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(Plant Growth Promoting 
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(Ps. maltophila)

(Fusarium moniliforme) 

Handlesman and Staab, 1996

Siderphores

Nielands and Leong, 1986

  

Tuzun and Kloepper, 1994

 

(Emergence Promoting Rhizobactera, EPR)

Kloepper et al., 1986

Kloepper et al., 1991

Kloepper et al., 1986

de Freitas and Germid, 1989

Turner and Backman, 1989

 

(Bacillus subtilis)

Puente and Bashan, 1993

 

(Pachycereus pringlei)

Zahir et al., 2004

Kloepper et al., 1986
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Callan et al., 1991

(Pythum sp.)

 

El-Meleigi, 1989

Vessey, 2003

 

(Zahir et al., 1998) 

(Tilak et al., 1982)

(Fulchieri and Frioni, 1994)

(5)

(Azotobacter chroococcum, Az)

(21)

(Azospirillum brasilense)

 

(OF)

,As)(Azospirillum 

lipoferum

 

(P21)

(Pseudomonas fluorescens, Ps)

(B73×Mo17) 

(K74/1×K18) 

(B73×K18)
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AzAsPsAz+As

Az+PsAs+PsAz+As+Ps
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Orchard, 1977

Ram et al., 1989
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B73×K18SC700

Callan et al.,1991

El-Meleigi, 1989

SC704

B73×K18SC700

TeKrony et al., 1989

Hafeez et al., 2004

PGPRPGPR

704SC

B73×K18SC700

Orchard, 1977
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PGPR

Table 2. Mean copmarisons of seedling emergence of studied maize hybrids in the field on affected by PGPR. 
Characteristics 

Hybrids      

PGPR 

 

(PE%)1 

 

(FE%)2 

 

(50%ET)3 

(Day) 

 

(FET)4 

(Day) 

)

 

(MET)5 

(Day) 

 
)/

 

 (FER)6 

(Plant/Day) 

 
)/

 (CER)7 (Plant/Day) 

 

(FEI)8 

Control(no inoculation)

 

71.288m 91.165k   11.375c 13.375c 7.980bc 6.434j 16.181o 0.875l 
Az 77.012cd 97.112d 8.500hi 10.500j 7.870g 6.875cd 18.175e 0.913d 
As 74.237ij 94.850gh 9.875e 11.750fg 7.960c 6.683h 17.113m 0.888i 
Ps 77.113c 97.149cd 8.750gh 10.750i 7.880fg 6.860d 17.744fg 0.907e 
Az+As 76.012f 96.194de 9.2502 fg 11.250h 7.910ef 6.798ef 17.531h 0.905ef

 

Az+Ps 78.100b 98.247b 8.625h 10.625ij 7.840hi 6.939bc 18.275c 0.925b 
As+Ps 75.164h 95.512ef 9.500f 11.500g 7.940d 6.757fg 17.381k 0.902f 

SC704 

Az+As+Ps 79.844a 99.144a 7.375i 9.375k 7.780l 7.016a 19.425a 0.932a 
Control(no inoculation)

 

70.350n 89.800m 12.875a 15.250a 8.050a 6.082k 15.325q 0.859m

 

Az 75.163h 94.912g 10.625d 13.125cd 7.880fg 6.865d 17.838f 0.910de

 

As 72.212l 92.581j 12.375ab 14.375ab 7.980bc 6.513ij 16.944no 0.887i 
Ps 75.431g 95.631ef 11.125cd 13.000d 7.890f 6.820e 17.587gh 0.905ef

 

Az+As 74.669i 94.744h 11.625bc 13.625bc 7.930e 6.767f 16.456j 0.903f 
Az+Ps 76.632ef 96.106de 9.625ef 12.375ef 7.850h 6.882c 18.206d 0.920bc

 

As+Ps 73.587k 93.557ef 11.875b 13.750b 7.950cd 6.708gh 17.256l 0.889h 

SC700 

Az+As+Ps 77.056d 97.144cd 8.875g 11.375gh 7.820j 6.941b 18.806b 0.926b 
Control(no inoculation)

 

70.100o 90.07l 12.375ab 14.375ab 7.990b 6.415jk 15.569p 0.880k 
Az 76.750e 96.219de 9.750ef 11.875f 7.880fg 6.873cd 17.925ef 0.910de

 

As 74.112j 93.913i 11.875b 13.750b 7.960c 6.665i 17.087n 0.888i 
Ps 78.025f 96.050e 10.625d 12.625e 7.890f 6.831de 17.606g 0.907e 
Az+As 76.025b 95.475ef 11.125cd 13.125cd 7.920e 6.794ef 17.481i 0.903f 
Az+Ps 74.387i 97.256cd 9.375fg 11.375gh 7.840hi 6.939bc 18.250cd 0.923c 
As+Ps 74.738i 95.325f 11.625bc 13.625bc 7.950cd 6.733g 17.375k 0.891g 

B73×K18 

Az+As+Ps 78.038b 97.705c 8.625h 10.625ij 7.800k 6.978ab 18.813ab 0.931a 
(P<0.05)

Means, in each column and treatment, followed by similar letter(s) are not significantly different (P<0.05)-using Duncan`s Multiple Range Test. 
1. % Primary emergence (PE%) 2. % Final emergencepecrent (FE%) 3. 50% emergence time (FE%) 4. Final emergence time (FET) 5. Mean  emergence time (MET) 6. Field emergence  rate (FER) 7. Cumulative 
emergence rate (CER) 8. Field emergence  index (FEI) 9. Seedling height (SH) 10. Leaf area (LA) 11. Plant dry  weight (PDW) 12. Seedling  vigour index (SVI)
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PGPR

Orchard, 1977

SC704

PGPR

SC704

SC704

PGPRSC704

B73×K18SC700

SC704

Orchard, 1977

Steiner, 1990

PGPR

 

SC704

B73×K18SC700
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Fig. 1. Mean comparisons of year×hybrid interaction on the final seedling emergence time.  
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Fig. 2. Mean comparisons of year×hybrid interaction on the mean seedling emergence time.  
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Fig. 3. Mean comparisons of year×PGPR interaction on the mean seedling emergence time. 
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Fig. 4  Mean comparisons of year×hybrid interaction on the cumulative emergence rate.  
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Fig. 5  Mean comparisons of year×PGPR interaction on the cumulative emergence rate  
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PGPR
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Fig. 6. Mean comparisons of plant height in two cropping cycles.   

0

10

20

30

40

50

60

70

b

a 

Fig. 7. Mean comparisons of leaf area in two cropping cycles. 
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PGPR

 
Table 2. Mean copmarisons of some seedling vigour related traits of studied maize hybrids as 

affected by PGPR.   

(P<0.05)

Means, in each column and treatment, followed by similar letter(s) are not significantly different (P<0.05)-using 
Duncan s Multiple Range Test. 
1. Plant height (PH)  2. Leaf area (LA)  3. Plant dry  weight (PDW)   4. Seedling  vigour index (SVI)  

Rohitashav-Singh et al., 1993

Panwar and Singh, 2000

Biswas et al.,2000

PGPR

 
Characteristics 

Hybrids    
PGPR 

  

(PH)1 

(cm) 

  

(LA)2 

(cm2) 

  

(PDW)3 

(g) 

 

 (SVI)4 

Control(no inoculation)

 

150.56lm 61.629n 111jk 6.560rs 

Az 155.301jk 71.300e 152ij 16.948g 
As 151.047kl 63.001m 150m 11.548p 
Ps 151.874i 69.009g 164i 16.312i 
Az+As 164.777j 67.063i 174g 14.998jk 
Az+Ps 171.490ab 73.655c 227ab 20.881d 
As+Ps 166.622e 65.078k 193e 9.579m 

SC704 

Az+As+Ps 174.314a 77.664a 242a 24.188a       

Control(no inoculation)

 

141.350o 59.512p 162i 5.975t 
Az 154.275k 69.212fg 125l 16.312i 
As 150.498m 60.875o 93o 9.579r 
Ps 161.845j 66.925ij 162hi 15.524j 
Az+As 165.415ef 45.025k 172h 14.409l 
Az+Ps 168.246d 72.000cd 204d 18.541f 
As+Ps 165.778ef 62.925mn 183f 9.519o 

SC700 

Az+As+Ps 170.988c 75.606b 205d 22.645c       

Control(no inoculation)

 

147.106n 60.862o 104k 8.312s 
Az 154.419jk 70.198f 151i 16.479h 
As 151.263l 61.847mn 143n 10.282q 
Ps 163.378h 68.959f 164i 15.653ij 
Az+As 165.217ef 66.075j 173gh 14.850k 
Az+Ps 171.189b 72.737d 216c 19.374e 
As+Ps 165.948f 64.013l 183f 10.292n 

B73×K18 

Az+As+Ps 173.315ab

 

76.725ab

 

238b

 

23.200b
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Fig. 8. Mean comparisons of grain yield (Kgha-1) in maize hybrids as affected by PGPR in two 
cropping cycles.  

Archive of SID

www.SID.ir



   
Table 4. Simple correlation coefficients between seedling emergence indices, some related traits and grain yield.  

  

(LA)12 

(cm2) 

  

(PDW)11  

(gr) 

  

(LA)10 

(cm2) 

  

(SH)9 

(cm) 
(FEI)8 

 

)/

 (CER)7 

(Plant/Day) 

 

)/

 

(FER)6 

(Plant/Day) 

)

 

(MET)5 

(Day) 

  

(FET)4 

(Day) 

  

(50%ET)3 

(Day) 

 

(FE%)2 

(PE%)1 Characteristics 

           

0.830** (FE%) 

          

0.094** 0.742** (50% et)                    

         

0.792** -0.825** -0.691** (FET)         

0.971** 0.781** 0.811** -0.678** (MET)        

-0.570** -0.595** 0.617** 0.648** 0.684** (FER)       

0.594** -0.716** -0.731** 0.798** 0.845** 0.743** (CER)      

0.050ns 0.055ns 0.875** 0.816** 0.012ns 0.792** 0.096ns (FEI)     

0.147* 0.683** 0.519** -0.601** 0.610** 0.742** 0.848** 0.676** (LA)    

0.722** 0.070ns 0.755** 0.686** -0.755** 0.547** 0.798** 0.861** 0.733** (PDW)   

0.395* 0.408* 0.076ns 0.896** 0.869** -0.319** 0.446* 0.300* 0.846** 0.312* (PDW)  

0.492** 0.798** -0.932** 0.065ns 0.711** 0.600** -0.706** 0.056ns 0.804** 0.065ns 0.723** (LA) 

0.869** 0.687** 0.635** 0.846** 0.723** 0.659** 0.892** 0.758** 0.820** 0.697** 0.802** 0.765** Grain yield (Kgh-1) 

***.

ns
* and **: Significant at the 5% and 1% probability levels, respectively. 
ns: Non-significant  
1. % Primary emergence (PE%) 2. % Final emergence (FE%) 3. 50% emergence time (FE%) 4. Final emergence time (FET) 5. Mean  emergence time (MET)  

6. Field emergence  rate  (FER) 7. Cumulative emergence rate (CER) 8. Field emergence  index (FEI) 9. Plant height (PH) 10. Leaf area (LA)  
11. Plant dry  weight (PDW) 12. Seedling  vigour index (SVI). 

    

Archive of SID

www.SID.ir



  

PGPR

Fallik et al., 1989

IAAIBA

Zahir et al., 2000
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