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ABSTRACT 
 

Nitrogen and phosphorous are critical determinants for plant growth and productivity. Some soil 

bacteria can provide them in available forms to plants. These bacteria can be used as nitrogen fixers 

biofertilizers. In the current study, eighteen isolates of Azotobacter spp. were separated. The efficacy 

concentrations of the N2-fixation were examined using acetylene reduction technique, the isolates reduced 

acetylene at rates of 31.01 to 861.01 nmoles C2H4/ml/day. The highest lively isolate was No. AZ 14; 

recognized as Azotobacter beijerinckii. 8 phosphate-solubilizing bacteria (PSB) were insulated. These 8 P-

solubilizing bacteria were analyzed for the tendency to solubilize P from tri-calcium phosphate in liquid 

Pikovskaya’s medium. The uppermost amount of free phosphorus in vigorously developing culture was 

0.3652g g/100 ml after 28 days of cultivation and 0.1515g/100 ml after 7 days of cultivation on tri-calcium 

phosphate, correspondingly by isolate PSB 5 which was recognized as Bacillus paramycoides. Both nitrogen 

fixing bacteria and P-solubilizing bacteria isolates were genetically identified according to www. 

ncbi.nlm.nih.gov/blast data bank. The two isolates were defined according to standard morphological and 

biochemical tests as well as molecular tests. 

Keywords: Biofertilizers, N2-fixating and P-solubilizing bacterial isolates and Blast Gene bank. 
 

INTRODUCTION 
 

A biofertilizer is a ingredient comprises living 

microorganisms which, when added to seed, plant surfaces, 

or soil, colonizes the rhizosphere or the inner of the plant 

and stimulates development by enhancing the resource or 

obtainability of prime nutrients to the host plant (Vessey, 

2003). The expression plant growth promoting 

rhizobacteria (PGPR) was primary used by (Kloepper and 

Schroth, 1978). Some PGPR can be deliberated as 

biofertilizers, though others that encourage plant 

development by regulating harmful creatures, are 

biopesticides. Biofertilizers encourage plant growth by 

nitrogen fixation, phytohormone, phosphate and potassium 

solubilization (Bashan and de- Bashan, 2005). 

Azotobacter spp. are Gram negative, free–living 

nitrogen fixation, aerobic soil bacteria, oval or spherical 

bacteria that form thick–walled cysts (way of asexual 

reproduction below satisfactory circumstance). There are 

about 6 species in the genus Azotobacter part are motile by 

peritrichous flagella, others are not, A. chroococcum is the 

prime aerobic free–living nitrogen fixer, Azotobacter spp. 

is sensible for acidic pH, elevated salts, and temperature. 

Azotobacter has advantageous influences on crop 

development and produce through, production of 

biologically energetic materials, encouragement of 

rhizospheric microbes (Jnawali et al.,2015). 

PSB can change the insoluble inorganic phosphate 

mixtures, such as tri-calcium phosphate, di-calcium 

phosphate, hydroxyapatite, and rock phosphate, to plant 

obtainable forms. Numerous bacterial genera were 

documented to have P-solubilization action as 

Pseudomonas, Bacillus, Rhizobium, Burkholderia, Erwinia 

and Klebsiella (Rodríguez and Fraga, 1999; Yao et al., 

2006 & Walpola et al., 2014). 

This research aimed to emphasis on isolation, 

effectiveness assessment, and identification of effective 

bacterial strains, which can fix nitrogen and solubilize 

phosphorus.  
 

MATERIALS AND METHODS 
 

 Soil samples 

The rhizosphere soil samples were gathered from 

ground cultivated with moringa; a rhizosphere soil sample 

was assembled for microbiological investigation. 

 Isolation of Azotobacter spp. 

Azotobacter spp. were isolated from Most Probable 

Number (MPN) tubes on modified Ashby’s medium as a 

selective medium for Azotobacter growth (AbdEl-Malek 

and Ishac, 1968). For refinement a loopful of the culture 

was relocated to 20 ml sterile water in a bottle having glass 

beads, routinely shaken for 30 min to break the mucous 

round the cells, which conveys contaminations used for 

streaking the agarized plates.  

Growen colonies were selected and re-purified at 

least 5 periods, untill demonstrating no contamination. 

Cultures were considered pure when microscopical 
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checkup shown only typical Azotobacter and without 

contaminating organisms. A single colony was transported 

and saved in Ashby’s agar slants. 

Isolation of phosphate-solubilizing bacteria: 

PSB were isolated by pouring plate technique 

(Pikovskaya’s, 1948). Plates were kept at 30°C for 7 days. 

PSB were identified by clear zones round the grown 

colonies. A single colony was taken, purified and kept on 

Pikovskaya’s agar slants. 

Estimation of Nitrogenase activity: 

Nitrogenase activity was assayed by evaluating 

examined reduction technique (Hardy et al., 1973). 

Estimation of water-soluble phosphorus: 
The picked effective bacteria were developed in 

250 ml conical flasks each containing 100 ml sterile 

Pikovskaya’s medium, tri-calcium (as basis of insoluble 

phosphorus at rate of 50 mg P/100 ml culture). The 

estimation of water-soluble phosphorus and pH values 

were done at day 0, 7, 14, 21 & 28 of incubation. Water 

soluble phosphorus in culture media was assessed using the 

method of Boltz and Mellon (1948) modified by 

Hemalatha et al. (2013). 

Identification of the bacterial isolates:  

Some morphological observations and biochemical 

characteristics were accomplished. The genetic 

identification were assessed (Sigma Scientific Services 

Co). Nucleotide sequences were entered to National Center 

for Biotechnology Information database (NCBI), website:  

www.ncbi.nlm.nih.gov/blast, to clear identification with 

known taxonomic data obtainable at the databank of NCBI 

(Altschul et al., 1997). 

 

RESULTS AND DISCUSSION 
 

Isolation and efficiency of Azotobacter spp.:  
18 isolates of Azotobacter spp. were seprated from 

MPN tubes. Table (1) shows that efficiency levels of the 

N2-fixation varied among the isolates.  
 

Table 1. Nitrogenase activity of Azotobacter spp.  

Isolate No. Nitrogenase activity (nmoles C2H4/ml/day) 

AZ 1 233.56 

AZ 2 134.65 

AZ 3 339.01 

AZ 4 860.01 

AZ 5 132.01 

AZ 6 31.03 

AZ 7 650.71 

AZ 8 341.38 

AZ 9 31.01 

AZ 10 550.94 

AZ 11 232.03 

AZ 12 651.94 

AZ 13 760.03 

AZ 14 861.01 

AZ 15 113.02 

AZ 16 350.71 

AZ 17 139.19 

AZ 18 234.55 
 

 

The isolates weaken acetylene actively in the range 

from 31.01 to 861.01 nmoles C2H4/ml/day for AZ 6 and 

AZ 14 bacterial isolates, respectively.  The most active 

isolate namely after  identification Azotobacter beijerinckii 

that isolated from the soil rhizosphere area of moringa 

plant, was elected for extra experimentations. 

Isolation and efficiency of Phosphate-solubilizing 

bacteria: 

8 bacterial colonies display clear zones were 

separted from Pikovskaya’s agar plates. The isolates were 

then inoculated in Pikovskaya’s liquid media. Table (2) 

shows the variations in pH values as prompted by the 

activity of PSB on tri-calcium phosphate. Data revealed 

that there was a speedy reduction in pH values in the first 3 

days of the experimentation demonstrating the activity of 

isolates that led to degrade the organic carbon source of the 

culture media discharging organic acids. On tri-calcium 

phosphate, the diminution in pH was followed by a minor 

lessening and minor variations until 21 days of the 

experimentation. For instance, isolate PSB4, PSB5, PSB6, 

PSB 7, PSB8 the pH inclined to increase once more. This 

may because of a consequent oxidation of organic acids 

created in culture media and/or to the development of 

natural materials at the expense of organic acids formerly 

made. The gotten outcomes are in agreement with those of 

Hauka et al. (2017) and Walpola et al. (2014). 
 

Table 2. Changes in pH values as influenced by the 

activity of phosphate-solubilizing bacteria on 

tri-calcium phosphate 

Isolate  

No. 

Incubation period (days) 

7 14 21 28 

PSB 1 4.93 4.97 4.96 5.53 

PSB 2 4.74 5.5 4.73 4.7 

PSB 3 4.81 4.83 5.3 7.3 

PSB 4 5.01 4.7 5.8 8.54 

PSB 5 4.72 7.2 5.4 6.63 

PSB6 4.5 6.57 7.4 7.5 

PSB 7 5.1 4.7 5.2 6.3 

PSB 8 4.7 7.46 7.1 7.3 
Initial pH value = 7.0 
 

Table (3) showed the variations in water-soluble 

phosphorus values as affected by the activity of PSB on tri-

calcium phosphate.  
 

Table 3. Changes in water soluble phosphorus (WSP) 

(g/100 ml culture) as influenced by the activity 

of phosphate-solubilizing bacteria on tri-

calcium phosphate 

Isolate  

No. 

Incubation period (days) 

7 14 21 28 

PSB 1 0.1486 0.1553 0.2211 0.2680 

PSB 2 0.0623 0.1015 0.1729 0.2641 

PSB 3 0.1350 0.1735 0.1870 0.3080 

PSB 4 0.1350 0.1431 0.1531 0.1501 

PSB 5 0.1515 0.1729 0.2130 0.3652 

PSB 6 0.0632 0.0752 0.0823 0.1386 

PSB 7 0.1331 0.1501 0.1671 0.2752 

PSB 8 0.0352 0.1530 0.1730 0.2750 
Initial soluble P = 0.0315 g/100 ml. 
 

The highest liberation of soluble phosphorus from 

tri-calcium phosphate amounting 0.3652 g p /100 ml 

culture media for the isolate of PSB 5 after 7,14, 21 and 28 

days, respectively. The diminution in P content with the 

advance of incubation period could be due to the 

consumption of P causing the changeable levels of P 

discharge, accessibility of soluble phosphorus in the culture 

medium might also has an inhibitory effect on further 
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phosphate solubilization, excretory toxic yields may also 

responsible for such weakening in P-solubilization.  The 

existing outcomes are matched  with that of Hemalatha et 

al. (2013), Walpola et al. (2014) and Hauka et al. (2017). 

The maximum amount of liberated phosphorus in actively 

developing culture was verified by isolate PSB 5 which 

was used as PSB inoculant in further experiments.  

Identification of the bacterial isolates: 

Records in Table (4) revealed that the 

morphological and biochemical features of isolates AZ 14 

and PSB 5 according to Bergy's Manual of Systematic 

Bacteriology (2005).  

For isolate AZ 14, cells were rods to ellipsoid 

shaped, make a cinnamon colored pigment in aged 

cultures, Gram-negative, capsulated, non-motile, non-spore 

forming, catalase positive. Hydrolyzing starch, not 

hydrolyzing casein, can integrate mannitol, glucose, 

galactose, fructose, mannose, maltose, cellulose, sucrose, 

sorbitol, xylose and starch as a sole carbon sources and can 

live up to 7% Na CL containing media. While, isolate PSB 

5 cells were rod shaped Gram-positive, non-motile, spore 

forming, catalase positive, hydrolyzing starch, casein and 

lipids, negative for Indole and positive for V. P. test, can 

assimilate glucose, mannose, mannitol, xylose, sorbitol and 

starch as a sole carbon sources.  Agreeing with the 

morphological, biochemical characteristics and the 

phylogenetic trees (Figs.1&2) isolates accession numbers 

in NCBI Gene Bank showed at Table (5),the isolates 

displayed nearby proximity with Azotobacter beijerinckii 

and Bacillus paramycoides fitting with the GeneBank 

database were attained in BLASTN searches at the NCBI 

(http://www.ncbi.nlm.nih.gov). 

 

 

 

 

 

Table 4. Morphological and biochemical properties of 

bacterial isolates  

Isolate No. 

Characteristics 

Isolate  

AZ 14 

Isolate  

PSB 5 

Morphological    

Shape Rods to ellipsoid Rods 

Spore forming  ـــ + 

Capsule formation + ND 

Motility + ـــ 

Pigment Cinnamon ND 

Gram stain ـــ + 
Biochemical    

Catalase production + + 

Starch hydrolysis + + 

Casein hydrolysis - + 

Lipase production  - + 

Indole produced  - - 

Voges-Proskauer test - + 

Growth at    

1 % NaCL + + 

2 % NaCL + + 

3 %NaCL + + 

4 %NaCL + + 

5 %NaCL + - 

6 %NaCL + - 

7 %NaCL - - 

8 %NaCL - - 

9 %NaCL - - 

10 %NaCL - - 

Assimilation of sugars   

Glucose + + 

Galactose + - 

Fructose + - 

Mannose + + 

Maltose + - 

Cellulose + - 

Mannitol + + 

Sorbitol + + 

Xylose + + 

Sucrose + - 

Starch + + 
+ = positive         - = negative   ND = not determined.    

 

 
Fig. 1. Phylogenetic tree of isolate AZ14  Azotobacter beijerinckii ICMP8673. 

 

http://www.ncbi.nlm.nih.gov/
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Fig. 2. Phylogenetic tree of isolate PSB5 Bacillus paramycoides MCCCIAQ93. 

 

Table 5. Isolates accession numbers in NCBI Gene Bank 
Isolate cod No. Bacterial Species Sequence length(bp) Similarity (%) Accession number 

PSB 5 Bacillus paramycoides 800 100 NR157734 

AZ 14 Azotobacter beijernckii 800 97 NR042071 
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                                          حثبيج النيخروجين وإذابت الفوسفاث معمليا  المعزولت من الأراضى المصريت على  ثدراست قدرة بعض البكخيريا
 فخحى اسماعيل على حوقت و عايدة حافظ عفيفى، محمد عبد الله العوضى سليم ،يت أحمد نادر آ

 مصر  –المنصورة  –جامعت المنصورة  –كليت الزراعت  –قسم الميكروبيولوجيا 
 

، فبعض انبكخٛشٚب انًٕجٕدة فٙ انخشبت ًٚكٍ أٌ حٕفشْب فٙ صٕسة يٛغشة نهُببث ٔببنخبنٗ ًٚكٍ  خبش انُٛخشٔجٍٛ ٔانفٕعفٕس يٍ انعٕايم انضشٔسٚت نًُٕ انُببث ٔإَخبجٛخّٚع

حثبٛج َٛخشٔجٍٛ انٕٓاء انجٕٖ عٍ  كفبءحٓب فٗخببس يغخٕٚبث صٔحٕببكخش، حى اخلأفٙ ْزِ انذساعت ، حى عضل ثًبَٛت عشش عضنت يٍ جُظ أ .اعخخذاو ْزِ انبكخٛشٚب كأعًذة حٕٛٚت

ببعى اصٔحٕببكخش بٛشجُٛكٛبٚٙ.  عشفجانخٙ  32ٕٚو  ٔكبٌ أكثشْب قذسة عهٗ حثبٛج انُٛخشٔجٍٛ انعضنت سقى /يم /َبَٕيٕل  143.13 - 13.13طشٚق اخخببس اخخضال الاعٛخهٍٛ بًعذلاث 

عفبث يٍ انبكخٛشٚب انًزٚبت نهفٕعفبث. حى اخخببس كفبءة انعضلاث انثًبَٛت فٗ قذسحٓب عهٗ إرابت انفٕعفبث فٗ بٛئت عبئهت ححخٕٖ عهٙ ثلاثٙ فٕ عضلاثثًبَٛت  انحصٕل عهٗحى كًب 

أٚبو يٍ  7يم بعذ  311جى /  1.3333 ٔ انخحضٍٛ         ٕٚي ب يٍ  01يم بعذ  311جى /  1.1430كبَج أعهٗ كًٛت يٍ انفٕعفٕس انزائب ْٗ ٔبٛئت بٛكٕفغكبٚب انغبئهت.  ٔرنك فٗانكبنغٕٛو 

جّٛ ٔ انبٕٛكًٛٛبئّٛ  بكخشٚب ببعٛهظ ببسايٛكٕٚذط. بانز٘ حى حعشٚفٓب عهٗ أَٓ 3انخحضٍٛ ، عهٗ انخٕانٙ ٔرنك ببعخخذاو انعضنت سقى  ٔقذ حى حعشٚف انعضنخٍٛ طبقب نلإخخببساث انًٕسفٕنٕ

 .انقٛبعّٛ ببلإضبفّ إنٗ الإخخببساث انجضٚئّٛ 
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