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Abstract
Plant growth promoting rhizobacteria (PGPR) are recognized to improve plant development through different methods (direct and
indirect). In this study, 15 isolates of Azotobacter sp., were withdrawn through different rhizospheric soil, which had continuously

been irrigated with wastewater from pulp and paper mill industries. These isolates were subjected to In vitro screening for their

plant growth promoting characters such as secretion of indole-3 acetic acid (IAA), siderophore, phosphate solubilization, ammonia

(NH3), hydrogen cyanide (HCN), seed germination, antifungal activity as well as nitrogenase activity. IAA and ammonia production
was reported in all the isolates. 26.6% isolates solubilized tricalcium phosphate, whereas 80% isolates showed siderophore pro-

duction. HCN secretion along with antifungal activity was demonstrated by 33.3 and 60% isolates respectively. All the isolates were
also examined for quantitative production of IAA, siderophore, phosphate solubilization, antifungal and nitrogenase activity. IAA
production was highest (10-25.6 µg mL-1) at the concentration of 50-500 µg mL-1 tryptophan. Twelve Azotobacter isolates were found

to solubilize phosphate. Isolates Az-11 and Az-12 could solubilize maximum phosphate (26.9 µg mL-1). The level of siderophore production in Azotobacter isolates is found to be 14.6µg mL-1. All the Azotobacter isolates were positive for seed germination test. Seven

Azotobacter isolates showed nitrogenase activity in which isolate Az-15 showed highest (274.12 ± 6.50 nmoles of C2 H4 hr-1 mg-1 of

protein). Nine isolates of Azotobacter showed broad-spectrum antifungal activity against Fusarium oxysporium, one or more species
of Aspergillus and Alternaria. Moreover, assessment of the isolates depicting different plant growth promoting (PGP) characters on
soil-plant system under stress conditions (pulp and paper mill effluents) and molecular mechanism need to be studied.
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Introduction
Currently, substantial interest has been shown towards indus-

Pulp and paper manufacturing business is well-known contami-

nant of the environment. It has been labeled as one of the 6th most

trial wastes that are regularly released on earth or into different

polluting industry in the world due to the release of large amount

impact on agriculture and would cause environmental degradati-

extraction following primary metal and chemical industries. It is

water bodies. It is anticipated that the industrial activities will accelerate with the pace of development. This would have adverse

on. The application of industrial effluents for watering agricultural

fields is a worldwide phenomenon. This system is inexpensive way

of vastly coloured and contaminated wastewater in the surroun-

dings [6]. It positioned 3rd on the planet in terms of ground water
predicted that approximately 100-250m3 of water is needed to pro-

duce one tonne paper which ultimately produces 75-225 m3 of was-

for wastewater treatment and disposal along with providing nutri-

tewater [6,7]. The pollutants associated with pulp and paper mill

to search other irrigation sources. The insufficient irrigation water

acids, tannins, resin acids, lignin, sulphur and sulphur compounds,

ent rich water to farmers [1-3]. India, (a tropical country) shortage
of water supply and exhaustion of ground water resources forced
supply can be increased by using wastewater from pulp and paper
industry [4,5].

effluents are organic matter, inorganic dissolved solids, chlorinated
compounds (measured as absorbable organic halides, AOX), fatty
thermal components as heat, floating solids and microbes [8].
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Plant growth promoting rhizobacteria (PGPR) are a diverse as-

agricultural fields irrigated with the Pulp and paper mill wastewa-

previous decade a huge number of bacteria together with species

to sterilized polythene bags using sterilized spatula. A total of four

sembly of bacteria that are found in association with roots, which
enhances plant growth and development directly and indirectly. In

of Pseudomonas, Azospirillum, Azotobacter, Klebsiella, Enterobac-

ter, Alcaligens, Arthobacter, Burkholderia, Bacillus, Rhizobium and
Serratia accounted to augment plant growth [9,10]. The direct en-

couragement by PGPR involves through facilitating the plant with
a plant growth promoting compound produced by the bacterium
itself or assisting the absorption of different plant nutrients from

the surroundings. The indirect growth of plant occurs through decreasing the harmful effects produced by plant pathogens.

Moreover, the plant growth promoting beneficial rhizospheric

bacteria should have the capacity to live on and inhabit in the rhizosphere. Sadly, the communication among associative PGPR and

plants can be unbalanced. The superior results achieved In vitro

cannot always be repeated in field conditions [11-13]. The incon-

sistency within the performance of PGPR might be due to a variety

of non-living reasons that influence their growth and applied their
effect on the plant. The ecological causes comprise a range of abi-

otic issues such as type of weather, quality of irrigation water, soil
characteristics as well as activity of the indigenous microbes.

Although impact of the use of industrial wastewaters on soil,

soil microflora, plants and water bodies has been evaluated, da-

tabase is not adequate to elucidate the influence of long-term use
of industrial effluents to agriculture as well as environment as a

whole. Therefore, as apparent the above limitation, the present research was planned to evaluate Azotobacter sp. for their multiple

plant growth promoting activities and to initiate preliminary work
on paper mill wastewater pollution.

Materials and Methods

Study area

ter. The composite sample was made for analysis by combining five

different field specimens. The specimens of soil were transferred
samplings were carried out.

Physico-chemical and biological analysis of soil and pulp and
paper mill effluent samples
Several physicochemical tests on soil and pulp and paper mill

effluent samples were performed for determination of pH, Total

solids, Soil texture, Organic C, Organic matter, Water content, Phosphorus, Potassium, Sulphate, Sodium, Chloride, Calcium, Magnesium, Nickel, Copper, Cadmium, Zinc, Chromium, Total Aerobic He-

terotrophs, Actinomycetes, Fungi. All these tests were performed
according to standard methods [14].
Isolation and characterization

Soil samples were serially diluted in sterile normal saline solu-

tion and 0.1 mL sample was plated on Ashby’s medium plates and

were incubated at 28 ± 2°C for 24-72 h. After incubation on Ashby’s

medium, colonies showing brownish pigmentation were considered Azotobacter sp. The selected isolates were further subjected

to biochemical characterization using standard methods [15]. Ar-

bitrarily chosen isolates were preserved in glycerol at –20°C and
tentatively named as (Az) in this study.

In vitro screening of bacterial isolates for their plant growth
promoting (PGP) activities
Assay for indole-3 acetic acid (IAA) production
IAA secretion by selected isolates was identified by the method

of Bric., et al. [16]. A (107 CFU mL-1) of culture was inoculated in

25 mL Luria Bertani broth containing 0, 50, 100, 200 and 500 µg

mL-1 of tryptophan. The flasks were incubated for 72-96 h at 28
± 20OC on rotatory shaker (100 rpm). The Cultures were agita-

In India, Saharanpur district (Uttar Pradesh) lies in Indo-Gan-

ted at 10,000 rpm for 15 min and 2-3 drops of O-phosphoric acid

is of pulp and paper. The discharge from these industries is being

(Hi-media) as standard, absorbance of pink colour was read at 530

getic region between the parallels of 29.97°N latitude and 77.55°E.

Famous for agro based industries and one of the main industries
used for the irrigation purposes. As a result of long term irrigation

from paper mill polluted wastewater, the region was chosen for the
research.

Sample collection
Pulp and paper mill effluent portions were gathered arising out

of Star Paper mills at Saharanpur (India) in a 5-l sterile plastic container. Soil specimens were obtained from the 15 cm depth in the

and 2 mL of Salkowsky reagent was added to the supernatant and
incubated at room temperature for 25 minutes. Using pure IAA

nm and IAA was quantitated. Each individual experiment was repeated three times.

Ammonia production
Test isolates were evaluated for the generation of ammonia

within peptone water. Newly grown cultures were inoculated in
test tube containing 10 mL peptone water and incubated at 28 ±
2° C for 48-72 h. Nessler’s reagent (0.5 mL) was added in each tube

Citation: Mohd Musheer Altaf and Abdul Malik. “Detection of Plant Growth Promoting Activities among Azotobacter sp. Isolated from the Soil Receiving
Pulp and Paper Mill Effluents”. Acta Scientific Microbiology 2.3 (2019): 36-45.

Detection of Plant Growth Promoting Activities among Azotobacter sp. Isolated from the Soil Receiving Pulp and Paper Mill Effluents
38

after incubation. Production of brown to yellow colour was a posi-

by Shende and Apte [21] and Elliot and Lynch [22] with slight al-

Hydrogen cyanide production

The seeds were kept in 70% ethanol for 1 minute. Seeds were

tive test for ammonia generation [15].

The test isolates were evaluated for hydrogen cyanide (HCN)

production [17]. Bacteria were streaked on modified nutrient agar

terations. The seeds of vigna sp. were surface sterilized by 0.1%

HgCl2 solution for 3 min. and washed with sterile distilled water.

again washed at several instances with sterile distilled water. Sur-

face sterilized seeds were inoculated with 107 cells mL-1. The seeds

plates containing 4.4 g glycine l-1. A Whatman filter paper no. 1

were kept for 30 minutes in the culture medium. These seeds were

incubated at 28 ± 2° C for 4 days. Evolvements of orange to red

These plates were incubated at 28 ± 2°C for three days or more. A

dipped in 2% sodium carbonate in 0.5% picric acid solution was
kept on the top of the plate. Plates were sealed with parafilm and
colour specify HCN production.

Phosphate solubilization by test bacteria
The phosphate solubilization was quantified by determining

the soluble phosphate secreted in the culture medium, by the

method of King [18] as explained by Gaur [19].100 mL of sterile

placed on petri plates containing soft agar. Each plate contained

5-7 seeds and each bacterial inoculation was repeated three times.
control plate of soft agar without bacterially treated seeds was also

run. Seedling growth (root and shoot length) was determined after
five days of incubation.

Fungal inhibition growth assay
The agar well diffusion method as described by Mehmood., et

Pikovskaya’s broth amended with 0.5% tricalcium phosphate was

al. [23] was used. The test filamentous fungus used were Fusarium

hout growth, 10 mL of culture was taken from each flask and cen-

fully grown on Sabouraud dextrose agar (SDA, Hi-media, India)

separately inoculated with test culture (107 cells mL-1). The uni-

noculated medium used as control. At specific time period throug-

trifuged at 10,000 rpm for 30 minutes. Ten mL of supernatant was
poured to tubes. To each sample, 10 mL of ammonium molybdate

and 0.25 mL of chlorostannous acid was added and volume was

oxysporium, Aspergillus sp. and Altenaria sp. procured from divisi-

on of Plant Pathology, IARI, Pusa New Delhi. The test fungus was

slants. The spores were scraped and suspended in 10 mL of sterile
normal saline solution. 0.1mL of diluted spore suspension (≈105

CFU mL-1) of the fungi was spread on Sabouraud dextrose agar pla-

adjusted to 50 mL with distilled water. The developed blue colour

tes. Wells of 8 mm diameter were punched into the agar medium

Siderophore production

incubated for 5-6 days at 28 ± 2°C. The antifungal activity was as-

was examined at 600 nm. Amount of phosphate solubilized was
calculated using the calibration curve of KH2PO4.

Selected bacterial isolates were further assayed for the quan-

tification of catechole-type siderophores using the method de-

scribed by Alexander and Zuberer [20]. One mL (107 CFU mL-1) of

each culture was inoculated to 30 mL of Modi medium broth and

and filled with 200 μl (107 CFU mL-1) of bacterial culture. Uninoculated control was kept for comparison of results. The plates were
sessed by measuring the zone of inhibition against test fungi.

Nitrogenase activity (Acetylene Reduction Assay) in bacterial
cultures
The Nitrogenase activity was determined in the bacterial sam-

incubated at 28 ± 2oC for three days. The completely developed

ples of (Azotobacter) as described by Hardy., et al. [24,25]. The slant

of ethyl acetate was added twice in a separating funnel and separa-

incubated at 28 ± 2°C for 2-7 days. The cotton plugs were changed

cultures were centrifuged at 10,000 rpm for 20 minutes. The supernatant was adjusted at pH 2.0 with diluted HCl. Equal quantity

ted, the resultant 60 mL ethyl acetate fraction was taken. Five mL
ethyl acetate fraction was mixed with 5 mL of Hathways’s reagent.

The absorbance was read at 700nm for benzoate and 560 nm for
salicylates. The concentrations of benzoates and salicylates were

calculated with the help of standard 2-3 Dihydroxy benzoic acid
(1-30 μg mL ) and Salicylic acid (1-35 μg mL ) respectively.
-1

-1

Petri dish bioassay

In vitro seed germination test was performed on the seeds of

Vigna radiata var. PDM-139 by applying the method as described

of appropriate medium (Azotobacter-Jensen’s N2 free medium)

was prepared. Loop full of culture were streaked on the slants and
by air tight subaseal. After incubation 10% of the total volume of

the atmosphere of each tube was replaced with acetylene. Tubes
are then incubated at 28 ± 2°C for 24 h.1 mL of gas sample was
collected and ethylene (C2H4) concentration was calculated on a

gas chromatograph (GC 5765, NUCON, New Delhi). Ethylene detec-

tion was based on the retention time and was quantified by comparing with the standard curve drawn with pure ethylene gas. All

cultures were assayed in triplicate. The Nitrogenase activity was
expressed as nM (nanomoles of C2H4 produced hr -1 mg-1 protein).
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Protein estimation
The protein volume of bacterial isolates (Azotobacter) was pre-

dicted by the process given by lowery., et al. [26]. Bacterial cells
were collected in 2mL 2N NaOH (Sodium Hydroxide) solution. Cell
suspension was kept in boiling water bath for 10 minute. After that

it was cooled and neutralized with 2 mL 2N HCl. Stock Bovine Serum Albumin (BSA, Hi-media, India) solution and dilutions were

freshly prepared for the standard curve. Five mL of copper reagent
(Sodium Carbonate 4% w/v, Sodium Potassium Tartrate 4%w/v,

and Copper Sulphate 2% w/v, mix all in the ratio of 100:1:1) was

added to each sample. The test tubes were mixed well and allowed

to stand for 10 minutes at room temperature. 0.5 mL Folin’s reagent mixed in the tubes and incubated at room temperature for 30
minutes. At the development of blue colour O. D. was read at 660
nm. The protein concentration was calculated with help of 500 μg

mL-1 BSA (Bovine Serum Albumin) solution. The amount of protein

was expressed in mg gm-1. The experiment was done in triplicate.
Result and Discussion

The physicochemical and microbiological analysis of the agri-

cultural soils and treated pulp and paper mill effluents employed
for irrigation are presented in Table 1. The mean pH of treated pulp

and paper effluent was found to be 7.8 ± 0.5. The value of TS (1980
mg l-1) exceeded the ISI tolerance limit, which might affect the wa-

39

cumulation of organic matter in the course of effluent irrigation.

The entire metals (Ni, Cu, Cd, Zn and Cr) were estimated in the

pulp and paper mill effluent and soil sample by atomic absorption

spectrophotometer (Table 1). The analysis of these test samples re-

vealed the presence of Ni, Cu, Cd, Zn and Cr. The levels of Ni, Cu, Cd,
Zn and Cr were detected in high amount in soil compared to paper

mill effluent. Most of the detected metals are believed to be poiso-

nous to the biological system. Bansal [30] accounted mean level of
heavy metals in soil irrigated with sewage water to be 34-36 µg g-1

for Cu, 96-100 µg g-1 for Zn and 770-8300 µg g-1 for Fe. Aleem., et
al. [31] reported that agricultural soil watered by wastewater has

an elevated level of metals in contrast with ground water or non

polluted agricultural soil. They reported metal levels in the range
of 862-1051µg g-1 for Fe, 36.4-48.5 µg g-1 for Ni, 32.5-42.3 µg g-1 for

Cr, 25.4-29.6µg g-1 for Cu and 0.58 1.2 µg g-1 for Cd. Similar results

were also reported by Kumar., et al. [5].

A variation in the population(s) of different groups of microflo-

ra in the soil following irrigation with pulp and paper mill efflu-

ent is summarized in table 1. The total aerobic heterotrophs in
soil is 192 × 106 CFU g-1, actinomycetes (81×103CFU g-1) and fungi

(16×103 CFU g-1). Our results for the microbiological properties of
paper mill effluent are comparable with those of Kannan and Obli-

sami [32], Chandra [33] and Thawale., et al. [34]. The high level of

ter quality of receiving wetland and thus also found unfit for irri-

population of bacteria, actinomycetes and fungi in the soil might be

mity with other authors [27,28]. Baruah., et al. [29] accounted that

years. The increase in population might be due to enhancement in

gation purposes. The concentration of phosphorous, potassium,

sulphate, sodium, chloride, calcium and magnesium are in confor-

most of the parameters and components of the pulp and paper mill

effluent were 4-50 times higher than the WHO permissible limit,

specifically in respect to pH, alkalinity, chlorides, sulphates, calci-

um and residual chlorine which ultimately lead to the pollution of
wetland receiving effluent. The concentration of the phosphorous,

potassium, sulphate, sodium, calcium and magnesium in soil is
found to be high. The higher value was due to addition of nutrients
through effluent irrigation over a long period of time [5].

The soil texture investigation demonstrated it to be clay soil

having pH 8.4 ± 0.25. The pH of the soil was similar to those of
Santosh [27] who documented the pH of agricultural soil ranging

from 7.5 – 8.6. Moreover there is no significant change in pH over
long time due to application of paper mill effluent, as it does not

have any tough salt which on dissociation could alter the pH significantly [1]. The organic carbon and organic matter of soil is found

to be higher than the normal soil. The increase in soil organic carbon and organic matter might be attributed to the continuous ac-

due to the continuous addition of microflora from the effluent as

these soils were irrigated with paper mill effluent since last 30-40
the accessible nutrient. Also, a good relationship among microbial

biomass and soil C and N contents have been reported by Ross., et
al. [35].

Isolation and biochemical characterization
On the basis of cultural, morphological and biochemical charac-

teristics a total of 15 rhizospheric isolates were grouped into Azo-

tobacter sp., as described in Bergey’s Manual of Determinative
Bacteriology [36]. General features of the test isolates are illustrated in table 2.

Plant growth promoting traits of test isolates
Evaluating results of PGP traits are depicted in figure 1. 100%

Azotobacter isolates were found positive for IAA and ammonia pro-

duction. 80% Azotobacter isolates produces siderophore whereas
26.6%, 33.3% solubilize phosphate and produce HCN respectively. However, only 60% displayed antifungal activity. In the present
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Variable
pH

Total solids

Soil texture

Organic C (%)

Organic matter
(%)
Water content
(%)
Phosphorus
Potassium
Sulphate
Sodium

Chloride

Pulp and paper
mill
effluent (mg l-1)

Pulp and paper mill
effluent
irrigated Soil (mg kg-1)

ND

Clay

7.8 ± 0.5

8.4 ± 0.25

1.68 ± 0.11

1.36 ± 0.03

N. D

43 ± 6.13

1980 ± 1.84
N. D

3.92 ± 0.34

139.1 ± 4.56
192 ±7.08

3.5 ± 0.41

32.1 ± 2.63

3.02 ± 0.12

15.2 ± 0.49

Chromium

Total Aerobic
Heterotrophs

Actinomycetes
Fungi

43 ± 3.47

125×106 ± 21×106
*

192×106 ± 8.0×106*

19×10 ± 3.0 ×10

16×103 ± 2.0×103

49 ×103 ± 4.1×103
2

2

100

53.33

Sucrose

66.66

Indole production
Methyl red

Voges proskauer
Oxidase

79.6 ± 1.70

100

53.33

Glucose

Mannitol

1.3 ± 0.07

1.42 ± 0.25

26.66

Lactose

26 ± 1.93

0.12 ± 0.05

Gelatin hydrolysis

Fructose

29.8 ±1.56

0.83 ± 0.02

++

93.33

Citrate

ND

Rods

Nitrate reduction

Utilization of:

310 ± 1.14

147 ± 3.45

Negative

Starch hydrolysis

47 ± 7.12

94.4 ± 2.1

Azotobacter spp.

Catalase test

39 ± 5.0

Copper

Zinc

Polysaccharide Production

41 ± 5.11

33.1 ± 3.98

Cadmium

Cell Shape

2.34 ± 0.07

275.2 ± 6.54

Nickel

Gram reaction

ND

Calcium

Magnesium

Morphology/Biochemical
reactions

40

60.0

53.33
46.66
20.0
40.0

73.33
100

Table 2: Morphological and biochemical properties
of the test isolates.

81×103 ± 4.5×103

Table 1: Physicochemical analysis and biological
characteristics of wastewater and soil.

*Each value is the mean of three independent experiments carried
out in duplicate
ND: Not Done, * Values are in CFU ml-1 and CFU g-1, ± = Standard
Deviation.
analysis IAA secretion in the rhizobacterial isolates are in conformity with results of Ahmad., et al. [37].

In the present investigation, potential PGPR (Azotobacter) was

able to solubilize phosphorous is shown in (Figure 2). Level of phosphate solubilization by Azotobacter isolates vary from 3.2-26.9 µg
mL and Az-11 and 12 solubilize maximum phosphate (26.9 µg mL
-1

-

Figure 1: Plant growth promoting activities
of Azotobacter isolates
). High salt concentration, pH and temperature hamper phosphate

1

solubilization capacity of rhizobacteria [38]. Mechanisms of phos-

phate solubilization include organic acid and enzymes production
which help in phosphate solubilization [39].
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(a)
Figure 2: Phosphate Solubilization by Azotobacter isolates.
Siderophores openly encourages the biosynthesis of other an-

timicrobial components through augmenting the availability of

these minerals to the bacteria. Antibiotic and siderophores additionally work as stress factor or singles as well as local and systema-

tic host resistance [39]. Therefore, we screened all the Azotobacter

isolates for siderophore production (Figure 3). All the isolates are
found to produce both benzoate and salicylate type of siderophore. Our findings on siderophore production are corroborated with
Chennappa., et al. [40].

Quantitative estimation of production of IAA in Azotobacter sp.

is depicted in figure 4. IAA produced by the bacterial isolates was
detected in the medium with 0, 50, 100, 200 and 500 µg mL-1 tryp-

tophan concentration after 24-30 h of incubation. The amount of
IAA produced differed among isolates and were concentration de-

pendent. All the Azotobacter isolates produced good amount (6.7-

(b)
Figure 3: Quantification of Catechol types of siderophores by
Azotobacter isolates.
(a) Salicylate type (b) Benzoate type.
Influence of isolated rhizobacterial treatment on seedling

24.6µg mL ) of IAA. Ahmad., et al. [37] has reported increased level

growth of Vigna radiata var. PDM 139 was examined for 3-5 days

In vitro inhibition of fungal growth by Azotobacter isolates

test isolates adversely affect the seedling growth. Similar results

-1

of IAA production in the presence of precursors in Azotobacter.

against Fusarium oxysporum, Aspergillus and Alternaria spp. was

investigated by agar well diffusion method using whole cell bro-

th (Figure 5-7). Among the phytopathogens, Fusarium oxysporum

was found to be the most sensitive strain as compared to other test

on soft agar in petriplates (Table 3). All the Azotobacter isolates

gave positive results for seed germination. Interestingly none of the
were also reported for seed germination under the influence of rhizobacteria by Cakmakci., et al. [41].

We screened most of the Azotobacter isolates which were ha-

fungi. In contrast Aspergillus sp. was most resistant to test PGPR

ving potential of plant growth promotion for the presence of ni-

the growth of Aspergillus spp., while Az-1, 15 inhibited the growth

reduce acetylene under stress conditions and showed varying le-

isolates. All nine isolates of Azotobacter inhibit the growth of Fusa-

rium oxysporum and Alternaria sp., whereas eight isolates inhibit
of all three test fungal isolates. Similar findings of antifungal acti-

vity in rhizobacterial isolates have been reported by Chennappa.,
et al. [40].

trogenase enzyme by acetylene reduction assay and data is given
in table 4. Our observations revealed that the isolates were able to

vels of acetylene reduction. One of the Azotobacter isolate (Az-15)

produced 274.12 nmoles of C2 H4 hr-1 per mg of protein. Our results
are in tune with Gothwal., et al. [42]. The Azotobacter protects their
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S. No.

2

Az-1

14.84 ± 1.23

Az-7

33.41 ± 2.56

Az-6

4
5
7

Ethylene produced
(nmoles of C2 H4 hr-1
per mg of protein)

Az-2

3
6

Bacterial
isolates

Az-13

∗Values are mean of three
replicates with ± SD.

Az-14
Az-15

42

33.35 ± 2.15
48.83 ± 2.89
17.66 ± 1.49

176.08 ± 4.50

274.12 ± 6.50

Table 4: Acetylene reduction assay of Azotobacter isolates from
agricultural soil receiving pulp and paper mill effluents.

Figure 4: Concentration dependent IAA production by
Azotobacter isolates.

Figure 6: Antifungal activity of Azotobacter isolates
against Aspergillus sp.

Figure 7: Antifungal activity of Azotobacter isolates
against Alternaria spp.
nitrogenase from environmental stress by slime production [43].

The characteristic PGP features of rhizobacteria (Azotobacter

sp.) were observed in the present study indicated that most of these isolate showed three or more PGP activities such as production
of IAA, Ammonia, Siderophore, HCN, Solubilization of phosphate,
seed germination and antifungal activity.
Figure 5: Antifungal activity of Azotobacter isolates
against Fusarium oxysporum.
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Bacterial
isolates
Control

Radicle
Length (cm)
5.60±0.85

Plumule length
(cm)
6.66±0.98

Az-1

9.33 ± 0.57

12.86 ± 1.15

Az-4

11.06 ± 0.20

14.00 ± 0.00

Az-7

8.13 ±2.82

Az-2
Az-3

Az-5

Az-6

Az-8

8.60 ± 2.30
9.03 ± 2.55

8.33 ± 2.08

8.56 ± 1.06

9.00 ± 1.00

Az-9

10.23 ± 1.59

Az-12

10.73 ± 1.41

Az-15

8.86 ±1.15

Az-10
Az-11

Az-13
Az-14

6.33 ± 1.52
8.73 ± 0.64

10.80 ± 1.25
9.16 ± 1.52

5.60 ± 1.70

13.00 ± 2.00

11.00 ± 2.64

11.90 ± 2.97
7.00 ± 2.00

12.66 ± 1.52
14.66 ± 1.52
9.76 ± 1.30

13.66 ± 0.57
11.66 ± 0.57
13.43 ± 0.60

12.83 ± 0.80
13.86 ± 1.20

Table 3: Effect of Azotobacter inoculation on seed
germination after 5 days of Growth.

∗Values are mean of three replicates with ± SD.

3.
4.

5.

6.

7.

8.

Conclusion

Present finding indicates that the pulp and paper mill effluent

contains various kinds of pollutants (organic matter, inorganic dis-

solved solids, chloride, sulphate, suspended solids and microorga-

nisms). This finding demonstrates that the bacterial population of
the contaminated soil can be better used for the development of

bioinoculant/biofertilizers because the bacterial population espe-

cially Azotobacter sp. has exhibited higher levels of plant growth

promoting (PGP) activities under stress conditions (soil receiving
pulp and paper mill effluents).
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