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ABSTRACT 
 

       This study was carried out to evaluate the influence of inoculation with nitrogen 
fixing bacteria (Azotobacter and Azospirillum) that were isolated from onion 

rhizosphere. The isolates were applied in field experiment to investigate the effect of 
inoculation with Azotobacter and Azospirillum, on Nitrogenase activity .  Isolation and 
enumeration of Azotobacter and Azospirillum from the soil of onion plants were studied 
and determination of the enzymatic activities of nitrogen fixing bacteria (nitrogenase) 
that were isolated from  the soil of onion plant during the growing periods at 0, 30, 60, 
90, 120 and 150 days after sowing and selected active isolate of Azotobacter and 
Azospirillum. The obtained results revealed increases in Azotobacter and Azospirillum 
numbers as well as nitrogenase activity in rhizosphere onion regions. Also these 
activities reflect on onion plant productivity. This study recommended the application of 
Azotobacter and Azospirillum as inoculants in onion plant productivity. 
Keywords: Isolation Azotobacter, Azospirillum , Nitrogenase activity . 

 

INTRODUCTION 
 

      Onion plants have gotten some interest on seed-inoculated micro-
organisms and it was clear that the asymbiotic biological nitrogen fixation was 
highly correlated to the existence of specific micro-organisms that posses 
nitrogenase properties such as stutied by( Hegazi, et al., 1980, Shoukri, 2006 
and Abd el-Halim 2009)  that high nitrogenase activity was obtained by the 
collected samples of Azospirillum from plant rhizosphere ( Mohy el- Deen 
2002 and Narolia, et al., 2006) .Nitrogenase activity in onion soil as measured 
by acetylene reduction technique was found to be high and that indicates 
positive correlation between Azotobacter and higher plants such as onion  
(Dobereiner  et  al., 1973 and Chungwoo Kim et al., 2005) . Results showed 
that the isolates of nitrogen fixing bacteria ( Azotobacter sp.  and Azospirillum 
sp.) exhibit  a highly activity of nitrogenase enzyme  were used as a bacterial 
inoculants in field experiment  , the isolate of Azotobacter sp. was 94.09 
nmoles C2H4/g soil / hr  in clayey soil and with the isolate of Azospirillum was 
10.20 nmoles C2H4/g soil / hr in clayey soil .  This study aims to find out and 
enumeration of non symbiotic nitrogen fixing bacteria (Azotobacter and 
Azospirillum) from onion rhizosphere, selection of most efficient biological 
nitrogen fixing bacteria and their influences on onion production at different 
types of soils.  
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MATERIALS AND METHODS 
 

Materials: 
  Onion seeds:  

     Onion seeds (Giza 6) were kindly supplied by Onion Research 
Department, Field   Crops Research Institute, ARC, and Giza, Egypt. 
Experiment This experiment was to study rhizosphere and soil apart of onion 
plant. This study was carried out in pots  (35cm) under green house 
conditions.     
Soil used: The types of the used soils that were collected from the top layer 
(25 cm  depth); a fertile clayey soil and a silty soil were collected from the 
farm of Malawi Agricultural Research Station.  Soils were dried, ground to 
pass through 2mm sieve, their chemical and physical analyses were 
presented inTable (1). 
 
Table (1): Physical and Chemical  properties of the field soil experiment . 

 
.A soil analysis was done according to the method described by 

Jackson, (1973). Analyses were carried out in Soil and Water Institute, ARC.  
Giza. 
Methods 
Azotobacter isolates: 

Azotobacter isolates used through out the present investigation were 
isolated from rhizosphere of standing onion plants of 45 days old  . 
Azospirillum isolates:  

Azospirillum isolates were isolated from rhizosphere of the onion 
plants of 45 days old. One isolate of Azospirillum was isolated from the soil 
apart, under onion plants. 
 

Physical properties 

 
Soil types 

Clayey Silty 

pH 8.90 8.20 

Sand %
 

19.90 30.50 

Silt % 32.60 39.00 

Clay% 47.50 30.50 

 
Chemical  
properties 

Anions 
( - ) 

CO3
=
 Nil Nil 

HCO3
-
 2.20 1.25 

Cl 
-
 2.00 0.90 

SO4
=
 0.94 0.76 

Cations 
(+) 

Ca ++ 1.30 0.50 

Mg++ 2.10 .030 

Na+ 1.60 1.80 

K+ 0.14 0.31 

Organic carbon % 2.4 1.2 

Electrical conductivity ( mhos/cm) 0.56 0.28 

C / N ratio 3.9 2.06 

Total         N2     % 0.19 0.11 

Available   P   % 16.8 2.11 
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Isolation and characterization of Azotobacter and Azospirillum from 
rhizosphere of onion plants 
Isolation and purification of the Azotobacter;   
     Isolation of Azotobacter from the onion rhizosphere was carried out 
according to the method given by Bilal et al, 1990. Ten grams portions from 
the mixed rhizosphere soil samples were transferred to a sterile 250 ml 
sampling bottle containing 90ml sterile tap water. The bottles were shaken on 
a rotary shaker for 10 minutes and further serial dilutions were done. One ml 
from the appropriate dilution was transferred to 100ml of Stanier basal 
medium free nitrogen (Stanier, et al.; 1963) in flasks 250ml, and incubated at 
30˚C for 72hrs. from positive tubes, formed pellicle is transferred with sterile 
loop; streaked surface of basal medium free nitrogen. Incubated at 30˚C for 
72hrs. The colonies of different morphologies developed on the N-deficient 
medium were picked up and streaked to obtain a single colony (Abd-El Malek 
and Ishac, 1968). 
Isolation and purification of Azospirillum;-                                 
     From root rhizosphere the enrichment cultured technique was adapted 
using the nitrogen deficient semisolid malate (NFM) recommended by 
(Dobereiner and Day, 1976) dispensed in test 7ml/tube. Root free soil was 
homogenized by thoroughly mixing and shaking for 10 minutes first dilution 
(1:10 w/v) was prepared by transferring 5 ml of roots together with adhering 
soil in to sampling bottles containing a suitable volume of sterile tap water this 
method was carried out by Holm and Jensen (1972). Bottles were shaken 
vigorously for 5-10 min and further serial dilutions were prepared. Isolates of 
Azospirillum were inoculated in the NFM medium, for enrichment culture for 
further purification by striking plates to single colony isolation. 
Methods of identification of the isolated Azotobacter and Azospirillum 
strains:- 
    Nine isolates of Azotobacter and Nine isolates of Azospirillum were tested 
for cell shape , motility , Gram reaction slime production and pigmentation. All 
tests were carried out on 24 hrs, old cultures using the nitrogen free medium 
of (Stanier,et al; (1963). The isolates were allowed to grow for 5 days for 
testing slime production and for14 days for observation of pigmentation 
(Bergey's Manual, 2008). The following microbiological tests were followed to 
identify the isolates:-  
Morphology and Gram stain:, Shape, arrangement of the bacterial cells, as 
well as the Gram reaction were microscopically observed in strain 
preparations of 24-28hrs. 
Motility test:, was observed in fresh preparations 24 hrs by hanging drop 
technique. 
pigmentation:, formation of pigments was reported for 14 days old cultures. 
Glucose fermentation:, sterile tubes containing 0.5 % glucose and brom-
thymol blue (1.0%) as an indicator were inoculated with 0.1 of 24hrs, old 
cultures. After incubation at 30˚C, the change in colour to yellow and the 
production of gas noted in Durham

'
s tubes. 

Starch hydrolysis:, plates of starch agar were streaked with tested isolates 
and incubated at 30˚C for 5 days. Starch hydrolyzing microorganisms were 
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distinguished by the appearance of clear zones around their growth when the 
plates were flooded by iodine solution. 
Preparation of inocula: 

Efficient local strains of Azotobacter sp  No (5 )and Azospirillum sp No 
(1)which had been isolated from the rhizosphere of some  onion plants, were 
used. Heavy cell suspensions of each strain were obtained by growing for 5 
days at 29˚C, on Ashby and Dobereiner media for Azotobacter and 
Azospirillum respectively. Ten ml  of Azotobacter inoculum-suspension 
(1.5×105  cells/ml of medium) or Ten ml. wer added of Azospirillum inoculum-
suspension (1.4×105cells/ml of medium) for each plant, as sub-soil 
biofertilizers, in the rhizosphere area.   
Enzymatic activity of nitrogen fixing bacteria:        
Nitrogenase activity: 
      The nitrogenase activity was measured according to (Turner and Gibson, 
1980) as follow: 
1-Sample from the soil of onion plant was collected (25 g) in a 100 ml bottle.  
2- ml sugar solution were added and well stirred, the solution is composed of 

0.5 gram mannitol, 0.5 gram malice acid, 0.5 grams glucose and 0.5 gram 
sucrose milted in 100 ml distilled water . 

3-The bottle was closed tightly and removed the air inside it then inject 
acetylene gas (10 % V) and put a sticker on the injection position.  

4-The bottle was incubate on 30° C for 24 hours .The acetylene and ethylene 
were measured in the sample using gas liquid chromatography model 
HP6890 , 

 5-The concentration of ethylene in the samples (nmols / C2H4 / hr) was then 
converted to moles by dividing these values by the volume of the molecular 
weight of gas   (22.4 L). The results were presented as n mol / C2H4 / ml 
culture / hr. 

    

RESULTS AND   DISCUSSION 
 
Characteristics of the Azotobacter and Azospirillum isolates:- 
         The isolation and purification of nine isolates of Azotobacter and nine 
isolates of Azospirillum were performed on their specific medium. According 
to their morphological and physiological characteristics as proposed by 
Tarrand et al (1978) and Bergey's manual (2008). Results recorded in Table 
(2) illustrated that isolates  that developed on Abdel-Malek and Ishac media 
(1968)  have large ovoid to rods shaped, Gram negative, encysted, capsule 
formation . According to Bergey's manual (2008).The isolates were identified 
as Azotobacter spp. Isolates that grown on NFM medium are vibriod and 
spiral shape, Grame negative , starch hydrolysis is negative ,motility test is 
positive , acid from glucose not formed . The data in table (2 ) showed that 
the organisms could be indented  as Azospirillum According to Bergey's 
manual (2008) and Chahal, et al. (1982) . The most active isolates of 
Azotobacter and Azospirillum were used as bacteria  inoculum  in the field 
experiment under  nitrogen fertilizer levels ( 0.175 and 350 Kg / fed.) 
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Table (2); Some  morphological and  physiological characterstics of 
Azotobacter and Azospirillum isolates from onion plants . 

  
Data in Table (3) showed that the isolates of nitrogen fixing bacteria  

( Azotobacter and Azospirillum ) in two soil types exhibit  a highly activity of 
nitrogenase. The activity of   the isolate   Azotobacter sp was 94.09 nmoles 
C2H4 / 1ml  culture / hr No 5  in clayey soil , while the isolate Azotobacter in 
Azospirillum was 10.20 nmoles C2H4 / 1 ml  culture /hr No 1  in clayey soil. 
Such findings confirm those obtained by ( Chungwoo Kim et al. ;2005 and 
Abd El-Halim. 2009). 
 Data presented in Table (4):Showed that the mean counts of 
Azotobacter sp. cells gradually increased in clayey and silty soils with 175 Kg 
N2/fed.than soils with 350/kgN2 /fed In clayey soil ; the highest level of mean 
count  was 8.8 x 10

4 
cells   / 1 g  dry  soil after 60 days from sowing amended 

with 175 kg N2/fed compared to control without N2 fertilizer was 5.1 x 10
4 

cells   
/ 1 g  dry  soil and to 350 kg N2/fed was 6.4 x 10

4 
cells   / 1 g  dry  soil after 

120 days from sowing compared to control without N2 fertilizer was 3.8 x 10
4 

cells   / 1 g  dry  soil .  In silty soil; the highest level of mean counts with 175 
Kg N2/ fed. was 8.1 x 10

4 
cells   / 1 g  dry  soil after 90 days from sowing 

compared to control  without N2 fertilizer was 3.4 x 10
4 

cells   / 1 g  dry  soil 
after 90 days from sowing .The results obtained were in agreement with  Kole 
et al. ;1988, Shoukri ; 2006 ,Abd el-Halim. 2009 and Ki-Yoon Kim et al., 2010. 
Azospirillum sp.  
 
 
 
 
 

Morphological and  physiological characterstics 

Serial number 
of isolates 

Starch 
hydrolysis 

Production of 
yellow green 
fluorescent 

pigment 

Production 
of acid 
from 

glucose 

Cell 
form 

Gram  
stain 

Motility 

- - + Oval - - 1                                                                         
Picked 
organisms 
isolated from N-
deficient  
medium  

- - + ' - - 2 

++ - + ' - + 3 

+ + + ' - + 4 

- - + ' - - 5 

+ - + ' - - 6 

- + + ' - + 7 

- + + ' - - 8 

+ + + ' - - 9 

- - + Spiral - + 1                                               
Picked 
organisms 
isolated from 
NFM  medium    

- - - ' - + 2 

- - + ' - + 3 

- - - ' - + 4 

- - + ' - + 5 

- - + ' - + 6 

- - + ' - + 7 

- - - ' - + 8 

- - - ' - + 9 
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Table (3): Nitrogenase activity of the different isolates of Azotobacter 
and Azospirillumin clayey and silty soil. 

Serial number of  isolates 
Origin of bacterial isolates Nitrogenase activity 

nmoles C2H4 / 1 ml 
/culture/hr ml 

Dilution Soil type 

Azotobacter sp. 

1 10
6
 Clayey 4.75 

2 10
4
 Clayey 18.06 

3 10
5
 Clayey 14.79 

4 10
5
 Clayey 67.51 

5 10
5
 Clayey 94.09 

6 10
5
 Silty 10.21 

7 10
4
 Silty 1.89 

8 10
4
 Silty 14.42 

9 10
3
 Silty 17.65 

Azospirillum sp. 

1 10
6
 Clayey 10.20 

2 10
7
 Clayey 0.58 

3 10
6
 Clayey 1.85 

4 10
7
 Clayey 1.27 

5 10
5
 Clayey 0.34 

6 10
5
 Clayey 2.26 

7 10
6
 Silty 4.46 

8 10
5
 Silty 3.63 

9 10
6
 Silty 2.79 

 
 
Table (4): Mean counts of Azotobacter and Azospirillum (10

4 
cells / 1 g 

dry soil) in clayey and silty soil  of onion plants at two 
nitrogen fertilizer levels. 

 
Soil 
type 
 

                  Bio and 
                 Inorganic 
                  fertilizer 
Days 
after 
 sowing 

Azotobacter  sp. Azospirillum  sp. 

N fertilizers (Kg / fed.) N fertilizers (Kg / fed.) 

0 175 350 0 175 350 

Clayey 

30 4.8 7.1 5.2 3.0 4.2 3.5 

60 5.1 8.8 5.4 3.2 5.1 4.1 

90 4.2 8.4 6.0 3.0 5.6 3.5 

120 3.8 7.4 6.4 2.4 4.4 3.0 

150 3.2 7.0 4.7 2.1 4.1 3.3 

Silty 

30 3.8 6.8 5.2 2.2 5.1 4.1 

60 4.2 7.4 6.1 2.4 4.8 4.7 

90 3.4 8.1 6.4 2.0 5.3 4.1 

120 3.6 7.2 5.2 2.4 4.3 3.6 

150 3.1 6.4 4.8 2.1 4.0 3.7 

    
        Data presented in Table (4) indicated that the mean counts of 
Azospirillum sp. in cells gradually increased in clayey and silty soils with 175 
Kg N2/fed. .  In clayey soil ; the highest level  of the mean counts  in clayey 
soil was 5.6 x 10

4 
cells/1 g  dry  soil at 90 days after sowing compared to 

control without N2 fertilizer was counts  was 4.1 x 10
4 

cells  / 1 g  dry  soil after 
60 days after sowing compared to control without N2  fertilizer was 3.2 x 10

4 

cells   / 1 g  dry  soil .In silty soil ; the highest level  of the mean counts  was 
5.3 x 10

4 
cells   / 1 g  dry  soil after 90 days after sowing compared to control 

without N2 fertilizer was 2.0 x 10
4 

cells   / 1 g  dry  soil while with 350 Kg 
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N2/fed. the highest level of the mean counts was 4.7 x 10
4 

cells   / 1 g dry soil 
after 60 days after sowing compared to control without N2 fertilizer was 2.4 x 
10

4 
cells   / 1 g dry soil. The results obtained were in agreement with those of 

Omer and Abdel-Satar; 2001, Jayathilake et al;. 2003, Shoukri,A A.; 2006,Abd 
el-Halim,M.S.; 2009 and Ki-Yoon Kim et al., 2010 
Nitrogenase activity: 

Data in Table (5) showed the highest increases of nitrogenase activity 
of Azotobacter sp  and Azospirillum sp under microbial inoculation and N-
fertilization  . 

In clayey soil the activity was 82.89 nmoles C2H4 / g soil / hr at 175 kg 
N2/fed.  after 90 days from sowing compared to 350 Kg N2/ fed. was 61.0 
nmoles C2H4 / g soil / hr at 90 days after sowing compared to control was 
47.12 nmoles C2H4 / g soil / hr. 

In silty soil ;the highest nitroganase activity of Azotobacter  
chroococcum was 78.65 nmoles C2H4 / g soil / hr with 175kg N2/fed  while 
with  350 Kg N2/fed. Was 39.18 nmoles C2H4 / g soil / hr compared to control 
11.79 nmoles C2H4 / g soil / hr. 

The obtained results in Table (5) showed the values nitroganase activity 
of  Azospirillum brasilense 

In clayey soil were 62.39 and 46.21 nmoles C2H4 / g soil / hr with 175 
and 350 Kg N2/fed.  respectively at 90 days after sowing compared to control 
16.33 nmoles C2H4 / g soil / hr . 

In silty soil; the highest values were 58.95 nmoles C2H4 / g soil / hr with 
175 Kg N2/fed. and 21.96 nmoles C2H4 / g soil / hr with 350 Kg N2/fed. after 90 
days from sowing respectively compared to control 4.56 nmoles C2H4 / g soil / 
hr .The results obtained were in agreement with those of  Hegazi et al.,  
1983,. Chezhiyan,et al.,2003; shalan,2005;lakshmanan,et al.,2005 and Abd 
El-Halim.M.S.; 2009. 
 
Table (5): Nitrogenase activity of Azotobacter and Azospirillum  nmoles 

C2H4 / 1m1culture/h at interval growth periods at two   
nitrogen fertilizer levels in the used different soil types. 
   

Soil type 
 
 

        Bio and inorganic 
                    fertilizer 
 
Days after 
sowing 

Azotobacter No (5) Azospirillum No (1) 

N2 fertilizers (Kg / fed.) N2 fertilizers (Kg / fed.) 

0 175 350 0 175 350 

Clayey 

30 3.23 5.64 2.75 4.02 12.1 18.62 

60 18.46 15.2 16.27 4.76 3.47 25.85 

90 47.12 82.89 61 16.33 62.39 46.21 

120 23.42 65.96 42.67 1.62 3.31 23.72 

150 21.82 64.34 36.34 0.4 4.72 4.66 

Silty 

30 2.92 1.79 1.91 2.81 2.68 3.46 

60 5.47 60.64 13.69 2.09 2.12 17.13 

90 11.79 78.65 39.18 4.56 58.95 21.96 

120 2.86 58.51 30.91 6.53 4.16 6.14 

150 5.43 38.34 14.53 2.25 2.46 4.29 
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Recommendation 
          This study recommended that application of non symbiotic nitrogen 
fixing bacteria (Azotobacter and Azospirillum) isolated from onion rhizosphere 
resulted a highly active of nitrogenase and so the organisms should be used 
as active biofertilizer in onion production.  
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 نشاط الازوتوباكتر والازوسبيريللم فى ريزوسفير البصل
 ومحمد نبيلل عبلد المديلد عملر **  ،محمد بدوى عمر القطقاط* ،على حسن حسين محمود*

 دلال عبد العظيم مصطفى **
 هرة .دامعة  الأزهر بالقا -كلية الزراعة -* قسم النبات الزراعي

 .مركز البحوث الزراعية بالديزة  -** معهد بحوث الأراضي والمياه 

 
تهدفُ هذه الدراسةِ إلي الحصول علي أكثرر الزرت ك كءرةِ ُ لثُتّارك الجتررواات والترع ترا  عتلهرة قِرتْ قج  رة       

تِرة قِر  أ جروعات ِ راتوسءار التصل  وتأثارهة علع إجتةاِاة التصلِ تحرك ررروف قرل تُكلءّرُة وضءرل تلرو  قِرتْ التُرب
تكتراررررة وشررررقلك الدراسررررة عقلاررررة عررررتل وعررررد التائررررةب  الجررررةبتاب قِررررتْ افسررررتزقةلِ القءرررررِ  ل سررررقدُ  القزدجاةِ 

 الأتوتوتةكتروالأتوسررتاراللا قِررت ْقج  ررة راررتو سررءار التصررل قرر  ت رردار جشررة  إجررتاا تثتاررك الجترررواات الاررو  
 قرت راتوسرءارجتةك التصرل قر   قسرتواات توتوترةكتر والأتوسرتاراللا) إجتاا الجاتروااجات ( تواس ة تكتاراة  الأ

،  93،  03،  03, 3قررت تسررقاد  الجتررروااتِ القزرردجي ضررال   تررراك الجقررو ) كتلررو اررراا ا  رردات 013و 571
عررددب ب ضااررة تكتراررة الأتوتوتررةكتر تشرركل ترردرااي  أوضررحك الجتررةئا تتررةده  ررع  اررواِ قررت التراعررة( 513،  523

صلب الع الحردّ الأعلرع تزرد   حار  كارا ا ردات 571ارواِ قرت التراعرة قر   قزردل تسرقاد جتررواات قزردجي  03ووب
x  8.8 وصل الزردد 

4 
ضلارةب ا ارا ترترة اة رة لراتوسءارالتصرل  ري الترترة الصرءرا    رع حرات وصرل عرددب  53
8.5ر الع ضااة تكتراة الأتوتوتةكت

4
 x 53 ارواِ قرت التراعرة  93التصل تزرد   ضلاةب ا اا ترتة اة ة لراتوسءار

كاا جترواات ا  دات, أاضة وصل عردد تكترارة الأتوسرتاراللا  ري الترترة ال اجارة و الصرءرا   571تقزدل تسقاد 
   x 1.0،   1.0الرع 

  4
ضرحك جتررةئا وأكقرة   التصرل علرري التروالي   ضلاررةب ا ارا ترترة اة رة لراتوسررءار 53

 (1رقرا) ( أت أعلري عتلرةالصرءرا  الزت ك التي تا عتلهرة قرت ترترة جترةك التصرل قرت جروعع الترترة )ال اجارة و
ا ارا 4ارد2جرةجوقول   94.39ح  ك أعلي جشرة  فجرتاا الجاتروااجارت كةجرك  لتكترارة الأتوتوترةكتر التري أع رك 

ا ارا 4ارد2جرةجوقول    53.23( اع رك 5رقرا ) ستاراللا كةجك تكتراة الأتو تاجقةترتةا سةعة  ي الترتة ال اجاة 
  وكرةت  تزرد ذلر   ترتةا سةعة  ي الترتة ال اجاة والتي تا إستضداقهقة كل ةح  ي تارتة الح رل  ري الترترة ال اجارة

 اواِ قرت التراعرة وقزردل 93ق  تكتراة الأتوتوتةكتر  ي الترتة ال اجاة و الصءرا  تزد  جشةُ  إجتاا الجاتروااجات
ا اا ترترةا سرةعة علرع التروالي   رع 4اد2جةجوقول   78.71،    82.89كاا جترواات ا  دات هو   571تسقاد 

 93حات كةت ق  تكتراة الأتوستاراللا  ري الترترة ال اجارة و الصرءرا  كرةت أعلرع جشرةُ  فجرتاا الجاتروااجارت تزرد 
ا ارا ترترة ا 4اد2جةجوقول   18.91،    02.09كاا جترواات ا  دات هو   571اواِ قت التراعة تقزدل تسقاد 

واوصع التح  ت تاق الل ةح الحاوى لتكتاراة الأتوتوتةكتر والأتوستاراللا  ع اجترة  التصرل   سةعة علع التوالي
 وضءل قستوى التسقاد القزدجع و التلو  التائع  

 

 قام بتحكيم البحث
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