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Abstract

Carrier based microbial inoculants are widely used in
conventional agriculture to improve crop growth and yield.
Precision farming is a site specific management approach
whereas the conventional practice is a uniform fertilizer
application. Carrier based inoculum is not suitable for
precision farming system due to clogging effect. Hence the
liquid microbial consortium was developed using three
inoculants viz., Azospirillum brasilense sp 7, Bacillus
megaterium var. phosphaticum and Pseudomonas
fluorescens with suitable cell protectant i.e. 10mM of
phosphate buffer with 10% glycerol. We conducted a field
experiment to study the effect of biofertigation on plant
growth under precision farming system in bhendi (COBH
1). The result suggested the positive influence of 75% RDF
of NPK + Microbial consortium application with single time
(60 lit/ha) on delivery of inoculants viz., Azospirillum (5.96
± 0.12 log cells/ml), Bacillus megaterium var.
phosphoticum(7.00 ± 0.12 ml log cells/ml) and Pseudomonas
(7.30 ± 0.02 log cells/ml) on plant growth and 10% increase
in yield over conventional method.

Keywords: Microbial consortium, biofertigation, inoculants,
precision farming system

Introduction

The global necessity to increase agricultural production
from a steadily decreasing and degrading land resource
base has placed considerable strain on the fragile agro
ecosystems. Current strategies to maintain and improve
agricultural productivity via high input practices place
considerable emphasis on ‘failsafe’ techniques for each
component of the production sequence with little
consideration to the integration of these components in
a holistic, systems approach. While the use of mineral
fertilizers is considered the quickest and surest way of
boosting crop production, their cost and other constraints
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deter farmers from using them in recommended
quantities (Tilak et al. 2005). It is widely accepted that
agricultural intensification has greatly increased the
productive capacity of agroecosystems, but had
unintended environmental consequences including
degradation of soil and water resources and alteration
of biogeochemical cycles (Drinkwater and Snapp 2007).
In recent years, concepts of integrated plant nutrient
management (IPNM) have been developed, which
emphasize on maintaining and increasing soil fertility by
optimizing all possible sources (organic and inorganic)
of plant nutrients required for crop growth and quality.
This is done in an integrated manner appropriate to each
cropping system and farming situation. Improvement in
agricultural sustainability requires optimal use and
management of soil fertility and soil physical properties,
both of which rely on soil biological processes (Saxena
and Tilak 1998).

Precision farming is an integrated plant nutrient, pest
and disease management which emphasize on maintaining
and increasing soil fertility by optimizing all possible
sources (organic and inorganic) of plant nutrients
required for crop growth and quality (Tilak 1993).
Improvement in agricultural sustainability requires
optimal use and management of soil fertility, soil physical
properties, both of which rely on soil biological processes
(Saxena and Tilak 1998). Soil microorganisms play an
important role in soil processes that determine plant
productivity. For successful functioning of introduced
microbial bioinoculants and their influence on soil health,
exhaustive efforts have been made to explore soil
microbial diversity of indigenous community, their
distribution and behaviour in soil habitats (Hill 2000).
The function of soil biota is central to decomposition
processes and nutrient cycling. Microbes are the potential
indicators of soil health and its biological properties.
Microbial ecologists have, in particular, studied microbial
community composition, since it exerts important control
over soil processes (Bakker et al. 2001).
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Biofertigation is recently developed technology, in which
the liquid microbial inoculants are delivered through drip
irrigation system. It has been reported that inoculation
of liquid formulation of phosphate solubilizing Bacillus
megaterium var. phosphaticum recorded higher root
length, shoot length and cob yield in maize. Formulation
is a crucial aspect for producing inoculants containing
an effective bacterial strain and can determine the
success or failure of a biological agent (Bashan 1998).
Good quality formulation should promote the survival
of bacteria preserving the beneficial traits and when
applied should protect the cells from various biotic and
abiotic stresses (Bashan et al. 1986). The liquid
inoculum was as effective as peat based inoculum when
the number of rhizobia provides higher cell load in the
rhizosphere (Hely et al. 1976). Though the focus thus
far in biofertigation on yield increases and soil microbial
population has not yet been studied. Hence, the present
study was focused to standardize the microbial
inoculants schedule for precision farming system and
evaluate the feasibility of the delivery system of
inoculants to the rhizosphere of crop plant.

Materials and Methods

Microbial inoculants and growth media: Associative
nitrogen fixing bacteria Azospirillum brasilense strain
sp7 and P solubilizer of Bacillus megaterium. var.
phosphaticum strain Pb 1 were obtained from the
Department of Agricultural Microbiology, Tamil Nadu
Agricultural University, Coimbatore, India and Plant
Growth Promoting Rhizobacterium Pseudomonas
fluorescens strain Pf 1 was obtained from the Department
of Plant Pathology, Tamil Nadu Agricultural University,
Coimbatore were used for this study. Azospirillum was
grown and maintained in N free malic acid medium
(Okon et al. 1977), phosphobacteria in nutrient agar
medium (Parkinson et al. 1971) and Pseudomonas in
King’s B medium (King et al. 1954).

Standardization of incubation time and population
load: The Azospirillum culture was grown in sodium
malate broth (Okon et al. 1977), phosphobacterial and
Pseudomonas cultures were grown in nutrient broth
(Rangaswamy and Bagyaraj 1966) and King’s B broth
(King et al. 1954) respectively of 250 mL in 500 mL
conical flasks and incubated up to 5 days. The broths
were centrifuged @ 10, 000 rpm for 10 min. in high
volume centrifuge (Hitachi Japan). The cell pellets were
washed with sterile distilled water twice, resuspended
in sterile distilled water with 10% per cent glycerol and
stored at -20ºC for further use. The population of
microbial inoculant suspended per ml of sterile water
was enumerated by standard methods (Azospirillum by

MPN, Okon et al. 1977), phosphobacteria and
Pseudomonas by drop plate techniques (Somasegaran
and Hoben 1988) to decide the quantity of broth to be
used for mixing the cultures to prepare the liquid
inoculum containing the microbial consortium for
application through drip irrigation under precision
farming system. The concentrated cell pellets were
collected in 5 ml of the distilled water for Azospirillum
and Bacillus; whereas 8 mL was used for Pseudomonas
due to high concentration of cell pellets in Pseudomonas.

Survival of inoculant cells in microbial consortium
with various cell protectants: The standardized
microbial consortium were added with different cell
protectants immediately after centrifugation to study the
maximum survival capacity as T1 (Microbial consortium
+ water); T2 (Microbial consortium + 10 mM of
glycerol), T3 (Microbial consortium + 10 mM of
polyvinylpyrrolidone), T4 (Microbial consortium + 10
mM of trehalose), and T5 (Microbial consortium + 10
mM of phosphate buffer, pH 7 with 10% glycerol). Two
hundred ml of concentrated inoculants of three cultures
supplied with various cell protectants were maintained
in two sets, one set was incubated in refrigerator and
another set at room temperature separately for assessing
the survival of microbial consortium.

Drop plate method: The Sperber’s hydroxy apatite
agar and King’s B agar medium were prepared, sterilized
and plated in sterile Petri plates. The plates were kept at
room temperature for 48 hrs (Somasegaran and Hoben
1988). The agar surface was divided into 6 quadrants.
A quantity of 10 ìl from each dilution of 10-19, 10-20, 10-

21, 10 -22, 10 -23 and 10 -24 of the above microbial
consortium with five treatments was placed in a
quadrant with three replications. The plates were
incubated without any disturbance and individual
colonies were counted. The population of
phosphobacteria was assessed after 5 days. In case of
Pseudomonas the population was assessed after 3 days
to study the maximum survival capacity of the inoculant
present in the microbial consortium

Field experiment: To assess the feasibility of fertigation
system of precision farming for the delivery of microbial
inoculants, field experiment were carried out in Bhendi
(Cultivar. COBH 1) at experimental station of TNAU,
Coimbatore during July to December 2008. The
chemical and microbiological properties of the
experimental field were presented in Table 1. Experiment
was carried out in a randomized block design with three
replications having plot size of 40 sq.m. The mixed
microbial inoculant was applied as single time, two split
and three split times applications along with 75% N and
P fertilizers. Concentrated liquid Microbial consortia (60
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ml) were diluted with water (60 lit/ha) and fed through
fertigation tank (60 lit capacity). In general the fertigation
tank connected with drip lines for dropping the water
and other nutrients nearer to the plant root zone. Seven
days time intervals were maintained between microbial
inoculant and liquid fertilizer application. Single time (60
ml) of microbial inoculant was applied at 30 days after
sowing; two splits (of 30 ml each time) at 30 and 45
days and three splits (of 20 ml each time) at 30, 45 and
60 days after sowing. In order to evaluate the distribution
pattern of bioinoculant’s spread through biofertigation,
four different samplings were made to collect the water
samples from laterals each time, when microbial
inoculants were applied. From a total 27 m length of
laterals tubes of biofertigation, samples at 7 m, 14 m,
20 m and 27 m were collected in sterile containers and
population of Azospirillum, phosphobacteria and
Pseudomonas were enumerated by following standard
procedure as described above. The rhizosphere soil
samples were collected for enumeration of Azospirillum,
phosphobacteria and Pseudomonas population. The plant
samples were collected for total N (Humphries 1956);
P and K (Jackson 1973) content analysis and yield was
calculated and expressed as kg per ha.

Results

Effect of cell protectants on Azospirillum population:
The maximum Azospirillum population was observed

in microbial consortium + water (9.20 x 1016 cells / ml)
followed by microbial consortium + 10 mM of phosphate
buffer (pH 7) with 10% glycerol (5.40 x 1016 cells /
ml). Whereas, the Azospirillum population of microbial
consortium + 10 mM of polyvinylpyrrolidone (2.50 x
1016 cells / ml) was close to microbial consortium + 10
mM of trehalose (2.40 x 1016 cells / ml). But the treatment
of microbial consortium + water (0.58 x 1021 cells / ml)
produced low level of Azospirillum population compared
to microbial consortium + 10 mM of phosphate buffer
(pH 7) with 10% glycerol (0.76 x 1021 cells / ml) when
increased dilution. The results suggested the positive
effect of 10 mM of phosphate buffer (pH 7) with 10%
glycerol on the protection of microbial cells during
incubation period (3 days) than other cell protectants
(Table 2).

Effect of cell protectants on phosphobacterial
population: The data from the study revealed that the
maximum phosphobacterial population was found  in
microbial consortium + 10 mM of phosphate buffer
(pH 7) with 10% glycerol (250 x 1016 cfu / ml), followed
by microbial consortium + 10 mM of glycerol (140 x
1016 cfu / ml). The data suggested that the survival of
phosphobacteria was higher than Azospirillum and
Pseudomonas inoculants, due to the ability of Bacillus
megaterium var. phosphoticum to produce endospore,
while the other two strains are not capable of producing
the spores (Table 2).

Effect of cell protectants on Pseudomonas
population: Among the treatments, the highest
population of Pseudomonas was recorded in the
treatment, microbial consortium + 10 mM of phosphate
buffer (pH 7) with 10% glycerol (140 x 1016 cfu / ml),
followed by microbial consortium + 10 mM of glycerol
(30 x 1016 cfu / ml). Whereas, the treatment viz.,
microbial consortium + 10 mM of polyvinylpyrrolidone
was found to be on par with microbial consortium +

Table 1: Physiochemical properties of experimental plot soil
Properties Mean ± SE 
pH 6.36 ± 0.09 
EC (ds/m) 1.6 ± 0.15 
Organic carbon (%) 0.26 ± 0.01 
Available N (%) 310 ± 2.88 
Available P (%) 44 ± 0.57 
Available K (%) 935.3 ± 1.45 
Total bacteria (cfu x 105 /gram dry weight of soil)a 19 ± 1.15 
Fungi   (cfu x 103 /gram dry weight of soil)b 4 ± 0.16 
Diazotrophs (cfu x 104 /gram dry weight of soil)c 46 ± 1.15 

 Table 2: Effect of addition of cell protectants on survival of Azospirillum, Phosphobateria and Pseudomonas population in
the microbial consortium 3 days after incubation under room temperature

Treatments Azospirillum 
(x 1016 cells/ml) 

Phosphobacteria 
(x  1016cfu / ml) 

Pseudomonas 
(x  1016cfu / ml) 

T1 Microbial consortium + water 9.20 
(16.96) * 

30 
(17.48) * 

20 
 (17.30) * 

T2 
Microbial consortium + 10 mM of 
glycerol 

3.50 
(19.54) * 

140 
(18.15) * 

30  
(17.48) * 

T3 Microbial consortium + 10 mM of      
polyvinylpyrrolidone 

2.50 
(16.40) * 

70 
 (17.85) * 

20  
(17.30) * 

T4 
Microbial consortium + 10 mM of 
trehalose 

2.40 
(16.38) * 

50 
(17.70) * 

00  
(17.00) * 

T5 Microbial consortium + 10 mM of 
phosphate buffer (pH 7) with 10% 
glycerol 

5.40 
(16.73) * 

250 
(18.40) * 

140 
 (18.15) * 

 SEd 1.14 1.23 1.19 
 CD (P: 0.05) 2.62 2.83 2.75 

 * Transformed values given in parentheses
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water (20 x 1016 cfu / ml) for Pseudomonas population.
No growth was observed in microbial consortium + 10
mM of trehalose at 10-16 dilution. The results showed
that the survival of Pseudomonas was lower than
phosphobacteria and Azospirillum. Therefore, more
amount of Pseudomonas inoculum than other two
cultures has to be added in microbial consortium for
maintaining uniform population of all the three cultures
(Table 2).

Effect of incubation time on survival of Azospirillum,
phosphobacteria and Pseudomonas: The data showed
that, the maximum population of Azospirillum was
observed in microbial consortium + 10 mM of phosphate
buffer (pH 7) with 10% glycerol (0.72 x 1019 cells / ml)
followed by microbial consortium + water (0.64 x 1019

cells / ml). The population of Azospirillum in microbial
consortium + 10 mM of glycerol (0.56 x 1019 cells / ml)
were significantly higher than microbial consortium +
10 mM of polyvinylpyrrolidone (0.48 x 1019 cells / ml)
at 10 days after incubation (DAI). It was also observed
from the results that the maximum phosphobacterial
population was found in microbial consortium+10 mM
of phosphate buffer (pH7) with 10% glycerol (25 x
1019 cfu/ml), followed by microbial consortium + water
(18 x 1019 cfu/ml). Whereas, the other treatments such
as microbial consortium + 10 mM of glycerol (13x1019

cfu/ml), microbial consortium + 10 mM of trehalose
(14x1019 cfu/ml) and microbial consortium + 10 mM
of polyvinylpyrrolidone (12 x 1019 cfu/ml) were close
to  each other for phosphobacterial population at 10
DAI (Table 3).

Effect of incubation time on survival of microbial
consortium with cell protectants under refrigerated
condition: The experimental results showed that the
Azospirillum population was maximum in microbial
consortium + 10 mM of phosphate buffer (pH 7) with
10% glycerol (4.8 x 1019 cells / mL), which was close
to microbial consortium + water (4.7 x 1019 cells / mL)

at 10 DAI. This is due to the possible protection of
microbial cells by phosphate buffer and glycerol. The
maximum phosphobacterial population was recorded in
microbial consortium + 10 mM of phosphate buffer
(pH 7) with 10% glycerol (30 x 1019 cfu / mL) followed
by microbial consortium + 10% glycerol (26 x 1019 cfu
/ mL) at 10 DAI  Among all the treatments, the maximum
population of Pseudomonas was registered in microbial
consortium + water (33 x 1019 cfu / mL), which was
close to microbial consortium + 10 mM of phosphate
buffer (pH 7) with 10% glycerol (28 x 1019 cfu / mL) at
10 DAI. The results showed that the Pseudomonas cells
were activated in sterile water than cell protectants
compounds.

Screening of microbial consortium for
biofertigation: A liquid formulation of microbial
consortium containing Azospirillum, phosphobacteria
and Pseudomonas was developed exclusively for this
study. The microbial consortium stored  at room
temperature in sterile plastic container had high shelf
life of more than 12 months than other preservatives
viz., trehalose and polyvinylpyrrolidone. The population
of 19 ± 1.15 x 1017 cells/ml, 4 ± 0.16 x 1017 and 46 ±
1.15 x 1017 cfu per ml of Azospirillum, phosphobacteria
and Pseudomonas respectively were recorded in the
microbial consortium supplemented with 10 mM of
phosphate buffer (pH 7) with 10% glycerol when it
was used for field evaluation.

Effect of microbial consortium on distribution of
inoculums within the lateral tubes of drip
biofertigation system under precision farming
system: Effect of microbial consortium load on
distribution of inoculants in the lateral tubes, and delivery
at emitter level present in the drip biofertigation system
was investigated. The samples were collected randomly
from the emitter or dripper after biofertigation with
microbial consortium at 4.5 meter intervals of the lateral
tubes present in the drip biofertigation system. The

Treatments Azospirillum 
(x 1019 cells/ml ) 

Phosphobacteria 
(x 1019 cfu /ml) 

Pseudomonas 
(x 1019 cfu /ml) 

T1 –Bioinoculants + water 0.64 
(18.81) * 

0.44 
(18.64) * 

18 
(20.26) * 

2 
(0.30) * 

18 
  (20.25) * 

10 
(20.0) * 

T2 –Bioioculants + 10mM of glycerol 0.56 
(18.75) * 

0.42 
(18.62) * 

13 
(20.11) * 

2 
(0.30) * 

14 
(20.15) * 

4 
(0.64) * 

T3 –Bioioculants + 10mM of 
polyvinlprrolidine 

0.48 
(18.68) * 

0.38 
(18.68) * 

12 
(20.08) * 

0 
(0.00) * 

5 
(19.70) * 

0 
(0.00) * 

T4 –Bioinoculants + 10mM of 
trehalsoe  

0.47 
(18.67) * 

0.32 
(18.51) * 

14 
(20.15) * 

1 
(0.00) * 

6 
(19.78) * 

0 
(0.00) * 

T5 – Bioinoculants + 10mM of 
phosphate buffer (pH 7) with 10% 
glycerol 

0.72 
(18.86) * 

0.50 
(18.60) * 

25 
(20.40) * 

4 
(0.60) 

21 
(20.3) * 

7 
(19.8) * 

SEd 1.28 1.27 1.38 0.021 1.37 0.042 
CD (P: 0.05) 2.96 2.94 3.19 0.058 3.16 0.097 

 

Table 3: Effect of incubation time on the survival of the inoculants of the microbial consortium under room temperature

* Transformed values given in parentheses
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results of precision farming could effectively deliver
the microbial inoculants also. Uniform distribution of
all the three microbial inoculants was recorded upto the
full length of lateral pipes of fertigation (27 m). As the
distance from biofertigation tank increased, there is no
reduction in cell load per ml  (Table 5).

Influence of biofertigation on rhizosphere
colonization: The field experiment to study the fate of

microbial inoculants in rhizosphere of Bhendi crop  when
applied through biofertigation revealed that 75% RDF
of NPK+ One time microbial consortium application (30
DAS) reported maximum Pseudomonas (46.0 x 105 cfu/
g) and phosphobacteria (33 x 105 cfu/g) populations in
the rhizosphere of bhendi, while maximum Azospirillum
populations was recorded in 75% RDF of NPK+ two
split application of microbial consortium at 30 and 45
DAS (1.6 x 105 MPN/g). In general, the microbial
consortium split dose application viz., double or triple
did not show significant changes in the bacterial
colonization at rhizosphere soils. The populations of all
the three microbial inoculants declined gradually over
the crop duration (Table 6).

Influence of biofertigation on plant growth and
nutrient uptake: To assess the impact of biofertigation
on the nutrient uptake of bhendi was estimated and the
results revealed that all the treatments involving microbial
consortium significantly increased root, shoot length

Azospirillum 
(x 1019 cells/mL ) 

Phosphobacteria 
x 1019 cfu /mL 

Pseudomonas 
(x 1019 cfu /mL) 

 
     Treatments 

10 DAI 120 DAI 10 DAI 120 DAI 10 DAI 120 DAI 
T1 –Bioinoculants + water 4.7 

(19.67) * 
0.14 

(18.15) * 
20 

(20.30) * 
2 

(0.30) * 
33 

(20.52) * 
8 

(0.90) * 
T2 –Bioioculants + 10mM of glycerol 0.40 

(18.60) * 
0.07 

(17.85) * 
26 

(20.41) * 
1 

(0.00) * 
22 

(20.34) * 
2 

(0.30) * 
T3 –Bioioculants + 10mM of 
polyvinlprrolidine 

0.38 
(18.53) * 

0.04 
(17.61) * 

14 
(20.15) * 

0 
(0.00) * 

10 
(20.00) * 

0 
(0.00) * 

T4 –Bioinoculants + 10mM of trehalsoe 0.33 
(18.58) * 

0.02 
(17.31) * 

14 
(20.15) * 

0 
(0.00) * 

18 
(20.26) * 

0 
(0.00) * 

T5 – Bioinoculants + 10mM of phosphate 
buffer (pH 7) with 10% glycerol 

4.8 
(19.68) * 

0.17 
(18.23) * 

30 
(20.48) * 

2  
(0.30) * 

28 
(20.45) * 

3 
(0.48) * 

SEd 1.29 1.23 1.39 0.011 1.39 0.031 
CD (P : 0.05) 2.99 2.81 3.20 0.025 3.21 0.071 

 

Table 4: Effect of incubation time on the survival of the inoculants in the bioinoculants under refrigerated condition

Table 5: Distribution pattern of microbial inoculants through
biofertigation

Values are pooled mean ± SE of three replicates of each sampling; a

Water sample drops collected from emitters of laterals tubes were
used for enumeration of  bioinoculant organism; b Bioinoculants
were applied through biofertigation tanks and samples were col-
lected at different distances of laterals

Population (log cfu/ml)a Distance from 
biofertigation tank b Azospirillum Phosphobacteria Pseudomonas 
7  meter 5.96 ± 0.12 7.00 ± 0.12 7.30 ± 0.02 
14  meter 5.73 ±  0.01 6.90 ± 0.09 7.20 ± 0.01 
20  meter 5.54 ± 0.02 6.60 ± 0.01 7.08 ± 0.05 
27  meter 5.34 ± 0.01 6.30 ± 0.01 6.90 ± 0.03 

 

Treatments Azospirillum 
(x 105 MPN/ g) 

Phosphobacteria 
(x 105cfu / g) 

Pseudomonas 
(x 105cfu / g) 

T1 Uninoculated and unfertilized control 2.8 
(5.45)* 

25.0 
(6.40)* 

46.0 
 (6.66)* 

T2 75% RDF of NPK 2.5 
(5.40)* 

21.0 
(6.32)* 

32.0  
(6.51)* 

T3 75% RDF of  NPK + FYM 3.2 
(5.51)* 

26.0 
(6.41)* 

35.0  
(6.54)* 

T4 75% RDF of NPK + one time microbial consortium 
application (30 DAS) 

2.1 
(5.32)* 

33.0 
(6.52)* 

46.0 
 (6.66)* 

T5 75% RDF of NPK +  Microbial consortium 
application at two intervals (30 and 40 DAS) 

1.6 
(5.20)* 

26.0 
(6.41)* 

33.0  
(6.52)* 

T6 75% RDF of NPK + Microbial consortium 
application at three intervals  (30, 40 and 60 DAS) 

1.5 
(5.18)* 

24.0 
(6.38)* 

29.0  
(6.46)* 

T7 100% RDF  of NPK 1.5 
(5.18)* 

15.0 
(6.18)* 

15.0 
(6.18)* 

T8 Microbial consortium  alone 2.7 
(5.43)* 

31.0 
(6.52)* 

43.0 
 (6.63)* 

 SEd 0.32 0.39 0.40 
 CD (P: 0.05) 0.68 0.83 0.85 

 

Table 6: Effect of biofertigation with microbial consortium on survival of Azospirillum phosphobacteria and Pseudomonas
population

Values are pooled mean ± SE of three replicates of each sampling
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and dry weight of bhendi than the controls (Table 7).
Among the three different split dose applications of
microbial consortium, single time/single dose of 60 ml
of concentrated microbial consortium application at 30
days after sowing influenced maximum plant growth
than other two split time/doses. This was also reflected
in the nutrient uptake of bhendi. The 75% RDF of NPK
fertilizer along with single time/dose of microbial
consortium applied at 30 days after sowing reported to
be the maximum uptake of nitrogen, phosphorus and
potassium. The split doses namely double and triple split
of bioinoculants at 30, 45 and 30, 45 and 60 days could
not enhance the nutrient uptake of the crop. This trend
was also reflected in the yield.  Overall fruit yield
increases was recorded in single dose/time of
bioinoculants with 75 per cent chemical fertilizer
application followed by farm yard manure applications.

Discussion

Fertigation system of precision farming is help in
effective delivery of nutrients exactly at the root zone
of crop, which minimize the loss as well as the
environmental hazards caused by the chemicals. This
technology ensures the fertilizer use efficiency for a
greater extent. Biofertigation can precisely deliver the
bio inoculants in the root zone (Gomathy et al. 2008). It
is an added advantage whereas microbial inoculants are
supplied through biofertigation as it has more water use
efficiency and fertilizer use efficiency, quality etc.
Effective microorganisms can also applied in the field
along with inorganic materials (Hussain et al. 1999). In
the present study, the liquid microbial consortium was
developed by mixing the cell pellets of Azospirillum
brasilense sp 7, Bacillus megaterium var. phosphaticum
and Pseudomonas fluorescens at 2:1:0.5 ratio after
multiplication in the respective broth with different
incubation time viz., 20 days for Azospirillum, seven
days for Bacillus and four days for Pseudomonas.

Addition of the cell protectants along with microbial
consortium favoured the survival of microbes up to 12
months. Maximum number of cells of the inoculants
viz., Bacillus (250x1016 cfu/ml) and Pseudomonas
(140x1016 cfu/ml) was observed in microbial consortium
supplemented with cell 10mM of phosphate buffer with
10% glycerol than microbial consortium + water.
Enhanced survival of inoculants in the microbial
consortium may be due to the action of chemical
amendments added in the liquid formulation. Among the
cell protectants such as trehalose, polvinylpyrolidone
and glycerol used, glycerol (10%) had performed well
to keep cells in viable farm in liquid culture. Tamil vendan
and Thangaraju (2006) reported that glycerol is an
effective cell protectant enhances the cell viability and
prevents the cells from desiccation by slow down the
rate of drying (Lorda and Baltti 1996).

Since fertigation system ensures the effective delivery
of inputs to the root zone of crop plants, the microbial
consortium was evaluated for its effectiveness to spread
throughout the field from fertigation tank to root zones
through laterals. The total length of laterals for nutrient
distribution was 27 meter and at 4 equal intervals
samples from laterals were collected and enumerated
the population of the three organisms. The results clearly
confirmed that fertigation could be an effective system
to deliver the microbial inoculants also. Effective number
of cells (> 105 cells/ml) were observed at almost end
of the lateral pipe, suggested that the lateral pipes of
precision farming could deliver the microbial inoculants
much more effectively than conventional farm methods.
The experiments to find out the split dose of
biofertigation (referring the fertigation of microbial
inputs) revealed that single time/single dose is sufficient
to maximum rhizosphere colonization of these
rhizobacteria viz., Pseudomonas (46.0 x 105 cfu/g) and
phosphobacteria (33 x 105 cfu/g) populations. Further,
the inoculants along with 75% recommended liquid

Table 7: Effect of biofertigation with microbial consortium on plant growth and yield

Values are pooled mean ± SE of three replicates of each sampling

 
Treatments 

Root length 
(cm/plant) 

Shoot length 
(cm/plant) 

Dry weight 
(g/plant) 

Yield 
(Kg/ha) 

T1 Uninoculated and unfertilized control 20 33.5 25.0 5352.5 
T2 75% RDF of NPK 25 35.0 40.9 6050.0 
T3 75% RDF of  NPK + FYM 38 40.0 43.0 6850.0 
T4 75% RDF of NPK + one time microbial consortium 

application (30 DAS) 32 45.0 45.0 6860.0 

T5 75% RDF of NPK +  Microbial consortium 
application at two intervals (30 and 40 DAS) 28 38.3 28.0 6425.0 

T6 75% RDF of NPK + Microbial consortium application 
at three intervals  (30, 40 and 60 DAS) 

26 32.0 25.4 6550.0 

T7 100% RDF  of NPK  24 35.0 35.6 5850.0 
T8 Microbial consortium  alone  32 32.0 37.0 4855.0 
 SEd 1.81 2.30 2.25 376.92 
 CD (P: 0.05) 3.87 4.92 4.82 808.57 
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fertilizers performed better in terms of root length (32
cm/plant), shoot length (45 cm/plant), dry weight (45
g/plant) and fruit yield (6860 Kg/ha) of bhendi. The
temporal separation of organic inputs and inorganic
inputs through feeding schedule make it more viable
technology for modern agriculture.

Biofertigation with Azophosmet significantly enhanced
boll number and seed cotton yield due to the effective
translocation of nutrients to reproductive parts compared
to conventional methods of soil application of nutrients
(Gomathy et al. 2008). Better performance of the
combined inoculation of Azospirillum, Methylobacterium
and phosphobacteria in cotton especially in the later
stages of crop growth was recorded (Senthilkumar and
Sundaram, 2005).  Plants grow well and the plant height
was maximum, when the chemical fertilizers were
combined with bioinoculants.  Drip fertigation with 150%
RDF of NPK and biofertigation produced significantly
higher dry matter production of 2450.8, 5846.0 and
6875.5 kg/ha at 60, 90 and 120 DAS respectively
(Gomathy et al. 2008). Liquid formulations of microbial
inoculants have advantages such as less contaminations,
longer shelf life, higher efficiency, low quantity
requirement for applications (Singleton et al. 2002). The
liquid formulations of microbial resources could be a
potential organic input for precision farming, which can
be easily delivered through fertigation system for
effective colonization of root zone of crop plants. Tamil
Vendan (2004) developed liquid microbial consortium
with Azospirillum for standardization and evaluation of
liquid formulation for field application. Manikantan
(2008) developed liquid formulation of Pseudomonas
fluorescens for management of tomato Fusarium wilt.
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lkjka'k

Hkfo’; vk/kkfjr lw{e thoh Vhdkdj.k ¼ekbØksfc;y buksD;wysV~l½
dks O;kid :Ik ls izpfyr d̀f’k esa Qly fodkl vkSj mit esa
lqèkkj gsrq fd;k tkrk gSA rkfdZd [ksrh ,d {ks= fof”k’V izca/ku
nf̀’Vdks.k gS] tcfd ijaijkxr i)fr ,d leku moZjd iz;ksx gSA
Hkfo’; vk/kkfjr Vhdkdj.k izHkko ds dkj.k rkfdZd [ksrh iz.kkyh ds
fy, mi;qDr ugha gSA blfy, rjy ekbØksfc;y dalksfVZ;e dk
fodkl rhu Vhdkdj.kksa tSls ,tksLihjhYye czklhysUl iztkfr&7]
cSlhyl esxkVsfj;e okj- QkLQSfVde ,oa L;wMkseksukl ¶yksjkslsUl
ds lkFk mfpr dksf”kdk j{kd] QkWLQsfVde vkSj L;wMkseksul ds
lkFk 10 ,e,e QkWLQsV cQj ds lkFk 10 izfr”kr fXyljkWy dk

mi;ksx djds fodflr fd;k x;k FkkA fHk.Mh ¼lhvksch,p 1½ esa
rkfdZd [ksrh iz.kkyh ds rgr ikS/kksa dh òf) ij ck;ksQfVZ”ku ds
izHkko dk v/;;u djus ds fy, ,d iz{ks= iz;ksx fd;kA ifj.kke
ls Li’V gqvk fd u=tu] QkLQksjl] iksVk”k dk 75 izfr”kr vkj
Mh ,Q $ ekbØksfc;y dalksfVZ;e ds ¼60 yhVj@gs-½ ds iz;ksx
tSls ,tksfLifjye ¼5-96 ± 0-12 ykWx dksf”kdk@feyh½] csflyl
esxkVsfj;e okj-A QkWLQsfVde ¼7-00 ± 0-12 feyh ykx dksf”kdk@
feyh-½] vkSj L;wMkseksul 7-30 ± 0-12 ykWx dksf”kdk@feyh-½ dk
izHkko mÙke ik;k x;k tks ijaijkxr i)fr rqyuk esa mit esa 10
izfr”kr T;knk òf) FkhA
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