (10)  and  amount  of  soluble
phosphate  was  quantified  spectrophotometrically.
The amount of soluble phosphate per ml culture was
estimated  using  a  standard  curve  prepared  by  di-
potassium hydrogen phosphate. 

Nitrogen fixation

Nitrogen-fixing ability  of  the  selected  isolates  were
tested  in  Burk’s  Nitrogen–free  medium  (11)  and
incubated for 7 days at 28±1oC. The development of
bacterial  colonies  in  nitrogen-free medium  was
considered as nitrogen fixing ability of the isolates. 

IAA production

In order to confirm the IAA production property, the
isolates  were  grown  in  DM  medium (12)
supplemented with filtered sterilized L–tryptophan (1
mg/ml) for  72  hr in  a  BOD  incubator.  Following
incubation,  cells  were  removed  from  the  culture
media by centrifugation (10000 rpm for 12 min). IAA
was  estimated  spectrophotometrically  according  to
the standard method (13). 

ACC deaminase activity

The  enzymatic  activity  of  ACC  deaminase  for  the
isolates  was  estimated  following  standard  protocol
(14). The isolates were inoculated in agar plates with
carbon and nitrogen free  DF minimal  medium (15)
supplemented with ACC where ACC act as sole carbon
and/  or nitrogen source. The plates were incubated
for  10  days  at  28±1oC and  observed  regularly  for
colony  formation.  ACC  deaminase  activity  of  the
studied  organisms  was  confirmed  through  sub
culturing. The newly formed colonies in carbon and
nitrogen–free  DF  medium  added  with  ACC  were
taken  positive  for  ACC  deaminase  activity.  Carbon
and nitrogen free  DF salt  minimal medium  without
ACC  was  used  as  a  control,  in  which  no  colony
appeared. The amount of ACC deaminase activity was
quantified  following  a modified  method  (16),  which
estimates  the  amount  of  α–ketobutyrate  produced
when the ACC deaminase cleaves ACC. The amount of
α-ketobutyrate was quantified spectrophotometrically
using a standard curve of α–ketobutyrate. One unit of
ACC deaminase activity indicated the formation of 1
nmol of α–ketobutyrate per mg protein per hour. The
protein content in the enzyme extract was estimated
following the Bradford method (17). 
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Fig.1. Four drought–prone district of West Bengal from where soil
samples were colleted for the study.



Identification

For  identification  of  the  selected  isolates,
phylogenetic  analysis  was  done  using  16S  rDNA
sequence.  The  genomic  DNA  was  isolated  and
amplified  with  universal  primers  8F
[5′AGAGTTTGATCCTGGCTCAG3′]  and  1492R
[5′ACGGCTACCTTGTTACGACTT3′]  (18)  for
amplification  of  16S rDNA  gene  followed  by
sequencing.  The  derived  sequences  were  searched
for homology searching through BLAST in NCBI Gene
bank.  Neighbor-joining  phylogenetic  tree  of  the
studied  sequences  was constructed  (19)  using  the
MEGA  6.0  (20).  After  phylogenetic  analysis,  the
studied sequences were submitted to NCBI Gene bank
and  registered  in  NCBI  gene  bank  as  VBBAN1
(KF059963) and VBBAN2 (KF705063). 

Effect  of  the  selected  isolates  on  rice  growth
under induced drought stress

The characterized isolates were grown in LB medium at
28±1°C followed by centrifugation (3000 rpm for 5 mint)
and the pellet was washed twice with PBS followed by
re–suspension in 5 ml of PBS (containing 1×108 cells/ml)
to  produce  inoculum  for  studying  the  growth
promoting effect of the studied microorganisms on the
rice plant under induced drought. 

IR64  (Accession  Number:  AC–41106),  a  high
yielding drought susceptible rice line was selected for
the study of possible growth promoting effect under
induced drought.  Seeds  were surface sterilized and
then dipped into 5 ml of PBS suspension for 2.5 hrs
followed  by  sowing  separately  in  a  series  of  pots
filled with sterile soils soaked with -0.5 MPa, -1.0 MPa
and  -1.5  MPa  PEG6000  solutions  [following  Money,
1989  (21)]  with  one  control  set  where  seeds  were
placed only in distilled water. Two screening sets (for
two isolates) were maintained in triplicate with each
pot  containing  three healthy seedlings.  All  the  pots
were  incubated  at  ideal  growth  condition  (28±1°C
temperature, 70-80 % humidity, 14 hr light, and 10 hr
dark cycle)  for 20 days  in a plant  growth chamber
(Daihan  Labtech,  India,  LGC–5201).  During  the
incubation period, pots were supplemented with the
respective  cultures  (1  ml culture  suspended in  PBS
containing 1×108 cells/ml) after every 5 days interval.
After 20 days of incubation, germination percentage,
shoot length, root length, fresh weight of shoot, fresh
weight of root, dry weight of shoot and dry weight of
root of the plants were measured to check the effect
of  the  selected  isolates  on  plant  growth  and
promotion in control and under induced stress.

Statistical analysis

All  the  data  were represented as mean ±SE of  three
replicates.  Results  were subjected to one-way ANOVA
for  assessing  the  significance  of  all  the  screening.
Duncan’s test (P ≤ 0.05) (22) was performed as post hoc
on parameters subjected to ANOVA. All the statistical
tests were performed using SPSS16.0 software. 

Results 

After initial  screening, sixteen different isolates were
isolated which showed profuse growth in the medium
and screened for their PGPR activity.

Characterization of selected isolates as PGPR

Phosphate solubilization

Isolate  1  (I  1)  and  isolate  6  (I  6)  have  shown
phosphate  solubilizing  activity  (shown  halo  zone
around  the  colonies  in  PKV  agar  medium  after
incubation). Isolate 1 showed higher PSI (2.333) than
I  6 (1.333).  The  amount  of  phosphate  solubilizing
activity of isolate 1 and 6 was also quantified  1.266
and 0.98 mg/ml respectively (Fig. 2). 

Nitrogen fixation

Among the selected isolates I 1 and I 6 also showed
nitrogen fixing ability as shown by the ability to grow
in Burk’s nitrogen free media (Fig. 3).

IAA production

The isolates I1 and I6 showed IAA production in DM
medium.  Comparative IAA production ability of the
two isolates is presented in  Fig. 4  where I 1 showed
1287.5 mmole/h/mg and I 6 showed 1212.5 mmole/h/

mg. Between  these  two  isolates  I  1  was  produced
more amount of IAA than I6.

ACC deaminase activity

Of the  two isolates,  only  the  first  one showed ACC
deaminase  activity  which  was  quantified  as  0.219
μmol/mg/h.  Growth  of  I  1  isolate  in  carbon  and
Nitrogen–free DF medium supplemented with ACC is
indication of ACC deaminase production. 

The overall PGPR properties detected for all the
studied isolates  are presented in  Table  1. From the
above table it can be seen that among the screened
isolates I  1 showed positive activity for all  the four
chosen  characters  whereas  I  6  showed  positive
activity  for  all  the  selected  characters  except  ACC
deaminase activity. Rest of the isolated organisms did
not  show  any  positive  activity  for  the  screened
characters. Based on the PGPR characteristics of the
screened isolates I 1 and I 6 were selected for further
screening.
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Fig. 2. Amount of soluble phosphae produced by I 1 and I 6
showing the potential ability of phosphate sulubilization of the two

isolates.



Identification

The  derived  16S  rDNA  sequence  from  both  the
isolates showed more than 1000 similar sequences of
minimum  98%  similarity  with  highest  significance
(zero  E  value)  in  homology  searching.  Both  the
sequences  deposited  in  NCBI  data  bank  with
accession  numbers  KF059963  and  KF705063
respectively. I 1 showed similarity with the sequences
of  different  non–pathogenic  Mycobacterium  sp.
whereas I 6 showed similarity with the sequences of
different Bacillus sp. From the phylogenetic analysis,
it  has  been found that  I  1  made a separate  cluster
with  Mycobacterium  moriokaense (Fig.  5) and  I6
showed similarity with Bacillus subtilis (Fig. 6).

Effect of the selected isolates on rice

Effect of the selected isolates (I 1 and I 6) on rice plant
growth  and  development  as  germination  %,  shoot

length (mm), root length (mm), fresh weight of shoot
(in gm), fresh weight root (in gm), dry weight shoot
(in gm) and dry weight root (in gm) is presented in
Fig. 7 (A–G) and Fig. 8 (A–G) respectively. 

From the figure 7 and 8 it is clear that bothe the
isolates increased all the screened parameters of the
studied  rice  germplasm,  especially  in  induced
drought.  All  the  studied  stress  conditions  showed
positive  influence  respectively  for  I  1  and  I  6.  In
highest  stress  condition  without  inoculant  the
grmplasm  unable  to  grow  but  with  inoculant  it
showed germination and growth. In case of I 1 it was
observed  that  I  1  had  more  positive  influence  in
stress conditions than control condition. I 6 showed
positive  influence  in  control  as  well  as  in  induced
conditions also but the relativity of influence is more
in case of induced stress.

Discussion

The target area of the study was some drought–prone
remote  areas  of  South  Bengal  because  these  areas
were not well studied before, so the chance of getting
novel PGPR may be high.  IR64, a drought–sensitive,
high–yielding variety was used as it have no positive
influence on drought stress. So only the influence of
PGPR is reflected in the results.

The PGPR property of the selected isolates was
studied  for  four  important  properties  (phosphate
solubilization, IAA production, nitrogen fixation  and
ACC  deaminase  production.  These  four  characters
are very commonly used for characterization of any
microorganisms for their PGPR property (23-26). All
the four characters are associated with plant growth
and development,  which  is  supposed to confer rice
plants  to  cope  with  induced  drought  as
experimented.  Among  the  16  isolates,  two  showed
positive  PGPR  activity,  which  on  phylogenetic
analysis  identified as species of  Mycobacterium and
Bacillus.  The Mycobacterium species identified was a
non–pathogenic  rhizobacteria  reported  for  the  first
time  from  the  selected  area  of  South  Bengal  in
relation  to  PGPR  activity.  The  second  one  was  a
species  of  Bacillus which  also  may  be  first  report
from  rice  field  soil  in  connection  with  PGPR
properties in the same area. The homology searching
result showed thousands of sequence similarity with
highest  significance  for  both  the  organisms
respectively.  So  the  identification  of  the  organisms
are very much evident. 

From  the  screening  results, it  has  been  found
that  both  the  isolates  have  positive effect  on  plant
growth  and  development  under  control  as  well  as
different induced stress conditions. It was also found
that  the  isolates  were  more  effective  in  the  given
stress conditions than the control condition. So it can
be said that drought stress increase the functionality
of the organisms on plant system. 

Increase  in  germination  percentage  indicates
that  the  organisams  can  be  helpful  to  increase
number  of  survived seedlings.  It  may decrease  the
use of number of seeds that can be economical.  As
root  length  increase  can  be  helpful  to  cope  with
drought stress (27), it is also evident that the I 1 and I
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Fig. 3. Growth on Burk’s Nitrogen–free medium showing the
ability of nitrogen fixatation of isolate 1 and 6. 

Fig. 4. Amount of indole acetic acid (IAA) in mmole/h/mg showing
the capability of IAA production of isolate 1 (I1) and isolate 6 (I6).



6 is helping plants to cope with drought. The positive
results from other screened traits are also indicating
that  both the organisms helping rice plants to cope
with  drought.  Moreover,  the  present  study  also
recommended that I1 is more effective than I6 under
different drought stress conditions.

Conclusion

The available reports on rice field PGPR in relation to
drought stress are very less. The present study was
thus  undertaken  to  isolate  PGPR  from  rice
rhizospheric  soil  from  a  typical  drought  prone
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Table 1. All the studied characteristics of the screened isolates for PGPR activity.

Isolates Phosphate solubilization Nitrogen fixation IAA production ACC deaminase production

I 1 + + + +

I 2 - - - -

I 3 - - - -

I 4 - - - -

I 5 - - - -

I 6 + + + -

I 7 - - - -

I 8 - - - -

I 9 - - - -

I 10 - - - -

I 11 - - - -

I 12 - - - -

I 13 - - - -

I 14 - - - -

I 15 - - - -

I 16 - - - -

‘+’ stands for able to produce and ‘–’ stands for unable to produce.

Fig. 5. Phylogenetic position of isolate 1 showing highest and distinctive similarity with Mycobacterium motiokaense.



upland fields where drought occur year after year. In
order  to  ignore  rice  plant’s  own  innate  drought
tolerance  potentiality,  a  high  yielding  drought
susceptible  line  (var.  IR64)  was chosen which  is  at
present  the  most  popular  lines  in  upland  irrigated
rice fields. 

From this  study it  can be concluded that these
two isolates (I1 and I6) have potentiality to help rice
plants to survive under drought stress conditions. So,
field trials with these two organisms can be done for
further utilization. 
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Fig. 7. Effect of isolate 1 (A–G) on studied rice variety showing significant influence on plant growth and development under induced drought. Bars showing different letters
indicate significant differences according to Duncan’s test at p≤0.05.
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Fig. 8. Effect of isolate 6 (A–G) on studied rice variety showing significant influence on plant growth and development under induced
drought. Bars showing different letters indicate significant differences according to Duncan’s test at p≤0.05.
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