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The present research work was conducted to screen different carrier materials for
halotolerant phosphate solubilizing Enterobacter cloacae HFZ-H4 strain to be used as biofertilizer formulation and study of their shelf life. Formulations of Enterobacter cloacae
HFZ-H4 strain in fly-ash, saw dust and rice husk ash were screened for the better survival
as bacterial bio-fertilizers formulation and result showed that Fly ash was found as best
carrier material for bio-formulation and fly ash was further used as carrier material for
optimization and shelf life study stored at optimized condition up to six months.
Optimization of Fly ash based bio-formulation revealed that 25oC temperature and 30%
moisture content were find as best condition for bio-fertilizer formulation to survive. Shelf
life study in (fly ash) revealed that the population of bacteria gradually decreases with
storage time and maximum population was observed at zero day (51 x 10 8 cfu/g) of
formulation. The population of Enterobacter cloacae HFZ-H4 was declined upto 06 log at
108cfu/g after six months of storage which is within the permissible limit. From results of
this study it can be concluded that the halotolerant strain of Enterobacter cloacae HFZ-H4
formulations in fly ash could be a better option for the growth and yield of the crop in
sodic/saline soil.

Introduction
Phosphate solubilizing bacteria (PSB) are used
as bio-fertilizer since 1950’s. Different types
of organic acids e.g., carboxylic acid is

secreted by these microorganisms (Deubel and
Merbach, 2005) thus lowering the pH in the
rhizosphere and consequently dissociate the
bound forms of phosphate like Ca3 (PO4)2 in
calcareous soils. The role of phosphate
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solubilizing microorganism in their abilities to
reduce the pH of the surroundings by the
production of organic acids (Chen et al.,
2006), production of acid and alkaline
phosphatises (Rodríguez and fraga, 1999) and
to H+ protonation (Illmer and Schinner, 1995).
These organic acids can either dissolve
phosphates as a result of anion exchange or
can chelate Ca, Fe or Al ions associated with
the phosphates (Rajankar et al., 2007,
Gyaneshwar et al., 2002). It is mostly
deficient in soils as it is fixed as water
insoluble iron and aluminium phosphates in
acidic soils or calcium phosphate in alkaline
soils (Singh and Kapoor 1994).
Phosphate solubilizing microorganisms (PSM)
particularly those belonging to the genera
Bacillus sp. and Pseudomonas sp., and many
others possess the ability to bring insoluble
phosphates in soil into soluble forms by
secreting organic acids such as citric acid
formic, acetic, propionic, lactic, fumaric and
succinic acids (Rashid et al., 2004, Ivanova et
al., 2006, Rodríguez and Fraga, 2007). These
organic acid increases the acidity in soil and
decreases the soil pH that is more effective in
soil aggregation processes and servable of
plants and microorganisms which results in
improving the soil quality as well as the
physico-chemical properties of soil.
Production of organic acids results in
acidification of the microbial cell and its
surroundings. These bacteria can grow on
various phosphorus containing medium and
play an important role in supplying phosphate
compound
to
plants
in
a
more
environmentally-friendly and sustainable
manner (Khan et al., 2007).
Bio-fertilizers are usually prepared as carrierbased
inoculants
containing
effective
microorganisms. A suitable carrier material
was selected after screening of a number of
locally available materials to ensure maximum

survival of the inoculated bacteria during
storage and transportation. Incorporation of
microorganisms in carrier material enables
easy-handling, long-term storage and high
effectiveness of bio-fertilizers. Inoculum
carriers provide as media in bio-fertilizer
production, controlling quality and shelf life
of bacterial inoculants by serving as
microenvironment for microorganisms. Other
than, various types of carrier materials storage
temperatures and moisture content are
important factors determining shelf life of bioinoculants (Kremer and Peterson, 1983), and
acceptance of agricultural products (Bashan,
1998). Fly-ash which is generally recognized
as waste being generated in large quantity in
thermal power stations, and causes
environmental hazard, has been reported to
promote crop growth in various trials
conducted under National Fly-ash Mission
Programs (Kumar, et al., 1999). A good
carrier material have following characteristics:
(1) non-toxic to inoculated bacterial strain, (2)
should good moisture absorption capacity, (3)
easy to process and free of lump-forming
materials, (4) easy to sterilize by autoclaving
or gamma-irradiation, (5) should available in
large amounts, (6) chief, (7) good adhesion to
seeds, and (8) good pH buffering capacity (9)
should non-toxic to plant.
Storage of bio-fertilizers inoculants in a
storehouse without refrigerator in the range of
5 to 30 oC usually causes reduction in
microbial shelf life. A number of researchers
have evaluated for suitable carrier materials
from agricultural and other wastes and
investigated
the
effect
of
different
temperatures and different moisture content on
shelf life of bio-fertilizer formulations
(Thungtrakul,
1987;
Rajakumar
and
Lakshmanan, 1995; Saleh et al., 2001).
The utilization of these carrier materials
reduces to cost of the product giving
additional advantage to soil or crops.
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Halotolerant Enterobacter cloacae HFZ-H4
strain isolated from sodic soil, was
formulated in different carrier materials, with
an aim to explore feasibility of using it as a
carrier for shelf life study as commercial
formulation.

Optimization of storage temperature (ºC)
and moisture content (%) on bioformulation

Materials and Methods

Storage temperature: at 20, 25, 30, 35 and 40
(oC).

The present studies were conducted in the
Research Laboratory of the Department of
Industrial Microbiology, Sam Higginbottom
University of Agriculture, Technology and
Sciences, Allahabad, Uttar Pradesh, India.
Multiplication of
HFZ-H4 strain

Enterobacter

cloacae

Enterobacter cloacae HFZ H4 strain with
accession number (MG255304) was grown
on Pikovaskaya broth medium tubes. After
checking the culture for purity and proper
growth, the culture was transferred to conical
flask containing sterilized liquid Pikovaskaya
broth medium on a rotary shaker at 150 rpm
for 4 – 5 days at 30 oC (Rao, 1986).
Screening of carrier materials
Fly-ash, Rice husk ash and Saw dust obtained
from different sources and packed in
autoclavable propylene bag and sterilized in
an autoclave.
The different carriers based bio-fertilizers
formulations were screened for better
survival of the bio-fertilizers strains. A high
count of Enterobacter cloacae HFZ-H4 to
contain about >109 CFU per ml were mixed
manually in sterilized carrier of 40 % water
holding capacity so as to attained final
moisture content of carrier to 30 – 35 %
(FCO, 2006), and packed in low density
polythene bags. The final preparation
contained more than 10 8 cells/g of
formulation (Rao, 1986).

The optimization was studies under following
conditions.

Moisture content: at 20, 25, 30, 35 and 40 (%).
Shelf life study of halotolerant bio-fertilizer
formulation
Shelf life of the bio-fertilizer formulations was
studied by drawing samples at regular
intervals of 20 – days up to six months from
date of mixing. The colony forming unit
(CFU) was estimated by “serial dilution pour
plate method” using Pikovaskaya Agar
medium (Cappuccino and Sherman 2004).
Results and Discussion
The results and discussion of the study are
reported in succeeding page under the
following headings.
Screening of carrier materials
Three low cost and indigenously available
substrates, Saw dust, Rice husk ash and Fly
ash (FA) were selected for evaluation of
carrier materials suitable to survive biofertilizers strains. Five day old Enterobacter
cloacae HFZ-H4 strain broth cultures with a
population load of >109cell /ml were blended
with these carrier materials. Quantity of the
broth added, was adjusted to obtain a moisture
level of 35-40% of total water holding
capacity of the carriers. Prepared carrier based
bio-fertilizer formulations packets were
checked for viability. Viability of added
bacterial
cells
and
other
microbial
contaminants were monitored by serial
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dilution and standard plate count method on
Pikovaskaya Agar medium plates.
The present study results showed that there
were significant differences in survival of
bacterial strain among carrier materials and
Fly ash gave the highest cfu count (49)
followed by saw dust (47) and rice husk ash
(41), (Table- 1). Similar results on viability of
fly-ash alone compare to lignite: soil (1:1)

have been reported by (Gaind and Gaur,
2004). The results were in agreement with the
findings of (Jayaraj et al., 2005; Khan et al.,
2007). Many other research findings have also
suggested that Fly-ash alone and in
combination with other materials is an
excellent carrier for bio-formulation of
Rhizobium (Kumar and Gupta, 2008). Fly ash
offers certain benefits when it is used as
carrier material.

Table.1 Screening of different carrier materials
S. No.
1.
2.
3.

Cfu counts x 108 /g
49 ± 4.34a
41 ± 1.00b
47 ± 1.73a,b

Carrier material
Fly Ahs
Rice husk ash
Saw dust

Different letters in each row denote significant differences (p<0.05) among the treatments according to a Tukey’s
HSD test. Mean value ± standard deviation (n = 3).

Table.2 Effect of storage temperature (ºC) on bio-formulation
S. No.
1.
2.
3.
4.
5.

Cfu counts x 108 /g
42 ± 4.58a
43 ± 1.73a
40 ± 2.65a
31 ± 2.65b
22 ± 3.00c

Temperature (ºC)
20
25
30
35
40

Different letters in each row denote significant differences (p<0.05) among the treatments according to a Tukey’s
HSD test. Mean value ± standard deviation (n = 3).

Table.3 Effect of moisture content (%) on bio-formulation
S. No.
1.
2.
3.
4.
5.

Cfu counts x 108 /g
20 ± 1.00d
25 ± 0.00c
43 ± 3.46a
37 ± 1.52b
37 ± 1.00b

Moisture content (%)
20
25
30
35
40

Different letters in each row denote significant differences (p<0.05) among the treatments according to a Tukey’s
HSD test. Mean value ± standard deviation (n = 3).
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Table.4 Shelf life of E. cloacae in fly ash at optimized conditions (Cfu x 108/g)
S. No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Cfu counts x 108 /g
51 ± 3.61a
48 ± 4.36a
42 ± 2.65a,b
33 ± 5.57b,c
27 ± 2.65c,d
23 ± 2.65d
20 ± 2.00d
19 ± 2.65d,e
10 ± 2.65e,f
06 ± 1.73f

Shelf life (Day)
00
20
40
60
80
100
120
140
160
180

Different letters in each row denote significant differences (p<0.05) among the treatments according to a Tukey’s
HSD test. Mean value ± standard deviation (n = 3).

Fig.1 Population of Enterobacter cloacae in fly ash at optimized conditions (Cfu x 108/g)

It Improves water holding capacity/porosity,
Optimizes pH value, Works as a liming agent,
Provides micro and macro nutrients like Fe,
Zn, Cu, Mo, B, Mn and K, P, Ca, Mg, S etc.
(Vitekari et al., 2012). The data was analyzed
statistical and showed that there were
significant differences in different carrier
based bio-formulations (p<0.05).
Optimization of bio-formulation (Fly ash)
Optimization of the bio-formulation for the
best survival of the bio-fertilizer strains under

different condition such as optimum moisture
content and optimum storage temperature was
as discussed below.
The effect of storage temperature on the cfu
count was studied. The influence of storage
temperature on cfu count is related to the
temperature tolerant of the bacterial strain.
The storage temperature studied out at 20, 25,
30, 35, and 40 °C, stored at 30 days. The
maximum cfu count of bio-formulation (43)
was obtained at 25°C while it decreased from
30 to 40°C. (Table- 2). It was obtained that
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the increased temperatures adversely affect
the survival of the bio-fertilizers strains.
Effect of storage temperature on growth and
survival of organism is influenced by both the
purity of the culture and the amount of
moisture lost during storage (Suryadi et al.,
2013). It was reported that cfu count of R.
japonicum at temperature ranging from 26 to
35°C were appreciable, while at a temperature
of 40°C the mortality rate was high. Similar
finding was reported by (Roughley, 1968;
Van Schreven, 1970; Saha et al., 2001).
Statistical analysis showed that there were
significant differences in bio-formulation at
different storage temperatures (p<0.05).
Moisture content is a critical factor for
survival of bio-fertilizers strains in bioformulation. The different moisture content
was studied out at 20, 25, 30, 35, and 40 %,
stored at 30 days. The maximum cfu count
was obtained at 35 and 40 % moisture. A
gradual increased in the cfu count was
obtained with increase in moisture content
from 20-35 % (Table- 3). The higher moisture
level decreases porosity, changes in the
structure of carrier particle. The results
correlated with the work of (Roughley, 1968).
Moisture levels in the range of 30 to 35 per
cent were optimal for survival of biofertilizers strains, (Date and Roughley, 1977).
An interesting adverse effect of a high
moisture level is that numbers of certain
strains are highest at 60 to 65% and reduced
carriers to absorb different amounts of
moisture may explain the different optima for
growth and survival (Roughley, 1968).
Statistical analysis showed that the effect of
moisture level with cfu was observed
significant different (p<0.05).
Shelf life study
Bio-fertilizers are usually prepared as carrier
based inoculants
containing effective
microorganisms. The identified strain was
used for the preparation of bio-formulation

using fly-ash as carrier material and evaluated
for their viable cell count during storage
period of 180 days. In the present research
colony forming units per gram (cfu/g) of
viable count of Enterobacter cloacae HFZ-H4
strain bacterial strain was seen to generally
decline during zero days to six months of
storage. The maximum population of biofertilizer bacterial strain was found in zero
days as compare to other days and was seen
up to 180 days. Maximum numbers of
colonies were observed (51) (Table 4).
The population of bio-fertilizer bacterial
strain was retained at more than cfu X 108/g
in the formulation, through a significant
decline in cfu/g was noticed up to 180 days
from zero days’ storage (Figure 1). (Jayaraj et
al., 2005), reported that significant decline in
cfu/g might be due to decreased viability of
propagules and loss of moisture content
during passage of time. A decline in
population on long time storage may be
attributed to the depletion of nutrients,
moisture and autolysis of cells (Gaind and
Gaur, 2004). There was gradual decrease in
the population due to cell shock and the
population of Enterobacter cloacae declined
up to 6 log X 108 cfu/g after six months of
storage which is within the permissible limit
(Brahmaprakash and Sahu, 2012). The
statistical analysis of data indicates that the
shelf life of bio-formulated strain was found
to be significant over time (p<0.05).
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