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Abstract: Formulations of Azotobacter chroococcum in fly-ash alone and in combination with lignite (fly-
ash: lignite = 1:0, 1:1 and 0:1) were evaluated for shelf-life and bio-efficacy as PGPR on wheat and
viability of Azotobacter chroococcum in carrier formulations at 28±2oC as well as at room temperature
up to nine months was in the order- fly-ash > lignite and fly-ash: lignite (1:1) > lignite. The population
of propagules stored at 25±2oC was greater than at room temperature. Seed treatment with all Azotobacter
chroococcum formulations enhanced percent seed germination, plant height and plant biomass compared
to control and fly-ash based formulation showed better shelf-life and bio-efficacy than others. 
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INTRODUCTION

Application of Azotobacter chroococcum inoculants
in cultivation of cereals is being recommended as well
as commonly practiced. The various formulations of
Azotobacter available in India are predominantly lignite
and charcoal carrier based, with cfu/g as per prescribed
norms[4]. Use of these carrier materials adds to cost of
the product without giving any additional advantage to
soil or crops. Fly-ash which is being generated in large
quantity in thermal power stations, generally recognized
as waste and as environmental hazard, has been
reported to promote crop growth in various trials
conducted under National Fly-ash Mission Programs[8].

In the present study Azotobacter chroococcum
strain isolated from healthy wheat rhizosphere, was
formulated in fly-ash and in combination with lignite,
with an aim to explore feasibility of using it as a
carrier in Azotobacter chroococcum commercial
formulations. Fly-ash based inoculants were selected as
test materials for several reasons:

C Fly-ash is regularly generated as a by-product by
any established coal or thermal power stations.

C Fly-ash is one of the most challenging waste
materials in the world.

C Fly-ash leads to degradation of arable land and
contaminate air, water, soil and organisms in the
zone of influence.

C The large quantity of fly-ash produced have
created enormous environmental problem.

MATERIALS AND METHODS

The studies were conducted in the Research
Laboratory of the Department of Plant Protection and
Microbiology, Allahabad Agricultural Institute –
Deemed University, Allahabad, U.P. India during
February, 2006 to March, 2007.

Isolation of Azotobacter Chroococcum: Azotobacter
chroococcum strain was isolated from rhizosphere of
healthy wheat plant on Ashbey’s Agar Medium, using
soil dilution methodology[1].

Multiplication of Azotobacter Chroococcum: The
effective strain of Azotobacter chroococcum was grown
on Ashby’s agar medium slants for 4 to 5 – days and
transferred  to conical flask containing sterilized liquid
Ashby’s medium as starter culture and later  to large
conical flasks on a rotary shaker at 150 rpm for 4 – 5
days at 28±2oC[9].

Bio-formulation of Azotobacter Chroococcum: Fly-ash
300 of mesh was obtained from Unchahar Thermal
Power station and Lignite 300 of mesh from Indore.
Broth culture of Azotobacter chroococcum was mixed
in  three formulations viz. fly-ash, lignite and fly-ash: 
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lignite (1:1) to obtain cfu of 2 x 109 /g of
formulation[4] cured overnight and packed in low
density polythene pouch and stored at 28±2oC and
room temperature for shelf life studies[9]. 

Shelf-life Studies: Shelf-life (cfu/g) was studied by
drawing random samples at 30-days interval from
respective formulations and CFU estimated by “serial
dilution pour plate method” using Ashbey’s Agar
medium[2].

Bio-efficacy Studies: Wheat seeds were bio-primed
with respective Azotobacter chroococcum formulations
(10 g formulation + 10 g farm yard manure + 0.5 g
gum arabic + 50 ml water per 1 kg seed[10] and sown
in pots of 2 kg capacity, maintaining 5 replicates of
each treatment, with one set of untreated control.
Observations were recorded on percent seed
germination at 15 DAS, plant height and plant biomass
at 45 DAS.

Statistical Analysis: The data were analyzed
statistically by using two-ways and three-ways
classification for interrelating results. The calculated
value was compared with tabulated value at 5% level
of probability[3].

RESULTS AND DISCUSSION

The colony forming units per gram (cfu/g) of
viable spores of Azotobacter chroococcum were seen to
generally decline during zero months to nine months of
incubation. The maximum population of A.
chroococcum was found in zero days as compare to
other months and was seen up to 240 days. Maximum
number of colonies of A. chroococcum was observed

in fly-ash alone formulation compared to lignite and
combination of fly-ash: lignite (1:1) but there was no
significant difference between them (Table – 1& 2).
The statistical analysis of data indicates that the shelf
life of A. chroococcum was found to be significant in
all treatments over time. Significant decline in cfu/g
might be due to decreased viability of propagules and
loss of moisture content during passage of time.

The population of A. chroococcum was retained at
more than 108 cfu/g in all the formulations, through a
significant decline in cfu / g was noticed up to 240
days from zero days stage at 28±2oC and up to 210
days  at room temperature. Similar results on shelf-life
(stored at 28oC) up to one-year were reported by
Jayaraj et al.,[6]. In our study A. chroococcum showed
maximum viability in fly-ash alone compared to lignite
and fly-ash: lignite (1:1), similar result on viability of
fly-ash alone compare to lignite: soil (1:1) have been
reported by Gaind and Gaur[5] and Khan et al.,[7].

The results on bio-efficacy studies included in
table – 3 and plate – 1 showed that percentage seed
germination, plant height and plant biomass was
significantly more in all Azotobacter formulations
compared to untreated control. All the parameters were
significantly more in fly-ash alone formulation
compared to lignite alone or fly-ash: lignite (1:1)
formulation, the latter two were not different from each
other. The order was:  To = control < T3 = lignite alone
< T2 =fly-ash: lignite (1:1) < T1 = fly-ash alone.  

Thus the present studies were shown encouraging
results which are comparable to lignite formulations.
Thus the following are: 

C No adverse effect on shelf-life till 9 - months.
C  Cheaper than the other commercial carriers.

Table 1: Population of Azotobacter chroococcum in various formulations at 28±2oC (cfu = …..X 108/g)
Treatment CFU at various Days

-----------------------------------------------------------------------------------------------------------------------------------------------------
0 30 60 90 120 150 180 210 240 Mean

T1 56 53 42 34 26 21 13 6 2 28.11
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T2 56 52 40 32 24 18 11 5 2 26.44
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T3 57 53 41 32 23 17 11 5 1 26.66
Mean 56.33 52.66 41 32.66 24.33 18.66 11.66 5.33 1.66
SE = 2.73, CD (5%) = 5.47 
T1 = fly-ash alone, T2 = fly-ash: lignite (1:1), T3 = lignite alone.

Table 2: Population of Azotobacter chroococcum in various formulations at room temperature (cfu = …..X 108/g)
Treatment CFU at various Days

--------------------------------------------------------------------------------------------------------------------------------------------------------
0 30 60 90 120 150 180 210 Mean

T1 56 53 41 32 24 18 12 5 30.12
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T2 56 52 40 30 21 16 10 4 28.62
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T3 57 53 40 30 22 14 10 4 28.75
Mean 56.33 52.66 40.33 30.66 22.33 16 10.66 4.33
SE = 1.89, CD at (5%) = 3.78 
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Table 3: Bio-efficacy of Azotobacter chroococcum in various formulations on wheat:
Treatments % seed germination Plant height Plant biomass
To = control 65.4 14.88 6.5
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T1  = fly-ash alone 85.3 20.9 10.66
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T2  =fly-ash : lignite (1:1) 84.1 19.96 9.49
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T3  = lignite alone 84.4 19.78 9.12
CD (5%) 2.07 0.69 0.68

Fig. 1: Bio-efficacy of A. chroococcum formulations on wheat from left to right, T0 = control, T1 = fly-ash alone,
T2 = fly-ash: lignite (1:1), T3 = lignite alone.
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