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4. RESULS AND DISCUSSION 

           

 THE FIRST PART : 

4.1. Isolation of plant growth promoting rhizobacteria 

(PGPR). 

           The term of plant growth promoting rhizobacteria has been 

used to define free living , beneficial and root colonizing bacteria . 

           Plant growth promoting rhizobacteria including all bacteria 

that inhabit plant roots and exert a positive effect by various 

mechanisms, ranging from a direct effect such as increasing of 

nutrients uptake to an indirect effect such as pathogens suppression. 

            Also, production of plant growth regulators (PGRs) by 

PGPR is one of the suggested mechanisms through which these 

bacteria affect plant growth and development. 

            Therefore, this experiment was assigned to isolate some 

PGPR from the rhizosphere of different crops. 

            Data in Table (2) showed that one hundred isolates were 

obtained  from the rhizosphere of different crops namely wheat, 

rice, maize, banana, clover, water grass, rose and bean . 

           The PGPR isolation from the different plants rhizosphere was 

performed by using different specific bacteriological  media namely 

Ashby's modified medium, Yeast extract mannitol agar medium, 

Nutrient agar medium, King's medium , Bunt and Rovira medium 

and Dobbereiner medium .  
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Table 2. Indoleacetic acid (IAA) production by different PGPR 

isolated from different crops' rhizosphere.                                                                                                             

Isolates 

number 

Sample 

source 

Auxins 

production 

Isolates 

number 
Sample 

source 
Auxins  

production 

Isolates 

number 

Sample 

source 

Auxins 

production 

1 

Wheat 

+ 35 

Maize 

+ 69 

Water 

grass 

- 

2 ++ 36 ++ 70 - 

3 +++ 37 +++ 71 - 

4 + 38 - 72 + 

5 ++ 39 ++ 73 ++ 

6 + 40 + 74 ++ 

7 + 41 +++ 75 - 

8 - 42 - 76 + 

9 ++ 43 ++ 77 - 

10 + 44 +++ 78 + 

11 +++ 45 - 79 - 

12 +++ 46 +++ 80 ++ 

13 ++ 47 ++ 81 + 

14 + 48 ++ 82 

Rose 

+ 

15 + 49 

 

Banana 

- 83 + 

16 +++ 50 - 84 + 

17 ++ 51 - 85 - 

18 + 52 - 86 - 

19 +++ 53 - 87 - 

20 

Rice 

+ 54 - 88 + 

21 - 55 

Clover 
 

+ 99 - 

22 +++ 56 + 90 + 

23 + 57 + 91 - 

24 ++ 58 +++ 92 + 

25 ++ 59 + 93 

Bean 

++ 

26 - 60 + 94 + 

27 + 61 +++ 95 - 

28 +++ 62 - 96 - 

29 + 63 - 97 + 

30 + 64 - 98 - 

31 + 65 + 99 - 

32 ++ 66 +++ 100 + 

33 + 67 - -----  ----- 

34 +++ 68 ++ -----  ----- 

 O.D. reading : 

 (-)< 100            (+) =100-300            (++) = 300-400      (+++) > 400 
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        The obtained results in Table (2) clearly indicated that the 

rhizosphere of cereal crops such as wheat, rice and maize mostly 

containing higher PGPR isolates . 

       With regard to results illustrated in Table (2) can observed that 

the wheat rhizosphere obtained the highest number of PGPR , while 

banana rhizosphere was contain the lowest number.  

          All isolates of PGPR (one hundred) obtained from the 

rhizosphere of different crops were tested primarily for auxins 

production by using spectrophotometer and Salkowski's reagent, the 

results recorded in Table (2) clearly showed that the isolates 

obtained from cereal crops as wheat and rice produced higher 

amount of auxins than that obtained from the other crops 

rhizosphere.  

           Also, data in Table (2) appeared that , among the obtained 

isolates, fifteen were more efficient for auxins production therefore, 

these isolates were screened in subsequent experiment to select the 

most potent ones. 

           These results are in agreement with those obtained by EL-

Khawas  et al. (2000) who reported that the rhizospheres of maize, 

wheat, barely, sorghum and sugar cane are rich in plant growth 

promoting rhizobacteria which were able to produce high amount of 

indole -3- acetic acid (IAA). 

           Also, Bent et al. (2001) mentioned that the PGPR isolates are 

a heterogeneous group of soil bacteria and they can be found in the 

rhizosphere. As well, they mentioned that the most of PGPR isolates 

are mostly free living or associative microorganisms. 
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          In addition, microorganisms isolated from the rhizosphere of 

different varieties of cereals including wheat , rice and maize crops 

have greater potential for auxins production than those from other 

crops, also the rhizosphere isolates were much more efficient 

producers of auxins in pure culture than non rhizosphere soil 

isolates (Khalid et al., 2004). 

4.2. Screening of the most potent bacterial isolates                                                                                                                                                                                                                                                                                                                                  

           The fifteen isolates which showed high amounts of auxins 

were screened by culturing on specific media . 

           Inoculated media with the potent isolates were incubated at 

30˚C for different incubation periods (4,7,10 and 14 days) . At the 

end of various   incubation periods, the indole amounts produced by 

isolates were  determined spectrophotometerically . 

             Data in Table (3) and Fig (1) emphasized that all the fifteen 

tested bacterial isolates produced considerable amounts of indoles . 

             Also data in Table (3) revealed that the bacterial isolates 

(Nos. 19 and 44) were more potent for indoles production at 

different incubation periods. Therefore, these two isolates were 

identified and chosen to further studies. 
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Table 3. Optical density values of tested fifteen isolates for indole 

production measured at 535 nm at different intervals. 

Isolates 

Number 

Intervals 

4 days 7 days 10 days 14 days 

3 0.486 0.467 0.431 0.402 

11 0.446 0.446 0.548 0.566 

12 0.427 0.511 0.254 0.323 

16 0.513 0.557 0.616 0.438 

19 1.127 0.864 0.672 0.783 

22 0.533 0.787 0.419 0.400 

28 0.484 0.602 0.620 - 

34 0.426 0.867 0.417 0.474 

37 0.577 0.575 0.422 - 

41 0.463 0.435 0.706 0.467 

44 1.583 0.999 0.980 0.800 

46 0.405 0.433 0.446 0.400 

58 0.428 0.502 0.451 0.122 

61 0.668 0.464 0.464 0.429 

66 0.511 0.481 0.451 0.439 
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Fig 1 
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4.3. Identification of the two more potent isolates. 

            The superior two isolates of microorganisms (Nos. 19 and 

44) capable to produce PGRs were purified and subjected to 

morphological and physiological studies according to Bergey's 

manual of Determinataive Bacteriology (1994). 

            From the morphological characters, staining properties, 

spore formation and physiological properties presented in Table (4), 

it is clear that the two bacterial isolates were be identified as 

Azotobacter chroococcum (19) and Bacillus megaterium var. 

phosphaticum (44) . 
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Table  4. Morphological and physiological characteristics of the two  

                isolates ( Nos. 19 and 44 ) . 

 

Characters 
Isolate number 

( 19 ) 
Characters 

Isolate number 

( 44 ) 

Form (shape) Ovoid shaped in 

pairs 

Form (shape) 
Rod shape 

Gram stain - Gram stain + 

Carbon sources  Spore formation + 

       Sucrose + Acid formation from  

       Mannitol +        Glucose + 

       Benzoate +        Mannitol - 

Motility +        Arabinose  + 

Nitrate reduction +        Xylose + 

Catalase production + V.P. test + 

Hydrolysis of starch + Indol production + 

Production of non 

diffusible pigment 
Brown pigment 

Hydrolysis of 
 

         Starch + 

         Gelatin + 

         Casein + 

  Growth at pH + 

                6.8 + 

         5.7 + 

  Catalase production + 

  Citrate utilization + 

  Growth at   

        10°C + 

        40°C - 

        50°C - 

 
 

Phos. solubilization 

test 
+ 

Identification 
Azotobacter 

chroococcum 
Identification 

Bacillus 

megaterium var. 

phosphaticum 
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4.4. Retention flow of pure growth regulators, adenine 

and tryptophan  

          Technical growth regulator agents, adenine and tryptophan 

were developed by TLC to limit their retention flow (Rf ) values to 

be as reference to those obtained from sample extracts (Martinez-

Toledo et al., 1988 ; Srinivasan et al., 1996; Salamone et al., 2001 

and Torres-Rubio et al., 2000). The obtained values are presented 

in Table (5) and shown in Figs (2 a & 2 b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Results and Discussion 
 

-78- 

Table 5. Retention flow ( Rf ) values of the pure phytohormones – like 

substances developed by Thin Layer Chromatography 

(TLC) with two different development systems. 

 

Compounds 

Retention flow ( Rf ) 

In auxins development 

system (1) 

In cytokinins 

development system (2) 

Indole acetic acid ( IAA) 0.25 , 0.38 , 0.55 , 0.69 0.71 , 0.75 

Indole butyric acid ( IBA ) 0.86 0.81 

Gibberellic acid ( GA3 ) 0.33 0.16 

Zeatin (Z) 0.05 0.3 

Kinetin ( KIN ) 0.28 0.66 

(9R) Benzyl adenine (BAP) 0.31 0.65 

(9G) Benzyl adenine (BAP)  0.29 0.64 

Isopentyl alcohol  (IP) 0.28 0.63 

Adenine (ADE) 0.12 0.24 

Tryptophan (TRY) zero zero 

 

1-Auxins development system : Freshly prepared solvent mixture of : 

                     chloroform : ethyl acetate : acetic acid ( 60 : 40 : 5 ) .   

2-Cytokinins development system : Freshly prepared solvent mixture of : 

                     chloroform : methanol ( 9 : 1)  .  
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1- IAA : Indole acetic acid 6- (9G) BAP : Benzyl adenine . 
2- IBA : Indole butyric acid .                        7- IP :Isopentyl alcohol 
3- GA3 : Gibberellic acid .                               8- (9R) BAP : Benzyl adenine 
4- KIN : Kinetin .                                             9- ADE : Adenine 
5- Z : Zeatin 10- TRY : Tryptophan 

 

Fig 2.a. TLC separation for authentic phytohormones- like substances 

               using auxins  separation development system. 
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1- IAA : Indole acetic acid 6- (9G) BAP : Benzyl adenine . 
2- IBA : Indole butyric acid .                        7- IP :Isopentyl alcohol 
3- GA3 : Gibberellic acid .                               8- (9R) BAP : Benzyl adenine 
4- KIN : Kinetin .                                             9- ADE : Adenine 
5- Z : Zeatin 10- TRY : Tryptophan 

 

Fig 2.b. TLC separation for authentic  phytohormones – like substances 

                using cytokinins separation development system . 
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4.5. Qualitative analysis of the produced PGRs at 

different incubation periods.  

           Data presented in Table (6 a) and shown in Fig (3 a) appear 

the produced growth regulators by Azotobacter chroococcum and 

Bacillus megaterium var. phosphaticum at different incubation 

periods by using auxin development separation system. 

          Obtained data revealed that Azotobacter chroococcum 

produced only one compound at 2 days of incubation period having 

retention flow (Rf) 0.25 . This compound was identified as IAA. 

While , Azotobacter chroococcum produced three compounds at 

different other inocubation periodes. These compounds having 

retention flow 0.25, 0.32 and 0.81 which were identified as IAA, 

GA3 and IAA, respectively. 

          In addition, Bacillus megaterium var. phosphaticum produced 

two compounds at 2 and 4 days of incubation periods having Rf  of 

0.25 and 0.33 . While , three compounds were detected at 6 and 8 

days of incubation periods . 

         PGRs produced at different incubation periods by Bacillus 

megaterium var. phosphaticum were identified by the same method 

mentioned before in Azotobacter chroococcum . 

         Data presented in Table (6 b) and Fig (3 b) indicated that the 

retention flow of produced growth regulators produced by A. 

chroococcum and B. megaterium var. phosphaticum were detected 

at different incubation periods using cytokinin development 

separation system. 
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         Results showed that A. chroococcum produced three 

compounds at 2 days of incubation period having Rf of 0.38 , 0.66  

and 0.76 and three compounds at 4 days of incubation periods 

having Rf  of 0.36 , 0.63 and 0.74 . The produced compounds were 

identified as Z , KIN , IAA and IP according to the retention flow 

values .  

         At 6 days of incubation period , A. chroococcum produced 

four compounds having Rf  of 0.37 , 0.63 , 0.66 and 0.8 . Only one 

compound having Rf 0.3 was detected at 10 days . 

         Concerning the produced compounds by B. megaterium var. 

phosphaticum , data in Table (6 b) showed that except at 10 days 

incubation period , B. megaterium var. phosphaticum produced two 

compounds at different incubation periods. These compounds were 

identified according to retention flow of each one . 

 

 

 

 

 

 

 

 

 

 

 

 



Results and Discussion 
 

-83- 

Table 6.a. TLC identification of PGRs compounds produced 

throughout different incubation periods using auxins 

development separation system  

 

Spot No. 
Incubation 

Periods (days) 
( Rf ) values Compounds  

Azotobacter chroococcum 

1 2 0.25 IAA 

2 4 0.25 , 0.32 , 0.81 IAA , GA3 , IAA 

3 6 0.25 , 0.32 , 0.81 IAA , GA3 , IAA 

4 8 0.25 , 0.33 , 0.81 IAA , GA3 , IAA 

5 10 0.25 , 0.33 , 0.81 IAA , GA3 , IAA 

Bacillus megaterium var. phosphaticum 

6 2 0.25 , 0.33 IAA , GA3 

7 4 0.25 , 0.33 IAA , GA3 

8 6 0.25 , 0.33 , 0.81 IAA , GA3 , IAA 

9 8 0.25 , 0.33 , 0.81 IAA , GA3 , IAA 

10 10 0.25 IAA 

 

     Abbreviations : as those stated for Table (5) . 
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1- Azotobacter (2 days) 6- Bacillus (2 days). 
2- Azotobacter (4 days).                        7- Bacillus (4 days) 
3- Azotobacter (6 days).                               8- Bacillus (6 days) 
4- Azotobacter (8 days).                                             9- Bacillus (8 days) 
5- Azotobacter (10 days) 10- Bacillus (10 days) 

 

Fig 3.a. TLC separation of auxins and gibberellins production throughout 

different incubation periods by A. chroococcum and B. 

megaterium var. phosphaticum using auxins development 

separation systems. 
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Table 6.b. TLC identification of PGRs compounds produced 

throughout different incubation periods by using 

cytokinins development separation system . 

 

Spot No. 
Incubation 

Periods (days) 
( Rf ) values Compounds  

Azotobacter chroococcum 

1 2 0.38 , 0.66 , 0.76 Z , KIN , IAA 

2 4 0.36 , 0.63 , 0.74 Z , IP , IAA 

3 6 0.37 , 0.63 , 0.66 , 0.8 Z , IP , KIN , IBA 

4 8 0.64 , 0.65 (9G) BAP , (9R) BAP 

5 10 0.3 Z  

Bacillus megaterium var. phosphaticum 

6 2 0.33 , 0.64 Z , (9G) BAP 

7 4 0.38 , 0.96 Z , KIN 

8 6 0.69 , 0.81 KIN , IBA 

9 8 0.69 , 0.81 KIN , IBA 

10 10 0.72 IAA 

      

      Abbreviations : as those stated for Table (5) . 
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1- Azotobacter (2 days) 6- Bacillus (2 days). 
2- Azotobacter (4 days).                        7- Bacillus (4 days) 
3- Azotobacter (6 days).                               8- Bacillus (6 days) 
4- Azotobacter (8 days).                                             9- Bacillus (8 days) 
5- Azotobacter (10 days) 10- Bacillus (10 days) 

 

Fig 3.b. TLC separation of cytokinins production throughout different 

incubation periods by A. chroococcum and B. megaterium var. 

phosphaticum using cytokinins development separation systems. 
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4.6. Qualitative analysis of the produced PGRs in 

presence of  different tryptophan concentrations. 

          Table (7 a) illustrated the Rf  values of the detected PGRs 

compoundes by using auxin development separation system. Also, 

Fig (4 a) show the separated PGRs compounds produced by 

Azotobacter chroococcum and Bacillus megaterium var. 

phosphaticum under application of different tryptophan 

concentrations.  

           Obtained data showed that the application of tryptophan with 

concentrations (10
-3

 – 10
-4

 M) activated the production of IAA and 

IBA by Azotobacter chroococcum. While the production of IAA 

and GA3 was increased by using tryptophan with 10
-8

 M . 

           On the other hand, Bacillus megaterium var. phosphaticum 

produced Z , IAA, GA3 and IBA when tryptophan was applied with 

concentration 10
-5

 molar. Also, the same compounds exept IBA 

were detected with the application of other tryptophan 

concentrations. 

           Identification of PGRs produced by the strains under 

investigation was achieved by comparing their retention flow (Rf) 

with those obtained from standard copounds . 

           Data recorded in Table (7 b) and showed in Fig (4 b) 

emphasize the PGRs produced by A. chroococcum and B. 

megaterium var. phosphaticum under different tryptophan 

concentration detected by using cytokinin development separation 

system . 
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           Obtained results showed that IP , (9R)BAP , KIN and IAA 

compounds produced by A. chroococcum when tryptophan was 

applied  with 10
-3

 molar. The same compoundes exept KIN were 

appeared when tryptophan was  applied with 10
-8

 molar . 

          With regard to the presented data in Table (7 a) it can be 

observed that GA3, Z and KIN compounds were produced by 

Bacillus megaterium var. phosphaticum, when tryptophan was 

applied with 10
-3

 molar. While, the application of 10
-4

 molar 

tryptophan, Bacillus megaterium var. phosphaticum produced GA3, 

Z, (9G)BAP and IBA. At the other used concentrations Bacillus 

megaterium var. phosphaticum produced Z, (9R)BAP, IP, IAA and 

KIN.  

          Identification of these PGRs were achieved by TLC according 

to the  retention flow rate of each compound. 
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Table 7.a. TLC identification of PGRs compounds produced in 

presence of different tryptophan concentrations using 

auxins development separation system  

 

Spot No. 

Tryptophan 

concentration 

(molar) 

( Rf ) values Compounds  

Bacillus megaterium var. phosphaticum 

1 10
-3

 0.05 , 0.24 , 0.33 , 

0.5 
Z , IAA , GA3 , IAA 

2 10
-4

 0.05 , 0.245 , 0.33 Z , IAA , GA3 

3 10
-5

 0.05 , 0.24 , 0.32 , 

0.63 , 0.86 

Z , IAA , GA3 , IAA 

, IBA 

4 10
-6

 0.05 , 0.24 , 0.33 Z , IAA , GA3 

5 10
-7

 0.05 , 0.24 , 0.32 Z , IAA , GA3 

6 10
-8

 0.05 , 0.25 , 0.32 Z , IAA , GA3 

Azotobacter chroococcum 

7 10
-3

 0.52 , 0.63 , 0.86 IAA , IAA , IBA 

8 10
-4

 0.68 , 0.81 , 0.86 IAA , IBA , IAA 

9 10
-5

 ND - 

10 10
-6

 ND - 

11 10
-7

 ND - 

12 10
-8

 0.25 , 0.33 IAA , GA3 

 

     Abbreviations : as those stated for Table (5) . 
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1- Bacillus ( 10 -3 ) 7- Azotobacter (10-3) 
2- Bacillus ( 10 -4 ) 8- Azotobacter (10-4) 
3- Bacillus ( 10 -5 ) 9- Azotobacter (10 -5) 
4- Bacillus ( 10 -6 ) 10- Azotobacter (10-6) 
5- Bacillus ( 10 -7 ) 11- Azotobacter (10-7) 

6- Bacillus ( 10 -8 ) 12- Azotobacter (10-8) 

 

Fig 4.a. TLC separation of auxins and gibberellins produced by 

Azotobacter chroococcum and Bacillus megaterium var. 

Phosphaticum in presence of different tryptophan 

concentrations using auxins development separation system  
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Table 7.b. TLC identification of PGRs compounds produced in 

presence of different tryptophan concentrations using 

cytokinins development separation system . 

 

Spot No. 

Tryptophan 

concentrations 

(molar) 

Retention flow ( Rf) Compounds  

Bacillus megaterium var. phosphaticum 

1 10
-3

 0.16 , 0.3 , 0.66 GA3 , Z , KIN 

2 10
-4

 0.16 , 0.3 , 0.64 , 0.8 GA3 , Z , (9G)BAP , IBA 

3 10
-5

 0.3 , 0.64 , 0.72 Z , (9R)BAP , IAA 

4 10
-6

 0.38 , 0.63 , 0.68 Z , IP , KIN 

5 10
-7

  0.24 , 0.31 , 0.66 ADE , Z , KIN 

6 10
-8

 ND - 

Azotobacter chroococcum 

7 10
-3

 0.63 , 0.65 , 0.68 , 0.7 IP , (9R)BAP , KIN , IAA 

8 10
-4

 ND - 

9 10
-5

 ND - 

10 10
-6

 ND - 

11 10
-7

 ND - 

12 10
-8

 0.63 , 0.66 , 0.7 IP , KIN , IAA 

 

     Abbreviations : as those stated for Table (5) . 
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1- Bacillus ( 10 -3 ) 7- Azotobacter (10-3) 
2- Bacillus ( 10 -4 ) 8- Azotobacter (10-4) 
3- Bacillus ( 10 -5 ) 9- Azotobacter (10 -5) 
4- Bacillus ( 10 -6 ) 10- Azotobacter (10-6) 
5- Bacillus ( 10 -7 ) 11- Azotobacter (10-7) 

6- Bacillus ( 10 -8 ) 12- Azotobacter (10-8) 

 

Fig 4.b. TLC separation of cytokinins produced by A. chroococcum and 

Bacillus megaterium var. Phosphaticum in presence of different 

tryptophan concentrations using cytokinins development 

separation system  

 



Results and Discussion 
 

-93- 

4.7. Qualitative analysis of the produced PGRs in 

presence of different adenine concentrations  

             Data in Table (8 a) and Fig (5 a) show different PGRs 

compounds produced by Azotobacter chroococcum and Bacillus 

megaterium var. phosphaticum under application of different 

adenine concentrations which were detected by using auxin 

development separation system.  

            Azotobacter chroococcum with adenine at 10
-3

 molar , three 

compounds having Rf values of 0.33 , 0.59 and 0.7 were appeared . 

These compounds were identified as IAA, GA3 and IBA, 

respectively . Also, IAA and IBA were detected when the other 

concentrations of adenine were applied . 

            Moreover, data in Table (8 a) showed that Bacillus 

megaterium var. phosphaticum produced IAA , GA3 and IBA when 

adenine was added with 10
-3

 and 10
-5

 molar . Whereas , Z , IAA , 

GA3 and IBA were produced by Bacillus megaterium var. 

phosphaticum when adenine was added with 10
-8

 and 10
-10

 molar . 

         One compound only was detected when 10
-9

 molar of adenine 

was applied , this compound has Rf 0.32 and identified as GA3 .  

         On the other hand , the application of cytokinins development 

system in detection of the produced PGRs compounds by 

Azotobacter chroococcum and Bacillus megaterium var. 

phodsphsticum indicated many different compounds shown in 

Table (8 b) and Fig (5 b) . 

          Obtained results indicated that ADE, (9G)BAP and IAA were 

detected in Azotobacter chroococcum extracted culture at 
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application of 10
-3

 molar of adenine. While, Azotobacter 

chroococcum produced Z and KIN when 10
-4

 molar of adenine was 

applied . Two another compounds were produced at 10
-6

 , 10
-7

 , 10
-8

  

and  10
-9

 molar of adenine application. These compounds having Rf  

0.3 and 0.63 and can be identified as Z and IP , respectively . 

            Concerning the produced compounds by Bacillus 

megaterium var. phosphaticum  , data in Table (8 b) revealed that 

zeatin was produced under all investigated adenine concentrations 

except 10
-6

 molar .  

            Also, Z , IP , ADE and (9G)BAP were detected when 

adenine was applied with 10
-3

 molar . While , KIN was the only 

compound produced when 10
-6

 molar of adenine was applied . On 

reverse, the production of IP was clearly observed at the most 

applied concentrations of adenine . 
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Table 8.a. TLC Identification of PGRs compounds produced in 

presence of different adenine concentrations using auxins 

development separation system 

 

Spot No. 

Adenine 

concentration 

(molar) 

( Rf ) values Compounds 

Bacillus megaterium var. phosphaticum 

1 10
-3

 0.24 , 0.32 , 0.86 IAA , GA3 , IBA 

2 10
-4

 0.24 , 0.33 IAA , GA3 

3 10
-5

 0.25 , 0.33 , 0.86 IAA , GA3 , IBA 

4 10
-6

 0.24 , 0.32 IAA . GA3 

5 10
-7

 0.05 , 0.24 , 0.33 Z , IAA , GA3 

6 10
-8

 0.05 , 0.24 , 0.32 , 0.86 Z , IAA , GA3 , IBA 

7 10
-9

 0.32 GA3 

8 10
-10

 0.05 , 0.24 , 0.32 , 0.8 Z , IAA , GA3 , IBA 

Azotobacter chroococcum 

9 10
-3

 0.33 , 0.59 , 0.7 IAA , GA3 , IBA 

10 10
-4

 0.59 , 0.69 , 0.86 IAA , IAA , IBA 

11 10
-5

 0.7  IAA  

12 10
-6

 0.56 , 0.69 , 0.86 IAA , IAA , IBA 

13 10
-7

 0.53 , 0.68 , 0.81 IAA , IAA , IBA 

14 10
-8

 0.59 , 0.69 , 0.86 IAA , IAA , IBA 

15 10-9 0.59 , 0.69 , 0.86 IAA , IAA , IBA 

16 10
-10

 0.59 , 0.69 , 0.86 IAA , IAA , IBA 

 

     Abbreviations : as those stated for Table (5) . 
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1- Bacillus ( 10 -3) 9- Azotobacter (10-3) 
2- Bacillus ( 10 -4) 10- Azotobacter (10-4) 
3- Bacillus ( 10 -5) 11- Azotobacter (10 -5) 
4- Bacillus ( 10 -6) 12- Azotobacter (10-6) 
5- Bacillus ( 10 -7) 13- Azotobacter (10-7) 

6- Bacillus ( 10 -8) 14- Azotobacter (10-8) 

7- Bacillus (10-9) 15- Azotobacter (10-9 ).   

8- Bacillus (10-10) 16- Azotobacter (10-10 ). 

 

Fig 5.a. TLC separation of auxins and gibberellins produced by A 

.chroococcum and B. megaterium var. phosphaticum in 

presence of different adenine concentrations using auxins 

development separation system 
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Table 8.b. TLC identification of PGRs compounds produced in 

presence of different adenine concentrations using 

cytokinins development separation system 

 

Spot No. 

Adenine 

concentrations 

(molar) 

( Rf ) values Compounds 

Bacillus megaterium var. phosphaticum 

1 10
-3

 0.23 , 0.3 , 0.63 , 0.64 ADE , Z , IP , (9G)BAP 

2 10
-4

 0.23 , 0.3 , 0.63 ADE , Z , IP 

3 10
-5

 0.23 , 0.3 , 0.63 ADE , Z , IP 

4 10
-6

 0.66 KIN 

5 10
-7

 0.3 , 0.63 Z , IP  

6 10
-8

 0.22 , 0.3 ADE , Z 

7 10-9 0.25 , 0.3 ADE , Z  

8 10
-10

 0.36 Z 

Azotobacter chroococcum 

9 10
-3

 0.26 , 0.64 , 0.75 ADE , (9G)BAP , IAA 

10 10
-4

 0.3 , 0.69 Z , KIN 

11 10
-5

 ND - 

12 10
-6

 0.3 , 0.63 Z , IP 

13 10
-7

 0.3 , 0.63 Z , IP 

14 10
-8

 0.3 , 0.63 Z , IP 

15 10-9 0.3 , 0.63 Z , IP 

16 10
-10

 ND - 

 

     Abbreviations : as those stated for Table (5) . 
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1- Bacillus ( 10 -3) 9- Azotobacter (10-3) 
2- Bacillus ( 10 -4) 10- Azotobacter (10-4) 
3- Bacillus ( 10 -5) 11- Azotobacter (10 -5) 
4- Bacillus ( 10 -6) 12- Azotobacter (10-6) 
5- Bacillus ( 10 -7) 13- Azotobacter (10-7) 

6- Bacillus ( 10 -8) 14- Azotobacter (10-8) 

7- Bacillus (10-9) 15- Azotobacter (10-9 ).   

8- Bacillus (10-10) 16- Azotobacter (10-10 ). 

 

Fig 5.b. TLC separation of cytokinins produced by A. chroococcum and 

B. megaterium var. phosphaticum  in presence of different 

adenine concentrations using cytokinins development separation 

system 
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4.8. Qualitative analysis of the produced PGRs at 

different carbon sources . 

          Data in Table (9 a) and Fig (6 a) reveal the various PGRs 

produced by Azotobacter chroococcum and Bacillus megaterium 

var. phosphaticum in presence of different carbon sources which 

were detected by using auxins development separation system . 

            Data in Table (9 a) indicated that Azotobacter chroococcum 

produced IAA, IBA and GA3 by using mannitol or sucrose 

individually as a carbon source. While, only IAA and GA3 were 

produced when the glucose or fructose were used as a carbon source 

.  

          When mixtures of sugars (mannitol + glucose, sucrose + 

fructose mannitol + sucrose, fructose + mannitol, glucose + sucrose, 

fructose + glucose or sucrose  + fructose) were used as carbon 

sources for Azotobacter chroococcum , variable compounds of 

PGRs were observed . 

             Identification of these compounds was achieved according 

to their  retention flow ( Rf ) . 

             Concerning the PGRs produced by Bacillus megaterium 

var. phosphaticum , data in Table (9 a) revealed that IAA , IBA and 

GA3 were produced when glucose was used as a carbon source . 

While , the IAA and GA3 were the main produced compounds by 

Bacillus megaterium var. phosphaticum when mannitol, fructose 

and sucrose were used as carbon sources. 

              Data in Table (9 b) and Fig (6 b) show the produced PGRs 

by A. chroococcum and B. megaterium var. phosphaticum in 
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presence of different carbon sources using cytokinins development 

separation system . 

         Azotobacter chroococcum produced kinetin compound by 

using glucose or fructose as a carbon source . While , zeatin was 

produced using mannitol or sucrose . IBA compound was produced 

only by A. chroococcum when the mixtures of either (mannitol + 

glucose) or (sucrose + fructose) were used as carbon sources. 

           Concerning the produced PGRs compounds by B. 

megaterium var. phosphaticum, data in Table (9 b) indicated that 

three compounds having Rf 0.33, 0.65 and 0.66 were produced by 

using glucose as a carbon source. These compounds were identified 

as Z, (9R)BAP and KIN, respectively. Zeatin was the only 

compound produced by B. megaterium var. phosphaticum  when the 

mannitol was used as a carbon source. 
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Table 9.a. TLC identification of PGRs compounds produced in 

presence of different carbon sources using auxins 

development separation system. 

 

Spot No. 
Carbon 

sources 
( Rf ) values compounds 

Bacillus megaterium var. phosphaticum 

1 Glucose 0.24 , 0.33 , 0.86 IAA ,  GA3 , IBA 

2 Sucrose 0.24 , 0.33 , 0.55 , 0.69 IAA ,  GA3 , IAA , IAA 

3 Mannitol 0.24 IAA 

4 Fructose   0.24 , 0.32  IAA ,  GA3 

Azotobacter chroococcum 

5 Sucrose 0.24 , 0.32 , 0.82 IAA ,  GA3 , IBA 

6 Mannitol 0.24 , 0.32 , 0.69 , 0.84 IAA ,  GA3 , IAA , IBA 

7 Fructose   0.25 , 0.32 IAA ,  GA3 

8 Glucose 0.25 , 0.33 IAA ,  GA3 

9 S + M 0.25 , 0.69 , 0.84 IAA , IAA , IBA 

10 S + F 0.25 , 0.33 , 0.84 IAA ,  GA3, IBA 

11 S +G 0.25 , 0.33 , 0.56 IAA ,  GA3 , IAA 

12 M + F 0.25 , 0.33 , 0.59 IAA ,  GA3 , IAA 

13 M +G 0.25 , 0.33 , 0.59 IAA ,  GA3 , IAA 

14 G + F 0.24 , 0.33 IAA , GA3 

 

G : Glucose       F : Fructose        S : Sucrose    M : Mannitol 
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1- Bacillus (glucose) 8- Azotobacter (glucose) 
2- Bacillus (sucrose) 9- Azotobacter (sucrose + mannitol) 
3- Bacillus (mannitol) 10- Azotobacter (sucrose + fructose) 
4- Bacillus (fructose) 11- Azotobacter (sucrose + glucose) 
5- Azotobacter (sucrose) 12- Azotobacter (mannitol + fructose) 

6- Azotobacter (mannitol) 13- Azotobacter (mannitol + glucose) 

7- Azotobacter (fructose) 14- Azotobacter (glucose + fructose)    

 

Fig 6.a. TLC separation of auxins and gibberellins produced by A. 

chroococcum and B. megaterium var. phosphaticum in 

presence of  different carbon sources using auxins 

development separation system 
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Table 9.b. TLC identification of PGRs compounds produced in 

presence of different carbon sources using cytokinins 

development separation system 

 

Spot No. 
Carbon 

sources 
( Rf ) values Compounds  

Bacillus megaterium var. phosphaticum 

1 Glucose 0.33 , 0.65 , 0.66 Z , (9R)BAP , KIN 

2 Sucrose ND - 

3 Mannitol 0.24 , 0.3 ADE , Z 

4 Fructose   ND  - 

Azotobacter chroococcum 

5 Sucrose 0.3 Z 

6 Mannitol 0.3 Z 

7 Fructose   0.66 KIN 

8 Glucose 0.66 KIN 

9 S + M ND - 

10 S + F 0.24 , 0.81 ADE , IBA 

11 S +G ND - 

12 M + F ND - 

13 M +G 0.24 , 0.81 ADE , IBA 

14 G + F ND - 

 

G : Glucose       F : Fructose        S : Sucrose    M : Mannitol 
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1- Bacillus (glucose) 8- Azotobacter (glucose) 
2- Bacillus (sucrose) 9- Azotobacter (sucrose + mannitol) 
3- Bacillus (mannitol) 10- Azotobacter (sucrose + fructose) 
4- Bacillus (fructose) 11- Azotobacter (sucrose + glucose) 
5- Azotobacter (sucrose) 12- Azotobacter (mannitol + fructose) 

6- Azotobacter (mannitol) 13- Azotobacter (mannitol + glucose) 

7- Azotobacter (fructose) 14- Azotobacter (glucose + fructose)    

 

Fig 6.b. TLC separation of cytokinins produced by A. chroococcum and 

B. megaterium var. phosphaticum in presence of different 

carbon sources using cytokinins development separation 

system 
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4.9. Gas liquid chromatography (GLC) analysis of 

technical growth regulators 

          Technical indole acetic acid (IAA), indole butyric acid (IBA), 

gibberellic acid (GA3), zeatin (Z), kinetin (KIN), (9R)benzyl 

adenine (BAP), (9G)benzyl adenine (BAP) and isopentyl alcohol 

(IP), were analyzed by gas-liquid chromatography and their 

retention times (Rt ) are illustrated in Table (10) and shown in Figs 

(7 a, b, c, d, e, f, g and h) . 

 

Table 10. Retention time of standard phytohormones compounds. 

 

Compounds 
Retention time (Rt) 

(min) 

Indole acetic acid (IAA)      1.197 

Indole acetic acid (IAA)      2.25 

Indole acetic acid (IAA)     2.66 

Indole butyric acid (IBA)      3.52 

Indole butyric acid (IBA)      6.33 

Gibberellic acid (GA3)         3.52 

Gibberellic acid  (GA3)       5.56 

Kinetin (KIN) 3.51 

Kinetin (KIN) 4.494 

Zeatin (Z)                            2.13 

Zeatin (Z)                            4.41 

Zeatin (Z)                            6.44 

(9R)Benzyl adenine (BAP) 5.63 

(9R)Benzyl adenine (BAP) 6.53 

(9G)Benzyl adenine (BAP) 6.21 

(9G)Benzyl adenine (BAP) 6.46 

Isopentyl alcohol (IP) 4.42 
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Fig 7.a.  GLC chromatogram of silylated indole acetic acid derivatives  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 7.b. GLC chromatogram of silylated indole butyric acid (IBA) derivatives. 
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Fig 7.c. GLC chromatogram of silylated gibberellic acid (GA3) derivatives. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 7.d. GLC chromatogram of silylated kinetin (KIN) derivatives.  
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Fig 7.e. GLC chromatogram of silylated zeatin (Z) derivatives . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 7.f. GLC chromatogram of silylated (9R) benzyl adenine (BAP) derivatives. 
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Fig 7.g. GLC chromatogram of silylated (9G) benzyl adenine (BAP) derivatives. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 7.h. GLC chromatogram of silylated isopentyl alcohol (IP) derivatives . 
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4.9.1. Effect of different incubation temperatures on PGRs 

production. 

            In this experiment, the incubation of Azotobacter 

chroococcum and Bacillus megaterium var. phosphaticum cultures 

were carried out under five different temperatures (30 , 32 , 34 , 36 

and 38°C) to manitan the optimum degree for PGRs production .  

           The amounts of auxins, gibberellin (GA3) and cytokinins 

were determined by GLC. The obtained data are recorded in Table 

(11) and graphically illustrated in Figs (8 & 9 a, b, c and d). 

           Obtained results clearly indicated that both  A. chroococcum 

and B. megaterium var. phosphaticum produced considerable 

amounts of PGRs under different incubation temperatures . 

           Data in Table (11) also emphasized that the highest amounts 

produced of auxins, gibberellin (GA3) and cytokinins by 

Azotobacter chroococcum  were observed at 32°C incubation 

temperature. Whereas, the highest amounts produced by B. 

megaterium var. phosphaticum were observed at 30°C incubation 

temperature. 

          On the other hand , the lowest amounts produced of PGRs 

were observed at 38 °C incubation temperature by both Azotobacter 

chroococcum and Bacillus megaterium var. phosphaticum strains . 

          Concerning the effect of incubation temperatures on 

production of auxins , data in Table (11) clearly indicated that the 

amount of indole butyric acid (IBA) was higher than the amount of 

indole acetic acid (IAA) . 
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 Table 11. Effect of incubation temperatures on PGRs production 

(mg. L
-1

).  

 

Incubation 

temperatures 

Auxins Gibberellin             Cytokinins 

IAA IBA GA3 ZE KIN (9R) BAP (9G) BAP IP 

 Azotobacter chroococcum 

30°C 2.61 22.6 18.7 30.7 60.0 21.6 ND 2.00 

32°C 2.91 22.6 24.5 38.0 65.3 19.4 0.54 2.34 

34°C 2.24 21.0 18.9 17.5 48.3 18.8 0.32 1.91 

36°C 2.00 ND 15.0 15.5 33.1 10.7 0.21 1.90 

38°C 1.84 ND 13.6 13.7 26.8 9.90 ND 1.14 

 Bacillus megaterium var. phosphaticum 

30 °C 3.60 38.4 25.0 40.2 73.9 16.5 0.32 2.04 

32 °C 1.93 36.3 16.3 31.6 40.5 9.40 ND 1.35 

34 °C 1.24 35.1 14.1 23.5 39.2 8.01 ND 1.00 

36°C 1.20 32.0 15.2 23.0 37.3 6.32 ND 0.97 

38°C 0.84 30.4 16.9 23.0 36.9 7.54 ND 1.46 

 

Abbreviations : as those stated for Table (10) . 
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Fig 9. a. GLC chromatogram of silylated auxins extracted from Azotobacter 

chroococcum culture under optimum incubation temperature . 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

Fig 9. b. GLC chromatogram of silylated cytokinins extracted from 

Azotobacter chroococcum culture under optimum incubation temperature .  
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Fig 9. c. GLC chromatogram of silylated auxins extracted from Bacillus 

megaterium var. phosphaticum culture under optimum incubation temperature .  

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 

 

 

 

 
Fig 9. d. GLC chromatogram of silylated cytokinins extracted from Bacillus 

megaterium var. phosphaticum culture under optimum incubation temperature .  
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          This result was observed for both Azotobacter chroococcum 

and Bacillus megaterium var. phosphaticum. This result may be due 

to the four groups of indoles (acidic, alkaline, neutral and soluble) , 

only the neutral and acidic ones have been successfully detected by 

gas chromatography ( Powell , 1964 ). 

          Except at 36°C and 38°C incubation temperatures for 

Azotobacter chroococcum, the produced amounts of IBA were 

higher than IAA. Also, at all tested incubation temperatures Bacillus 

megaterium var. phosphaticum produced IBA with higher amount 

than IAA . 

           In addition , Azotobacter chroococcum produced higher 

amounts of IAA at all applied incubation temperatures compared to 

that produced by Bacillus megaterium var. phosphaticum except at 

30°C. While, Bacillus megaterium var. phosphaticum produced 

higher amounts of IBA at all tested incubation temperatures rather 

than those produced by Azotobacter chroococcum. 

           It could be mentioned that the phytohormones production by 

Azotobacter chroococcum was increased with increasing the 

incubation temperature to reach their maximum values at 32°C. 

While, increasing the incubation temperature more than 32°C the 

phytohormones production was decreased; since the lowest amounts 

of phytohormones were detected at 38°C. Bacillus megaterium var. 

phosphaticum showed the highest phytohormones production at 

30°C and then decreased there after . 

            From data presented in Table (11) it could be noticed that 

kinetin - among the produced cytokinins compounds – had the 

highest recorded amounts rather than compared with the other 

cytokinins compounds. 
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            In general, obtained results clearly indicated that both 

investigated strains produced higher amounts of cytokinins rather 

than either auxins or gibberellin (GA3) this result is in agreement 

with those obtained by Rahal et al. (2006) . 

          Also, it is worthily to mention that B. megaterium var. 

phosphaticum produced high amounts of zeatin at all incubation 

temperatures as compared to those produced by Azotobacter 

chroococcum. While , A. chroococcum produced higher amounts of 

cytokinins {(9R)BAP, (9G)BAP and IP} at all incubation 

temperatures rather than those produced by B. megaterium var. 

phosphaticum . 

             These results are in agreement with the findings of  Nieto 

and Frankenberger (1989 , b) who studied the effect of incubation 

temperature on cytokinins production by Azotobacter chroococcum. 

Since, they used different incubation temperatures varied from 17 , 

25, 32 and 37°C and found that cytokinins production was maximal 

at 32°C .  

            Rodelas et al. (1999) found that the best temperature for 

PGRs production by Azotobacter sp was 30°C ± 2 . 

            Ahmad et al. (2005) reported that IAA production by three 

strains of Azotobacter spp gave high amounts at 30˚C ± 2 for one 

week using shaking . 

             Monteiro et al. (2005) found that 30°C was the best 

incubation temperature for  phytohormones producing by Bacillus 

spp. 

               Morsy (2005) reported that the maximum production of 

IAA and GA3 by three strains of Bacillus subtilis was at 30˚C for 

three days . 
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           While , Teixeira et al. ( 2007) found that the highest amount 

of IAA produced by Azotobacter spp  was obtained at 28˚C after 48 

hrs of incubation. 

4.9.2. Effect of different incubation periods on PGRs 

production.  

           In this experiment , different incubation periods namely 2, 4, 

6, 8 and 10 days were investigated to limit the most suitable one for 

highly PGRs production by Azotobacter chroococcum and Bacillus 

megaterium var. phosphaticum . 

           Data recorded in Table (12) and graphically illustrated in 

Figs (10 & 11 a, b, c and d) showed that the highest amounts of 

phytohormones (PGRs) produced by A. chroococcum and B. 

megaterium var. phosphaticum were detected at four and two days 

of incubation period, respectively . 

          Data in Table (12) also emphasized that B. megaterium var. 

phosphaticum produced higher amounts of IAA and IBA rather than 

A. chroococcum . Similar trend of results was observed at all 

investigated incubation periods. 

            On the other hand, A. chroococcum produced higher 

amounts of cytokinins and gibberellic acid that those produced by B. 

megaterium var. phosphaticum. This result was obtained at all 

determination periods. 

            Generally, from data recorded in Table (12) it could be 

mentioned that the two investigated strains produced higher 

amounts of cytokinins compounds in comparison with the other 

produced phytohormones. 
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Table 12. Effect of different incubation periods on PGRs production 

(mg. L
-1

) . 

 

incubation 

periods 

(days) 

Auxins Gibberellin                        Cytokinins  

IAA IBA GA3 ZE KIN (9R)BAP (9G)BAP IP 

Azotobacter chroococcum 

2 6.6 ND 55.2 16.8 39.4 37.8 0.5 1.3 

4 15.7 42.4 66.1 36.2 39.6 44.1 0.8 4.0 

6 10.3 19.1 42.1 28.2 22.4 36.4 1.0 2.4 

8 6.6 ND 40.5 ND ND 38.4 0.4 ND 

10 4.5 ND 16.1 ND ND ND ND ND 

Bacillus megaterium var.  phosphaticum 

2 28.4 59.6 49.8 16.8 30.3 16.8 1.3 ND 

4 16.5 43.0 39.3 24.8 21.6 16.2 1.8 1.1 

6 14.7 28.1 32.9 23.1 10.0 16.2 ND 0.8 

8 14.6 11.7 22.4 21.4 ND 9.2 ND 0.1 

10 12.0 ND 11.8 8.9 ND 5.4 ND ND 

 

Abbreviations : as those stated for Table (10) . 
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Fig 11. a. GLC chromatogram of silylated auxins extracted from 

Azotobacter chroococcum culture under optimum incubation period . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 11. b. GLC chromatogram of silylated cytokinins extracted from 

Azotobacter chroococcum culture under optimum incubation period .  
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Fig 11. c. GLC chromatogram of silylated auxins extracted from Bacillus 

megaterium var. phosphaticum culture under optimum incubation period .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig 11. d. GLC chromatogram of silylated cytokinins extracted from Bacillus 

megaterium var. phosphaticum culture under optimum incubation period .  
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            Similar results were observed by Nieto and  Frankenberger 

(1989 b) who studied the cytokinins production by Azotobacter 

chroococcum at different incubation periods ranging from 1 to 7 

days . They found that five days was the best incubation period for 

cytokinins production .             

            Arshad and Frankenberger (1991) stated that maximum 

phytohormones (IAA and Zeatin) production by Azotobacter strains 

namely, A. beijerinckii, A. chroococcum and A. vinelandii was 

obtained after 7 days of incubation .     

          Srinivasan et al. (1996) found that the incubation for 60 hrs 

was the optimum incubation period for maximum phytohormones 

production by Bacillus megaterium var. phosphaticum and Bacillus 

polymyxa L6 . 

          On the other hand, Ahmad et al. (2005) reported that IAA 

production by three strains of Azotobacter spp were given as high 

amounts at 30˚C for one week with shaking . 

          Similarly, (Teixeira et al., 2007) found that the highest 

amount of IAA production by Azotobacter spp  was obtained at 

28˚C after 48 hrs of incubation. 

4.9.3. Effect of different carbon sources on PGRs 

production. 

           This experiment was designed to study the effect of different 

carbon sources on PGRs production. The investigated carbon 

sources were glucose , sucrose , fructose and mannitol . 

           The results noted in Table (13) and graphically illustrated in 

Figs (12 & 13 a , b , c and d) indicated that the two investigated 

strains produced PGRs with all the carbon sources under 

investigation . 
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Table 13. Effect of different carbon sources on PGRs 

production (mg . L
-1

). 

 

Carbon 

sources 
Auxins Gibberellin Cytokinins 

IAA IBA GA3 Z KIN 
(9R) 

BAP 

(9G) 

BAP 
IP 

Azotobacter chroococcum 

Glucose 14.0 37.7 38.3  53.9 82.9 30.7 ND ND 

Fructose  8.40 26.7 44.8 ND 82.6 52.2 ND ND 

Sucrose 15.0 34.3 25.7  54.7 81.5 39.5 ND  5.90 

Mannitol 18.6 39.3 66.2  64.7 97.4 79.2 0.72  7.30 

Bacillus megaterium var. phosphaticum 

Glucose 18.6 46.2 94.6 55.9 64.6 66.4 ND 4.40 

Fructose  3.40 38.3  6.13 37.9 45.6 55.2 1.97 3.90 

Sucrose 5.30 45.4 21.1 35.9 56.7 60.0 3.90 ND 

Mannitol ND ND 0.00 41.2 64.6 66.4 ND 4.40 

 

Abbreviations : as those stated for Table (10) . 
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Fig 13.a. GLC chromatogram of silylated auxins extracted from Azotobacter 

chroococcum culture under a suitable carbon source . 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 13.b. GLC chromatogram of silylated cytokinins extracted from Azotobacter 

chroococcum culture under a suitable carbon source .  
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Fig 13.c. GLC chromatogram of silylated auxins extracted from Bacillus 

megaterium var. phosphaticum culture under a suitable carbon source .  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 13.d. GLC chromatogram of silylated cytokinins extracted from Bacillus 

megaterium var. phosphaticum culture under a suitable carbon source .                
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Data recorded in Table (13) also showed that mannitol was 

the more convenient carbon source for PGRs production by 

Azotobacter chroococcum. Whereas, glucose was the best carbon 

source for PGRs production by Bacillus megaterium var. 

phosphaticum    

           As regard to the effect of carbon sources on the amounts of 

produced auxins , results showed that the produced amounts of  IBA 

were higher as compared to the produced IAA . The same trend of 

results were observed with both A. chroococcum and B. megaterium 

var. phosphaticum. Also, IBA amounts produced by the two strains 

were higher than IAA with all investigated carbon sources. 

            Generally, Azotobacter chroococcum produced higher 

amounts of IAA rather than Bacillus megaterium var. 

phosphaticum. On the contrary, B. megaterium var. phosphaticum 

produced higher amounts of IBA rather than A. chroococcum with 

all different carbon sources.  

           Respecting the effect of carbon sources on cytokinins 

production, data revealed that A. chroococcum produced higher 

amounts of zeatin and kinetin compared to those produced by 

Bacillus megaterium var. phosphaticum . 

            While , B. megaterium var. phosphaticum produced higher 

amounts of (9R) benzyl adenine and (9G) benzyl adenine as 

compared with those produced by A. chroococcum. Similar trend of 

results was obtained with the different carbon sources. 

            Generally, both A. chroococcum and B. megaterium var. 

phosphaticum produced high amounts of cytokinins with the 
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different carbon sources compared to the production of auxins and 

gibberellin (GA3).  

Similar results were observed by Gonzalez-Lopez et al. 

(1986) reported that 0.5% glucose was the most suitable carbon 

source for phytohormones production by Azotobacter vinelandii on 

dialyzed soil medium.               

Holl et al. (1988) found that the supplement of growth media 

for Bacillus polymyxa with 1% (w/v) sucrose stimulated the 

synthesis of phytohormones.            

 On the other hand, Martinez-Toledo et al. (1988) examined 

the ability of Azotobacter chroococcum for producing 

phytohormones (auxins, gibberellins and cytokinins) in medium 

supplemented with 0.5% glucose and without glucose (amended 

with maize root exudates as carbon and energy source). They found 

that the both of the two states stimulated the production of all 

phytohormones. 

Nieto and Frankenberger (1989a) provided that 

Azotobacter chroococcum utilizes carbohydrates, alcohols and 

organic acids as sources of carbon but sucrose was the major carbon 

source for the production of phytohormones. 

Taller and Wong (1989) reported that sucrose was the best 

carbon source for cytokinins production by Azotobacter vinelandii 

at the rate of  2% . Similarly , sucrose was the best carbon source for 

cytokinins production by A. chroococcum . 

Bastian et al. (1998) used different concentrations of sucrose 

(0.5 , 1.0 , 1.5 %) for the optimal biosynthesis of indole-3-acetic 

acid and gibberellins (GA1 , GA3) by Acetobacter sp . The best 
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concentration was 0.5%  While, they found that the malic acid was 

the most suitable carbon source for auxins and gibberellins 

production by Herbaspirillum seropedicae. 

            Similar results were observed by Vessey (2003) who stated 

that glucose at 10 g . L
-1

 was the best carbon source for PGRs 

production by phosphate solubilizing bacteria.            

             For the determination of the most effective carbon source 

for gibberellic acid synthesis by Pseudomonas sp, some carbon  

sources such as glucose, maltose, sucrose, fructose and lactose were 

used and added to the medium. They found that the highest yield of 

GA3 productivity was found in growth medium supplemented with 

fructose (Karakoc and Aksöz , 2004 ). 

           Morsy (2005) studied the effect of different carbon sources 

(glycerol, glucose, fructose, mannose, xylose, arabinose and 

sucrose) for maximum  IAA and GA3 production by three strains of 

Bacillus subtilis 47, 82 and 104 . the author found that glucose, 

fructose and glycerol were the best carbon sources , respectively. 

4.9.4. Effect of different carbon source mixtures on PGRs 

production  

            In this experiment , variable mixtures of different carbon 

sources were used in the fermentation medium to determine the 

most suitable one for PGRs production by Azotobacter 

chroococcum . 

            Data in Table (14) and graphically illustrated in Figs (14 & 

15 a and b) showed that the best mixture of carbon sources for 

cytokinins production by Azotobacter chroococcum was glucose + 

mannitol .             
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Table 14.  Effect of different carbon source mixtures on PGRs 

production (mg . L 
-1

). 

 

mixed 

carbon 

sources 

Auxins Gibberellin                                  Cytokinins  

IAA IBA GA3   Z KIN 
(9R) 

BAP 
(9G) BAP IP 

 Azotobacter chroococcum 

G + S 1.13 32.7 23.9 3.70 52.6 ND ND ND 

G + F 4.80 ND 25.0 ND ND ND ND ND 

G + M 2.60 35.2 25.9 76.6 73.5 69.3 1.50 2.40 

S + F 10.1 0.00 25.9 35.2 51.8 60.6 ND 2.10 

S + M 14.5 39.1 102.8 6.20 49.8 ND ND ND 

F + M 0.63 34.9 41.6 3.30 ND ND ND ND 

 

Abbreviations : as those stated for Table (9)  

 

G: Glucose       S: Sucrose          F: Fructose        M : Mannitol 
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Fig  15.a. GLC chromatogram of silylated auxins extracted from 

Azotobacter chroococcum culture under a suitable mixed carbon source .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig  15.b. GLC chromatogram of silylated cytokinins extracted from 

Azotobacter chroococcum culture under a suitable mixed carbon source .  
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While, obtained data clearly indicated that the best mixture 

of carbon source for auxins production was sucrose + mannitol . 

Also , the best mixture of carbon source for gibberellic acid (GA3) 

production by Azotobacter chroococcum was sucrose + mannitol .  
 

4.9.5. Effect of DL-tryptophan concentrations on PGRs 

production. 

In this experiment, different tryptophan concentrations 

ranging from 10
-3

 to 10
-8 

molar were investigated to determine the 

most suitable concentration for PGRs production by Azotobacter 

chroococcum and Bacillus megaterium var. phosphaticum . 

Data in Table (15) and graphically illustrated in Figs (16 & 

17 a, b, c and d) clearly showed that the production of auxins, 

gibberellic acid and cytokinins was increased with the increasing of 

tryptophan concentration. The same trend of results was observed 

with both Azotobacter chroococcum and Bacillus megaterium var. 

phosphaticum . 

             The highest produced amounts of auxins , gibberellic acid 

and cytokinins by the two strains were observed with 10
-3

 molar 

tryptophan concentration . While , the lowest produced amounts of 

PGRs were observed with 10
-8

 molar tryptophan concentration. 

           As regard to the effect of different tryptophan concentrations 

on auxins production, data in Table (15) revealed that the produced 

amounts of IAA by Bacillus megaterium var. phosphaticum were 

higher compared to the produced amounts by Azotobacter 

chroococcum. But, the produced amounts of IBA by Azotobacter 

chroococcum were higher rather than those produced by Bacillus 

megaterium var. phosphaticum . This trend of results was observed 

with application of all different tryptophan concentrations .   



Results and Discussion 
 

-134- 

Table 15. Effect of tryptophan concentrations on PGRs production 

(mg . L
-1

). 

 

Tryptophan 

concentrations 

(molar) 

Auxins Gibberellin                               Cytokinins  

IAA IBA GA3 Z KIN (9R) BAP (9G) BAP IP 

 Azotobacter chroococcum 

10
-8

 2.80 ND 12.4 23.0 13.2 ND ND ND 

10
-7

 3.34 12.6 12.7 24.4 18.5 ND ND ND 

10
-6

 5.52 10.4 17.8 30.0 22.3 ND ND ND 

10
-5

 5.71 18.0 23.3 31.9 33.8 ND ND 0.91 

10
-4

 6.64 25.3 45.6 33.7 48.1 ND 0.30 1.92 

10
-3

 10.3 37.1 85.5 42.5 49.4 17.6 1.44 4.75 

 Bacillus megaterium var. phosphaticum 

10
-8

 ND ND ND 14.8 14.0 12.0 ND ND 

10
-7

 8.11 10.7 16.3 18.5 18.2 24.0 ND ND 

10
-6

 8.53 18.0 21.4 19.2 26.6 29.3 0.46 0.87 

10
-5

 9.30 18.8 44.0 23.1 33.7 41.9 0.94 1.24 

10
-4

 11.2 18.9 62.2 36.5 54.2 49.6 2.32 2.22 

10
-3

 13.6 24.9 76.4 41.3 93.5 68.3 2.81 6.32 

 

Abbreviations : as those stated for Table (10)  
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Fig 17. a. GLC chromatogram of silylated auxins extracted from Azotobacter 

chroococcum culture under a suitable tryptophan concentration . 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 17. b. GLC chromatogram of silylated cytokinins extracted from Azotobacter 

chroococcum culture under a suitable tryptophan concentration . 
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Fig 17. c. GLC chromatogram of silylated auxins extracted from B. megaterium var. 

phosphaticum culture under a suitable tryptophan concentration . 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 17. d. GLC chromatogram of silylated cytokinins extracted from B. megaterium 

var. phosphaticum culture under a suitable tryptophan concentration . 
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             Also, it is worthily to mention that both Azotobacter 

chroococcum and Bacillus megaterium var. phosphaticum produced 

higher amounts of IBA compared to IAA production . This was true 

with all applied different tryptophan concentrations . 

           Concerning the effect of different tryptophan concentrations 

on cytokinins , data in Table (15) and Figs (16 & 17) emphasized 

that Azotobacter chroococcum produced higher amounts of zeatin 

compared to those produced by Bacillus megaterium var. 

phosphaticum . 

           On the contrary, B. megaterium var. phosphaticum strain 

produced higher amounts of kinetin , (9R) benzyl adenine , (9G) 

benzyl adenine and isopentyl alcohol compared to those produced 

by  A. chroococcum . 

             These results are in harmony with those obtained by Khalid 

et al. (2004) who found that L-tryptophan serves as a physiological 

precursor for auxins in plant and microbes of the rhizobacterial 

isolates (Azospirillum sp, Bacillus sp and Pseudomonas sp), 83% 

produced auxins in absence of L- tryptophan, whereas 100% 

produced auxins in presence of L-tryptophan. Most isolates of 

rhizobacteria were likely to be due to L- tryptophan serving as an 

auxins precursor rather than any precursor. 

              Zahir et al. (2005) observed that L- tryptophan is 

considered an efficient precursor of auxins in higher plants as well 

as for microbial biosynthesis. Azotobacter produced high amounts 

of auxins when cultured in media supplemented with L- tryptophan. 
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4.9.6. Effect of adenine concentrations on PGRs 

production 

In this experiment, different concentrations of adenine (10
-3

 – 

10
-10

 molar) were investigated to determine the most convenient one 

for PGRs production.  

It is obvious from data recorded in Table (16) and 

graphically illustrated in Figs (18 & 19 a, b, c and d) that the 

highest amounts of PGRs produced by Azotobacter chroococcum 

strain were detected when 10
-5

 molar of adenine was used. Whereas, 

the highest amounts of PGRs produced by Bacillus megaterium var. 

phosphaticum strain were detected when 10
-4

 molar of adenine was 

used .  

In addition, the lowest PGRs amounts produced by the two 

strains were detected when the concentration of adenine was 

decreased to 10
-10

 molar. Moreover, at the optimum adenine 

concentration Azotobacter chroococcum and Bacillus megaterium 

var. phosphaticum produced higher amounts of IBA rather than IAA 

.  

            Data in Table (16) showed the effect of adenine 

concentrations on cytokinins production. Data indicated that 

Azotobacter chroococcum and Bacillus megaterium var. 

phosphaticum strains gave higher amounts of kinetin and (9R) 

benzyl adenine more than other cytokinins compounds. Similar 

trend of results was recorded at different adenine concentrations. 

             From data presented in Table (16) it is important to mention 

that Azotobacter chroococcum strain gave higher records of 

gibberellic acid rather than those given by Bacillus megaterium var. 

phosphaticum strain. This result was observed at all different 
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adenine concentrations . 

Table 16. Effect of adenine concentrations on PGRs 

production by the two investigated 

strains (mg . L
-1

). 

 

Adenine 

concentrations 

(Molar) 

Auxins Gibberellin                                   Cytokinins  

IAA IBA GA3 Z KIN (9R)BAP (9G)BAP IP 

 Azotobacter chroococcum 

10
-10

 4.70 ND 22.6 20.7 ND 36.9 0.50 ND 

10
-9

 9.20 ND 35.7 57.3 45.6 70.4 1.40 ND 

10
-8

 8.30 22.6 42.6 11.0 46.6 72.5 1.70 ND 

10
-7

 10.6 23.7 45.3 71.7 52.8 71.9 2.80 ND 

10
-6

 8.00 33.7 52.3 37.7 56.6 76.2 3.00 5.10 

10
-5

 14.3 41.8 59.8 79.3 92.8 96.2 4.50 9.46 

10
-4

 10.6 ND 48.0 51.7 86.6 82.3 2.00 9.20 

10
-3

 5.90 ND 42.7 76.8 69.9 70.3 1.00 12.0 

 Bacillus megaterium var. phosphaticum 

10
-10

 2.40 10.4 7.01 8.90 ND 13.7 ND ND 

10
-9

 0.40 11.3 9.43 16.4 12.3 21.3 ND ND 

10
-8

 1.40 22.3 13.0 17.3 61.5 30.1 ND ND 

10
-7

 1.00 22.4 13.3 39.7 63.9 35.2 ND 1.10 

10
-6

 2.30 25.1 17.2 46.7 76.7 43.9 0.67 2.00 

10
-5

 12.9 28.4 23.8 58.5 82.6 66.7 0.80  2.00 

10
-4

 5.40 40.4 30.4 69.3 89.7 85.2 1.60 2.20 

10
-3

 4.50 ND 13.1 43.1 73.1 19.8 ND ND 

 

Abbreviations : as those stated for Table (10)  
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Fig 19.a. GLC chromatogram of silylated auxins extracted from Azotobacter 

chroococcum culture under a suitable tryptophan concentration . 
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Fig 19.b. GLC chromatogram of silylated cytokinins extracted from Azotobacter 

chroococcum culture under a suitable adenine concentration . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 19.c. GLC chromatogram of silylated auxins extracted from Bacillus  

megaterium var. phosphaticum culture under a suitable adenine concentration . 
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Fig 19.d. GLC chromatogram of silylated cytokinins extracted from B. megaterium 

var. phosphaticum culture under a suitable adenine concentration . 

             Also, Azotobacter chroococcum gave higher values of 

cytokinins compounds at most adenine concentration rather than the 

values of cytokinins produced by Bacillus megaterium var. 

phosphaticum strain. 

            Similar trend of results was observed by Nieto and  

Frankenberger (1989, a) who studied the effect of various 

concentrations (10, 1, 0.1 mM) of adenine and found that 10 mM was the 

best concentration of adenine for zeatin production by Azotobacter 

chroococcum. 

            Nieto and  Frankenberger (1989, b) found that the 

application of 1.35 x 10
-4

 g adenine / kg soil in presence of 

Azotobacter chroococcum enhanced cytokinins production . Also , 

Arshad and Frankenberger (1991) found that adenine 

concentration at 10
-5

 M was the best between several concentrations 

used (10
-3 

- 10
-6

 M) by Azotobacter chroococcum for cytokinins 

production .              

             Nieto and  Frankenberger (1991) found that 2 mg adenine 

/ kg soil was the best concentration for cytokinins production by 

Azotobacter chroococcum. 

4.9.7. Effect of optimal cultivation conditions for 

PGRs production by Azotobacter chroococcum 

and Bacillus megaterium var. phosphaticum . 

           The production of PGRs by the two selected strains of  

Azotobacter chroococcum and Bacillus megaterium var. 
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phosphaticum were investigated at the optimal conditions that 

included both environmental and nutritional conditions which were 

obtained in previous experiments in the current study . 

            The optimal conditions for Azotobacter chroococcum 

namely: optimum incubation temperature (32°C); optimum 

incubation period (4 days); optimum tryptophan concentration (10
-3

 

molar) ; optimum adenine concentration (10
-5

 molar) and mannitol 

as a suitable carbon source. 

           Whereas, the optimal conditions for Bacillus megaterium var. 

phosphaticum namely: optimum incubation temperature (30°C); 

optimum incubation period (2 days); optimum tryptophan 

concentration (10
-3

 molar); optimum adenine concentration (10
-4

 

molar) and glucose as a suitable carbon source. 

          obtained results were recorded in Table (17) and graphically 

illustrated in Figs (20 & 21 a, b, c and d). Data showed that the 

optimal conditions gave the highest amounts produced of PGRs as 

compared with the other individual treatments. This result is logic 

and was anticipated . 

           As regard to the effect of optimal conditions on PGRs 

production by the two investigated strains, data recorded in Table 

(17) clearly indicated that Bacillus megaterium var. phosphaticum 

produced higher amounts of auxins rather than Azotobacter 

chroococcum . While , Azotobacter chroococcum produced higher 

amounts of gibberellic acid compared to those produced by Bacillus 

megaterium var. phosphaticum .  

            Regarding the cytokinins production, obtained data revealed 

that zeatin and (9R) benzyl adenine were produced with higher 
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amounts by Azotobacter chroococcum compared to those produced 

by Bacillus megaterium var. phosphaticum  

 

Table 17. Production of PGRs by Azotobacter chroococcum 

and Bacillus megaterium var. phosphaticum under 

optimal conditions (mg. L-1). 

  

Compounds 

 

Strains  

Auxins Gibberellin  Cytokinins 

IAA IBA GA3 Z KIN 
(9R) 

BAP 

(9G) 

BAP 
IP 

Azotobacter chroococcum 71.8 56.7 145.6 107.9 93.9 100.4 9.3 17.0 

Bacillus megaterium var. 

phosphaticum 
79.6 102.0 102.3 98.1 97.4 69.3 10.0 11.3 

 

Abbreviations : as those stated for Table (10)  
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Fig 21.a. GLC chromatogram of silylated auxins extracted from Azotobacter 

chroococcum culture under optimal conditions. 
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Fig 21.b. GLC chromatogram of silylated cytokinins extracted from 

Azotobacter chroococcum culture under optimal conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 21.c. GLC chromatogram of silylated auxins extracted from Bacillus 

megaterium var. phosphaticum culture under optimal conditions . 
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Fig 21.d. GLC chromatogram of silylated cytokinins extracted from 

Bacillus megaterium var. phosphaticum culture under optimal conditions .    

Π. THE SECOND PART : 

Inoculation efficiency of plant growth promoting 

rhizobacteria (PGPR) on tomato growth performance 

and controlling root diseases  

          This experiment was carried out to investigate the effect of 

tomato plants inoculation with PGPR (Azotobacter chroococcum 

and Bacillus megaterium var. phosphaticum) on damping- off and 

plants survival, enzymatic activity, plant growth characters, macro-

nutrient, chlorophyll content, endogenous phytohormones content 

and peroxidase and polyphenol oxidase activities in presence or 

absence of all pathogenic microorganisms Fusarium oxysporum f.sp 

lycopersici and Fusarium solani . 

4.10. Antagonistic activity of PGPR  

          In this experiment, the antagonistic effect of the two 

investigated strains A. chroococcum and B. megaterium var. 

phosphaticum against two soil-borne pathogenic fungi namely 

Fusarium oxysporum f.sp lycopersici and Fusarium solani was 

achieved in vitro under laboratory conditions. 

          Obtained results Figs (22; 23; 24; 25 & 26 a, b, c) indicated 

that the two PGPR tested strains showed high suppression for the 

two pathogenic fungi . 



Results and Discussion 
 

-151- 

            Also, obtained results emphasized that a clear zones around 

PGPR strains were observed . Such clear zones are likely to be due 

to the production of antibiotic substances by PGPR strains 

(Azotobacter chroococcum and Bacillus megaterium var. 

phosphaticum). Siderophores and cyanogenes are the main 

compounds produced by most PGPR strains (Torres-Rubio et al., 

2000; Boer et al., 2003 ; Albuquerque et al., 2003; Somers et al., 

2005). 

            Such substances reduced the mycelium formation and spore 

germination of F. oxysporum f.sp lycopersici (Al-Kahal et al., 

2003). 

             In addition, Fusarium wilts can be suppressed through the 

activity of PGPR strains. The disease suppressive mechanisms of 

PGPR include siderophores (mediated competition for iron) 

(Bakker et al., 1988 ; Raaijmakers et al., 1995; Schippers, 1992). 

             Meanwhile, other investigators attributed the disease 

suppressive mechanisms of PGPR to the competition for nutritional 

substances (Couteaudier and Alabouvette, 1990) or induction of 

systemic resistance ( Fuchs et al., 1997; Van Loon et al., 1998).  

              Nevertheless, Albuquerque et al. (2003) reported that the 

production of HCN by PGPR strains (Bacillus sp) showed antibiosis 

against soil borne pathogenic fungi. Also, they reported that the 

PGPR colonize plant organs epiphytically or endophytically and 

caused enhancing development, protecting the roots from soil borne 

pathogens and inducing resistance against pathogens.  
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Fig 22. Antagonistic effect of Azotobacter chroococcum 

against Fusarium oxysporum f.sp lycopersici  (a 

and b) . 

 

 

 

 

 

 

 

Fig 23. Antagonistic effect of Azotobacter chroococcum 

against Fusarium solani. 
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Fig 24. Antagonistic effect of Bacillus megaterium var. 

phosphaticum against Fusarium oxysporum  f.sp 

lycopersici . 

 

 

 

 

 

Fig 25. Antagonistic effect of Bacillus megaterium var. 

phosphaticum against Fusarium solani . 
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Fig 26.a.  Comparison between two strains for their 

antagonistic effect against Fusarium oxysporum  

f.sp lycopersici . 

 

 

 

 

 
 

 

Fig 26.b.  Comparison between two strains for their 

antagonistic effect against Fusarium solani . 
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Fig 26.c.  Comparison between two strains for their 

antagonistic effect against Fusarium solani. 
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4.1. Effect of inoculation with PGPR on damping- off and 

survival of tomato plants.  

            Data in Table (18) showed that inoculation of tomato with 

PGPR (A. chroococcum or B. megaterium var. phosphaticum) 

significantly decreased the percentage of damping-off of tomato 

plants compared to un-inoculated ones. While , the percentage of 

survived plants significantly increased with tomato inoculation with 

PGPR .  

             Inoculation of tomato with B. megaterium var. 

phosphaticum gave lower percentage of damping-off rather than 

inoculation with Azotobacter chroococcum. Similar trend was 

observed with either sterilized or un-sterilized soil treatments.  

              Moreover, inoculated tomato with a mixture of A. 

chroococcum + B. megaterium var. phosphaticum inoculum  gave 

the lowest percentage of damping – off as compared to the 

inoculated tomato with either A. chroococcum or B. megaterium 

var. phosphaticum individually. This trend was observed in the two 

determination periods as well as with either sterilized or un-

sterilized soil treatments. 

            This result is in accordance with Hassouna et al. (1998) 

who found that the growth promoting N2-fixing bacteria (A. 

chroococcum) exhibited antagonistic activity and reduced damping-

off by 56% for some pathogenic fungi (F. oxysporum f.sp 

lycopersici , F. solani and Pythium sp) which cause root diseases of 

cucumber in Egypt .      

            Soil infestation with either Fusarium oxysporum f.sp 

lycopersici or F. solani  gave the highest percentage of damping-off. 
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Also, the infestation with F. oxysporum f. sp lycopersici show 

higher percentage of damping–off rather than the infested soil with 

F. solani . This result could be attributed to the higher virulence of 

F. oxysporum f.sp lycopersici for tomato root infection rather than 

F. solani . 

           But , inoculation of tomato seedlings with PGPR in presence 

of either Fusarium oxysporum f.sp lycopersici or F. solani gave 

lower percentage of damping-off as compared to un-inoculated 

tomato and planting in infested soil with either Fusarium oxysporum 

f.sp lycopersici or F. solani individually. 

Data in Table (18) also revealed that the lowest percentage 

of damping-off was observed with the inoculated tomato with the 

mixture of A. chroococcum + B. megaterium var. phosphaticum in 

presence of soil infestation with F. solani. 

It is important to mention that there are several mechanisms 

by which plant growth promoting rhizobacteria inhibit soil borne 

pathogen including the iron-chleating siderophores , antibiotics and 

HCN which reduce the population of root pathogenic fungi. As well 

as, plant growth promoting rhizobacteria have also shown promise 

as a potential biological control agents for many soil borne root 

diseases (Kloepper, 1992; Gupta et al., 1995).                

Also, Buchenauer (1998) reported that the rhizobacteria 

might be associated with the control of soil borne fungi since such 

bacteria excrete of lytic enzymes such as chitinase.  

The lowest percentages of survival plants of tomato were 

observed with the treatments of soil infestation with either F. 

oxysporum f.sp lycopersici or F. solani. Whereas, the highest 
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percentage of survival tomato plants was observed with tomato 

inoculated with the mixture of  A. chroococcum + B. megaterium 

var. phosphaticum in presence of soil infestation with F. solani. 

Similar trend of results was observed with either sterilized or un-

sterilized soil treatments.  

In addition , data recorded in Table (18) clearly indicated 

that non-sterilized soil showed lower percentages of damping-off 

rather than sterilized ones. This result is likely  may be due to the 

presence of native (indigenous) soil microorganisms in un-sterilized 

soil . 

These results are in agreement with those obtained by 

Kapoor and Kar (1989) who found that A. chroococcum inhibited 

the tomato wilting pathogen ( F. oxysporum f.sp lycopersici ) . 

Kapoor and Kumar (1991) found that Bacillus sp as PGPR 

inhibited F. oxysporum and F. solani (tomato wilt pathogens ) in 

vitro experiments . Also, Reddy et al. (1991) reported that a total of 

45 bacterial strains were screened for their ability to suppress crown 

and root rot of tomato caused by F. oxysporum f.sp radicis 

lycopersici. These strains were also screened for producing PGRs 

and antibiotics. All strains which produce high amounts of PGRs 

also have the ability to produce antibiotics against the pathogen . 

Sanhita et al. (1995) studied the inoculation of tomato seeds 

and roots of tomato with Azospirillum spp and Azotobacter 

chroococcum at sowing. They observed the ability of these PGPR 

on reduction of the disease incidence and damping off severity of 

tomato plants. 
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Montesinos et al. (2002) found that inoculation of plants 

with PGPR, mainly by genera of Pseudomonas, Serratia, 

Azospirillum and Bacillus enhanced growth of the root system and 

the whole plant and often limited the growth of certain soil borne 

plant pathogen. Furthermore, the ability of PGPR to prevent plant 

pathogenic bacteria of genera Pseudomonas, Erwinia and 

Xanthomonas was observed . 

Kuklinsky-Sobral et al. (2004) reported that plant 

association with PGPR (Pseudomonas, Enterobacter and 

Acinetobacter) may affect the structure and species composition of 

the bacterial communities that colonize plant tissues. Also, prevent 

pathogenic microorganisms to correlate with plant roots. 

Moreover, Khalifa (2005) reported that F. oxysporum f.sp 

lycopersici was more specific than R. solani and R. rolfsii to infect 

tomato plants (Super strain-B cultivar) and reduced the percentage 

of pre and post emergence damping-off being 33.3 and 26.7%, 

respectively . 

Tenuta (2006) reported that PGPR with antibiotics, 

phytohormones and siderophores production can be made for 

diseases control . Antibiotics producing PGPR (Azospirillum sp ,  

Bacillus sp and Pseudomonas sp) release compounds that prevent 

the growth of pathogens. Furthermore, he reported that these 

developments include the need for alternatives to soil fumigants to 

control soil borne plant pathogens. 

In tomato, addition of compost to the potting medium 

enhanced the frequency of PGPR which considered an effective 

biological control agent against soil microorganisms (Teixeira et 

al., 2007). 
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4.12. Effect of inoculation with PGPR on dehydrogenase 

activity 

Dehydrogenase activity (DHA) was determined in the soil as 

a criterion of respiration rate and total microbial activity under the 

different investigated treatments. 

Data in Table (19) showed that the sterilized soil treatments 

gave lower values of DHA rather than un-sterilized ones. This result 

is likely be due to the sterilization effect, since the sterilization lead 

to getting rid of native (indigenous) soil microorganisms. 

Dehydrogenase activity which was observed with sterilized 

treatments due to the activity of introduced inocula only . 

Obtained results clearly indicated that tomato inoculation 

with the mixture of the two studied strains (Azotobacter 

chroococcum + Bacillus megaterium var. phosphaticum) gave 

higher values of DHA as compared to individual inoculation 

treatments. Similar trend of results was observed with sterilized and 

un-sterilized soil treatments. 

The higher values of DHA which was observed with the 

application of PGPR mixture could be attributed to the synergistic 

effect of the two strains . 

Data in Table (19) also revealed that soil infestation with 

either F. oxysporum f.sp lycopersici or F. solani significantly 

decreased the DHA specially un-sterilized soil treatments . 

Tomato inoculation with PGPR (Azotobacter chroococcum 

or Bacillus megaterium var. phosphaticum) in combination in 

infested soil either with F. oxysporum f.sp lycopersici or F. solani 

significantly increased DHA compared to un-inoculated soil 

treatments. 
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The highest DHA recorded in un-sterilized soil treatments 

was observed with the mixture of PGPR inoculation combined with 

soil infestation with F. solani . Except of un-inoculated plants with 

PGPR (control treatment). While, the lowest DHA recorded were 

observed with the soil infestation treatment with either F. 

oxysporum f.sp lycopersici or F. solani. Similar trend of results was 

observed with both determination periods (30 and 60 days). 

The lower DHA which was observed with soil infested by 

pathogenic fungi may be due to the antagonistic effect of such fungi 

against soil microflora. 

Generally, data recorded in Table (19) clearly indicated that 

non-sterilized soil treatments gave higher values of DHA rather than 

sterilized ones. Higher records of DHA in case of un-sterilized soil 

treatments could be attributed to the presence of native (indigenous) 

soil microorganisms besides the introduced inocula . 

These results are in harmony with those obtained by Abou-

Aly (2005) who found that the combined inoculation of tomato 

plants with Azospirillum and Bacillus megaterium var. 

phosphaticum  increased the DHA at all growth stages. 

Zaghloul et al. (2007) indicated that tomato seedlings 

inoculated with Azotobacter chroococcum individually or in 

combination with biocontrol agents Trichoderma harzianum and 

Bacillus subtilis significantly increased . 

Abou-Aly et al. (2006) reported that combination of 

mychorriza or Bacillus megaterium var. phosphaticum with 

Paenibacillus polymyxa recorded the highest DHA either with or 

without single application in squash plants. 
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4.13. Effect of inoculation with PGPR on phosphatase 

activity 

Phosphatase activity was estimated in soil for its important 

role in organic phosphorus compounds hydrolysis. 

Obtained results in Table (20) emphasized that sterilized soil 

treatments gave lower values of phosphatase activity as compared to 

un- sterilized ones. This result is expected and could be attributed to 

the sterilization effect as mentioned with DHA . 

Data presented in Table (20) also showed that tomato 

inoculated with PGPR (Bacillus megaterium var. phosphaticum) 

significantly increased the phosphatase activity rather than tomato 

inoculated with Azotobacter chroococcum. This was true with 

sterilized and non-sterilized soil treatments. 

Concerning the effect of tomato inoculation with PGPR 

mixture of PGPR on phosphatase activity, data in Table (20) 

revealed that tomato inoculated with the mixture of PGPR and 

growing in sterilized soil in presence of soil infestation by F. solani  

gave significant increase of phosphatase activity compared with the 

individual PGPR inoculation. But, no significant difference in 

phosphatase activity was observed with the application of PGPR 

mixture combined with F. oxysporum f.sp lycopersici as compared 

to individual PGPR inoculation. 

As regard to the effect of non-sterilized soil treatments on 

phosphatase activity, data in Table (20) announced that dual 

inoculation with PGPR recorded significant increase in phosphatase 

activity rather than the individual inoculation with either 

Azotobacter chroococcum or Bacillus megaterium var. phosphaticum.  
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Similar trend of results was observed in the two determination 

periods. Higher values of phosphatase activity which was observed 

in case of dual inoculation with PGPR could be attributed to the 

synergistic effect. 

Synergistic effect may lead to proliferation of rhizosphere 

soil microorganisms and consequently increased phosphatase 

activity. 

In addition, tomato inoculation with PGPR either 

individually or dually in non-sterilized soil and presence of root–rot 

pathogenic fungi (F. oxysporum f.sp lycopersici or F. solani) 

increased the phosphatase activity compared to soil infested with 

either F. oxysporum f.sp lycopersici or F. solani . 

Generally, non-sterilized soil treatments showed higher 

records of phosphatase activity as compared to sterilized soil. This 

likely may be due to the presence of indigenous (native) soil 

microorganisms besides the introduced inocula. 

These results are in harmony with those obtained by Bopaiah 

and Shetty (1991) who mentioned that enzymatic activities of 

microflora and microbial biomass in the rhizosphere soil were 

greater than those in non rhizosphere. Dehydrogenase and 

phosphatase  activities showed variable trends in the root regions 

and rhizosphere of the different crops. 

Also, Kuklinsky –Sobral et al. (2004) found during initial 

colonization of soybean roots with phosphate solubilizing PGPR 

that the phosphate availability and phosphatase activity were 

increased. 
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Ponmurgan and Gopi (2006) reported that there was a 

positive correlation between phosphate solubilizing bacteria and 

phosphatase activity. Also, Abou-Aly et al. (2006) reported that 

dual inoculation especially with Paenibacillus polymyxa and 

mychorriza gave maximum values of phosphatase activity . 

4.14. Effect of inoculation with PGPR on soil nitrogenase 

activity  

Soil nitrogenase activity (N2-ase) was determined in soil as a 

criterion of atmospheric nitrogen fixation by diazotrophs. 

Data in Table (21) showed that un-sterilized soil treatments 

gave higher values of N2-ase rather than sterilized ones . This result 

may be attributed to the sterilization effect . 

The N2-ase activity which was observed with sterilized 

treatments was due to the activity of introduced PGPR inocula only. 

In sterilized soil treatments, data presented in Table (21) 

clearly indicated that tomato inoculation with Azotobacter 

chroococcum only increased significantly N2–ase activity as 

compared to other investigated treatments. 

Also , soil infestation with either Fusarium oxysporum f.sp 

lycopersici or Fusarium solani in combination with the PGPR 

mixture (Azotobacter chroococcum + Bacillus megaterium var. 

phosphaticum) showed higher N2-ase activity than the individual 

inoculation with Azotobacter chroococcum only. 

The high N2-ase activity obtained in dual inoculation 

treatment with PGPR may be attributed to the synergistic effect 

between the both Azotobacter chroococcum and Bacillus 

megaterium var. phosphaticum. 
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Moreover, tomato inoculation with the mixture of 

Azotobacter chroococcum +Bacillus megaterium var. phosphaticum 

in presence of soil infestation with Fusarium solani gave higher 

records of N2-ase activity rather than those in presence of soil 

infestation with Fusarium oxysporum f.sp lycopersici . 

Data in Table (21) show high N2-ase activity in un-sterilized 

soil as compared to sterilized ones. This result is likely be due to the 

activity of native microorganisms in un-sterilized soil treatments 

beside the introduced inocula . 

Also, data in Table (21) emphasized that the tomato 

inoculation with the mixture of Azotobacter chroococcum + 

Bacillus megaterium var. phosphaticum gave higher records of N2-

ase activity rather than the individual inoculation . Soil infestation 

with either Fusarium oxysporum f.sp lycopersici or Fusarium solani 

decreased N2-ase activity. While infested soil with pathogenic fungi 

combined with PGPR inoculation increased N2-ase activity. 

These results are in harmony with those obtained by Holl et 

al. (1988) who reported that inoculation of wheatgrass, perennial 

ryegrass and white clover with the soil diazotroph Bacillus 

polymyxa showed high nitrogenase activity. 

Cacciari et al. (1989) reported that Azospirillum brasilense 

and Arthrobacter giacomelloi in mixed culture can establish a 

syntrophic interaction under various experimental conditions and 

exhibit an improved acetylene reduction activity . 

Zaghloul (1999) reported that the highest values of CO2 

evolution and nitrogenase activity in rhizosphere of maize plants 

were obtained with vesicular arbuscular mycorrhiza combined with 

Azospirillum lipoferum inoculation as compared to either phosphate 

solubilizing bacteria or un-inoculated ones. 
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Shalaby (2001) reported that the interactive effect of 

arbuscular mycorrhiza (Glomus mosseae) and Azospirillum 

lipoferum was positive on rhizosphere microflora .Coupling both 

organisms significantly increased bacteria, actinomycetes and 

azospirilla counts as well as nitrogenase activity in the rhizosphere 

of tomato plants. 

4.15. Effect of inoculation with PGPR on growth 

characters of tomato plants  

Data in Table (22) showed that soil infestation with either F. 

oxysporum f.sp lycopersici or F. solani significantly decreased the 

growth characters of tomato. This result was observed in sterilized 

and un-sterilized soil treatments. 

Growth characters of tomato were significantly increased 

with the inoculated treatments with PGPR compared to un-

inoculated ones. Inoculated tomato with the mixture of PGPR 

(Azotobacter chroococcum + Bacillus megaterium var. 

phosphaticum) gave higher records of growth characters rather than 

those inoculated with either Azotobacter chroococcum or Bacillus 

megaterium var. phosphaticum individually. This result was 

observed with both sterilized and un-sterilized soil treatments (Figs 

27 a and b). 

The beneficial effect of N2-fixers and phosphate dissolving 

microorganisms on plant growth was also observed by Buchenauer 

(1998) who found that the mechanisms by which PGPR stimulate 

plant growth via the production of IAA and cytokinins as well as by 

lowering ethylene level in plants. Also, PGPR induce systemic 

resistance against root pathogens. 
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Data in Table (22) showed that tomato inoculation with 

either individually or dually PGPR combined with soil infestation 

with pathogenic fungi F. oxysporum f.sp lycopersici or F. solani 

significantly increased the growth characters compared to un-

inoculated treatments with PGPR (Figs 28 a & b and 29 a & b). 

In sterilized soil treatments the highest records of tomato 

growth characters were observed with tomato inoculated with the 

mixture of PGPR inoculum and planted in soil infested by F. 

oxysporum f.sp lycopersici. While, in non-sterilized soil treatments 

the highest records were observed with tomato inoculated with the 

mixture of PGPR inoculum and planted in soil infested by Fusarium 

solani. 

The high records of growth characters observed with tomato 

inoculated with PGPR may be attribute to the beneficial effects of 

PGRs produced by these microorganisms. Beneficial effects 

including cell division, cell enlargement, root initiation, shoot 

growth increase, development and formation of flowers and 

translocation of nutrients and organic substances  (Donderski and 

Gluchowska, 2000; Patten and Glick, 2002 a; Leveau and 

Lindow, 2005; Pallai, 2005). 

Concerning the effect of inoculation with PGPR on growth 

performance of inoculated plants, similar results were observed by   

Zaghloul (2002) who reported that the growth characteristics i.e 

plant height, leaves number / plant and branches number /plant were 

significantly increased with biogas manure application to potato tubers 

when inoculated with Bacillus megaterium var. phosphaticum. 
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Fig 27.a. Effect of inoculation with PGPR on tomato plants growth in 

sterilized soil . 

 

 

 

Fig 27.b. Effect of inoculation with PGPR on tomato plants growth in 

un-sterilized soil . 
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Fig 28.a. Effect of inoculation with PGPR on tomato plants growth in 

presence of Fusarium oxysporum f.sp lycopersici in sterilized soil . 

 

 

 

 

Fig 28.b. Effect of inoculation with PGPR on tomato plants growth in 

presence of Fusarium oxysporum f.sp lycopersici in un-sterilized 

soil . 
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Fig 29.a. Effect of inoculation with PGPR on tomato plants growth in 

presence of Fusarium solani  in sterilized soil . 

 

 

Fig 29.b. Effect of inoculation with PGPR on tomato plants growth in 

presence of Fusarium solani  in un-sterilized soil . 
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Garcia et al. (2004) found that the inoculation of two 

tomato and three pepper cultivars with PGPR  (Azotobacter sp. and 

Bacillus licheniformis) significantly increased the number and 

diameter of fruits. 

Abou-Aly (2005) mentioned that significant increases in 

tomato plants growth (plant height , number of branches and dry 

matter) were observed with the inoculation with Azospirillum 

lipoferum Mn3 and P-solubilizer (Bacillus megaterium var. 

phosphaticum) in presence of Saccharomyces cerevisiae. 

Abou-Aly et al. (2006) showed that the growth parameters 

of squash i.e., stem length, diameter, leaf number, area and dry 

weight per plant were significantly increased by application of 

Bacillus megaterium var. phosphaticum and Paenibacillus 

polymyxa. 

4.16. Effect of inoculation with PGPR on the macro-

nutrients content of tomato shoots 

            Data in Table (23) revealed that un-inoculated tomato plants 

with PGPR recorded lower values of nitrogen, phosphorus and 

potassium rather than the inoculated ones . 

            Tomato inoculation with the mixture of PGPR significantly 

increased the total of macro-nutrients content (N , P and K) of 

tomato shoots compared to individual inoculation with either 

Azotobacter chroococcum or Bacillus megaterium var. 

phosphaticum. Similar trend of results was observed in sterilized 

and un–sterilized soil treatments. 
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            Data in Table (23) also showed that soil infestation with 

either F. oxysporum f.sp lycopersici or F. solani significantly 

decreased the macro-nutrients content in tomato shoots . This result 

was observed in both sterilized and un–sterilized soil treatments 

.While tomato inoculation with the PGPR either individually or 

dually combined with soil infestation with pathogenic fungi 

significantly increased NPK content of tomato shoots compared to 

soil infestation with pathogenic fungi in absence of PGPR. 

           Recorded data of macro-nutrients elements of tomato shoots 

were high in case of  tomato inoculated with the mixture of PGPR 

and soil infested with F. solani rather than those infested with F. 

oxysporum f.sp lycopersici. 

            These results are in accordance with those reported by         

Mahendran et al. (1996) who found that the dual inoculation with 

Azospirillum sp and Bacillus megaterium significantly increased the 

N, P and dry matter contents and NPK uptake by different plant 

parts of potato. Selvi and Perumal (1997) found that micro-

nutrients application with or without Azospirillum lipoferum 

increased the quality of tomato fruits, total sugars, reducing sugars 

and ascorbic acid content. 

          Rodelas et al. (1999) showed that the inoculation of 

vegetable crops (sweet potato, cabbage, carrot, cucumber, tomato) 

with Azotobacter chroococcum increased total N content and yield . 

Patten and Glick (2002 b) reported that the inoculation of canola, 

tomato and other important agricultural plants with PGPR 

(Pseudomonas putida) resulted in substantial promotion of seedlings 

root growth and nitrogen content. 
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            Al-Kahal et al. (2003) proved that treating of faba bean 

seeds with PGPR strains (Rhizobium leguminosarum and 

Bradyrhizobium japonicum) either singly or in combination caused 

significant increase of shoots dry weight as well as N and P contents 

with infected or non-infected soil. 

             Abou-Aly (2005) reported that the mineral content (N, P 

and K) in tomato plants significantly increased when plants were 

inoculated with yeast especially in presence of Azospirillum 

lipoferum Mn3 and Bacillus megaterium var. phosphaticum.             

         Abdel-Hafez and Abdel-Monsief (2006) found that the total 

yield and NPK content of cucumber fruits increased when 

inoculated with phosphate solubilizing bacteria . 

          Han et al. (2006) reported that the soil inoculation with 

phosphate solubilizing bacteria (Bacillus megaterium var. 

phosphaticum) and potassium solubilizing bacteria (Bacillus 

mucilaginous) significantly increased N, P and K uptake in pepper 

and cucumber plants, especially when the respective rock P were 

added. 

          Badran et al. (2007) reported that the highest values of fresh 

and dry weights of tomato and N, P and K content were observed in 

case of inoculating with microbial inoculants such as Trichoderma 

viridie and Azotobacter chroococcum. 

             Zaghloul et al. (2007) reported that the highest records of 

total phenols and vitamin C contents were observed in the tomato 

inoculated with Azotobacter chroococcum in combination with 

Bacillus subtilis . 
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4.17. Effect of inoculation with PGPR on phytohormones of 

tomato plants grown in un-sterilized soil  

           Data in Table (24) showed that the un-inoculated tomato 

plants with PGPR gave lower values of phytohormones (auxins, 

gibberellins and cytokinins) than those inoculated . 

           Inoculated tomato with Bacillus megaterium var. 

phosphaticum showed higher values of phytohormones than that 

inoculated with Azotobacter chroococcum.  

            In addition, inoculation of tomato with the mixture of 

Azotobacter chroococcum +Bacillus megaterium var. phosphaticum 

gave higher records of phytohormones rather than the individual 

inoculation with either Azotobacter chroococcum or Bacillus 

megaterium var. Phosphaticum. 

            From data presented in Table (24) it is obvious that the 

phytohormones content in tomato plants was significantly decreased 

when soil was infested with either F. oxysporum f.sp lycopersici or 

F. solani individually. Moreover, obtained results clearly indicated 

that tomato inoculation with PGPR strains in presence of pathogenic 

fungi significantly increased their phytohormones content.             

           It is worthily to mention that the dual inoculation with PGPR 

strains in presence of pathogenic fungi significantly  increased the 

phytohormones content in comparison with the individual 

inoculation. 

           Data in Table (24) also emphasized that the plants grown in 

soil infested with F. oxysporum f.sp lycopersici in combination  
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with the mixture of PGPR strains contained higher values of auxins 

and gibberellins (GA3) than those grown in soil infested with F. 

solani in presence of PGPR. 

           While, the plants grown in soil infested with F. solani 

combined with the mixture strains of PGPR contained higher values 

of zeatin and kinetin than that plants grown in soil infested with F. 

oxysporum f.sp lycopersici. 

           These results are in harmony with those obtained by Brian 

(2004) who reported that the inoculation with PGPR (B. megaterium 

or P. polymyxa) increased the phytohormones content of  tomato 

plants. 

        Timmusk et al. (2005) found that the inoculation of many 

crops with PGPR (Paenibacillus polymyxa) increased 

phytohormones content .              

          The combination of phosphate dissolving microorganisms (P. 

polymyxa + B. megaterium var. phosphaticum) treatment showed an 

increase of endogenous gibberellins , auxins and cytokinins level in 

squash (Abou-Aly et al., 2006) .  

4.18. Effect of inoculation with PGPR on photosynthetic 

pigments  

             Data presented in Table (25) revealed that soil infestation 

with either F. oxysporum f.sp lycopersici or F. solani significantly 

decreased the photosynthetic pigments (chlorophyll a, b and 

carotenoids) in the leaves. 

          It is worthily to mention that the tomato inoculation with 

PGPR either individually or dually increased photosynthetic 

pigments as compared to un-inoculated ones.             
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Data in Table (25) indicated that the tomato inoculation with 

the mixture of PGPR gave higher records of photosynthetic 

pigments rather than the individual inoculation. Similar trend was 

observed for both sterilized and un-sterilized soil treatments. 

Moreover, soil infestation with pathogenic fungi in presence 

of PGPR inoculation significantly increased photosynthetic 

pigments compared to soil infestation with pathogenic fungi alone.                

The highest obtained values of photosynthetic pigments were 

observed with the treatments of soil infested by F. solani in 

combination with tomato inoculation with the mixture of 

Azotobacter chroococcum and Bacillus megaterium var. 

phosphaticum. Similar trend of results was observed for both 

sterilized and un-sterilized soil treatments.  

 These results are in harmony with those reported by Abou-

Aly and Gomaa (2002) who stated that the mixed biofertilizers 

increased both nutrient content and leaf chlorophyll concentrations 

than control.  Abou-Aly et al. (2006) found that the inoculation of 

squash plants with Bacillus megaterium var. phosphaticum or 

mychorriza combined with P. polymyxa gave the highest values of 

photosynthetic pigments .                 

 Also, Han et al. (2006) stated that the dual inoculation by 

Bacillus megaterium var. phosphaticum and Bacillus mucilaginous 

improved photosynthetic pigments in pepper and cucumber plants .             
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4.18. Effect of inoculation with PGPR on peroxidase and 

polyphenol oxidase activities .   

Data recorded in Table (26) clearly indicated that the soil 

infestation with either Fusarium oxysporum f.sp lycopersici or F. 

solani significantly decreased the activity of peroxidase and 

polyphenol oxidase activities in tomato plants. Soil infestation with 

F. oxysporum f.sp lycopersici gave lower values of both peroxidase 

and polyphenol oxidase rather than soil infestation with F. solani. 

This result could be attributed to the more virulent F. oxysporum 

f.sp lycopersici for tomato root infection rather than F. solani. 

Tomato inoculation with PGPR significantly increased the 

peroxidase and polyphenol oxidase activities of tomato plants as 

compared to un-inoculated ones . Also, tomato inoculation with the 

mixture of Azotobacter chroococcum and Bacillus megaterium var. 

phosphaticum as PGPR gave higher records of peroxidase activities 

and polyphenol oxidase in comparison with tomato inoculated with 

either Azotobacter chroococcum or Bacillus megaterium var. 

phosphaticum individually.           

In addition, tomato inoculation with PGPR combined with 

soil infestation with pathogenic fungi significantly increased the 

activity of peroxidase and polyphenol oxidase as compared to soil 

infestation with pathogenic fungi alone. 

From data presented in Table (26) it is worthily to mention 

that tomato inoculation with the mixture of PGPR in sterilized soil 

infested by F. solani gave higher records of peroxidase and 

polyphenol oxidase rather than soil infested with F. oxysporum f.sp 

lycopersici. On the contrary, tomato inoculation with the mixture of 
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PGPR in un- sterilized soil infested with F. oxysporum f.sp 

lycopersici gave higher records of peroxidase and polyphenol 

oxidase rather than soil infested with F. solani. 

These results are in harmony with those stated by Wei et al. 

(1991) and Liu et al. (1995) who reported that Pseudomonas 

fluorescens has been demonstrated to induce systemic resistance to 

a variety of diseases including Fusarium wilt, bacterial and viral 

diseases, it may be due to their ability to increase peroxidase and 

polyphenol oxidase levels 

Gamil (1995) proved that the inoculation with Bacillus 

polymyxa (Paenbacillus polymyxa) increased peroxidase and 

polyphenol oxidase activity of squash leaves .              

M'Piga et al. (1997) reported that the inoculation of tomato 

plants with Ps. fluorescens increased peroxidase and polyphenol 

oxidase levels against Fusarium oxysporum f.sp radicis-lycopersici. 

Increase activities of peroxidase and polyphenol oxidase can 

limit disease development through the formation of polymerized 

phenolic barriers around the sites of infection (Smit and Dubery, 

1997). 

Bestwick et al. (1998) reported that the peroxidase activity 

increased in lettuce plants during pathogen infection and has been 

correlated with resistance. 

Increasing the activity of peroxidase and polyphenol oxidase 

in the PGPR (Pseudomonas spp) treated plants may be play either a 

direct or indirect role in the suppression of pathogen development in 

the host (Chen et al., 1998) . 



Results and Discussion 
 

-188- 

 

T 26 

 



Results and Discussion 
 

-189- 

Similar results of elevated levels of peroxidase and 

polyphenol oxidase have been reported in cucumber plants treated 

with PGPR strains (Pseudomonas spp), which peaked 2-4 days after 

root treatment (Chen et al., 2000). 

The induction of peroxidase and polyphenol oxidase by 

PGPR (Pseudomonas fluorescens) treatment was in turn correlated 

with the percentage root rot suppression in pepper plants (Diby et 

al. , 2001). 

Nandakumar et al. (2001) reported that the resistance of 

rice plants against Rhizoctonia solani has been correlated with 

increase in activity of pathogenesis related peroxidase and chitinase 

proteins in PGPR treated plants. 

Pieterse et al. (2001) reported that the faster production of 

growth regulators during the initial phase of infection might 

contribute to induce peroxidase and polyphenol oxidase and to 

enhance resistance. 

Elfstrand et al. (2002) showed that the high activity of 

peroxidase increased the ability of transgenic tobacco plants to 

suppress growth of the pathogenic bacterium Erwinia carotovora . 

Polyphenol oxidase – over expressing tomato plants were 

shown to exhibit a great increase in resistance to Pseudomonas 

syringae (Li and Steffens , 2002). 

Gailite et al. (2005) reported that the activity of both 

peroxidase and polyphenol oxidase increased in bean leaves after 

the treatment with growth regulators producing bacteria or fungi . 
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Paul and Sarma (2005) found that the inoculation of pepper 

plants with Pseudomonas fluorescens induced and increased levels 

of peroxidase (PO) , catalase and polyphenol oxidase (PPO) in 

leaves against Phytophthora capsici. 

4.19. Effect of inoculation with PGPR on nitrogen and 

phosphorus contents in tomato rhizosphere 

The effect of inoculation with PGPR on macro-nutrient 

element (nitrogen and phosphorus content) were studied in presence 

or absence of Fusarium spp in rhizosphere of tomato plants . 

The obtained results in Table (27) revealed that the 

inoculation with either A. chroococcum or B. megaterium var. 

phosphaticum significantly increased the available N and P in 

rhizosphere as compared to un-inoculated plants. 

On reverse, the rhizosphere of tomato plants infested with 

either F. oxysporum f.sp lycopersici or F. solani contained lower 

values of total nitrogen and phosphorus. This result was observed in 

sterilized and un-sterilized soils. 

In the inoculated plants with Azotobacter chroococcum , 

higher values of total nitrogen were observed rather than that 

inoculated with Bacillus megaterium var. phosphaticum. Reverse 

results were obtained with total phosphorus amounts . 

The higher total nitrogen amounts in rhizosphere as a result 

to inoculation with Azotobacter chroococcum could be attributed to 

the N2-fixation process by Azotobacter chroococcum. While, the 

high content of available phosphorus in the plants' rhizosphere 
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inoculated by Bacillus megaterium var. phosphaticum may be 

attributed to the important role of Bacillus megaterium var. 

phosphaticum in increasing the available phosphorus level in 

inoculated soil. 

Also, data in Table (27) revealed that the inoculation with 

the mixture of Azotobacter chroococcum + B. megaterium var. 

phosphaticum 

significantly increased the total and available macro-nutrient 

elements (N  and P) in soil as compared with the inoculation with 

each one individually. 

The high amounts of available macro-nutrients observed in 

the soil treated with dual inoculation may be attributed to the 

synergistic effect between Azotobacter chroococcum and Bacillus 

megaterium var. phosphaticum. The Same trend was noticed with 

both sterilized and un-sterilized soil treatments . 

With regard to the effect of soil infestation with either 

Fusarium oxysporum f.sp lycopersici or Fusarium solani in 

presence of tomato inoculated with PGPR , data recorded in Table 

(27) indicated that inoculation with Azotobacter chroococcum in 

presence of the pathogenic fungi significantly increased total and 

available nitrogen content in the soil rather than that inoculated with 

Bacillus megaterium var. phosphaticum. 

Also, the inoculation with B. megaterium var. phosphaticum 

in presence of F. oxysporum f.sp lycopersici or F. solani 

significantly increased total and available phosphorus content in the 

soil compared to un-inoculated plants with the above PGPR strain . 
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The highest record values of total N and P in tomato 

rhizosphere were observed in inoculated treatments with the mixture 

of PGPR in presence of either Fusarium oxysporum f.sp lycopersici 

or F. solani. 

Generally, it is obvious that the available nitrogen and 

phosphorus contents in tomato rhizosphere were significantly 

increased in the treatments inoculated with A. chroococcum and 

Bacillus megaterium var. phosphaticum strains respectively .The 

same trend was observed in both sterilized and un-sterilized soil 

treatments . 

All obtained results are in harmony with those obtained by 

El-Gamal (1996) who reported that dual inoculation of potato tuber 

with Azospirillum and phosphate solubilizing bacteria increased the 

available N and P in soil . 

Also, Zaghloul (2002) found that inoculation of potato tuber 

with Bacillus megaterium var. phosphaticum  in combination with 

N2-fixers (Azotobacter chroococcum and Azospirillum lipoferum) 

increased the avilable macro-nutrient content (N and P) in soil. 

Abou-Aly et al. (2006) reported that significant increases in 

available N, P and K contents were observed when squash plants 

were inoculated with Paenebacillus polymyxa individually or with  

Bacillus megaterium var. phosphaticum. 

 


