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Abstract

The present study is an attempt to standardize the agro wastes
based formulations under two different storage conditions, which would
result in higher shelf life of the product, and assesses the method of
application that would result in greater rhizosphere competence. In
Vermicompost, the population of P. fluorescens increased to 1206×108

cfu/g at 30 Days after Storage (DAS) and finally decreased to 45×106

cfu/g at 120 DAS when stored at room temperature. At 4°C the population
load maintained at the level of 108 cfu/g  at 120°C.  Among the different
methods of application of the bioformulations, seed + root+ soil technique
showed the highest rhizosphere population recovery of 280.00×106 cfu/
g at 60 days after transplanting (DAT).
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The overuse of agrochemicals such as
fertilizers and pesticides for management of
soil borne and foliar pathogens and improving
plant growth, come with high environmental
cost9. This threat has prompted field workers
to seek viable alternatives in the form of plant
growth promoting rhizobacteria (PGPR).
Inoculating plants with PGPR can be an
effective strategy to stimulate crop growth and
improve crop tolerance to the abiotic stresses
(eg. drought, heat and salinity) likely to become
more frequent as climate change conditions
continue to develop2. Among the PGPRs,

fluorescent Pseudomonads are the most
exploited bacteria for crop improvement3. For
field application of the PGPR Pseudomonas
fluorescens, formulation development is
necessary based on different carrier materials.
For formulation development, it is essential to
optimize mass multiplication protocols that
promote product quality and quantity, preserve
shelf life and aid in product delivery that would
support its rhizosphere competence7. Therefore,
the present study aims to find the appropriate
carrier material for formulation, optimum
storage condition and assesses the appropriate
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delivery system of the bioformulation in the
field which would support a higher population
load of the bioagent in the rhizosphere.  Present
work was undertaken with the following
objectives 1. To prepare powdered formulations
based on agro waste as substrate carrier and
Pseudomonas fluorescens as bioagent. 2. To
study the population dynamics of the Pseudo-
monas fluorescens based bioformulations at
different days after storage at room temperature
and at 4°C. 3. To assess the viable population
of the formulation based bioagent in
rhizosphere soil at different days after
transplanting for evaluation of the period with
highest rhizosphere competence.

Mass culture of the isolated strain
of Pseudomonas fluorescens: An indigenous
strain of Pseudomonas fluorescens was
isolated from the rizosphere soil of Brinjal Plant
in Singimari of Kamrup District, Assam,
characterized and tested for plant growth
promoting activities.

Growth and multiplication of Pseudomonas
fluorescens in different organic substrates:

Agro wastes like Rice bran (Rb),
Decomposed mustard oil cake (D), Farmyard
manure (F) and Vermicompost (V), were used
for study as substrate carriers. The substrate
carr ier-adhesive-bioagent mixture was
prepared by following the modified method of
Kloepper and Schroth8.  P. fluorescens (Pf)
cell suspension @ 108 cfu/mL (O.D   0.5) was
added into the mixture (1:10 v/w). Three
sealed packets for each formulation were
prepared and stored at room temperature.
Same process was  applied for preparation of
another set for storage at 4oC for comparative
study.

Population dynamics of P. fluorescens in
the different substrate carrier based
formulations at different days after storage
(DAS) at room temperature and 4°C :

The population dynamics of the
bioagent P. fluorescens was determined at 15,
30, 60, 90 and 120 DAS of the substrate
carrier-adhesive- P. f luorescens based
formulations at room temperature and at 4oC
by the serial dilution plate technique6. The
experiment was conducted by following the
Completely Randomized design with three
replications for each treatment. For assessment
of population at 4°C, the formulations were
first stored at room temperature for 15 days
to increase the initial population of P.
fluorescens and then population determined
at subsequent DAS.

Quantitative assessment of P. fluorescens
population in the rhizosphere after
application of the formulation by different
methods :

The P. fluorescens based formulations
were applied to brinjal plants cv. Pusa Kranti
in different methods i.e seed treatment (S),
soil treatment (So), root treatment (R) by
following the method of Sivakumar and
Narayanaswamy13. Combination treatments of
seed + soil (S+So), root+ soil (R+So), seed+
soil (S+So) and seed + root + soil (S+R+So)
were also carried out. The experiment was
conducted by following the Completely
Randomized Block Design (CRBD), where
each treatment was replicated thrice with two
plants per replication.
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Plant growth promoting properties of
isolated P. fluorescens strain :

The P. fluorescens strain isolated
from rhizosphere soil of brinjal plant showed
positive results for plant growth promoting
activities (Table-1).

Table-1.  Plant growth promoting activities of the
isolated strain of P. fluorescens

Plant growth promoting Result (+ve: Positive;
Activity -ve: Negative)
P- solubilisation +ve
Ammonia production +ve
Catalase activity +ve
IAA production 198.08
(µg/mL)

Population dynamics of the bioagent in
different substrate carrier based bioformu-
lation under two storage conditions :

The result of the population dynamics
of P. fluorescens in powder formulations at

different DAS at room temperature is
presented in Table-2. The formulation VPf
recorded significantly high population recovery
of P. fluorescens  as compared to other
formulations sampled at all DAS indicating it
as a better nutrient source and provider of
congenial microenvironment required for
proper growth and subsequent longer shelf life
in the formulated product11. The population
recovery in all the formulations reached its
peak at 30 DAS. Thereafter during the period
60-90 DAS, the population of P. fluorescens
showed a steady decline. However at 120
DAS, the population of P. fluorescens showed
a highly significant decline to 106 cfu/g level
in all the formulations. Such findings are in
conformity with earlier reports that higher
population densities (>107 cfu/g) of P.
fluorescens were measured in talc, peat,
blackgram, coirpith and skelled cobs based
formulations at ambient temperatures14.  At
4°C the performance of the substrate carriers

Table-2. Population load of P. fluorescens in different substrate carrier based formulations under
storage at room temperature (28±2°C)

Substrate Carrier Population-
Bioagent based       Population load of P. fluorescens ( ×108 cfu/g) at load  (×106

Formulation                different days after storage (DAS)   cfu/g)
15 DAS 30 DAS 60 DAS 90 DAS 120 DAS

VPf 930.00 1206.00 309.33 60.33 45.00
(10.97) (11.08) (10.49) (9.78) (7.65)

FPf 890.00 990.00 302.67 51.67 42.00
(10.95) (11.00) (10.48) (9.71) (7.62)

DPf 845.33 953.00 234.00 45.33 38.33
(10.93) (10.98) (10.37) (9.66) (7.58)

RbPf 667.67 700.33 226.33 40.67 30.33
(10.82) (10.85) (10.35) (9.61) (7.48)

Effect of Substrate S.Ed± S.Ed± S.Ed± S.Ed± S.Ed±
Carrier 0.005 0.003 0.022 0.710 0.037

CD0.05 CD0.05 CD0.05 CD0.05 CD0.05

0.010 0.006  0.045 1.433   0.075
Figures within parenthesis indicate log transformed values
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showed similar trend as shown under room
temperature storage conditions (Table-3). As
DAS increased at 4°C the population count
declined slowly but the population count was
much higher as compared to room temperature
conditions. At 120 DAS the population count
at 4°C was much higher as compared to the
corresponding period under room temperature.
The comparison of the effect of two storage
conditions on the viability of P. fluorescens in
the formulation VPf is depicted in Figure 1.

This is in conformity with the fact that
4 º C storage temperatures is best suitable for
storage of carrier based inoculants because
of higher level of moisture content in the carrier
inoculants15. Freeze drying of Pseudomonas
 strains  has  been  explored  as  a method  to
deliver viable cells for crop protection3.

P. fluorescens became metabolically
inactive at a lower temperature (40C), which
might have acted as a barrier for proper
physico-biochemical activities essential for
population build up of the bioagent in contrast
to room temperature storage conditions where
the population load increased and reached peak
at 30 DAS.

Assessment of the methods of application
of formulations for effect on rhizosphere
competence :

The population of P. fluorescens in the
rhizosphere at different days after transplanting
(DAT) when the formulations were applied by
the different methods are shown in Figures
2a, 2b and 2c. The results revealed that the
population densities of P. fluorescens increased
significantly from 30 DAT upto 60 DAT and
decreased again at  90 DAT in all the

Table-3. Population load of P. fluorescens in different substrate carrier based
formulations under storage at 4°C

Substrate Carrier             Population load of P. fluorescens ( ×108 cfu/g) at different days
Bioagent based after storage (DAS)
Formulation 15 DAS 30 DAS 60 DAS 90 DAS 120 DAS

VPf 930.00 926.33 920.33 910.33 890.33
(10.97) (10.97) (10.96) (10.96) (10.95)

FPf 890.00 880.67 876.33 870.67 865.67
(10.95) (10.94) (10.94) (10.94) (10.94)

DPf 845.33 843.67 838.67 830.33 820.33
(10.93) (10.93) (10.92) (10.92) (10.91)

RbPf 667.67 664.33 660.33 650.33 630.33
(10.82) (10.82) (10.82) (10.81) (10.80)

Effect of Substrate S.Ed± S.Ed± S.Ed± S.Ed± S.Ed±
Carrier 0.005 0.002 0.003 0.002 0.004

CD0.05 CD0.05 CD0.05 CD0.05 CD0.05

0.010 0.005 0.006 0.005 0.007

Figures within parenthesis indicate log transformed values
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formulations applied by different methods of
application. The food base present in the
formulation along with higher amount of root
exudates might have provided nutrients
required for initial growth and reduced nutrient
competition with resident microbes which
resulted in population build up and greater
rhizosphere competence at 60 DAT. At 90
DAT, the population of the bioagent declined

which could be justified by the change in
composition of the root exudates which in turn
results in temporal and spatial difference in
the the rhizosphere microbial community
composition and activity5,12.  In all the
formulations applied, the highest population
densities were recorded  in the seed + root +
soil treatment (Figure 3) which is due to all
round placement of the bioagent on the seed,
from which the bioagent migrated to the
elongating roots, the most favourable site for
colonization and in soil  the repertoire of both
beneficial and pathogenic microbes, all of
which in combination, created more favourable
condition for maximum colonization giving a
better competitive advantage over other
rhizosphere microflora. This finding is
corroborated by the dose response - population
relationship, that is, high initial inoculum density,
reflects higher recovery of population density
of the bioagent in the rhizosphere soil6.

  Figure 1 Comparison of population load of VPf
at different DAS at room temperature and 4°C

Figure 2 a Figure 2 b

Figure 2c

Population of P. fluorescens in the
rhizosphere soil at 30 DAT (Figure 2a), 60
DAT (Figure 2b) and 90 DAT (Figure 2c)
when the formulations are applied by
different methods.
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Among individual methods of application,
root treatment was more suitable for higher
population densities of the bioagent, possibly
due to easier colonization of the roots by the
introduced bio inoculant, even in the presence
of already present resident rhizosphere
organisms. This is supported by the fact that
niche overlap between an inoculant and resident
bacteria appears to be limited, even with
resident organisms that are phylogenetically
closely related to the inoculant. Spatial
separation and nutrient versatility are important
factors contributing to this restricted overlap4.

The present study underscores the
importance of standardizing organic formulations
supporting maximum shelf life and higher
rhizosphere competence for making bioferti-
lizers a commercial venture10. Vermicompost
used as substrate carrier and a storage condition
of 4°C served best in giving a higher shelf life.
Again, the integration method of application
of the formulation (seed+ root+ soil method)

was found to give a higher rhizosphere
competence to the inoculated bioagent.  The
period of 60 DAT was found to be the most
suitable time of population build up when the
rhizosphere population of the bioagent was at
its peak. However, large scale field studies will
be needed to study its effectiveness in
promoting plant growth under different biotic
and abiotic conditions.

References :

1. Ahmad Farah, Iqbal Ahmad and M.S.
Khan  (2008) Microbiological Research
163(2): 173-181.

2. Backer Rachel, Rokem J. Stefan,
Ilangumaran Gayathri, Lamont John,
Praslickova Dana, Ricci Emily, Subramanian
Sowmyalakshmi and Smith L. Donald
(2018) Front. Plant Sci. (9)   https://doi.
org/10.3389/fpls.2018.01473

3. Cabrefiga  J., J. Francés, E. Montesinos
and A. Bonaterra (2014) J Appl Microbiol.

Figure 3 Rhizosphere population of P. fluorescens at different DAT when VPf is applied by
different methods



(28)

117(4): 1122-31. doi: 10.1111/jam.12582.
4. Castro-Sowinski Susana, Herschkovitz

Yoav, Okon Yaacov and Jurkevitch Edouard
(2007) FEMS Microbiology Letters 276(1):
1–11, doi.org/10.1111/j.1574-6968. 2007.
00878.x

5. Chowdhury S. P., K. Dietel, M. Rändler,
M. Schmid, H. Junge and R. Borriss (2013).
PLOS ONE 8:e68818.  10.1371/journal.
pone.0068818 

6. Dupler M. and R. Baker (1984). Phyto-
pathology. 74: 195-200.

7. Gopalakrishnan Subramaniam, Arumugam
Sathya, Vijayabharathi Rajendran, Vadlamudi
Srinivas (2016) Formulations of Plant
Growth-Promoting Microbes for Field
Applications In: D. P. Singh et al. (eds.),
Microbial Inoculants in Sustainable
Agricultural Productivity (pp. 239-251)
doi: 10.1007/978-81-322-2644-4_15

8. Kloepper J.W. and M.N. Schroth (1981).
Phytopathology.  71: 590-592.

9. Lu Zhang, Chengxi Yan, Qing Guo, Junbiao
Zhang, Jorge Ruiz-Menjivar (2018)
International Journal of Low-Carbon
Technologies 13(4) : 338–352; https://doi.
org/10.1093/ijlct/cty039

10. Nakkeeran S., W. G. Fernando Dilantha,
and Zaki A. Siddiqui (2005). Plant growth
promoting Rhizobacteria formulations
and its scope in commercialization for the
management of pests and diseases. In:
Z.A. Siddiqui (eds.), PGPR: Biocontrol
and Biofertilization : pp.257-296 Springer,
Dordrecht, The Netherlands

11. Pathma J. and N. Sakthivel (2012)
Springerplus 1(26). doi: 10.1186/2193-
1801-1-26. PMID: 23961356; PMCID:
PMC3725894

12. Schreiter Susanne, Doreen Babin,  Smalla
Kornelia and  Rita  Grosch  (2018) Front
Microbiol. 9: 97.

13. Sivakumara G. and N.T. Narayanswami
(1998). Oryza. 35: 57 – 60.

14. Sivakumara G., R.C. Sharma and S.N. Rai
(2000). Indian phytopath. 53: 190-192.

15. Thirumal G., R. Subhash Reddy, S. Triveni,
K. Damodarachari and K. Bhavya (2017)
Int. J. Curr. Microbiol. App. Sci 6(7): 753-
759 https://doi.org/10.20546/ijcmas. 2017.
607.094

16. Waksman S. (1922). Journal of Bacte-
riology. 7: 339-341.


