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The research work was conducted to isolate and characterize salinity tolerant
Azotobacter sp. to be use as biofertilizer. In this study, soil samples were
collected from different salinity affected areas, namely Pankhali Bazar of Dakop
Upazilla, Khulna, Bangladesh and Dargapur Village, Assasuni Upazilla, Satkhira,
Bangladesh. Thirty- five colonies were isolated from pore-plate containing
Ashby's medium. Out of thirty -five isolates, fifteen were finally selected for detail
study. All the isolates were rod-shaped, gram negative and non spore-forming.
Biochemical tests indicated that they were obligate aerobes, catalase, oxidase
and starch hydrolysis positive. Most of them were motile except four isolate nos.
02, 05, 09 and 13. Five isolates of Azotobacter were found which could tolerate 6%
NaCl concentration whereas only two isolates of Azotobacter were found which
could stand for at 10% NaCl concentration, which may become a promising
source for further study regarding salinity tolerant Azotobacter sp. Finally,
nitrogen fixation potentiality of the selected isolates was estimated ranging from
04.95 to 10.55 mg N/g substrate.
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INTRODUCTION

Due to the increased population in the world, it has
become important for us to increase the crop productivity
by using various fertilizers, insecticides and pesticides.
The soil has been affected badly due to tremendous
uses of these chemical fertilizers because of the
depletion in the essential minerals of the soil [1].
Therefore, use of biofertilizers in place of chemical
fertilizers is getting importance today.

The total area of Bangladesh is 147, 570 km?.
The coastal area covers about 20% of the country and
over 30% of the net cultivable area. It extends inside up
to 150 km from the coast. Out of 2.85 million hectares of
the coastal and offshore areas about 0.83 million
hectares are arable lands, which cover over 30% of the
total cultivable lands of Bangladesh [2]. A part of the
coastal area, the Sundarbans, is a reserve natural
mangrove forest covering about 4,500 km2. The
remaining part of the coastal area is used in agriculture.
The cultivable areas in coastal districts are affected with
varying degrees of soil salinity [3].

Observations in the recent past indicated that
due to increasing degree of salinity of some areas and
expansion of salt affected area as a cause of further
intrusion of saline water, normal crop production
becomes more restricted [4]. According to salinity survey
findings and salinity monitoring information, about 1.02
million ha (about 70%) of the cultivated lands are
affected by varying degrees of soil salinity. about 0.282,
0.297, 0.191, 0.450 and 0.087 million hectares of lands
are affected by very slight, slight, moderate strong and
very strong salinity, respectively. Salinity in the country
received very little attention in the past. Increased
pressure of growing population demands more food.
Thus, it has become increasingly important to explore
the possibilities of increasing the potential of these
(saline) lands for increased production of crops [2].

The study to find out efficient strains of nitrogen-
fixing bacteria to develop biofertilizer for crops like
wheat, rice, etc. is very essential. Biological nitrogen
fixation is an inexpensive source of nitrogen for higher
yields in non-leguminous crop, e.g., rice and wheat
farming systems [5]. Azofobacter is the genus consists
of the members which are aerobic, free-living, nitrogen-
fixing bacteria that are found throughout the world
[6,7,8]. This organism was first isolated and described
by Beijerinck in 19011 [9]. Besides nitrogen fixation,
Azotobacter has been found to synthesize growth
promoting substances and antibiotics [10]. These
bacteria have one of the most highly active cytochrome
oxidases known [11,12], as well as notably active
superoxide dismutase and catalase systems [13]. By
virtue of these attributes, Azotobacter can play nutritional
and stimulatory roles and can benefit the plants with its
manifold actions. Furthermore, Azotobacter inoculation
has been found to increase the growth and yield of a
wide variety of cereals, pulses, vegetable crops, fruit
crops and cash crops [14]. It is indeed interesting to note

that Azotobacter is among the first organisms to develop
in a newly formed soil, and the number of this organism
in soil runs parallel with its fertility [15]. The occurrence
and distribution of Azotobacter have been studied in the
soils of different parts of the world but in Bangladesh get
little attention.

Among the free-living nitrogen-fixing bacteria,
those belonging to genus Azotobacter play a remarkable
role, being broadly dispersed in different environments,
such as soil, water and sediments [16]. In fact, field trials
have demonstrated that under certain environmental
conditions, inoculation with Azotobacter has beneficial
effects on plant yields [17,18, 19] due to the increase of
fixed nitrogen content in soil [20, 21,22] and to the
microbial secretion of stimulating hormones, like
gibberellins, auxins and cytokinins [23,24]. Several
authors have shown the beneficial effects of Azotobacter
chroococcum on vegetative growth and yields of maize
[25,26] as well as the positive effect of inoculation with
this bacterium on wheat [27]. Recently, it has been also
shown that strains of Azotobacter could be usefully
employed both in aquaculture systems [28] and in
vermicompost production [29], due to their ability of
fixing nitrogen and solubilizing phosphates. An additional
reason which justifies the interest on these micro-
organisms is that the species Azotobacter vinelandii and
A. chroococcum produce exopolysaccharides with high
potential value related to their wide range of commercial
applications [30].

Many workers have reported about salt-tolerant
strains of Azotobacter [31]. The efficiency of Na-fixing
efficiency of several Azofobacter chroococcum isolates
was generally better in nonsaline and slightly saline
strains than in saline strains observed by Mahmoud et
al. [32]. A strain of Azotobacter which showed maximal
N2 fixation at 30%0 NaCl, with good fixation still
observed at 10 to 40% was isolated by Blinkov [33].
Several studies have been done on the isolation,
distribution and abundance of Azotobacter in the soils of
Jahangirnargar University Campus, Bangladesh [34,35].
However, no work has been done on strains isolated
from saline affected regions of Bangladesh. Therefore,
the present study is designed to achieve the following
objectives:

e Isolation, characterization and determination of
potentiality of salinity tolerant Azotobacter spp for
nitrogen fixation.

MATERIALS AND METHODS
Collection of Samples

Soil samples were collected from the different salinity
affected areas, namely Pankhali Bazar of Dakop
Upazilla of Khulna district, Bangladesh and Dargapur
Village of Assasuni Upazilla of Satkhira, Bangladesh in
sterilized polythene bags. Then samples were used to
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investigate on salinity tolerant Azotobacter sp. The tests
were conducted at the Environmental Biotechnology
Laboratory of Biotechnology and Genetic Engineering
Discipline and Soil Chemistry Laboratory of Soil Science
Discipline of Khulna University, Khulna, Bangladesh.

Sampling Procedure

For the purpose of soil sample collection, sampling kit
consisting of several sterile polythene bags, a marking
pen, spatula, alcohol, knives, etc. were taken. Sufficient
amount of soils were collected from each site; kept in a
polythene bag and tagged. Soil samples were collected
from top 4 cm of the soil profile, as this is where most of
microbial activities take place. At each time of collection,
hands were sterilized with alcohol (95%) and the bags
were partially filled with soil; then the bags were properly
tied and labeled. Special care was always taken to avoid
contamination as far as practicable.

Preservation of the sample

After collection, the samples were brought to the
laboratory carefully and preserved in the refrigerators for
immediate use; however for long- term usage, samples
were stored at 4°C.

Determination of soil pH

25 gm (field moist) was taken in a clean dry 150 ml
beaker and 50ml distilled water was added. The
contents were thoroughly stirred with vortex machine. pH
of the suspension was measured with a digital pH meter.

Medium Preparation

To prepare one liter of Ashby culture medium, the
following steps were followed. According to media
composition, the reagents (Manitol, KeHPQO4, MgSOQOsa.
7H20, NACL, K2SO4, CACOs) weighted by electronic
balance. One thousand ml distilled water was measured
by volumetric flask and taken in a conical flask. The
reagents (except agar) were mixed with the distilled
water.  After mixing reagents, pH was adjusted by
adding HCI or NaOH solution, if required. After pH
adjustment, agar was mixed into the solution. After
mixing the agar, the medium was autoclaved by
autoclave machine. Finally, the medium was poured in
sterile Petri Plates.

Isolation
Ten gm collected soil sample was added to 90 ml of

sterile distilled water in a sterile conical flask (250 ml),
shaked well by vortex machine allowing to stand for 30

minutes. From the top of the suspension, 1 ml of sample
suspension was then transferred to sterile 9 ml distilled
water containing McCarty bottle, shaked well by hand
and allowed to stand for 30 minutes. In this way,
samples were diluted up to 10° dilution fraction. One ml
of sample suspension (from 10° to 10° fraction) was
taken in a sterilized Petri Plates containing
approximately 15-20 ml melted (45°C), Ashby’s medium
and then incubated at 28+2°C temperature for about 2
— 3 days. After incubation, the individual colony was
appeared on the medium. The number of Azotobacter
per gram of soil was then calculated. The well spaced
colonies on these plates were transferred into nutrient
agar slants.

Purification

The isolates were purified through streak plate
technique. Media used for the purpose were Ashby’s
medium and/or nutrient agar medium.

Preservation

The purified isolates were then transferred to the slants
of nutrient agar media. The one -dram vial containing
purified isolate, nutrient broth medium and sterilized
glycerol was kept in the polyethylene bags, properly tied
and preserved as stock culture.

Simple staining

For this purpose, 5% aqueous solution of basic stains
as crystal violate was used.

Gram staining

For gram staining the fixed smear was treated with
ammonium oxalate, crystal violates solution for 1 min,
this was gently rinsed off and iodine solution applied for
1 min. This in term was drained off _ ethyl alcohol (95%)
was then applied 10-12 drops to decolorize the strain.
Finally safranine was used as a counter stain for 10
seconds. Then slide was gently rinsed off with water and
blotted off. The result was recorded as gram positive and
gram negative.

Spore staining

For spore staining 15-24 hours old culture were used.
The fixed smear was flooded with 5% aqueous solution
of malachite green and heated for about 10-15 minutes.
Boiling was strictly avoided. The necessary malachite
green was added from time to time. The excess die was
then washed off and 5% aqueous solution of
Mercuroehrome was then applied as a counter stain 1
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and "2 minutes. The slide was washed dried and
examined. Morphology of the spore and sporangia were
studied under 100x using immersion oil. The results
were recorded.

Motility test

For the determining the mortality of the selected bacteria
by cultural method “motility medium” was used. The
tubes containing the medium were inoculated by
stabbing with straight wire. After incubation, motile
organisms usually disperse through the semi solid, soft-
agar medium and the growth of non- motile organism
was confined to the stab. A Chemical 2, 3, 5-
triphhenyltetrazoliun chloride was used with the medium
which was reduced to a red color by growing bacteria
contribute easier observation of the growth of bacteria.

Deep glucose agar test

The method was derived by Hall (1929) with relation to
free oxygen. Organisms are classified as strict aerobes,
facultative anaerobes, microaerophiles and strict
anaerobes. By this method a rough grouping of the
selected organisms, in regard to their oxygen
requirements were made. Inoculate the tubes that
contain deep glucose agar medium and incubate. After
incubating at 37°c for 2-5 days, observation was made to
find out whether (A) the organisms grew on the surface
and in the upper layer of the medium (strict aerobes), or
(B) the organism grew just a Iv millimeter below the
surface (microaerophiles), or (C) the organisms trough
out the medium (facultative anaerobes), or (d) the
organism grew deeper in the medium (strict anaerobes).

Catalase test

To determine the ability of some microbes to degrade
hydrogen peroxide by producing the enzyme catalase.
Inoculate each experimental isolate into its appropriately
labeled tube by means of a streak inoculation, then
incubate three or four drops of 3% hydrogen peroxide
flow over the entire surface of each slant culture. Then
each culture examined for the presence or absence of
bubbling or foaming, if bubble positive.

Nitrate reduction test
To determine the ability of microbes to reduce nitrates to
nitrites.

First producing color change indicate nitrates were
reduced.

Oxidase test

Medium: agar plate

A single-line streak inoculation of each test organism on
the agar surface of its appropriate section of the plate (a)
then incubates.

Reagent: p-aminodimethylaniline oxalate (light pink in
color) (black color positive, no color change negative)

Hydrolysis of starch

Organisms capable of hydrolyzing starch to maltose
possess the enzyme amylase. By this test, the presence
or absence of this enzyme in the organisms was
ascertained. For this test, starch agar plates were
incubated by streak method and the plates were
incubated at 37°c for 24 hours. After growth, iodine
solution was added to the plates. Development of the
blue color indicated that starch had not been hydrolyzed.
Complete hydrolysis and partial hydrolysis of starch
were indicated by the development of clear white or
brownish white color respectively.

Salt tolerance

Nutrient agar slant containing different concentration of
NaCl (viz. 0%, 2%, 4%, 6% and 10%) were inoculated
and incubated at 28 °C for 48 hours. The growth of
isolates at different concentrations of NaCl was then
compared with the control.

Determination of nitrogen fixing capacity:

Potentiality for nitrogen fixation of Azotobacter isolates
was determined in terms of the quantity of nitrogen
accumulated in five days old culture of each isolate
developed in fifty ml LG broth medium. Nitrogen in
culture was estimated by Kjeldahl method.

RESULTS AND DISCUSSION

In the present study, the PH was in the range of 7.21 to
4.48 (Table No. 01). The difference in P value is most
probably due to collection of samples from different
locations. Soil samples were examined, in addition, for
the calculation of total number of bacteria (Table No.
01). The highest number of bacteria was found as
7x10%gm soil in soil sample no. 01 whereas the lowest
number of bacteria was found as 1x10%gm soil in soil
sample nos. 06, 08 and 11. It was reported that
Azotobacter sp. counts in soil samples in Bangladesh
were very much lower in a soil of PH 5.7 than in soils of
PH 6.8, 6.9 and 7.3[36]. However, from the bacteria that
grown on nitrogen-free Ashby's medium, well-spaced
colonies were isolated. Then pure cultures were
prepared. Hereafter, depending on cultural
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characteristics and salt tolerant, fifteen isolates were
finally selected for detail studies.

The isolates were microscopically studied.
Simple staining, Gram staining, Spore staining were
performed (Table No. 02). All the isolates were rod
shaped, Gram negative and non-spore former.

Biochemical tests needed for characterization of the
isolates were performed (Table No. 03). Deep Glucose
Agar test indicated that all the isolates were obligate
aerobes. The isolate nos. 2, 5, 9 and 13 were found non-
motile. All the isolates were catalase and oxidase
positive.

Table 01: P" number of cfu of Azotobacter in
different soil samples

Sample No. Number of
cfu (x10%gm
soil)
01 7.11 7
02 6.61 2
03 5.73 2
04 5.59 5
05 5.48 2
06 6.90 1
07 4.48 2
08 6.37 1
09 5.31 5
10 4.95 2
11 6.77 1
12 7.19 3
13 5.91 5
14 6.11 3
15 7.21 4

Salinity test was done for obtaining salinity tolerant
Azotobacter isolates (Table No. 04). Saline tolerant
capability is one of the most important attribute of
Azotobacter for salinity affected regions like Khulna,
Satkhira in Bangladesh. If it is possible to use saline
tolerant Azofobacter as biofertilizer in this region, the
production of crops will certainly increase. All the
isolates showed growth in 0%, 2% and 4% NaCl
concentration but isolates No. 1, 2, 4, 5, 6, 8, 9, and 12
showed poor growth. Out of which, isolates No. 1, 2, 4,
5, 6, 8, 10, 12, 13 and 14 showed no growth at 6%
NaCl. No growth was found from isolate No. 1, 2, 3, 4, 5,
6, 8,9, 10, 11, 12, 13 and 14 at 10% salt concentration.
In this experiment, isolate nos. 3, 7, 9, 11 and 15 were
salt resistant Azotobacter at 6% NaCl concentration
where as only isolate nos. 7 and 15 were more salt
resistant Azotobacter as they showed growth at 10% salt
concentration. The result co-relates the findings of Islam

M. Z. et al (2008) [36]. According to Bergey's Manual of
Systematic Bacteriology, A. chroococuum, A. vinelandii
and A. armeniacus can tolerate more than 1% NaCl [36].
It was reported that Azotfobacter sp. could tolerate up to
1.5% salt concentration [37]. Besides, many workers
have reported about salt tolerant Azotobacter sp [31---
35].

Out of the Azofobacter isolates, isolate no. 06
showed the maximum potentiality to fix nitrogen (10.55
mg N/g substrate), whereas isolate no. 06 showed the
least potentiality to fix nitrogen (04.95 mg N/g substrate).
Kizilkkya R. reported the range of nitrogen fixation by
Azotobacter from 3.50 to 29.35 pg N/ml for Ashby
medium culture [38]. The potentiality of nitrogen fixation
was also reported within the range of 0.69 to 1.18 mg
N/25 ml culture [35]. Another findings reported the
capacity of nitrogen fixation by Azotobacter isolates as
10.00 mg N/g substrate [39].
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Table 02: Morphological Characterization of selected isolates

Morphological Isolate no.
Tests 1 [ 2] 3] 4 5 (6 |7 [8 |9 [10 [11 [12 [13 [14 [15
Simple staining | Rod | Rod | Rod | Rod | Rod | Rod | Rod | Rod | Rod | Rod | Rod | Rod | Rod | Rod | Rod
Gram staining - - - - - - - - - - - - - -
Spore staining - - - - - - - - - - - - - -
Table 03: Biochemical Characterization of selected isolates
Biochemical Isolate no.
tests
1 2 3 4 5 6 7 8 9 10 | 11 12 |13 (14 |15
Motility test + - + + - + + + - + + + - + +
Deep Glucose Growth at the top of the tube (Obligate aerobe)
Agar test
Catalase test + + + + + + + + + + + + + +
Nitrate - + + - + + + + - + + - + +
reduction test
Oxidase test + + + + + + + + + + + + + +
Hydrolysis of + + + + + + + + + + + + + +
starch

Table 04: Growth of Azotobacter isolates in different salt (NaCl) concentration and their nitrogen fixing

capacity
Isolate 0% salt 2% salt 4% salt 6% salt 10% salt Nitrogen
No. fixing
capacity(mg
N/g substrate)
01 +++ ++ + _ _ 715
02 ++ ++ + _ _ 5.07
03 ++ ++ ++ + _ 7.00
04 ++ + + _ _ 5.21




Akhter et al / Greener Journal of Biological Sciences

49

05 +++ ++ + _ 7.13
06 ++ ++ + _ 10.55
07 +++ ++ ++ ++ 9.87
08 ++ ++ + _ 6.32
09 - F++ + + 4.95
10 ++ ++ ++ _ 5.60
11 4+ ++ ++ + 8.05
12 ++ ++ + _ 5.45
13 ++ ++ ++ _ 6.41
14 ++ ++ ++ _ 5.32
15 4 ++ ++ ++ 6.59

'+' sign indicates degree of growth. '’ sign indicates no growth.

CONCLUSION
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