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Abstract: In the present study, 15 samples of soil were collected to isolate Azotobacter from the 

rhizosphere in different regions of Tripoli.  LG specified medium was used for the isolation of bac-

teria and were purified on the same medium for identification and characterisation.The colonies 

were identified through microscopical and biochemical tests and the results obtained were classified 

as Azotobacter sp. Subsequently, the microbial population was calculated by colony count method. 

The soil pH, total nitrogen content (N), total phosphorus content (P) and organic carbon (OC) in soil 

were determined.  The results of this study indicated to effects positive and negative of soil pH lev-

els on Azotobacter population. In the estimation of above chemical properties of all soil samples it 

was showed that bacterial population differs significantly among the different soil samples. 
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INTRODUCTION 

The genus Azotobacter has a great attention 

to stimulate plant-growth-promoting rhizo-

bacteria (PGPR), and their role in rising the 

growth and health of plants. Moreover, many 

other species have the ability to produce 

compounds with antimicrobial activity. The 

genus Azotobacter  was discovered by Marti-

nus Beijerinck in 1901. Azotobacter belongs 

to the phylum proteobacteria, class: Gam-

maproteobacter order: pseudomonadales, 

family Azotobacteraceae, comprises more 

species among them: Azotobacter vinelandii, 

A. chroococcum, A. salinestris, A. nigricans,

A. beijerinckii, A. paspali, and A. armeniacus

(Kennedy et al. 2005).  Azotobacter is  an 

aerobic free living diazotrophic bacteria gen-

erally distributed in different soils. Azotobac-

ter play an important role in the nitrogen cy-

cle in nature.  In addition, the bacteria are the 

most significant genera found in rhizosphere 

gramineae (Dart & Day, 1975). The plant 

growth is improved, both directly through 

nitrogen fixation, excretion of growth pro-

moting and producing plant growth substanc-

es such as indole-3-acetic acid (IAA), in-

creasing solubilization of mineral phosphates 

and indirectly through producing hydrogen 

cyanide, siderophore and antifungal antibiot-

ics by means of the bacteria (Benizri et al., 

2001). Several studies mentioned nitrogen 

fixation, production of phytohormones, vita-

mins and increasing of food uptake as the 

reasons for yield increase of inoculated maize 

with Azotobacter (Gonzalez‐Lopez et al., 

1991). Azotobacter inoculation with oak 

seedlings results in positive growth responses 

was suggested by (Pandey et al., 1986).  

Moreover the inoculation of barley grains 

with Azotobacter in leads to growth of plant 

length, dry matter, soil nitrogen content in 

sand and nitrogen deficient lands (Shehata et 

al., 2005). Azotobacter can produce antifun-

gal antibiotics which inhibit Rhizoctonia 

solani growth (Zarrin et al. 2009), Azotobac-
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ter is found in many environments such as 

soil, water, surfaces of roots (rhizosphere) 

and leaves (phyllosphere). Also, some spe-

cies appear in the tropical and polar regions. 

Their frequency is different in various soils. 

They are frequent in neutral to alkaline soils 

and rarely found in acidic soils (Jensen & 

Petersen, 1955) Azotobacter is gram–

negative, nitrogen–fixing soil bacteria that 

have extremely high respiration rates. Azoto-

bacter can fix at least 10 mg nitrogen per 

gram of carbohydrate (Becking, 1992).   

This bacterium is an obligate aerobic. Nitro-

gen fixation is achieved by the enzyme ni-

trogenous, which reduces N2to NH3. Howev-

er, this enzyme is extremely sensitive to oxy-

gen in Azotobacter species. High respiration 

rates and conformational protection of the 

enzyme are suggested as two factors which 

make nitrogen fixation possible in an aerobic 

environment (Hill and Sawers, 2000)  Reduc-

tion of O2 by Azotobacter species occur at 

such a high rate that large amounts of super-

oxide radicals are produced (Vikhe, 2014). 

Azotobacter is a free-living fixing bacteria 

and related to soil organic components, and 

the amount of nitrogen fixation is lower in 

Azotobacter compared to the associative and 

symbiotic bacteria as reported by (Hammad, 

1998).The ecological distribution of Azoto-

bacter is a complex subject and related to a 

variety of factors which determine the pres-

ence or absence of this bacterium in soil. It 

has been demonstrated soil properties and 

climate conditions are two most important 

factors that affect the distribution of this mi-

croorganism (Dobereiner & Pedrosa, 1987). 

These characteristics include organic matter 

content, moisture, pH and C/N ratio 

(Gonzalez‐Lopez et al., 1991).  

Different studies showed that some Azotobac-

ter mutants can fix N2 in the presence of ex-

cess NH4
+
 which is related to Azotobacter 

industrial applications(Terzaghi, 1980). The 

mutants are of industrial significance, be-

cause they hinder mobilization in alginate 

beads and provide the opportunity to produce 

ammonia (which can be used as plant fertiliz-

er). So Azotobacter is used in biofertilizer 

and biotechnological processes (Tejera et al., 

2005). 

As well as, this study aimed to address the 

effect of the chemical properties of different 

soil samples in different regions of Tripoli as 

soil pH, total nitrogen content (N), total 

phosphorus content(P) and organic carbon 

(OC) on Azotobacter population. 

MATERIALS AND METHODS 

Collection of Soil samples : This experiment 

was conducted in Soil microbiology laborato-

ry at Faculty of Agriculture, University of 

Tripoli at the end of Winter season of 2016, 

Fifteen soil samples were collected from the 

different cultivated and uncultivated regions 

in Tripoli area.  1 kg of soil was collected 

randomly from the rooting zone at a depth of 

(5- 30 cm) below the surface with three repli-

cates of each of soil samples. Prior to com-

mencement of the experiment, bulk soil sam-

ples were air-dried, cleaned and passed 

through a 5 mm sieve to determine particles 

chemical analysis. 

Measuring of Soil chemical properties  

microbiological properties: The chemical 

properties of soil mean most chemical inter-

actions with or between minerals in soil envi-

ronment. Such as soil ph, Cation Exchange 

Capacity, Basic Saturation…ect. While mi-

crobiological properties of soil belong bio-

logical activity in soil, such as N-fixation, 

humus formation. Which include microorgan-

isms activity in soil environment. The pH of 

soil was measured using pH meter. Organic 

carbon was observed by using the method of 

(Walky & Black, 1934) and Seeley and 

Vandemark (1981).  The estimation of total 

nitrogen was done by using the Kjeldahl 

method and the total phosphorus content (P) 

was analysed using Olsen method by extract-

ing soil samples with 0.5M NaHCO3 (pH 8.5) 
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at a solid to solution ratio 1:20 for 30 min 

(Olsen, 1954) and using Spectrophotometer 

at 660nm wavelength (Table1). 

Table (1). Chemical and microbiological properties of soil samples 

Soil samples 
Azotobacter population 

(1gram soil x 10.0000) 
pH 

Total 

N% 

Total 

P% 
OC% 

   1           4.98 7.3 5.87 7.96 2.14 

   2            6.5 7.1 57.16 11.9 3.63 

   3            4.37 7.3 33.53 22.88 1.88 

   4            1.17 8.4 5.23 23.4 1.63 

   5            2.84 8 8.25 20.96 1.52 

   6            1.13 8.2 1.35 14.9 2.68 

   7             5.33 7.8 34.75 19.3 2.34 

   8             5.7 7.23 33.08 14.19 2.79 

   9             3.8 7.5 27.58 19.85 1.42 

   10            5.65 7.5 44.62 15.66 3.22 

   11            5.63 7.4 47.04 19.90 0.76 

   12            6.13 7.2 59.75 23.2 4.7 

   13            5.49 7.17 37.98 5.70 2.79 

   14            4.23 7.4 32.58 22.89 3.08 

   15            1.95 8.1 3.8 12.56 1.736 

 

Isolation of Azotobacter: The soil paste–

plate method of (Becking, 1981) was used to 

Isolate of Azotobacter from soil samples. 

Each soil sample was mixed thoroughly with 

approximately 0.5 g of mannitol, 0.5 g of 

CaCO3, 0.12 ml of 10% aqueous K2HPO4 so-

lution, 0.12 ml of 10% aqueous MgSO4 solu-

tion, and some extra distilled water was also 

added in order to obtain a soil paste, and then 

incubated at 30°C for 48h. Then brown, glis-

tening, slimy Azotobacter colonies were 

grown on the soil surface. Subsequently, 

brown blots of soil paste surface were placed 

on Jensen medium and purified (Subba Rao, 

1993).  Bacterial colonies were transferred to 

plates of the same medium.  

Identification of bacteria:Isolates were cul-

tured on plates of N-free LG medium for 

identification and characterization. In gain 

isolates from each soil samples were Gram-

stained using standard procedures. Morphol-

ogy characterization was determined using a 

compound microscope in oil immersion 

(1000 x) about 100 colonies were chosen at  

random at all the colonies from the rhizo-

sphere of soil samples whatever their size, 

shape and color were transferred onto other 

plate to check for purity. All the colonies 

grown on the plates were about 1mm diame-

ter and white with flat margins initially 

glossy and gummy but turned into glistening 

colonies with clear slime upon further growth 

(Brenner et al. 2004). The following bio-

chemical tests were used: catalase, oxidase, 

nitrate reduction and movement (Seeley and 

Vandemark 1981). Moreover, the carbon 

sources utilization test was determined by 

using the phenol red medium and dispensed 

into sterile test tubes. Then, 0.5% (w/v) of 

the glucose, fructose, malonate, mannitol, 

caproate, inositol, malonate, rhamnose and 

starch were separately added to 24 h old in-

oculated culture and incubated at 30°C for 24 

h. Temperature is perhaps the most important 

environmental factor determining the activity 

of microorganisms in soil.  The effect of 

temperature on the growth rate was deter-

mined by patching the bacteria on to the LG 

medium and incubated at different tempera-
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tures 15, 18, 21, 32, 37°C.  The growth of 

bacteria colonies until 5 days after the incu-

bation indicated their ability to grow in the 

cited temperatures. Motility was assessed us-

ing a Craigie tube with a semi-solid medium 

Nitrate reduction was tested by inoculating 

trypticase-nitrate tubes with the colonies and 

then incubating at 27

C for 48 h.  One ml of 

sulfanilic acid was added to each tube, and 

then 1 ml of dimethyl 1-naphthylamine solu-

tion (Seeley and Vandemark (1981). Some of 

the pure isolates from each soil samples were 

defined by direct use of microscopic morpho-

logical characteristics and compared to some 

of the known and available cultures and then 

were characterized using the criteria of 

(Brenner et al. 2004). 

Estimation of Azotobacter population:To 

estimate numbers of Azotobacter in each soil 

sample the colony count method was used 

(Cappuccino and Sherman 1987).  Ten grams 

of soil sample was transferred into the 250 ml 

of the conical flask containing  90 ml of steri-

lized distilled water and was shaken for 30 

min at 150 rpm, and 1 ml of this solution was 

added to the test tubes containing  9 ml steri-

lized distilled water to prepare 10
-2

 dilution. 

The latter solution was mixed and one ml of 

this solution was transferred to another test 

tube containing 9 ml sterilized distilled water 

to prepare 10
-3

 dilution again and the same 

method was followed to prepare 10
-5

 dilution.  

Subsequently, 0.1 ml each of the dilutions 

was transferred to a plate containing Jensen 

medium and was dispensed to the above me-

dium equally. Three replicates were main-

tained for each sample. 50 mg cycloheximide 

was added to medium as fungal growth inhib-

itor. The plates were incubated at 30°C for 3-

7 days and Azotobacter–like colonies were 

counted. The dilutions with colony number 

between 10 – 60 colonies were accepted. The 

average colony number was calculated in the 

three replicates multiplied in ten and the re-

verse of appropriate dilution.  

Statistical Analysis:The data were subjected 

to correlation analysis of variance using sta-

tistical program (SPSS software) Table (2). 

The differences among various treatment 

means were compared using Tukey's family 

error test (standard deviation) at a probability 

of P = 0.05.  

RESULTS AND DISCUSSION 

Isolation of Azotobacter:The pure isolates of 

bacterial colonies were sub cultured from the 

60 isolates on the LG medium for further 

studies. The colonies formed by these bacte-

ria on the LG medium were small, transpar-

ent, circular, flat, and slimy with regular bor-

der (Fig 1).   

Fig (1). Colonies of Azotobacter on LG medium Incu-

bated at 30°C for 3-7 days 

Bacteria were Gram-negative with rounded 

ends.  Also, the isolates produced yellow-

green and brown pigments and were put in 

one group. Biochemical and morphological 

characteristics of these bacteria included the 

following: motile, catalase positive, oxidase 

activity positive and Nitrate reduction posi-

tive. The utilization of glucose, fructose, ma-

lonate, mannitol, caproate, inositol, malonate, 

rhamnose but not starch was detected.  Bacte-

ria grew well in LG medium with 15, 18, 21, 

32, 37°C temperatures. On the basis of cul-

tural, morphological and biochemical charac-

teristics a total of 15 soil isolates were classi-

fied according to (Brenner et al. 2004) as 

Azotobacter sp.  It is in agreement with the 

obtained results by (Ahmad et al., 2008). 

Relationship of chemical properties of soil 



Al-Mukhtar Journal of Sciences 33 (2): 931-941, 2018 

 

© 2191 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license. 

ISSN:  online 2617-2186           print 2617-2178 

143 

with Azotobacter population: 

Soil pH : The soil pH are definition as the 

negative logarithm of the hydrogen ion con-

centration  pH = -log (Bashan).The soils are 

referred to as being acidic, neutral or alka-

line, depending on their PH values, also these 

categories of soils are dividing to group of 

classes according to degrees of acidity of 

soil. Among these classes soil neutral is 6.5-

7.5 PH, and soil slightly alkaline is 7.5-8.0 

PH, while soil moderately alkaline is 8-8.5 

PH. In this study the Azotobacter population 

was determined in different 15 soil samples. 

The result showed that all samples contained 

Azotobacter and the high population of Azo-

tobacter was observed in soil samples with 

the range of pH 7 - 7.5. whereas Azotobacter 

population relatively continue in range PH of 

soil slightly alkaline, while Azotobacter pop-

ulation was decline as soon as commence at a 

zone of moderately alkaline soil as in fig.(2). 

Also observed through soil samples 4,5,6 and 

15 from table (1) and fig.(2) decrease in the 

amount of total N% in soil with decrease in 

the Azotobacter population while happen in-

creasing in soil alkaline levels, on other hand 

the opposite was happen in soil samples 2 

and 12. This explain an existence increasing 

relationship between Azotobacter population 

and total N% in neutral soils.  

 

Fig (2). The relationships between soil pH with Azo-

tobacter population Several studies indicated that the 

soil pH value influences the Azotobacter population 

(Jensen & Petersen, 1955).   

The studies  showed that all soils with pH of 

above 7.2 (pH range 7.3 - 8.5) contained Azo-

tobacter and, in the pH ranges of 7.0 - 7.4,  

6.5 - 6.9, and  6.0 - 6.4, the percentage of 

Azotobacter was 90, 58, and 35%, respective-

ly (Gonzalez‐Lopez et al., 1991; Kanungo 

et al., 1997) has indicated that the optimum 

pH for the growth of Azotobacter sp. is near 

to 7.  Also, (Becking, 1981) noted that Azo-

tobacter population  in tropical soils with pH 

of above 7.5 differs between 10
2
 and 10

4
 per 

gram of soil. Various studies proved the line-

ar relationship between soil bacterial com-

munities and pH value. Then, other studies 

showed bacterial population in the range of 

pH 4-8 and observed that increasing pH value 

and bacterial population are interrelated 

(Rousk et al., 2010). 

Total Nitrogen (N): Nitrogen is a major lim-

iting nutrient for crop production, in case ab-

sence of a source of nitrogen compound, 

plant need to organisms for fixed atmospheric 

nitrogen. from table (1) notice, increasing of 

nitrogen percentage in soil which was corre-

spond to increasing of Azotobacter popula-

tion in soil. this mean there is relationship 

between Azotobacter growth and nitrogen 

fixation in soil fig.(3). however this relation-

ship was limiting with soil PH levels, alt-

hough major soil PH values for soil samples 

which examined were situated between neu-

tral to moderately alkaline soils, nevertheless 

Azotobacter appearing tend to growth in neu-

tral soils more than slightly alkaline soils. 

whereas Azotobacter growth recorded fast 

retreat in moderately alkaline soils. table(1).  

(Bashan, 1990) reported that, the Azotobacter 

population is low in dry and temperate zones 

like America and Mexico. The total nitrogen 

contents were suggested as the factors influ-

encing the microbial population (Ahmed et 

al. 2008). 
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Fig (3). The relationships between total Nitrogen 

(N%) with Azotobacter population 

Total phosphorus (P): In this study, the soil 

samples which had neutral PH such as 

2,12,and 13 in table(1) appearing various 

values of total phosphorus percentage in soil 

with Azotobacter population, whereas soil 

samples of moderately alkaline soil 4,5,6 and 

15 table(1). Showing increasing in total P%. 

as opposite to Azotobacter population fig.(4). 

But these changes in total P% do not explain 

the decrease in Azotobacter growing in alka-

line soil, because organic phosphorus de-

crease quickly with soil depth such as soil 

organic matter. Secondly  the source of P in 

soil. in case of the source of available P in 

soil Ca phosphates the level of soil PH will 

changes from neutral to high alkaline, while 

in case Al and Fe phosphates are predomi-

nates P mineral in soil with PH levels below 

6.5. Therefore, the value of soil PH above 8 

was probably responsible for the decrease of 

Azotobacter population in soils of region of 

study. Some studies reported that, the native 

soil P is mostly unavailable to plants because 

its low solubility, therefore the P solubilizing 

bacteria and Azotobacter sp can play an im-

portant role in improving P bioavailability in 

soil, on the other side the population of rhi-

zobacteria which includes Azotobacter had a 

different influence on phosphorus in soil (Wu 

et al., 2005). phosphorus is also a major nu-

trient for microorganisms and suggested to be 

the factors influencing the microbial popula-

tion. 

 

Fig (4). The relationships between total phosphorus 

(P%) with Azotobacter population 

Organic Carbon (OC) : The organic carbon 

in soil are an importance indicator for exist-

ence soil organic matter. Through soil sam-

ples which were contain high percentage of 

O.C as,2,10, 12 and 14 in table (1) and fig. 

(5). Also, observed at same time increasing in 

the Azotobacter  population and total N per-

centage at neutral soil 7-7.5 PH. On other 

hand, soil samples which were contain low 

O.C such as 11,9,5 and 4 do not appearing 

any response to Azotobacter population, par-

ticularly soil samples (6 ,11) which showing 

a clear disagreement in their contain of O.C 

and Azotobacter population. So, that mean do 

not there any direct relationship between O.C 

% and Azotobacter population at soils of re-

gion of study. 

 

Fig (5). The relationships between Organic carbon 

(OC %) with Azotobacter population 

A range of environmental factors like pH, 

organic carbon, total N and total P determine 

and influence the distribution of soil microbi-
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al population (Kennedy & Smith, 1995). Or-

ganic carbon is one of the main factors influ-

encing the number, composition and activi-

ties of microbial population(Wardle, 1992).  

Lalfakzuala et al. (2008) found that gramine-

ae influenced soil microbial number and soil 

respiration positively. Organic carbon affects 

both the chemical and physical properties of 

the soil (Channal et al., 1989). Properties in-

fluenced by organic matter include: soil 

structure, diversity and activity of soil organ-

ism, which might be beneficial and harmful 

to crop production. Soil organic matter is an 

accumulation of dead plant matter and animal 

residues (Campbell et al., 2000). Further-

more, The findings from this study showed 

that there was a Linear relationship (p<0.01) 

was observed in different soil samples for 

bacterial population  as shown in Table (2) 

and significant relationship between soil pH, 

total N, total P and organic carbon with mi-

crobial population, so that the number of bac-

terial population per gram of soil increased 

by increasing the compounds which, indicat-

ed, there is a significant relationship between 

the soil organic and mineral matters on the 

microbial population (Coutinho et  al. 1999). 

Table (2). Relationship with soil pH, total nitrogen, 

total phosphorus and organic carbon between bacterial 

population. 

Variables Coefficient Correlation (r) 

pH 0.93** 

Total N 0.95** 

Total P 0.90** 

OC 0.75** 

CONCLUSION 

In conclusion, this study has shown that  a 

significant correlation between soil pH, total 

nitrogen, total phosphorus and organic carbon 

the chemical properties of different soil sam-

ples from different soil regions of Tripoli- 

Libya on Azotobacter population which had a 

greater influence on it. 
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باستخدام الخصائص  Azotobacterعمى مستعمرات بكتيريا  pHدراسة مدى تأثير حموضة التربة 
 كمقياس حيوي في الأراضي الزراعية بمنطقة طرابمس شمال غرب ليبيا المكروبيولوجية

 ميرفت الطاهر بن محمود، إيمان عمي الفرجاني
 ليبيا. –طرابمس   جامعة طرابمس،  -كمية الزراعة، قسم التربة والمياه
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، ودورهنننا فنننو رفنننح و منننو و نننحة ((PGPR تعزينننز  منننو ال بنننات -لدينننل القننندرت عمننن  تح ينننز Azotobacterجننن س المستتتتخمص   
ال باتات. وعلاوت عم  ذلك، فالعديد من الأ واع الأخرى لديها القدرت عم  إ تاج مركبات م ها المركبات المضادت ل شاط الميكروبنات.  

م اطق مختم ة من طرابمس شمال غنر  ليبينا لتحديند درجنة  عي ة من م طقة الجذور لتربة مزروعة فو 95فو هذه الدراسة  جمعت 
فننننو التربننننة وليضننننا لعننننزل بكتيريننننا  (OC)والكربننننون العضننننوي  (P)، ال وسنننن ور(N)، و سننننبة  ال يتننننروجين الكمننننو pHت اعننننل التربننننة 

Azotobacter  و اسننتخدمت البي ننة اليذا يننةLG  وقنند تننم تحدينند جنن س لعننزل البكتيريننا وت قيتهننا عمنن    ننس البي ننة لو نن ها و تعري هننا
البكتيرينننا منننن خنننلال ال حنننلا المجهنننري والاختبنننارات البيوكيميا ينننة لمعي نننات،  ولاهنننرت ال تنننا ا لن البكتيرينننا المتح نننل عميهنننا تابعنننة 

وقند تنم حسنا  لعندادها  Bergey’s Manual of Systematic Bacteriology (2004) وفقنا لندليل Azotobacterلبكتيرينا 
ات البكتيرينة لتحدينند مندي تنالير الخنوالا الكيميا ينة لمتنر  عمنن  هنذه المسنتعمرات.  سنت تا منن  تنا ا هننذه عنن طرينق العند لممسنتعمر 

 .  pHتتالر إيجابياً وسمبياً وفقا لمستويات حموضة التربة  Azotobacterالدراسة لن المستعمرات البكتيرية لبكتيريا 

 .، لعداد البكتيريا ، خوالا التربة Azotobacterبكتيريا :  الكممات المفتاحية
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