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Abstract

The present investigation was carried out to study the effect of bacterial Biofertilizers on pulse crop like Phaseolus vulgaris L.
Bacterial biofertilizers like Rhizobium sp., Phosphobacteria, Azotobacter sp and Azospirillm sp. were isolated from the soils of
agricultural crops by employing plating techniques. The isolation was done by selective medium such as Rhizobium medium and
Yeast Extract Mannitol Agar for Rhizobium sp., Pikovskaya’s agar for Phosphate solubilizing microbes and Semisolid agar for
Azospirillum sp,Ashbys mannitol agar for Azotobacter sp. The isolated bacterial members were identified by Gram’s staining,
motility and sugar fermentation methods. These bacterial members were used as inoculants for seed treatments. Seeds of
Phaseolus vulgaris.L were treated with bacterial biofertilizers, the treatment like Phosphobacteria, Azospirillum sp., Rhizobium
sp. (Alone inoculation), Phosphobacteria and Azospirillum sp. Azotobacter sp Rhizobium sp. and Azospirillum sp., Rhizobium sp.
and Phosphobacteria (Dual inoculation) and Azotobacter sp, Rhizobium sp., Phosphobacteria and Azospirillum sp. (Combined
inoculation). The microbial inoculants were sowed in sterile polythene bags containing sterilized soil samples. Controls were also
maintained without a bacterial biofertilizers. After 50 days of sowing, the plant growth parameters like morphological and bio-
chemical parameters were analyzed in Phaseolus vulgaris L. The morphological parameters like length of plant, number of
leaves, breadth of leaves, length of leaves, shoot length, number of flowers, root length,no of seeds,no of pods were increased in
combined inoculation of Azotobacter sp, Rhizobium sp., Phosphobacteria and Azospirillum sp. Phaseolus vulgaris L. than dual
inoculations and control plants. Bio-Chemical parameters like Chlorophyll content, Protein, Carbohydrate, Total free amino
acids, Inorganic phosphorus, Reducing sugars, were also increased in combined treatment of Azotobacter sp, Rhizobium sp.,
Phosphobacteria and Azospirillum sp. plants of Phaseolus vulgaris L.. than dual inoculation and control plants. This might be due
to production of plant growth hormones and other plant growth substance. From the experiments, it is clearly proved that
applying bacterial biofertilizers considerably improve the growth and yield of Phaseolus vulgaris L. Hence, it could reduces the
dose of other chemical fertilizer used, which cause pollution to the environment, it helps the economically poor farmers.
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Introduction

The term “Bioferilizers” is a popular misnomer. It
refers to living organisms, which augment plant
nutrient supplies in one way or the other. In the
strictest sense, real Bioferilizers are the green manure
and organics (materials of biological origin which are
added to deliver the nutrients contained them).
Bioferilizers are 1. Carrier based inoculants containing
cells of efficient strains of specific microorganisms

(mainly bacteria) used by farmers for enhancing the
productivity of the soil either by fixing atmospheric N
or by solubilizing soil P or by stimulating the plant
growth through synthesis of growth promoting
substance 2. Blue Green Alage or Cyanobacteria and
3. Mycorrhizae. Bioferilizers may be broadly
classified into Nitrogen Bioferilizers (NB) or
Phosphate Bioferilizers (PB).
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In recent years, use of microbial inoculants as a source
of biofierlizer has become a hope for most of the
countries, as far as economical and environmental
view points are concerned. Therefore, in developing
countries like India, it can solve the problem of high
cost of fertilizers and help in saving the economy of
the country.
Pulses are second only to cereals in their important as
human food especially in India, where the people
derive most of their protein requirements from these
cops. Since the average diet of the Indian population is
much deficient in protein content, there is need for a
several food increase in the production of pulses. In
recent years much emphasis has been directed towards
increased cultivation of pulse crops. Since, intensive
cultivation practices often create new and more severe
plant disease problem, it is essential to know the
various disease of these corps and how to cope with
them. Besides serving as valued human food. Pulse
crops are valued for their Nitrogen fixing quality, in
symbiotic relationship with the bacterium Rhizobium
in their root nodules. They are commonly rotated with
cereals and other crops in most areas of the country, in
order to enrich the soil.

Among the biofertilizers used, Nitrogen fixing and
Phosphate solubilizing of symbiotic bacterial members
have been exploited in the pulse crops by applying
them as basal dose. Likewise the plant growth
promoting substances producing ability of bacterial
group of Rhizobium sp. Phosphobacteria Azotobacter
sp and Azospirillum sp. can also exploit to promote the
growth and yield of pulse crop by using them as
biofertilizers.

Aim and objectives

 Effect of Bacterial biofertilizers (Rhizobium
sp., Phosphobacteria Azotobacter sp and
Azospirillum sp.) on different growth
parameters of Phaseolus vulgaris L. plants
like length of plant number of leaves, breadth
of leaves, length of leaves, shoot length,
number of flowers, root length and total length
of plants.

 Estimation of biological compounds such as
chlorophyll, protein, carbohydrate and total
free amino acids, reducing sugars, inorganic
phosphorus of treated plants and control
plants.

Materials and Methods

Study materials

The present investigation was undertaken to study the
effect of bacterial biofertilizers on pulse crop like
Phaseolus vulgaris L.

Biofertilizers such as Rhizobium sp., Phosphobacteria
Azotobacter sp and Azospirillum sp. were isolated
from soil samples and used as inoculums.

Soil selection and sterilization

Red soil was collected and it was mixed with sand in
the ratio of2:1 (w/v). The sand soil mixture was
sterilized at 121ºC (151bs) for one nacre for two
consecutive days.

Isolation of bacterial biofertilizers

Isolation of Rhizobium sp. from Root nodules:

The legume plant root was thoroughly washed with
tap water to remove the adhering soil particles. The
nodules were immersed in 0.1% mercuric chloride fro
1 minute. The surface sterilized nodules were washed
with sterile water. The nodules were homogenized and
serially diluted upto 10-6 dilution. The spread plate
technique was performed on YEMA plates. The plates
were incubated at 37C for 24 hours.

Isolation of Azospirillum sp. from soil samples:

1g soil sample was serially diluted upto10-6 dilution.
From each dilution, 0.1ml of sample was taken and
spread plate technique was performed. The plates were
incubated for 2-3days and colony development was
observed.

Isolation of Phosphobacteria from soil samples

1g soil sample was serially diluted upto10-6 diltuion.
From each dilution, 0.1ml of sample was taken and
spread plate technique was performed on Pikovskaya’s
agar. The plates were incubated for 3-4 days.Every 24
hours, the plates were checked for the presence of
phosphate solubilizers, the colony that forms a clear
zone.
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Isolation of Azotobacter sp from soil sample

From eacm dilution, 0.1ml of sample was taken and
spread plates technique was perfomed on Ashby’s
mannitol agar. The plates were inocubated for 3-4 day
Every 24 hours, the plates were checked for the hat of
Azotobacter solubilizers, the colony that forms a clear
zone

Identification of bacteria

Identification of bacterial members was done by Gram
staining, Motility test and bio-chemical tests. The
isolated strains were confirmed with Bergey’s Manual
Of Systemic Bacterialology (Jordan,1984).

Subculturing of bacterial strains:

All the isolated bacterial cultures were isolated as pure
culture by subculturing them in a respective agar
media. Culture of all bacteria was inoculated into
specific selective agar as slants. The test tubes were
incubated in a refrigerator conditions for further
processing.

Preparation of bacterial biofertilizers

A 100g of cane sugar was dissolved in sterile water
and boiled for 15 minutes. 200g of gum arabic was
added and stirred well to dissolve it. Then 200ml of
bacterial culture was added into the sticker solution
and mixed well. The seeds of Phaseolus vulgaris L.
plants were added into the slurry. The seeds were
sown in the Pot containing sterilized soil samples.

Inoculation of bacterial biofertilizers in the soil

Treatments were as follows
C - Control plants
T1 - seeds of phaseolus vulgaris L.. treated
with Rhizobium sp.
T2 - seeds of Phaseolus vulgaris L.. .
treated with Azospirillum sp
T3 - Seeds of Phaseolus vulgaris.L
Azotobacter sp.
T4 - seeds of Phaseolus vulgaris L.. treated
with Phosphobacterium
sp.
T5 - seeds of Phaseolus vulgaris L.. treated
with Rhizoium and Azospirillum sp.

T6 - seeds of Phaseolus vulgaris L.. treated
with Rhizobium sp. and Phosphobacteria sp.
T7 - seeds of Phaseolus vulgaris L.. treated
with Azotobacter sp. and Rhizobium sp.
T8 - seeds of Phaseolus vulgaris L.. treated
Urea and Azospirillum sp. and Phosphobacteria.
T9 - seeds of Phaseolus vulgaris L..
Rhizobium sp., Azospirillum sp and Azotobacter sp.
T10 - seeds of Phaseolus vulgaris L.. treated
Rhizobium sp., Phosphobacteria and Azospirillum sp.
T11 - seeds of Phaseolus vulgaris L.. treated
Azotobacter sp, Rhizobium sp., Phosphobacteria and
Azospirillum sp.

After 50 days of sowing the morphological and bio-
chemical parameters of Phaseolus vulgaris L. plants
were analysed.

Parameters analysis

Analysis Morphological parameters

Morphological parameters such as length of plant,
number of leaves, breadth of leaves, length of leaves,
shoot length of /plant number of flowers/plant, root
length of/plant,o of nodules,no of seeds,no of pods,
Phaseolus vulgaris L.. were recorded respectively for
treated plants.

Analysis bio-chemical parameters

Estimation of biological compounds such as
chlorophyll, protein, carbohydrate and total free amino
acids, reducing sugars, inorganic phosphorus were
also analyzed for control, treated plants with bacterial
biofertilizers.

Estimation of biological compounds
Estimation of chlorophyll content (Arnon,1949)

1 gm of finely cut sample of leaves were taken and
ground to a fine pulp with the addition of 20 ml
acetone. Then it was centrifuged and the supernatant
was transferred to a 100 ml volumetric flask. Then the
residue was ground with 20 ml of acetone,centrifuged
and the supernatant was transferred to the same
volumetric flask. The volume was made up of 100 ml
with 80% acetone.The absorbence were read at 645
and 663 nm against the solvent blank.
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Extraction of sample

500 mg of the sample was weighed and ground with
10% TCA(5ml) using a morter and pestle . The ground
sample was centrifuged and the residue containing
sample was mixed with 0.1N NaOH (5ml ). The
solution was again centrifuged at 2000 rpm for 10
minutes. The supernatant was collected for protein
estimation.

Estimation of protein

For test 0.1 ml and 0.2 ml of diluted sample was taken
and made up to 1 ml with distilled water. Add 5 ml of
reagent C to each tube including blank and was
allowed to stand for 10 minutes. Exactly 0.5 ml of
diluted Folin’s reagent was added to all tubes with
continuous shaking and allowed to stand for 30
minutes. The colour developed was read at 645 nm
using reagent blank. Then O.D value was obtained and
compared with the standard graph which was plotted
using BSA as standard and the concentration of
unknown protein was calculated.

Estimation of carbohydrate ( Hedge and
Hofriter,1962)

The sample (supernatant) were taken in a series of test
tubes from 0.1 to 0.5 concentration and made up to 1
ml with distilled water. Then 4 ml of freshly prepared
anthrone reagent was added into each test tubes. The
test tubes were kept in boiling water path for 10
minutes. Then cooled rapidly and optical density was
measured at 630 nm. From the standard, the unknown
carbohydrate present in the sample was calculated.

Estimation of total free amino acids ( Moore and
Stein,1948)

Extraction of amino acids

500 mg of sample was weighed and ground with small
quantity of acid washed sand. 5 ml to 10 ml of 80%
ethanol was added and then filtered through filter
paper. The filtrate was collected. The residue was
ground and centrifuged. After centrifugation the
supernatant was collected. The extraction was
repeated twice. The filtrate and supernatant were
mixed and used for amino acid estimation.

Estimation of amino acids:

0.1 ml of supernatant was taken and made up to 1 ml
with distilled water. 1 ml of ninhydrin reagent was
added.

The test tubes were kept in boiling water path for 20
minutes. 5 ml of diluent was added and mixed well.
After 15 minutes the absorbance was read at 570 nm.
The O.D value obtained was compared with the
standard concentration of amino acids.

Estimation of reducing sugars (Somogyi, 1952)

Extraction

One gram of fresh tissue was homogenized with 80%
alcohol and extracted repeatedly with boiling 80%
alcohol, until the last traces of sugar were removed.
The alcoholic extracts were centrifuged and the
supernatant was made up to a known volume.

Method

To 0.2 ml of the above solution 1 ml litre of reagent I
was added, heated for 10 min in a vigorously boiling
water bath and cooled. 1 ml of reagent II was added
and the solution was diluted to 10ml with distilled
water. Absorbance was read at 500 nm using a
spectrophotometer. The reducing sugar content was
estimated from a calibrated standard curve of D –
glucose and expressed as mg glucose equivalent g-1

fresh wt.

Estimation of inorganic phosphorus

Extraction of samples

3g of leaves were homogenized and dissolved in
glacial acetic acid. It was made upto 100ml with
sterile distilled water. From that, 1ml was taken, and
diluted to 10ml with the same.

Estimation of inorganic phosphorus

0.1ml to 2.5ml of working standard was pipetted out in
distilled test tubes. 1ml of sample was taken in the test
tubes. The volume of test tubes was made upto 7ml
with distilled water. 1ml of molybdenum solution was
added to all the tubes followed by 0.4ml of Amino
Napthol Sulphonic acid reagent. The test tubes
allowed to strand for 20 minutes. The intensity of the
colour developed was read at 680nm against blank
From the standard, the concentration of inorganic
phosphorus present in the samples was calculated.
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Results and Discussion

The present investigation was carried out to study the
effect of bacterial biofertilizers on pulse crops like
Phaseolus vulgaris L.

Isolation of bacteria
Isolation of Rhizobium sp. from the root nodules
Colony morphology

Rhizobium sp. colonies are white translucent,
glistening, elevated, small colonies with margin
mucoid colonies.

Gram reaction
Gram negative rods
Motility test
Motile

Bio-chemical tests
Rhizobium sp. ferments glucose,lactose and galactose
On YEMA and Rhizobium media, rhizobial colonies
produce gum like substances and appeared as mucoid
colonies. These substances are made up water soluble
extracellular polysaccharides.

Isolation of Azospirilum sp.

Colony morphology
Azospirillum sp. colonies are white pellicles,2-4mm
below the surface of the medium., glistening, elevated,
small colonies with margin mucoid colonies
Gram reaction

Gram negative rods
Motility test

Motile
Bio-chemical tests

Ferments glucose, fructose and sucrose.

Isolation of Azotobacter sp

Colony morphology
Azotobacter sp.colonieswhite translucent,

glistening, elevated, mucoid, small colonies with
margin mucoid colonies
Gram reaction
Gram negative rods
Motility test
Motile
Bio-chemical test
Azotobacter sp. ferments glucose, lactose and sucrose
On Ashby mannitol agar, Azotobacter colonies

produce gum like substances and appeared as mucoid
colonies. These substansces are made up water soluble
extracellular polysaccharides.

Isolation of phosphobacteria

On Pikovskaya’s agar, the colony morphology is
transparent zone of clearing around the colonies
Gram reaction

Gram negative bacillus.

Field experiment

The bacterial biofertilizers of with Rhizobium sp.,
Phosphobacteria, Azotobacter sp and Azospirillum sp.
inoculated plants showed increase in the growth of
Phaseolus vulgaris L. when compared with control
plants. All the parameters like morphological and bio-
chemical parameters increased in dual inoculated
plants and more in Azotobacter sp, Rhizobium sp.,
Phosphobacteria and Azospirillum sp. (Combined)
inoculated plants

The present study was well correlated with the
previous reports by Gaur and Agarwadi(1989). They
studied the combined and dual inoculations of
A.brasilense and Pseudomonas striata in sorghum
plant which increase in root length, nitorgenase
activity, dry matter, seed yield as compared to single
inoculation of both organisms and control plants.
Combined inoculation of Rhizobium and
Phosphobacteria(Bacillus megaterium and
Pseudomonas striata) for red gram, black gram, green
gram and Bengal gram increased the grain yield for
maximum grain recorded by combination of rhizobial
strain with phosphobacteria with full dose of N and P
in red gram (Kannian,1999).

Effect of bacterial biofertilizers on various
parameters of Phaseolus vulgaris L.

Effect on length of plant

In Phaseolus vulgaris L. the length of plants were
increased in combined inoculations of Rhizobium sp.,
Phosphobacteria,Azotobacte sp and Azospirillum sp.
treated plants. The length of plants was recorded at
27.6 cm(combined inoculatiuons) followed by 22.6 in
dual (Rhizobium sp., Azospirillum sp. and
Phosphobacteria and 15.0 in control plants (Table.1;
Figure. 4).
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Effect on number of leaves

The number of leaves of plants treated with bacterial
biofertilizers of combined inoculation recorded
maximum followed by other inoculation. The
observation on number of leaves of c Phaseolus
vulgaris L. treated with combined bioferilizers, dual,
alone and control treatments were 15.0, 15.0
(Rhizobium sp. Azospirillum sp.and Phosphobacteria),
7.0 (Rhizobium sp.) and 6.8 respectively (Table.2 and
Figure. 1).

Effect on breadth of leaves

The breadth of leaves was increased in Phaseolus
vulgaris L. plants in combined than dual, alone and
control treatments. The observation on breadth of
leaves of Phaseolus vulgaris L. were 4.7, and 1.9 in
control plants (Table.1:Figure. 3).

Effect on length of leaves

The length of leaves were increased in Phaseolus
vulgaris L. inoculated with Rhizobium sp.,
Phosphobacteria and Azospirillum sp. than dual and
alone treatments.

The observation of Phaseolus vulgaris L. plants with
combined, dual, alone and control were 8.6, 8.4
(Rhizobium sp. and Azospirillum sp.), 5.2(Rhizobium
sp) and 5.2 respectively (Table. 1; Figure. 2). Shukla
and Gupta (1964) reported that the increase in length
of leaves in rice plants treated with P.foveloarum.

Effect on shoot length

The observation on shoot length of Phaseolus vulgaris
L. inoculated with Rhizobium sp.,
Phosphobacteria,Azotobacter sp and Azospirillum sp.
(Combined), dual, alone and control were 17.2, 16.2
(Rhizobium sp. And Rhizobium sp, phosphobacteria.),
10.7 (Azospirillum sp) and 8.4respectively (Table. 1;
Figure. 5). Preeti Vasudevan et al.,(2002) studied that
the increase in shoot length in rice plants treated with
biological preparations(Bacillus sp.) when compared
with control plants.

Effect on number of flowers

The number of flowers of Phaseolus vulgaris L. plants
inoculated with Rhizobium sp., Phosphobacteria

Azotobacter sp and Azospirillum sp. were recorded
maximum than dual and control plants. The
observation on number of flowers of Phaseolus
vulgaris L. inoculated at combined treatments were
12.0 followed by 5.0 in dual ( Rhizobium sp,
,Azobacter sp.and Azospirillum sp.), 8.0 in alone
(Azospirillum sp ). (Table. 2; Figure. 9).

Effect on root length

Root length of Phaseolus vulgaris L. were increased in
combined inoculation of bacterial biofertilizers were
10.8, 7.6 in dual (Rhizobium sp, Azospirillum sp and
Azotobacter sp ) and 6.8 in alone (Azotobacter sp.)
treatments (Table.2; Figure. 6 ).

This was correlated with pervious report by Preeti
Vasudean et al.,(2002). They reported that the increase
length of root when compared tot he control plants on
CV.IR24 with four biological preparations(Bacillus
sp.) on IR50 and Jyothi with five biological
preparations of Bacillus sp.

Effect on nodulation

The observation on number of nodules of Phaseolus
vulgaris L. inoculated with combined biofertilizers
were recoreded maximum than other treatments. The
number of nodules were 13.0, 12.0(Rhizobium
sp,Azotobacter sp and Azospirillum sp.) and 4.0
(Rhizobium sp.) respectively (Table. 2; Figure. 8).

This is well accepted with previous reports by Saxena
and Tilak(1999). They studied the seeds of pulse
variety treated with Rhizobium which increase the
yield through for better nodulation and maintain of
organic matter in soil.

Effect on seeds

In Phaseolus vulgaris L. the seeds of plants were
increased in combined inoculation of biofertilizers
than other treatments. Their observations were 12.0,
8,0 in dual (Rhizobium sp, Azotobacter sp. and
Phosphobacteria) and 8.0 in alone (Rhizobium sp.)
treatments (Table. 2; Figure. 7).

Effect on pods

In phaseolus vulgaris L.the pods of plants were
increase in combind inoculation of biofertilizers then
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other treatments. Their observations were
11.0,5.0(Rhizobium sp,Azospirillum sp and
Azotobacter sp) and 8.0 in alone (Rhizobium sp)
treatments.

Effect on bio-chemical parameters

Effect on chlorophyll content

Then cholophyll content of Phaseolus vulgaris L.
gram plants inoculated with Rhizobium sp.,
Phosphobacteria, Azotobacter sp and Azospirillum sp.
were recorded maximum followed by dual, alone and
control plants. In Phaseolus vulgaris L. the
chrolophyll content was increased in combined
inoculation of Rhizobium sp., Phosphobacteria,
Azotobacter sp and Azospirillum sp. treatments were
5.89mg/g than in control plants(Table. 3. Figure. 10).

Effect on protein content

The protein content of Phaseolus vulgaris L.
inoculated with combined treatments of Rhizobium
sp., Phosphobacteria, Azotobacter sp and Azospirillum
sp. were recorded maximum followed by dual, alone
and control plants. The protein content of Phaseolus
vulgaris L. plants were 12.36 mg/g, 4.17(Rhizobium
sp, Azotobacter sp and Phosphobacteria), and 0.25 in
control plants .(Table. 3; Figure. 11).

Effect on carbohydrate

The combined inoculation of Rhizobium sp.,
Phosphobacteria, Azotobacter sp and Azospirillum sp.
treated plants of Phaseolus vulgaris L. were recorded
maximum followed by dual, alone and control plants .
The cabohydrate contents of Phaseolus vulgaris L.
were 23.80 mg/g, 21.57 (Rhizobium sp, Rhizobium sp
and Azospirillum sp.),14.80(Rhizobium sp.) and 11.0
respectively on 50 DAS (Table. 3; Figure. 12).

Table.1 Effect of morphological parameters of Phaseolus vulgaris L. inoculated
with bacterial biofertilizers

Treatments Number of
leaves

No of
flowers

(cm)

Plant length
(cm)

Length of
leaves (cm)

Breath of
leaves (cm)

Control 5 2 15 5.2 9.6
Rhizobium sp. 7 12 21.2 5.2 3.1
Azospirillum sp. 6 8 17 4.9 3.2
Azotobacter sp 6 10 15.6 7.7 3.8
Phosphobacteria sp 6 11 19.8 6 3.4
Rhizobium
sp+Azospirillum

13 11 22.2 6.5 4.2

Arhizobium sp+
.+Phophobacteria

15 14 26.4 7.5 4.1

Rhizobium sp+Azotobacter 9 8 23.2 4.1 3.2
Phosphobacteria+Azospiri
llum sp

9 5 21.4 4.8 3.3

Rhizobium
sp+Azospirillum
sp+Azotobacter sp

9 5 22.6 4.7 3.6

Rhizobium
+Phophobacteria
+Azospirillum

15 12 27.6 8.6 4.2

Rhizobium
sp+Azotobacter+
sp+Phosphobacter
+Azospirillum

15 13 17.4 8.5 5.1
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Table.2 Effect of yield concepts of Phaseolus vulgaris L. inoculated with bacterial biofertilizers

Treatments
Root

length
(cm)

Stem
length
(cm)

No of seeds No of pods No of
nodules

Control 5.6 8.4 5 6 10

Rhizobium sp. 7.4 10.7 8 8 4

Azospirillum sp. 6.8 15.2 9 8 3

Azotobacter sp 6.8 11.2 7 8 4

Phosphobacteria sp 6.6 13.2 9 8 1

Rhizobium sp+Azospirillum 6.6 11.8 11 5 5

Arhizobium sp+  .+Phophobacteria 9.4 14.8 11 9 2

Rhizobium sp+Azotobacter 8.4 10.6 7 7 1

Phosphobacteria+Azospirillum sp 7.2 8 6 5 2

Rhizobium sp+Azospirillum
sp+Azotobacter sp

7.6 7.4 8 5 12

Rhizobium +Phophobacteria
+Azospirillum

10.2 17.2 12 11 13

Rhizobium  sp+Azotobacter+
sp+Phosphobacter +Azospirillum

10.2 16.2 11 11 12

Table. 3 Effect of biochemical parameters of Phaseolus vulgaris L. inoculated with bacterial biofertilizers

Treatments Chlorophyll
(mg/g) Protein (mg/g) Carbohydrate

(mg/g)

Control 0.70 0.25 11.0
Rhizobium sp. 1.06 0.30 14.01
Azospirillum sp. 1.37 0.27 14.80
Azotobacter sp 1.57 0.33 14.80

Phosphobacteria sp 1.62 0.62 15.11

Rhizobium sp+Azospirillum 1.91 0.54 15.27

Arhizobium sp+  .+Phophobacteria 1.99 0.56 15.51

Rhizobium sp+Azotobacter 5.21 4.17 21.57

Phosphobacteria+Azospirillum sp 3.01 1.07 16.78
Rhizobium sp+Azospirillum
sp+Azotobacter sp

2.80 0.72 12.94

Rhizobium +Phophobacteria
+Azospirillum

5.89 12.36 19.02

Rhizobium  sp+Azotobacter+
sp+Phosphobacter +Azospirillum

4.63 4.06 23.80
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Table. 4 Effect of biochemical parameters of Phaseolus vulgaris L.  inoculated with bacterial biofertilizers

Treatments Reducing sugar
(mg/g)

Amino acids
(mg/g)

Inorganic
phosphorus (mg/g)

Control 1.80 2.25 2.08
Rhizobium sp. 1.90 5.10 2.26
Azospirillum sp. 3.40 5.60 2.13
Azotobacter sp 1.90 7.60 2.26
Phosphobacteria sp 3.80 9.69 2.58
Rhizobium sp+Azospirillum 3.30 9.18 2.45
Arhizobium sp+  .+Phophobacteria 3.70 11.73 2.64

Rhizobium sp+Azotobacter
4.95

15.75 5.90

Phosphobacteria+Azospirillum sp 3.36 11.68 3.40
Rhizobium sp+Azospirillum
sp+Azotobacter sp

2.16 8.17 2.93

Rhizobium +Phophobacteria
+Azospirillum

5.43 18.46 4.20

Rhizobium  sp+Azotobacter+
sp+Phosphobacter +Azospirillum

4.28 13.08 6.17

Figure 1 . Effect of Length of leaves Phaseolus vulgaris L. inoculated with bacterial biofertilizers
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Figure 2.. Effect of Number of leaves Phaseolus vulgaris L. inoculated with bacterial biofertilizers
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Figure 3 . Effect of Breadth of leaves Phaseolus vulgaris L. inoculated with bacterial biofertilizers
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Figure 4. Effect of Length of Plants Phaseolus vulgaris L. inoculated with bacterial biofertilizers

0

20

40

60

80

100 T11
T10
T9
T8
T7
T6
T5
T4
T3
T2
T1
C

Figure 5 . Effect of Shoot length Phaseolus vulgaris L. inoculated with bacterial biofertilizers
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Figure 6. Effect of Root length Phaseolus vulgaris L. inoculated with bacterial biofertilizers
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Figure 7 . Effect of Total length of plants Phaseolus vulgaris L. inoculated with bacterial biofertilizers
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Figure 8. Effect of Reducing sugars Phaseolus vulgaris L. inoculated with bacterial biofertilizers
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Figure 9. Effect of No. of flowers Phaseolus vulgaris L. inoculated with bacterial biofertilizers
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Effect on total free amino acids

The total free acids of Phaseolus vulgaris L. plants
treated with Rhizobium sp., Phosphobacteria and
Azospirillum sp. were showed maximum than dual,
alone and control plants. The total free amino acids
contents of Phaseolus vulgaris L. plants were 18.46
mg/g. 15.75 (Rhizobium sp, Azospirillum sp and
Phosphobacteria), 5.10 (Rhizobium sp.) and 2.25
respectively on 50 DAS (Table. 4; Figure. 13).

Effect on reducing sugar

The reducing sugar content on Phaseolus vulgaris L.
with combined treatments of Rhizobium sp.,
Phosphobacteria,Azotobacter sp and Azospirillum sp.

was found to be 5.43 mg/100g, 4.95 in dual
(Phosphobacteria, Rhizobium sp and Azospirillum sp.),
3.40 in alone (Azospirillum sp.) and 18.0 in control
plants (Table. 4; Figure. 14).

Effect on inorganic phosphorus content

Rhizobium sp., Phosphobacteria, Azotobacter sp and
Azospirillum sp. combined treatments of Phaseolus
vulgaris L. plants, the inorganic phosphorus contents
were showed maximum than dual, alone and control
plants.The increase in inorganic content was observed
in Phaseolus vulgaris L. plants of combined
treatments were 6.17 mg/g, 5.90 (Rhizobium sp and
Azotobacter sp, Phosphobacteria)on 50 DAS (Table. 4
;Figure. 15).

Figure 10. Effect of Chlorophyll content of plants Phaseolus vulgaris L. inoculated with bacterial biofertilizers
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Figure 11. Effect of Protein Phaseolus vulgaris L. inoculated with bacterial biofertilizers
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Figure 12. Effect of Carbohydarate content of plants Phaseolus vulgaris L. inoculated with bacterial biofertilizers
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Figure 13. Effect of total free amino acids Phaseolus vulgaris L. inoculated with bacterial biofertilizers
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Figure 14. Effect of inorganic phosphorus content of plants Phaseolus vulgaris L. inoculated with bacterial
biofertilizers
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Figure 15. Effect of Reducing sugars Phaseolus vulgaris L. inoculated with bacterial biofertilizers

0
1
2
3
4
5
6 T11

T10
T9
T8
T7
T6
T5
T4
T3
T2
T1
C

References

Arunachalam, V., G.D. Pungle, M.Dutta P.T.C.
Nambiar and P.J.Dart. 1984. Efficiency of
Nitrogenase activity and nodule mass in producing
the relative performance of genotypes assessed by
a number of characters in groundnet (Arachies
hypogaea). Exp. Agric. 20: 303 – 309.

Azotobacter modification in bacteriel
biofertilizer,Tejera,V.(2014).23-59

Bashan,Y. and Holguin,g. 1997. Azospirillum – plant
relations: environmental and physiological
advances (1990- 1996). Can. J. Micobiol.43:103-
121.

Brockwell, J. 1962. Studies on seed pelleting as an aid
to legume seed inoculation. I. Coating Materials,
adhesives, and methods of inoculation.
Aust.J.Agric. Res. 13: 638 – 649.

Brockwell, J., A.Diatloff, R.J.Roughly and R.A. Date.
1982. Selection of rhizobia for inoculants. In:
Nitrogen fixation in legumes (ed.J.M Vincent)
Academic Press, Sydney. pp.173 – 191.

Burns, R. C and R.W.F. Hardy 1975. Nitrogen fixation
in bacteria and higher plants. Springer Verlag, New
York p.189.

Carroll, B.J., D.L. Mc Neil and P.M. Cresshoff. 1985.
A super nodulation and nitrate – tolerant symbiotic
(nts) soybean mutant. Plant Physiol. 78: 34 – 40.

Click, B.R. (1995). Can. J. Microbiol, 41: 109 – 117.
Cooper. (1959). Soil fertilizers, 22: 227 – 233

Countinho,H.L.C., Oliveria,V.M., Lovato,A.,
Maia,A.H.N. and Manfio,G.P. 1999. Evaluation of
the diversity of rhizobia in Brazilian agricultural
soils cultivated with
soyabeans.Appl.Soil.Ecol.,13:159-167.



Int. J. Adv. Res. Biol.Sci. 1(8): (2014): 56–73

70

Cruz., G.N. Stamford, N.P Silva, J.A.A. and Chamber
– Perez,C.1997. Effects of inoculation with
Bradyrhizobium and urea application on N-
fixation and growth of yam bean. Tropical
Grassland, 33:23-27.

D’ Souza – Ault, m.r. Smith,L.T. and Smith,G.M
1993. Roles of N- acetyl- glutaminyl – glutamine
and glycine – betaine in adaptation of
Pseudomonsa aeruginosa to osmotic stress. Appl.
Environ. Microbiol. 59:473- 478.

Dadarwal, K.R., Prabha, S. and Tauro, P. 1974.
Efficiency and antigenic characteristics of green
gram (Vigna radiata var aureus) rhizobia. Indian
.J. Expt. Biol.17: 668- 670.

Dadarwal, K.R., Prabha, S. and Tauro, P. 1978.
Varietal differences with regard to Rhizobium
compatability and efficiency of nitrogen fixation in
chick pea. Proceedings of the National Symposium
on nitrogen Assimilation and crop productivity,
Indian Agricutural Research Institute, New Delhi.
Pp. 235 – 239.

Dadarwal, K.R., Singh, C S. and Subba Rao, N.S.
1974. Nodulation and serological studies of
rhizobia from six species of Arachis. Plant
Soil,40:535 – 544.

Dewan, G. and Subba Rao, N.S. (1979). Plant Soil,
53: 295 – 302.

Dwivedi, R.S; Dubey, R.C and Dwivedi, S.K. (1989).
In: Plant – Microbe Interactions, (Ed. Bilgrame,
K.S) focal Them (Botany) ISCA symposium,
Narendra Publ. House, Delhi, 217-238.

Elegba, M.S. and R.J. Rennie 1984. Effect of different
inoculant adhesive agents on rhizobial survival,
nodulation and nitrogenase (acetylence - reducing)
activity of soybeans (Glycine max (L) Merrill. Can.
J.Soil Sci. 64: 631 – 636.

Effect of biofertilizers on morophological parameters
in Karan,M., Senthilkumar,S,Kulothungan.s.(2012)

Fiske, C.H. and Subba Rao,Y.(1925). J.Biol.Chem, 66:
575.

Frommel. M.i., Nowak, J. and Lazarovits, G., (1991)
Plant Physiol., 966: 928 – 936.

Gaind, S. and Gaur,A.C.1991. Thermotolerant
phosphate solubilizing microorganisms and their
interaction with mungbean. Plant Soil, 133: 291-
296.

Garcia, J.J.O.O. 1992. enxofre e suas transformacoes
microbianas.In: Cardoso, E.; Satto,M; Neves,
M.C.P. Microbiologia do solo. Campinas:
SBCSPpp.243-255.

Gault, R.R. and J.Brockwell. 1980. Studies on seed
pelleting as an aid to legume inoculation, 5. Effect
of incorporation of molybdenum compounds in the
seed pellet on inoculant survival, seedling
nodulation and plant growth of Lucerne and
subterranean clover. Aust. J. Exp. Agric. Anim.
Husb. 20: 63 – 70.

Gaur, A.C. and Agarwadi, A.R (1989) In: Plant-
Microbe Interatction 9Ed. Bilgrame, K.S.) Focal
Theme (Botany) ISCA Symposisum, 1987,
Narendra Publ. House, Delhi. 35 – 46.

Gaur, A.C.1990. Phosphate solubilizing
Microorganisms as Biofertilizers, Omega Scientific
Publisers, New Delhi,pp.176.

Ghai, S.K. and Thomas, G.V. (1989). In: Plant –
Microbe Intractions. (Ed. Bilgrame, k.S) Focal
Theme (Botany) ISCA Symposisum, 1987,
Narendra Publ. House, Delhi. 47 – 60.

Giller, K.E. (2001). Nitrogen fixation in tropical
cropping systems, CABI publishing, Oxon, 167 –
168.

Glick, B.R. and Bashan, Y. (1997). Biotechnol. Adv.,
15: 353-378.

Gnanamanickam, S.S., Vasudevan, P., Reddy, M.S.,
Klopper, J.W. and Defago, G., (2002). In:
Biological control of Crop Disease, Marcel Dekker,
New York. Pp. 1 – 9.

Goldstein, A.H. and Rogers,R.D.1999. Biomediated
continuous release phosphate fertilizer.(Lockheed
Idaho Technologies Co.,USA) US.US 591
2398,A15 June, pp.19.

Graham,P.H.1988. Principles and application of Soil
Microbiology,pp.322- 345.

Gualtieri,G. and Bisseling,T. 2000. The evolution of
nodulation. Plant.Mol.Biol.,42:181-191.

Hedge,J.E. and Hoefreiter,B.T.(1962).In:Carbohydrate
chemistry (Eds.Whistler RL. And Be Miller, J.N),
Academic press, New York.

Hoben, H.J., N.N. Aung, P.Somasegaran and U.K.
Kang 1991. Oils as adhesives for seed inoculation
and their influence on the survival of Rhizobium
spp. and Bradyrhizobium spp. On inoculated seeds.
World J. Micorbial Biotechnol. 7:324 – 330.

Howieson, j.G.and M.A. Ewing. 1986 Acid tolerance
in the Rhizobium meliloti - medicago symbiosis.
Aust.J.Agric. Res., 37: 55 – 64.

Johri,B.N., Shani,N, Kawaljrrt Johri,B.N, Rossi, P.
and Aragno,M. 2001. Technology development and
demonstration of a new bacterial inoculant (GRP3)
for improved legume production. U.P.Govt. Project
report.



Int. J. Adv. Res. Biol.Sci. 1(8): (2014): 56–73

71

Jordan,D.C(1984). Rhizobiaceae. In: Bergey;’s
Manual of Systemic Bacteriology (Eds. N.R.Kreig
and J.G.Holt)Vol.1, Williams and Wilkins Publ,
Baltimore.

Kadouri,D. Jurkevitch,E. and Okon, Y.2003.
Involvement of reserve material poly- alpha –
hydroxy butyrate(PHB) in Azospirillum brasilense
in stress endurance and colonization. Appl.
Environ. Microbiol, 69:3244 – 3250.

Kannaiyan, S. 1999. Bioresources Technology for
Sustainable Agriculture, Associated Publishing
Company, New Delhi. P.422.

Keyser, H.H., P.Somasegaram and B.B.Bohlool 1992.
Rhizobial ecology and technology. In : Soil
Microbial Ecology. (ed. F.B. Meeting Jr.)
Application in Agriculture and Environmental
Management. Pp. 205 – 260. Marcel Dekker, New
York.

Khurana, A.L., Sharma, H., Manchanda, N. and
Tauro,P.1978. Competitiveness of inoculated
chickpea rhizobia with native rhizobia.
Indian.J.Microbiol.18: 58-59.

Kloepper, J.W., Lifshitz, R, and Zablotowicz, R.M.,
(1989). Ibid, 7: 39 – 43.

Kloepper, J.W.Leong, J., Teintze, M. and Schroth,
M.N. (1980). Nature, 286 : 885 – 886.

Kremer, R.J. and M.L. Peterson. 1983 Effects of
carrier and temperature on survival of Rhizobium
spp. In legume inoculation: development of an
improved type of inoculant. Appl. Environ.
Microbial , 45: 1790 – 1794.

Kremer, R.J., J. Polo and M.L. Peterson 1982. Effect
of suspending agent and temperature on survival of
Rhizobium in fertilizer. Soil Sci. Soc. Am.J. 46: 539
– 542.

Lafay,B. and Burdon,J.G.2001. Small subunit r RNA
genotyping of rhizobia nodulating Australian
Acacia spp. Appl. Environ. Microbiol,67:396 –
378.

Lambert, B. and Joos, H., (1989). Trends Biotechnol.,
7: 215 – 219.

Lowry,O.H, Roseberg,N.J.Farr,A.L and Randall,R.J.
(1951).J. Biol. Chem., 193:265.

Mahler, R.L. and A.O. Wollum II. 1982. Seasonal
fluctuation of Rhizobium japonicum under a verity
of field conditions in North Carolina. Soil Sci., 134:
317 – 324.

Manvika Sahgal and Johri, B.N 92003. The changing
face of rhizobial systamatics. Cur. Sci, 84(1) : 43-
48.

Materon, L.A. and Weaver, E.W. 1984. Toxicity of
arrow leaf clover seed to Lacian Halmagean,
Rhizobium trifoli. Agron. J. 76: 471 – 473.

Maria Balint, Virgiliuciutina, lacian Halmagean,
Mihaela Master ,.(2013).208-211.

Mishustin, E.N. and Shilinikova, V.K. (1969). Soil
Biology, Reviews of Research, UNESCO
publication, pp. 72 – 124.

Mohan, V.R., Kumar, N. Venkatesan, G.S.
Murugaswari, V. and Murshusamy, S.(1994) Effect
of crude and commercial seaweed on seed
germination and seedling growth of Cajanus cajan
L.Phykos, 33: 47 – 51.

Moore, S. and Stein,W.H.(1948). In: Mehtods in
Enzymology (Eds, Colowich, SP. and Kaplan,
N.D) Academic press, New York,3:468.

Nahas,E. 199. Solubilizacao microbiana de fofasta e
de outros elementos. In: Siqueira,J.O Moreira,
F.M.S Lopes, A.S.Guilherme,L.r.g. Faquin,V.;
Furtini

Neto,A.E; Carvalho,J.G. Interrelacao fertilidade,
biologia do solo e nutricao de plantas.
Lavras:UFLA,pp.467-486.

Okon, Y. 1985. Azospirillum as a potential inoculant
for agriculture, Trends Biotchnol,3:223 – 228.

Pandey ,A., and Palni,L.M.S. 1998. Isolation of
Pseudomonas corrugata from Sikkim, Himalaya,
Environ. Microbiol.14:411- 413.

Postgate, J. (1998). Nitrogen fixation, Cambridge
University press, Cambridge.

Postgate,J.1998. Nitrogen fixation, Cambridge
University press, Cambridge, 3rd edn,pp.112.

Preeti Vasudevan, Reedy, M.S Kavitha. S,
Vellusamy.P., David Paulraj. R.S. Purosothaman.
S.M. Brinda Priyadarisini. V, Bharathkumar. S,
Kloepper.J.W, and Gnanamanickam. S.S. (2002).
Role of biological preparations in enhancement of
rice seedling growth and grain yield. Curr. Sci., 83
(9) : 1140 – 1143.

Ramamoorthi,K., and Arokia Raj.1997. Agronomic
effectiveness of organic sources and MRO to
phosphorus economy in rainfed green gram.
Madras Agri. J.,84(10):593-595.

Ramamoorthi,K..,Balasubramanian,A. and Arokia
Raj.1997. Response of rainfeed black gram
(Phseolus mungo) to phosphorus and sulphur
nutrition in red lateritic soils. J.Agron, 42(1): 191-
193.

Rewari, R.B. (1984 & 1985). Summarized result of
Microbiology Trials. All India coordinated



Int. J. Adv. Res. Biol.Sci. 1(8): (2014): 56–73

72

Research project on Improvement of pulses,
ICAR, New Delhi.

Rewari, R.B., and Tilak, K.V.B.R.1988. Microbiology
of pulses. In: Pulse Crops(Eds. Baldev,B.,
Ramnujam, S. and Jain,H.K.), Oxford & IBH, New
Delhi, India. pp. 4-33.

Rupela O.P. 1994. Screening for intracultivaral
variability for nodulation of chickpea and
pigenopea. In: Linking Biological Nitrogen
Fixation Research is Asia. Report of a meeting of
the Asia Working Group on Biological Nitrogen
Fixation in Legumes. (eds. O.P. Rupela, j.V.D.K.
Kumar Rao, S.P. Wani and C. Johansen) pp 75-83.
international crop Research Institute for the Semi –
Arid Tropics, Patancheru, Andhra Pradesh, India.

Saleena,L.M., Rangarajan,S. and Nair,S.2002.
Diversity of Azospirillum strains isolated from rice
plants grown in saline and nonsaline coastal
agricultural ecosystems. Microbiol.Ecol,44(3): 271
– 277.

Salema, M.P. C.A. Parker, D.K.Kidby and D.L. Chatel
1982. Death of rhizobia on inoculated seed. Soil
Biol. Biochem. 14: 13 – 4.

Saxena, A.K. and K.V.B.R. Tilak. 1999. Potentials
and prospects of Rhizobium biofertilizer. In:
Agromicrobes (eds. M.N Jha, S. Sriram, G.S.
Venkataraman and S.G.Sharma) pp 51 – 78. today
and Tomorrow’s Printers & Publishers. New Delhi.

Sen, J.1929. The role of associated nitrogen – fixing
bacteria on nitrogen nutrition of cereal crops.
Agri.J.India. ,24:967 – 980.

Sessitsch,A., Howieson, J.G., Perret,X. and Martinez –
Romero,E., 2002. advances in Rhizobium research.
Crit.Rev.Plant.Sci, 21:323 – 378.

Sewart, W.D. (1970). Nature (London), 214: 603.
Shende, S.T. and Apte, R. (1982). Biological Nitrogen

Fixation, Nat. Sym., IARI, New Delhi. Pp.532 –
543.

Sindhu, B.S. Brar,S.S. and Pareek,R.P.1977.
Serogrouping of R.trifoli strains. Indian.
J.Microbiol.17: 129 –130.

Singh, C.S., Dadarwal,K.R.and Subba Rao, N.S. 1977.
A comperaision of physiological properties and
effeiciency of Arachis rhizobia.
Zkt.Bart.Abt.II.131:72- 78.

Skipper, H.D., J.H. Palmer, J.E. Giddens and J.M.
Woodruff. 1980. Evaluation of commercial
soybean inoculants from South Carolina and
Georgia. Agron, J.,72: 673 – 674.

Skula, A.C. and Gupta, G. (1964). Effect of algal
hormones on stumetal and Epidermal development
in rice leaves. Hydrobiologia, 30: 221 – 224.

Solaiappan, U., Senthivel.S. and Paramasivasm.1994.
Influence of seed treatments and fertilizer level on
growth and yield of rainfed red gram. Madras Agri.
J.,8(5):245-248.

Somogyi,M(1952) J.Biol.Chem,200:245.
Streeter, J.G. (1988). Crit. Rev. Plant Sci., 7: 1- 23.
Subba Rao, N.S. (1982). Biofertilizers, In: Advances

in Agricultural Microbiology (Ed. Subba Rao.
N.S.). Oxford and IBH Publ. Co., New Delhi. Pp
219 – 242.

Subba Rao, N.S. (2002). Soil Microbiology. Oxford
and IBH publ co. ltd. New Delhi.

Subba Rao, N.S. and Singh, C.S. (1985). Zent.
Microbial. 140: 97 – 102.

Subba Rao, N.S. and Tilak, K.B.R. (1977). Souvenir
Bull. Directorate of Pulse Development, Govt. of
India.

Sundara Rao,W.V.B., Sen,A.N,and Gaur,Y.D. 1969.
Survey and isolation of root nodule bacteria in
Indian soils, Final Rep, Rep – PL- 480 Scheme,
Division of Microbiology,IARI, New Delhi, India.

Sivakumar,T, Ravikumar.(Phaseolus vvlgaris L.) and
bean seeds (2013),217-238.

Tang, W.H. (1994). In: Improving Plant Productivity
with Rhizosphere Bacteria (Eds Reder, M.H.
Stephens, P.M. and Bowen, G.D.). CSIRO,
Adelaide. Pp. 267 – 278.

Thompson, J.A. 1980. Production and quality control
of legume inoculants. In: Methods for evaluating
biological nitrogen fixation, ed. F.J. Bergerson)
John wiley and sons Ltd. Chichester. pp. 489 –
533.

Tien, T.M.Guskin, M.H. and Hubbel, D.H. (1979).
Appl. Environ. Boil. 37: 1012 – 1024.

Tilak, K.V.B.R. (1991). Bacterial biofertilizers,
ICAR,New Delhi. PP. 66.

Tilak, K.V.B.R. 1993. Bacterial Biofertilizers, ICARI,
New Delni, India. Pp 4-33.

Tilak, K.V.B.R. and Subba Rao N.S. 1987). Biol.
Fertile. Soil, 4: 97 – 102.

Tilak, K.V.B.R. and Subba Rao, N.S. 1987.
Association of Azospirillum brasilense with
pearmillet(Pennisetum amarciamum) (L.) Leeke).
Boil.Fertil. Soils,4:97 – 102.

Tinker, P.B. (1984). Plant Soil, 76: 77 – 91.
Tripathi, A.K., Mishra, B.M. and Tripathi, P.1998.

Salinity stress responses in plant growth promoting
hizobacteria.J.Biosci,23:463- 471.



Int. J. Adv. Res. Biol.Sci. 1(8): (2014): 56–73

73

Van Peer, R, and Schippers, B., (1989) Can. J.
Microbial., 35: 456 – 463.

Venkataraman, G.S. (1972). Algal Biofertilizers and
Rice cultivation, today and Tomorrow Printers and
Publ. New Delhi. Pp. 75.

Vijayakumari B,Hiranmai Yadav R, bacterial
biofertilizers plants science.(2012) 82-86.

Young, J.P.W. 1992. Phylogenetic classification of
nitrogen – fixing organisms. In : Biological
nitrogen Fixation(eds Stacey, G., Burris,R. and
Evans,H.J) Chapman and Hall, New York,pp .43-
86.


