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Abstract
Mass production of Bacillus thuringiensis A5-BRSC culture as biofertilizer, using cheap carbon sources 
revealed that mashed potato is the most effective carbon source followed by arrowroot and liquid 
waste of boiled rice. Biomass was mixed with charcoal, the carrier, and applied to the pots to study 
its plant growth stimulating effect using Abelmoschus esculentus as test plant. Biofertilizer inoculated 
plants showed high shoot and root length, high numbers of leaves, more numbers of fruits, increased 
fruit weight in comparison to control plants where no biofertilizer was inoculated. Microbial activity 
of biofertilizer in pot soil was studied by both soil dehydrogenase assay and carbon evolution method. 
Both of the study revealed that the biofertilizer is stable in soil condition up to 45 days.
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INTRODUCTION
 Biofertil izers are active microbial 
inoculants that are applied to the seeds or the 
plant roots directly. These active microflora 
colonize on the rhizosphere and stimulate the 
growth of host plant by supplying essential 
primary nutrients or phytohormones. Though 
the use of biofertilizer was started in the 19th 
century, sustainable agriculture of 21st century also 
needs such pollution-free fertilizers to fulfil the 
tremendous need of food grains and vegetables. 
 Reports of biofertilizer research in India 
revealed that the use of Rhizobium strains increase 
crop yield in pulses, groundnut, soybean etc. 
Use of Azotobacter and/or Azospirillum results 
in better yield of maize, barley, oat, sorghum, 
sugarcane, rice etc. Combined use of biofertilizer 
Bacillus megaterium var. phosphaticum, a 
Phosphate Solubilizing Bacterium (PSB) with 
chemical phosphate fertilizer reduced the number 
of PSB in soil and plant required 25% more 
phosphate for growth, but single inoculation 
of that organism enhanced PSB population in 
rhizosphere, availability of phosphate in soil, 
increased growth rate and yield of sugarcane1. 
Potential use of biofertilizer for sustainable 
agriculture in eco-friendly manner was reported by 
various groups of scientists in last two decades2,3. 
Mass cultivation of such potent strains was also 
attempted in several cost effective ways. Plant 
Growth Promoting Rhizobacterium (PGPR) strain 
Azotobacter chroococcum was cultivated by single 
batch, repeated batch and fed batch process in 
stirred tank bioreactor in a very cost effective way4. 
Both chemically defined media as well as complex 
media was used with a carbon source and essential 
inorganic salts. Glucose and sugar beet molasses 
was used as carbon sources for those medium 
respectively. The reports revealed that the use of 
glucose in chemically defined media yielded the 
highest biomass production, where as, in case of 
complex media same was happened in molasses, 
although in both cases a large amount sugar was 
unconsumed. Highest biomass yield was obtained 
in fed batch fermentation using complex medium. 
 Biofertilizer production in commercial 
scale requires suitable PGPR strains and their 
proper preservation, a stable and chemically 
inert carrier like peat, lignite or charcoal, proper 
packaging and marketing of the final product5. 

However, fly-ash generated from thermal power 
plants might be successfully used as carrier for 
biofertilizers, although it had minute toxic effects 
due to presence of negligible amount of heavy 
metals6.
 In India, southern states (except Andhra 
Pradesh), western states, Madhya Pradesh and 
Rajasthan have a steady increase in biofertilizer 
demand7. The report of State Department of 
Agriculture also revealed that West Bengal was 
the highest biofertilizer producing state in Eastern 
India and has a great marketing possibility of 
biofertilizers from commercial point of view. The 
main constrain of biofertilizer production is lack 
of stable PGPR strains. Most of the strains exhibit 
good results in laboratory conditions but becomes 
misfit in the fluctuating environmental conditions 
of agricultural fields. Moreover, some strains 
get mutated either during fermentative mass 
production or in field condition. Contamination 
during fermentative production, storage or 
packaging is another major problem regarding 
biofertilizer research8. Shelf life of biofertilizer 
greatly depends on suitable carrier materials for 
microorganisms. Unavailability of suitable carriers 
or their short shelf life sometimes became a 
major problem in biofertilizer research. Though 
biofertilizer research has golden future from 
both agricultural as well as economic aspect, lack 
of proper marketing strategy and awareness of 
the farmers makes the progress of biofertilizer 
research slower in comparison to western 
countries. 
 It has been reported that chemical 
fertilizers affect the balance of bio-geo chemical 
cycle of the environment. They may pollute ground 
water or may increase the hazard of chemical 
spills or even may increase green house gases in 
the environment9,10, where as biofertilizers using 
high yielding strains of PGPR, the probability of 
environmental pollution is nil11,12. It was reported 
that NFB like Rhizobium could fix 50 – 300 kg 
of Nitrogen/ha (N/ha) and Azotobacter and 
Azospirillum could fix 15 – 20 kg N/ha, where as 
the use of PSB as biofertilizer increased the yield 
of crops 200 – 500 kg/ha, and therefore 30 – 50 
kg of chemical fertilizer like super phosphate could 
be saved13. The energy sources required for the 
synthesis of chemical fertilizer are natural gas, 
petroleum and coal. All these energies are non-
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renewable and costly, but in case of biofertilizer, 
energy requirement is fulfilled by costless 
renewable energy sources like plant synthesized 
carbohydrates7,8,14. Therefore, from the view point 
of energy requirement, biofertilizer is more reliable 
than chemical fertilizer. Moreover, increasing 
demographic pressure and food demand requires 
the utilization of biofertilizer for crop production. 
Application of potent PGPR as biofertilizer may 
give better crop yield, which can fulfil the global 
problem of nutrition.
 The aim of the present study is the mass 
production of biofertilizer using the isolated strain 
Bacillus thuringiensis A5-BRSC and to apply the 
biofertilizer in the pot culture to examine its plant 
growth promoting effects. The future target is to 
apply the biofertilizer in the agricultural fields. 

MATERIALS AND METHODS
Inoculum
 Bacillus thuringiensis A5-BRSC, isolated 
from the agricultural soil of West Bengal, India was 
used as biofertilizer strain in the present study15.
Selection of Carrier
 Charcoal was used as carrier for 
biofertilizer production. The carrier was mixed at 
1:1 ratio (w/v) with the centrifuged culture of B. 
thuringiensis A5-BRSC. Centrifuged culture from 
1 l nutrient broth medium (initial cell density: 106 
CFU/ml) was mixed with 50 ml of 0.2 M phosphate 
buffer solution (pH: 7.2). The culture slurry was 
mixed with 50 g of carrier particles. 
Determination of physicochemical properties 
of carrier
 Some physicochemical properties like 
pH, moisture content, water retaining capacity, 
bulk density and organic carbon (%) of charcoal 
was determined. pH of the carrier was measured 
directly by mixing the carrier particles in distilled 
water and filtered through Whatman filter paper. 
pH of the filtrate was estimated by using pH meter. 
Organic carbon was estimated by slightly modified 
method of Walkley and Black (1934)16. 2g of carrier 
particles was mixed with potassium dichromate 
(K2Cr2O7) and concentrated H2SO4. The solution 
was swirled and allowed to cool. Then 0.1 ml 
aliquot from the digested sample was mixed with 
85% phosphoric acid to eliminate interference of 
Fe3+ ions. Excess K2Cr2O7 present in the solution was 
titrated against 0.5 N ferrous ammonium sulphate 

[Fe(NH4)2(SO4)2, 6H2O], using diphenylamine as 
indicator. To determine moisture content 5 g of 
carrier was taken on a dry Petri dish. It was heated 
in hot air oven for 2 hours at 65°C and constantly 
weighed. The sample was then cooled in desicator 
and weighed again. Percentage loss of weight was 
calculated to determine moisture content. Bulk 
density was estimated by weighing dry empty 
100 ml cylinder (W1 g) as well as cylinder along 
with 100 ml of sample (W2 g). Volume of 100 
ml of sample in the cylinder was noted asV1 ml; 
volume of 100 ml water was taken as V2 ml and 
bulk density was calculated by following formula:                 
 Bulk density = (W2 – W1)/ (V2 – V1)
Optimization of culture media
 For the production of biofertilizer in large 
volume (10 l) by batch fermentation process, the 
culture was grown in the semi-synthetic media, 
where different cheap carbon sources, including 
starchy waste from boiled rice, potato mash, 
arrowroot etc were used. Saccharolytic activity 
of this strain was previously reported17. To the 
most cost effective medium 30 g of potato mash 
was added in 1 l media as carbon source. Other 
ingredients were (NH4)2SO4 – 0.5 g, yeast extract – 
1 g, CaCl2 – 0.5 g, MgSO4, 7H2O – 0.2, K2HPO4 – 0.8 
g, KH2PO4 – 0.2 g. Potato mash was filtered with 
two layer cheese cloth filter and the filtrate was 
used as carbon source for the media. 2% inoculum 
was added and the medium was incubated at 
30°C for 24 hours in a shaker-incubator (160 rpm). 
Initial biomass concentration (X0) and final biomass 
concentration (X) (mg/ml) was determined for 
each media to calculate bioprocess productivity 
(Pr) using the equation: Pr = (X – X0)/t, where t 
was the fermentation time in hours.  
Storage of biofertilizer
 50 g of biofertilizer was packaged in 
surface sterilized sealed plastic sachets and 
stored at 4°C. Viable count of the biofertilizer was 
measured in every 15 days interval by standard 
plate count method.
Determination of viability of biofertilizer
 The number of viable cells per g of 
biofertilizer sample was periodically determined. 
A plate count assay in Pikovskaya agar medium 
was performed in every 15 days interval for that 
purpose. The counts were statistically verified 
by determining standard error of triplicate set of 
plates.
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Study of plant growth promotion by applying 
biofertilizer in pot condition
 Effect of the biofertilizer was studied in 30 
pots using Abelmoschus esculentus as test plant. 
Each pot contained about 5 kgs of loamy soil. 
Seeds of A. esculentus were sowed in surface soil 
of the pots. Biofertilizer was applied throughout 
the surface soil of the pots after 24 hours of sowing 
of seeds. Biofertilizer was prepared by growing the 
culture of A5-BRSC in nutrient broth for 24 hours at 
30÷C and the culture was mixed with charcoal (the 
carrier) at 1:1 ratio (w/v). The cell concentration 
of the culture applied to each pot was 2x106/ml. 
No biofertilizer was applied to the control pots. All 
the test and control pots were kept in the sunny 
area and watered daily for 60 days. Morphological 
parameters were measured in regular intervals. 
Percentage of seed germination, root length and 
shoot length, number of leaves, area of leaves, 
flowering time, fresh weight and dry weight of the 
matured plants were noted both in control as well 
as in test plants. Number of germinated seeds was 
counted in both inoculated and un-inoculated pots 
after 7 days of applying biofertilizer. Vigor index 
(VI) was determined by measuring root length and 
shoot length of vindi seedlings and calculated by 
using the formula: VI = (mean root length + mean 
shoot length) x % of seed germination18. Leaf area 
was calculated by using the formula: k x leaf length 
x leaf width, where k = 0.7518. Fresh weight of 
plants was taken after 60 days of growth. For dry 
weight determination, plant parts were separated 
and dried in hot air oven at 75°C for 48 hours. 
Estimation of microbial activity in pot
 Total activity of aerobic microorganisms 
in both test and control pots were determined 
by carbon di-oxide evolution method19 and soil 
dehydrogenase assay20. In every 15 days interval 60 
g of soil from each of the pots were withdrawn and 
divided into three parts. One part of the soil was 
taken for viable phosphate solubilizing microflora 
count in Pikovskaya agar plate. Rest of two parts 
of the soil was left for carbon di-oxide evolution 
assay and soil dehydrogenase assay.
 Carbon di-oxide evolution from the soil is 
one of the best methods for measuring the activity 
of soil microorganisms. 50 g of moistened soil from 
each pot was collected in 1 l conical flask and a test 
tube with 15 ml of 0.5 N NaOH was kept inside the 
flask. The NaOH solution was previously titrated 

with primary standard 0.5 N oxalic acid solutions. 
The flask was incubated for 24 hours at 30°C by 
sealing it with parafilm. An empty conical flask 
(without soil) was treated in the same manner as 
‘negative control’. Next day the residual NaOH was 
titrated with standard 0.5 N HCl in both negative 
control and soiled pots. The amount of carbon 
evolved was calculated by using the formula: 
(M.W. of carbon / M.W. of CO2) x volume of HCl 
consumed.
 For soil dehydrogenase assay 6 g of 
air-dried soil was thoroughly mixed with 0.6 g 
of CaCO3 and the mixture was taken in sterile 
culture tube. 2.5 ml of sterile water and 1 ml of 
3% aqueous Triphenyl Tetrazolium Chloride (TTC), 
the substrate, was added to the tube. One tube 
without soil was treated in the same manner and 
acted as control. All the tubes were incubated for 
24 hours at 30°C. After 24 hours 10 ml of 100% 
methanol was added to each tube and the content 
was filtered through Wattman filter paper no. 5 
and the filtrate was collected. The absorbance of 
the filtrate was noted in spectrophotometer at 485 
nm. The amount of product formed was estimated 
from the standard curve of the product Tri Phenyl 
Formazan (TPF). Activity of 1 ml of the enzyme 
was expressed as µmoles of product formed /min 
under the specified assay condition.

Fig. 1. Charcoal as carrier particle for biofertilizer 
application
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RESULTS
 Due to good water holding capacity, 
neutral pH, easy availability and long term viability 
of culture charcoal was found to be potent carrier 
for large scale production of biofertilizer (Fig. 1). 
The characteristics of the carrier are recorded in 
Table 1. Since the organism Bacillus thuringiensis 
A5-BRSC had great amylolytic activity, therefore 
easily available cheap starchy materials were 
used as carbon sources to make the medium cost 
effective. Among different carbon sources used for 
biofertilizer production, mashed potato showed 
highest biomass concentration and cell number 
in comparison to other carbon sources (Table 2).
Application of biofertilizer in pots using 
Abelmoschus esculentus as test plant
 Application of Bacillus thuringiensis 
A5-BRSC culture as biofertilizer resulted in 
significant enhancement in seed germination as 
well as Vigor index in Abelmoschus esculentus. 
Seed germination was observed in both types of 

pots after 72 hours of sowing. About 31.1% more 
seeds (out of 120 seeds in both inoculated and un-
inoculated pots) were germinated in biofertilizer 
inoculated pots within 7 days in comparison to 
control pots (Fig. 2). Initial root length (after 2 
days of seed germination) in inoculated pots 
were 15 times higher than un-inoculated pots, 
but no significant difference was observed in 
initial shoot length of both test and control pots. 
Vigor index was calculated as 432 and 170 for 
inoculated and un-inoculated pots respectively. 
Root lengths of inoculated pots after 7 days of 
sowing of seeds were almost 1.3 times longer 
than control pots, but no significant increase of 
shoot length was observed in inoculated pots 
than control pots. Significant difference (at 0.05 
levels determined by one-way ANOVA) in shoot 
length as well as in leaf area was observed 20 day 
onwards of seed germination (Fig. 3). Almost 1.5 
times longer shoot length and 1.13 times thicker 
average shoot diameter, 1.2 times longer root 
length and 1.6 times larger leaf area was noticed 
in matured 30 days old plants (Fig. 4). Experimental 

Table 2. Bioprocess efficiency parameters of different media used in batch fermentation of biofertilizer production

Carbon source  Parameters measured

 used Final Cell density  Biomass concentration bioprocess productivity 
 (CFU/ml)  (mg/ml) (mg/ml/h)

Starch waste of 9.2 ± 0.8 x 1010 3.8 ± 0.36 0.112 ± 0.03
boiled rice
Potato mash 12 ± 0.32 x 1010 5.1 ± 0.22 0.159 ± 0.01
Arrowroot 6.8 ± 0.5 x 1010 3.6 ± 0.52 0.119 ± 0.03
Glucose (nutrient 2.4 ± 0.34 x 1010 2.1 ± 0.18 0.089 ± 0.02
broth) 

Table 1. Physicochemical properties of the carrier used 
in biofertilizer production

Characteristics Charcoal

Colour Black
Texture Semi-fine
Odour None
pH Neutral
Moisture content (%) 21 ± 4
Water retaining  189
capacity (%)
Bulk density (g/ml) 1.42
Carbon (%) 86.9 ± 1.7
Shelf life of bacterial  4 months
cells as biofertilizer 

Fig. 2. Germination of Bacillus thuringiensis A5-
BRSC treated Abelmoschus esculentus seeds (test) in 
comparison to un-treated seeds (control)
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plants showed greater number of lateral roots 
than control plants. Application of biofertilizer 
increased significant amount of total fresh weight 
and dry weight of plants (Table 3). 
Estimation of microbial activities in biofertilizer 
inoculated and un-inoculated pots
 Both soil dehydrogenase assay and carbon 
di-oxide evolution assay showed that microbial 
activities were much higher in biofertilizer 
inoculated pots than control pots. The result 
of dehydrogenase assay implied that after the 
addition of biofertilizer in pots the microbial 
activity had a sharp rise on first 30 days and then 
gradually the activity become lowered, where as 
in control pots microbial activities remained more 

or less same for total period of 60 days. Similarly, 
high metabolic activity of aerobic soil microbes 
in biofertilizer inoculated pots were indicated by 
higher amount of carbon di-oxide evolution in first 
30 days, where as almost similar CO2 evolution rate 
was observed in control pots during total study 
period of 60 days (Fig. 5).

DISCUSSION
 The strain Bacillus thuringiensis A5-
BRSC showed better shelf life at 4°C when it is 
immobilized with charcoal as carrier. Moreover, 
due to more water containing capacity, neutral 
pH and easy availability made charcoal most 
suitable carrier for biofertilizer in this study. 

Table 3. Comparative morphological analysis of Abelmoschus esculentus plant in both biofertilizer inoculated and 
un-inoculated pots

Parameters measured Bacillus thuringiensis A5- Control pots
 BRSC as biofertilizer in pots

Total no of plant studied 30 30
Average no. of fruits/ plant  16 09
Average Fruit weight (g) 19.03 ± 0.42 10.22 ± 0.31
Fruit length & diameter  (12.36 ± 0.08) x  (11.13 ±0.45)x
(cm x cm) (6.08 ± 0.17) (5.63 ± 0.12)
Average no. of seeds/ fruit 51 ± 0.32 45 ± 0.08
Average seed weight (g) 4.81 ± 0.51 2.74 ± 0.24
Fresh weight of plant (g) 54.97 ± 1.7  33.98 ± 1.2
Total Dry weight of plant (g) 13.0 ± 1.2 9.47 ± 0.8

Fig. 3. Comparative analysis of shoot length and leaf area of Abelmoschus esculentus plant in both biofertilizer 
inoculated and un-inoculated pots
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dehydrogenase assay and CO2 evolution method, 
which reveals maximum active microflora of 
biofertilizer remains in first 30 days and after 45 
days the activity of biofertilizer falls to a slower 
rate. The microbial activity pattern directly co-
relates growth promoting activities of plants. 
Similar pattern of result was reported by Jeon et 

al. (2003)25. Their microcosm study revealed that 
most of the active microflora exist between 40 – 60 
days.
 From the present study it is evident that 
mass cultivation of this Bacillus thuringiensis 
biofertilizer is quite promising from the economic 
point of view, since low cost starchy substrates can 

Fig. 4. Shoot height difference of 30 days old biofertilizer 
treated Abelmoschus esculentus test plant (right) against 
biofertilizer untreated control plant (left)

Fig. 5. Measurement of microbial activities in biofertilizer inoculated pots of Abelmoschus esculentus, compared 
to control pots by soil dehydrogenase assay and CO2 evolution method

Therefore, from the commercial point of view 
charcoal-based biofertilizer seems to be economic 
for agricultural application. The faster growth 
rate of this isolate in low cost starchy substrates 
(due to its high amylolytic activity) makes large 
scale production of biofertilizer cost effective. 
Inoculation of Bacillus thuringiensis A5-BRSC 
in pots as carrier based biofertilizer increased 
the root length, shoot height and diameter, leaf 
area, fruit weight, fresh weight and dry weight of 
plants. Same pattern of result was also described 
by Mia et al. (2010)14. Their study with tissue 
cultured banana plant in pot condition revealed 
that introduction PGPR in pot not only increased 
initial root hair formation, but also increased plant 
height, leaf area, total leaf chlorophyll content and 
total dry matter accumulation. Similar pattern of 
growth promoting effects of PGPR in different non-
leguminous plants were also reported by several 
other researchers21-24. 
 Microbial activities in charcoal based 
biofertilizer under pot condition measured by soil 
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be used due to the extra-cellular amylolytic activity 
of the microorganism. Moreover, the strain is quite 
stable in pot condition for long time and proved 
to be a potent strain for plant growth stimulation. 
Such multi-beneficial strains are needed for eco-
friendly sustainable agriculture in modern days.
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