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ABSTRACT

In the present investigation seven carriers — talc, saw dust, fuller’s earth, rice husk, sugarcane
bagasse, charcoal and wheat bran were evaluated for the production of bioformulation. The
bacteria used for bioformulation development were root nodulating Rhizobium sp.
RASH6"™**™ and phosphate solubilizing Pseudomonas fluorescens PB6*™**"". Both bacterial
strains were inoculated in all the carriers separately and in combination with each other (co-
inoculants). The bacterial population was determined in each carrier up to six month storage.
Sawdust proved to be the best carrier in both water holding capacity (350 %) and also in
maintaining the bacterial population for both individual and co-inoculation. Saw dust based
formulation was separately amended with CMC, sucrose, molasses and gum. Enrichment of
saw dust with molasses brought maximum increment in population both in mono and co-
inoculants. Finally the impact of six month-stored enrichment inoculants on plant productivity
was determined taking chickpea as a test crop. The co-inoculants proved much better in
enhancing the seedling biomass and the nodule number. Molasses enriched saw dust based
formulation showed 48.43 %, 52.02 % and 57.41 % enhancement in dry weight with RASH®6,
PB6 and their co-inoculant respectively after 60 days of sowing. Results showed that
enrichment of carrier is expected to permit the retention of cell viability thus increasing the
effectiveness of the active material.
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INTRODUCTION

In agriculture one of the limiting factors is
providing plant nutrients, particularly nitrogen and
phosphorus (Kloepper et al., 1989). Soil micro-
organism plays an important role in soil processes
that determine plant productivity (Smita et al.,
2011). The beneficial effect of rhizobia on legumes
in terms of biological N, fixation is well known
(Smith, 1992). Rhizobia are unique in that they are
the only nitrogen fixing bacteria living in a
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symbiotic relationship with legume (Jadhav, 2013).
Biological nitrogen fixation by rhizobia is one of the
effective methods to improve the plant growth and
productivity (Deshwal et al., 2013). Application of
rhizobia is a well-established strategy because of
their ability for symbiotic nitrogen fixation with
host plants (Deshwal et al., 2003). Phosphorus is
second essential nutrient after nitrogen, required
for the growth of plant and micro organisms.
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Soils are often abundant in insoluble Phosphorus
(P), either in organic or inorganic forms, but
deficient in soluble phosphates essential for
growth of most plants and microorganisms. To
enhance phosphorus uptake efficiency, phosphate
solubilizing bacteria (PSB) play an important role in
supplying phosphate to plants, which s
environment friendly and sustainable approach.
Fluorescent pseudomonads comprise a major
group of root-associating bacteria that stimulate
the growth of plants through phosphate
solubilizing activity.

For agronomic utility, inoculation of plants
with  target microorganisms at a higher
concentration than those normally found in soil is
necessary to take advantages of their beneficial
properties for plant yield enhancement (Subba
Rao, 1993). The erratic performances of
bioinoculants under field conditions have raised
concerns about the practical potential offered by
microbial releases into soil (Arora et al, 2010).
Since formulation protects cells against harsh
chemical and environmental conditions (Gentry et
al., 2004), and since most bioformulations are
meant for field application, it is essential that
suitable carrier materials are used to maintain cell
viability under adverse environmental conditions
(Brar et al., 2006). A good quality formulation
promotes survival of bacteria, maintaining aviable
population sufficient to exude growth promoting
effects on plants (Aeron et al., 2011). The carrier
with the ability to carry both the inoculants
(rhizobial and Pseudomonas spp.) will appear to be
revolutionary for the agriculture industry. One such
approach to ensure the viability of cells is to enrich
the carrier material with suitable enrichment
materials. Evidence suggests that the addition of
nutrients to seed pellets may be a useful strategy
for improving inoculant survival (Moénne-Loccoz et
al., 1999). Present study was aimed to examine the
potential of different carriers based
bioformulations of root nodulating Rhizobium
RASH6 and phosphate solubilizing Pseudomonas
fluorescens PB6 as monoinoculant and co-inoculant
for the ability of plant growth promotion. Another
aim was to check the effect of enrichment
materials on inoculums viability and in vivo plant
growth promotory potential taking chickpea (Cicer
arietinum) as a test crop.

MATERIALS AND METHODS
Bacterial strains

Nitrogen fixing Rhizobium RASH6
resistant to chloramphenicol and phosphate
solubilizing  Pseudomonas fluorescens PB6"™*
spontaneous-resistant to ampicillin were taken
from culture collection of Department of
Environmental Microbiology, School of
Environmental Sciences BBA University, Lucknow,
India. For tracking the populations of bacteria in
bioformulations, antibiotic resistance was also
introduced in both the strains. Escherichia coli
WAS803 having suicidal plasmid (pGS9) integrated
into a transposon Tn5 with a kanamycin-resistant
and streptomycin-resistant marker gene was used
to confer kanamycin resistance to RASH6™ and
streptomycin resistance to PB6"™* respectively
according to the method of Kumar et al. (2003).
Rhizobium sp. RASH6™*™ and P. fluorescens
PB6"™"*"™ were grown on Yeast Extract Mannitol
Agar (YEMA; Hi-Media, Mumbai) and Kings B (KB;
Hi-Media, Mumbai) respectively at 28°C.
Physico-chemical properties of carriers

For the preparation of bioformulation, locally
available agricultural and industrial wastes (fuller’s
earth, charcoal, sawdust, wheat bran, peat, talc
and sugarcane bagasse) were selected as carriers.
Moisture content was calculated according to
Aeron et al., (2012). Water holding capacity of a
carrier was determined on a dry weight basis
according to Arora et al., (2008) and pH according
to Page et al., (1982).

Bioformulation development

Bacterial inoculums were raised by growing
Rhizobium sp. RASH6 in YEM broth medium and P.
fluorescens PB6 in KB broth medium for 48 hours at
289C. After 48 hours culture was added in each
carrier on the basis of their water holding capacity
in three sets, (i) Carrier + RASH®, (ii) Carrier + PB6,
and (iii) Carrier + RASH6 + PB6.

Shelf life detection

After every 30 days samples were checked for
measuring colony forming units (CFU) up to six
months, following Somasegran and Hoben (1994).
Average cell number was calculated by estimating
CFU/g of formulation on YEM agar supplemented
with chloramphenicol (50 mg/L) and kanamycin (50
mg/L) for RASH6™ ™ and with ampicillin (50
mg/L) and streptomycin (50 mg/L) for PB6*™**""*.
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Saw dust based bioformulations with enrichment
material

Saw dust (SD) was selected for making the
bioformulations with different combinations of
microbes and enrichment material. Carboxymethyl
cellulose (CMC), sucrose, molasses and gum arabic
were used as enrichment material. Enrichment
martial was mixed in sawdust at 1% concentration
(w/w). The culture of RASH6 and PB6 was mixed
with saw dust amended with various enrichment
materials as mono-inoculant and co-inoculant. The
experiment was conducted in triplicate, and one
bag of each carrier from each replicate was
investigated for inoculums’ population density
after every 30 days interval up to 180 days.

In vivo study

Chick pea plants were raised from surface-sterilized
seeds in plastic pots filled with steam-sterilized
local soil (500 g; P = 0.0908 %, pH = 8.4). Saw dust
bioformulation (25%) was mixed with sterilized
water to form slurry of the formulation and surface
sterilized chickpea seeds were soaked in slurry of
bioformulations enriched with certain enrichment
material for 10 min, then dried under sterilized
conditions. The experiment was carried out with
fifteen different treatments of saw dust
bioformulations: (i) Seeds + RASH6 (ii) Seeds + PB6
(iii) Seeds + RASH6 + PB6 (iv) Seeds + CMC + RASH6
(v) Seeds + CMC + PB6 (vi) Seeds + CMC + RASH6 +
PB6. For other supplements (sucrose, molasses and
gum) sets were repeated as above. Seeds without
any treatment were taken as control. All
experiments were done in five replicates. At
harvest (60 days), root length, shoot length, nodule
number per plant, fresh weight and dry weight
were determined. Chlorophyll content of chickpea
leaves was estimated according to Arnon, (1949).

Results and discussion

Formulations that transfer the growth promoting
activities of rhizobacteria(s) from laboratory to
field would have a major impact in agriculture.
Amongst all tested carriers used for development
of bioformulations, saw dust showed maximum
inherent moisture content (15.2 %) and water
holding capacity (350 %) respectively followed by
talc (8.5 % and 275 %), charcoal (7.02 % and 255
%), sugarcane bagasse (6.76 % and 230 %), rice
husk (5.65 % and 210 %), fuller’s earth soil (2.1 %
and 175 %) and wheat bran (3.2 % and 160 %). The
pH of all the carriers was near neutral (6.9 to 7.7).
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After six month of storage the inherent moisture
content of the saw dust was maintained to 12.5 %
which was found maximum over all other tested
carriers. Brockwell and Bottomley (1996) observed
that materials having high water holding capacity,
high inherent moisture content and good aeration
have been considered as good carriers for bio-
inoculants. Similar result for saw dust was
observed by Arora et al., (2008). Arora et al., (2001)
have also suggested the use of sawdust as carrier,
especially when easily available.

Saw dust based bioformulation showed
best results for population density during storage
with both Rhizobium RASH6 and P. fluorescens PB6,
followed by talc. Population density of the isolate
RASH6™"™*™ and PB6"™"*'™ in the saw dust based
mono-inoculant (bioformulation) was observed to
be 10.4 log CFU/g and 10.8 log CFU/g after one
month of storage at room temperature. There was
gradual decrease in the population due to cell
shock and the population of RASH6™*™ and
PB6"™"*"™ declined up to 8.4 and 8.1 log CFU/g
respectively after six months of incubation which is
within the permissible limit (Brahmaprakash and
Sahu, 2012). During co-inoculation saw dust again
proved to be the best carrier for both RASH6 and
PB6. In coinoculant on sawdust, population density
of RASH6™ was maintained at 7.9 log CFU/g
after six months of storage while that of phosphate
solubilizing P. fluorescens PB6"™*"* was 7.7 log
CFU/g. Sawdust based bioformulations with RASH6
and PB6 supported more than 7.0 log CFU/g of
population after six months, which is in accordance
with the Bureau of Standards in India
(Brahmaprakash and Sahu, 2012). Maintenance of
optimum viability of propagules in formulations
suggests the robust nature of the bacterium under
room temperature storage conditions (Shanmugam
et al., 2011). Minimum population was supported
by wheat bran and it was 5.2 and 4.9 log CFU/g for
RASHE™™ ™™ and  PB6*™""™ respectively, in
coinoculant after six months of storage. There are
reports that carriers possessing high water-holding
capacity and near-neutral pH can support large
populations (Arora et al, 2008, Roughley and
Vincent, 1967).

The results of saw dust based
bioformulation enriched with molasses showed
maximum population density of RASH6<"™™™ and
PB6"™*™ in both mono-inoculant and co-
inoculant followed by sucrose and CMC (Fig. 1).
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Table 1. Detection of plant growth promotory ability of sawdust based bioformulations of RASH6

and PB6*™"*" under field conditions.

Chl+Kan+

Treatments | Root Length Shoot No of Nodules Fresh Dry Weight Chl a+b
(cm) Length Pods/ plant | weight/ Weight (g) (g) (mg/g)
(cm) plant (g)
Control 10.12+0.04° | 21.27+0.03 | 16.32+0.04 - 11.46+0.03° | 06.05:0.04° | 0.011+0.04
(Seed) @ @ e
RASH6 11.98+0.03" 30.45b¢o.04 25.54+0.03° | 3.1+0.03° | 24.82+0.03° | 13.09+0.03° 0.014bi0.03
PB6 11.56+0.04° 32.12003 | 22.3240.03 - 25.65+0.02° | 12.34+0.02° | 0.015+0.03°
RASH6 + PB6 | 13.3440.02° | 38.56+0.03 | 31.12+0.03" | 5.2+0.02° | 28.32+0.03" | 15.45+0.03° 0.014:0.03
a
RASH6 + | 12.21+0.03° | 32.98+0.04 | 27.22+0.04 | 3.4+0.03° | 26.54+0.03° | 15.76+0.03° | 0.016+0.03
cMC d d d
PB6 + CMC 12.43+0.03° | 34.32+0.02 | 25.34%0.02° - 27.54+0.02° | 14.87+0.02° 0.014:0.04
e
RASH6 + PB6 | 13.21+0.03“ | 36.23+0.03" | 34.23+0.03 | 4.5:0.02%° | 30.12+0.03" | 17.45+0.04% | 0.017+0.03
+CMC & €
RASH6 + | 12.97+0.03° | 39.12+0.03 | 34.23+0.02 | 5.1+0.03 | 33.54+0.03' | 18.67+0.02" | 0.017+0.03
Sucrose n n €
PB6 + | 13.11+0.02° | 40.12+0.03' | 29.56+0.03 - 34.23+0.03' | 18.54+0.04" | 0.016+0.02
Sucrose € d
RASH6 + PB6 | 13.98+0.03% | 44.23+0.04' | 37.23:0.04' | 5.7+0.02° | 38.12+0.04™ | 19.76:0.03' | 0.019+0.03
+ Sucrose g
RASH6 + | 13.21+0.02° | 43.12+0.04° | 38.83+0.04° | 5.9+0.03™ | 37.87:0.04' | 19.43+0.02' | 0.018+0.03'
Molasses
PB6 + | 13.98+0.03% | 45.12+0.03 | 36.43+0.03' - 35.49+0.03" | 18.7610.03' | 0.017+0.04
Molasses m €
RASH6 + PB6 | 14.87+0.04° | 47.58+0.02 | 39.85+0.03' | 6.1+0.02° | 39.89+0.02" | 24.32+0.03' | 0.020+0.03
+ Molasses n h
RASH6 + | 12.43+0.02° | 38.32+0.03 | 32.12+0.04 | 5.2+0.03" | 28.56+0.03" | 16.87+0.02" | 0.015+0.03°
Gum & &
PB6 + Gum 12.21+0.03° | 37.21+0.04 34.6720.03 - 27.78+0.04° | 16.43+0.03' 0.014:0.02
RASH6 + PB6 | 13.56+0.03% | 41.12+0.04' | 37.23+0.02' | 5.5+0.02° | 30.13+0.04" | 17.49+0.03% | 0.015+0.03°
+ Gum

Results are the mean of 05 replicates +SD. Means in the column followed by same letters indicate no significant
difference (P=0.05) by Duncan’s multiple range test.

There was no
density of RASH6 and PB6 in gum arabic enriched

increase

in population

bioformulations. These are in agreement with

previous

research which

showed

that high-

bioformulations over non-enriched sawdust based
bioformulation. The formulation enrichment with
molasses maintain the population density to 10.3
and 10.1 log CFU/g in the monoinoculant of
RASHE6"™ @™ and PB6" ™" respectively after six
months of storage. Bioformulation of RASH6™"*"*
+ PB6 ™™ enriched with molasses maintained
their population density to 8.5 and 8.3 log CFU/g
respectively, after six months of storage. Results
clearly showed that enrichment of carrier with
molasses enhances the cell viability of the
bioformulation over non-enriched sawdust based

molecular-weight (C6 to C12) compounds such as
glucose, sucrose and trehalose enhanced survival
of bacteria in dried biopolymers (Aeron et al.,
2012, Omer, 2010, llyina et al., 2000). Brar et al.,
(2006) also found that the combination of carrier
with enrichment material is expected to permit the
retention of cell viability thus increasing the
effectiveness of the formulation. Caesar and Burr
(1991), found that amendment of sucrose (0.72M)
in King’s B medium increased population and shelf
life of P. fluorescens (P7NF, TL3) in talc-based
formulation up to 12 months.
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Fig 1. Population density of Rhizobium sp. RASH6 and P. fluorescens PB6 in different sawdust based
bioformulations enriched with different materials.

Ting et al, (2009), indicated that respectively, over non-enriched sawdust
bentonite-based bioformulation enriched with bioformlations after 60 days of sowing. Earlier
sucrose can produce both good viability and studies also reported significant increase in plant
efficacy results, even after exposure to sunlight. It  fresh and dry weight on inoculation with
has been proposed that a uniform coating of  Pseudomonas and Rhizobium spp. (Pandey et al,
approximately 10’ CFU of bacteria per seed is 2005). Earlier reports are available which suggest
necessary for successful bacterization (Suslow, the usefulness of co-inoculants over
1982). monoinoculants, and especially of microorganisms

Saw dust based bioformulation enrichment  that are synergistic to each other. Use of co-
with molasses showed maximum enhancement of  inoculants has the advantage of enhancing the
plant growth parameters of chickpea followed by  plant productivity by diverse mechanisms (Dashti
sucrose and CMC over control (Table 1). Molasses et al., 1998). Nakkeeran et al., (2005) mentioned
enriched saw dust bioformulation of RASHE"e™ that the performance of bioformulations can be
PB6"™**'™ and their co-inoculant showed 48.43 %, increased by the incorporation of water soluble
52.02 % and 57.41 % enhancement in dry weight  adjuvants, oils, stickers and emulsions.
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The present study recommends the use of
molasses as enrichment material in
bioformulations. These data suggest that
Rhizobium sp. and Pseudomonas sp. isolates can be
used in further investigations as a potential agent
of new biofertilizer for improved chick pea
production.
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