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ABSTRACT 
  
 Two field experiments were carried out on a sandy loam soil at El-Tahrir 
Province Sector during two successive winter-growing seasons of 2005/2006 and 
2006/2007 to study the response of wheat growth, yield and some yield components 
to inoculation with N2-fixing bacteria under different levels of mineral N-fertilization 
using sprinkler irrigation system. Wheat seeds (Triticum aestivum L., cv. Sids 1) were 
inoculated shortly before planting by Azorhizobium caulinodans, Gluconacetobacter 
diazotrophicus, Bacillus polymyxa as a single treatment or seeds inoculated with 
mixture of such strains. The tested bacterial strains were interacted with different 
levels of mineral N fertilizer (zero, 25, 50, 75 and 100 kg N/fed). Nitrogen fertilizer was 
added in the form of ammonium sulphate (20.5% N). Superphosphate (15.5% P2O5) 
and potassium sulphate (48% K2O) were added at rates of 200 kg/fed and 100 
kg/fed, respectively as a recommended dose. The experimental design was a split 
plot design with three replications and the plot size was 6 m2. 
 Regarding the response to inoculation with N2-fixing bacteria, results of both 
tested seasons showed that there are significant increases in all wheat vegetative 
growth, yield and some yield components due to inoculation with any tested 
diaztotrophs. However, using mixture strains followed by Bacillus polymyxa 
treatments surpassed other inoculated treatments or uninoculated ones. As general, 
a comparison between inoculants on all wheat growth aspects as well as wheat yield 
and its yield components showed the order: Mixture> Bacillus polymyxa> 
Gluconacetobacter diazotrophicus> Azorhizobium caulinodans> uninoculated 
treatment. 
 The response of wheat growth, yields and yield components to increasing 
application rate of mineral N fertilizer was significant. Using higher rates of mineral N-
fertilizer (100 kg N/fed) showed higher values of all tested parameters under 
investigation in both seasons. 
 Taking the interaction between inoculation and different N fertilizer levels 
into consideration, the best results of wheat growth, yield and its components were 
achieved when wheat plants inoculated with mixture strains followed by Bacillus 
polymyxa in combination with 50 kg N/fed, which showed a positive response and 
gave values nearly similar to or higher than using the full dose of mineral N-fertilizer 
(100 kg N/fed). This trend was true in both tested seasons. 
 From these results it could be concluded that the inoculation with N2-fixing 
bacteria, particularly in a mixture form, may be acting as a good practice for 
enhancing wheat growth aspects and improving the crop yield and yield components. 
Also, it could compensate 50% of the recommended inorganic-N used in sandy loam 
soil with no decrease in wheat quantity or quality. 
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INTRODUCTION 
 
 Wheat is very important grain crops in Egypt and represents the 
major source of food. Every year Egypt has to import more than 5 million tons 
of wheat to cover the needs of increasing country population. Extensive 
cultivation of wheat in the newly reclaimed soils in Egypt seemed to be 
imperative to circumvent the problem of insufficiency in wheat grain supply. 
However, intensive agricultural methods have introduced undesirable and 
sometimes catastrophic consequences by polluting air, soil and aquatic 
systems as well as food stuffs. The efforts to decrease chemical fertilization 
by using biofertilizers may improve economy and reduce environmental 
pollution. 
 Undoubtedly, considerable attention is focused on fertilization 
management in cereals production to produce higher yield with minimal input 
cost and minor environmental pollution. Biological nitrogen fertilizers may act 
as a safe and cheap practice that contributes productivity directly by a 
supplement of fixed nitrogen and growth hormones to wheat plants, and 
indirectly by the enhancement of soil fertility. Therefore, it has become 
essential to use biofertilizers as partial substitutes for chemical nitrogen 
fertilizers. Many workers studied the possibility of using N2-fixing bacteria to 
supply plants with a apart of their requirements and consequently reduce the 
amount of chemical N-fertilizer (Srinivasan et al., 1997, Atalla et al., 2005 and 
Abo El-Soud et al., 2007). They conclude that associative N2-fixing bacteria 
are effective in reducing N fertilizer for wheat. 
 Studies on biological nitrogen fixation (BNF) have emphasized the 
role of free-living N2-fixing bacteria with cereals. Several investigators showed 
that inoculation with associative N2-fixers have a great importance to improve 
growth and increase yield of cereal crops not only due to high N2-fixation 
activity but related as well to the ability of these bacteria to produce 
antibiotics, phytohormones, siderophores and the ability to solubilize 
phosphate (El-Hawary et al., 1998, Swedrzynska, 2000, Galal et al., 
2001,Saubidet et al., 2002, Kloepper, 2003 and Mekhemar et al., 2006). 
 Azorhizobium caulinodans capable of free-living nitrogen fixation, is 
the microsymbiont in the stem and root nodules of the tropical legumes 
Sesbania rostorata. Microscopic examination of short lateral roots of 
inoculated plants showed invasion of Azorhizobium between the cells of the 
cortex, with the xylem and root meristem. Acetylene reduction assay 
combined with analysis of tissue nitrogen levels indicated that colonization led 
to measurable nitrogenase activity (Kenneth et al., 1997 and Sabry et al., 
1997). The beneficial effects of Azorhizobium are related not only to its N2-
fixing proficiency but also to the ability of producing two major classes of plant 
growth regulators (auxin and gibberellins), antibacterial and antifungal. These 
results were supported with wheat plants inoculated with Azorhizobium 
caulinodans (Sabry et al., 1997, Antoun et al., 1998 and Sabry et al., 2000). 
Recent research has been focused on the response of non-legume crops to 
inoculation with Azorhizobium. Sabry et al. (1997), Webester et al. (1997), 
Badawi (2003) and Mekhemar et al. (2006) reported that inoculation of wheat 
with Azorhizobium caulinodans resulted in significant increases in wheat 
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growth parameters, plant N-content, yield and some yield components 
compared to the uninoculated plants. 
 Gluconacetobacter diazotrophicus has a long-standing history of 
bacterial-plant interrelationship as a symbiotic endophyte capable of fixing 
atmospheric nitrogen. The bacterium apparently responsible for the plant-
associated BNF has unique physiological properties for a diazotroph such as 
tolerance to low pH, and high sugar and salt concentrations, lack of nitrate 
reductase and nitrogenase activity, which tolerates short term exposure to 
ammonium (Boddey et al., 1991). Extensive knowledge gained through past 
studies claimed that G. diazotrophicus is an important nitrogen fixer, imparting 
nitrogen nutrition to sugarcane and other crop plants (Boddey et al., 2003 and 
Kennedy et al., 2004). Lastly, the plant growth-promoting traits identified in 
this group of bacteria, including N2-fixation, phytohormones such as indole 
acetic acid and gibberellic acid, in vitro solubilization of plant macro and 
micronutrients like P and Zn and bio-control of the phytopathogens (Bastian et 
al., 1998, Dobbelaere et al., 2003 and Saravanan et al., 2007). This drew 
attention to reassessing the roles played by this bacterium in PGP aspects. 
 Bacillus polymyxa is commonly found in soil where it colonizes 
important crops species including wheat (Triticum aestivum L.). It plays a dual 
role by fixation of atmospheric N and producing antimicrobial agents against 
deleterious rhizobacteria (Kloepper, 2003). Many investigators have shown 
that B. polymyxa has properties rather than nitrogen fixation. These properties 
could be summarized as follows: solubilization of phosphate and 
enhancement of nutrient uptake (Gaikwad and Wani, 2001); production of 
plant growth regulators (Lebuhn et al., 1997); production of antibiotics (Gajda 
and Kurzawinska, 2004). Many investigators confirmed the superiority of 
inoculation with B. polymyxa for enhancing wheat growth, yield and its yield 
components (Egamberdiyeva and Hoflich, 2004 and Khalil, 2006). 
 The present work is postulated to study the response of wheat 
growth, yield and some yield components to inoculation with N2-fixing bacteria 
under different levels of mineral N-fertilization in sandy loam soil. 
   

MATERIALS AND METHODS 
 

Two field experiments were carried out on a sandy loam soil at El-
Tahrir Province Sector during two successive winter-growing seasons of 
2005/2006 and 2006/2007 to study the response of wheat growth, yield and 
some yield components to inoculation with N2-fixing bacteria under different 
levels of mineral N-fertilization using sprinkler irrigation system. 

Representative soil samples were collected from the experimental 
fields,sieved and air dried. The main physical and chemical properties of the 
soil were determined according to Black et al.(1965),and presented in Table 
(1). 
 Azorhizobium caulinodans, Gluconacetobacter diazotrophicus, 
Bacillus polymyxa strains were supplied by Microbiology Department, Soils, 
Water and Environment Research Institute (SWERI), Agricultural Research 
Center (ARC), Giza, Egypt.  
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Table(1):Some physical and chemical characteristics of the 

experimental soil in both seasons  
character Season 2005/2006 Season 2006/2007 

Particle size distribution (%): 
Sand  
Silt     
Clay   
Texture grade 
S.P (%) 
pH 
E.C. (dS/m at 25oC) 

Soluble cations and anions 

(meq/L): 
Ca++ 
Mg++ 
Na+ 
K+ 
CO=

3 
HCO-

3 
Cl- 
SO=

4 
Organic-C (%) 
Total N ( % ) 
C/N ratio 
Total soluble-N (ppm) 
Available-P ( ppm) 

DTPA extractable (ppm): 
Fe 
Mn 
Zn 
Cu 

 
66.8 
27.0 
6.2 

Sandy loam 
40.2 
7.35 
0.38 
1.80 
0.94 
0.81 
0.30 

-- 
0.84 
0.82 
2.19 

 
0.38 

0.033 
11.52 
33.6 
8.2 

 
 

4.0 
3.0 
1.8 
0.5 

 
67.0 
26.7 
6.3 

Sandy loam 
39.8 
7.39 
0.37 
1.76 
0.92 
0.76 
0.28 

-- 
0.81 
0.77 
2.14 

 
0.39 

0.034 
11.47 
34.8 
8.1 

 
 

3.8 
2.9 
1.9 
0.7 

  

 Azorhizobium caulinodans (strain IRBG314) was grown in TGYE 
medium (Ladha et al., 1989). Gluconacetobacter diazotrophicus was grown 
on standard medium (MYP) according to Sievers and Swings (2005). Bacillus 
polymyxa was grown on nutrient broth medium as described by Clark (1965). 
Cultures were incubated at 28oC for three days on rotary shaker until early log 
phase had been developed to 109 viable cells ml-1, then the cultures were 
transferred to sterile carrier material. Vermiculite supplemented with 10% Irish 
peat was packed in polyethylene bags (300g/bag). Bags were then sealed 
and sterilized by gamma irradiation (5x106 rads). Bacterial culture was 
injected into sterilized carrier to satisfy 60% of the maximal water holding 
capacity. 
 The experiments were arranged as a split plot design with three 
replications. Since nitrogen treatments represent the main plots, while 
inoculation treatments represent the subplots, each plot was 6 m2. All plots 
received the recommended dose of superphosphate (15.5% P2O5) at a rate of 
300 g plot-1 (200 kg fed-1) before sowing and ploughed. Potassium sulphate 
(48% K2O) was added at a rate of 150 g plot-1 (100 kg   fed-1) after 15 and 30 
days from sowing in two equal split doses. Ammonium sulphate (20.5% N) 
was used as a source of mineral N fertilizer at rates of (zero, 182.9, 365.9, 
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548.8 and 731.8g ammonium sulphate plot-1) equal to zero, 25, 50, 75 and 
100 kg N fed-1. Each N-level was splitted to four equal doses after 10, 20, 30, 
40 days from sowing. 
 Wheat seeds (Triticum aestivum cv. Sids-1) supplied by the Wheat 
Research Dept., Field Crops Research Institute, ARC, Giza, was sown in 
rows at a rate of 90 g  plot-1 (60 kg seeds fed-1). Wheat seeds were inoculated 
shortly before planting by Azorhizobium caulinodans, Gluconacetobacter 
diazotrophicus, Bacillus polymyxa as a single treatment or seeds inoculated 
with mixture of such strains at a rate of 0.9 g inoculant per 90 g seeds plot-1 
(600 g inoculant per 60 kg seeds fed-1). Arabic gum solution (16%) was used 
as a sticking agent. The following treatments were studied: 
- Uninoculated. 
- Inoculation with Azorhizobium caulinodans. 
- Inoculation with Gluconacetobacter diazotrophicus. 
- Inoculation with Bacillus polymyxa. 
-Inoculation with mixture strains of Azorhizobium caulinodans + 
Gluconacetobacter diazotrophicus + Bacillus polymyxa. 
These treatments were applied either alone or combined with different 
nitrogen levels, i.e., 25, 50, 75 and 100 kg N fed-1. 
 After 80 days of planting, ten plants were uprooted from each plot to 
estimate the plant height, dry weight of roots and shoots and their nitrogen 
contents.  
 At harvest, a wood frame (0.5 x 0.5m) was used, immediately before 
harvest, to take the samples from each plot to guarantee recording data of 
plant height, number of spikes/m2 (as average of two samples for each plot 
area). After harvest, the following traits were also determined:  number of 
kernels/spike, 1000-kernel weight (g), grain yield (ardab/fed) and straw yield 
(ton/fed). Also, crude protein percentage in both grains and straw were 
determined. 
 The oven dried plant materials were wet digested by using a mixture 
of sulfuric and perchloric acids at a ratio of 1:1 according to Jackson (1973). 
Total-N concentration was determined using Microkjeldahl method as 
described by Page et al. (1982). The crude protein percentage in wheat grains 
and straw was determined by multiplying the nitrogen percentage by 5.7 factor 
according to A.O.A.C. (1960). 
 The obtained data were subjected to Analysis of Variance (ANOVA) 
and L.S.D test was used to compare the treatment means according to the 
procedures outlined by Snedecor and Cochran (1980). 
  

RESULTS AND DISCUSSION 
 

I. Plant growth: 
 Data in Table (2) show the effect of different N2-fixing bacteria, 
different N-levels and their combination on some growth aspects (plant height, 
dry weight of roots and shoots) of 80-day old wheat plants grown in sandy 
loam soil. Data mostly showed that all growth parameters significantly 
responded to different studied treatments. 
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Table (2): Effect of inoculation, different N-levels and their interaction on 

plant height, dry weight of roots and shoots of field grown 

wheat after 80 days from planting in both tested seasons 
 Plant height 

(cm) 

Dry weight of root 

(g/plant) 

Dry weight of 

shoot 

(g/plant) 
Treatments Season 

2005/2006 

Season 

2006/2007 

Season 

2005/2006 

Season 

2006/2007 

Season 

2005/2006 

Season 

2006/2007 

 Effect of inoculation   (Inoc.) 
Uninoculated 
Azorhizobium caulinodans 
Gluconacetobacter diazotrophicus 
Bacillus polymyxa 

Mixture 

69.20 
73.00 
77.20 
77.60 
80.40 

71.00 
74.00 
78.20 
80.60 
83.40 

0.90 
1.09 
1.16 
1.31 
1.40 

0.91 
1.21 
1.27 
1.40 
1.48 

2.13 
2.61 
2.77 
3.07 
3.25 

2.22 
2.76 
3.09 
3.51 
3.59 

L.S.D. 0.05 2.273 1.041 0.052 0.057 0.151 0.322 

 Effect of different nitrogen levels (N) 
Zero 
25 kg N/fed 
50 kg N/fed 
75 kg N/fed 
100 kg N/fed 

60.00 
70.00 
77.80 
81.60 
83.40 

68.20 
75.80 
81.40 
80.80 
81.80 

0.94 
1.14 
1.26 
1.24 
1.28 

1.01 
1.23 
1.35 
1.33 
1.36 

1.94 
2.66 
2.97 
3.10 
3.16 

2.04 
3.02 
3.32 
3.39 
3.41 

L.S.D. 0.05 2.273 1.041 0.052 0.057 0.151 0.322 

  Interaction effect (Inoc. x N) 
 
 
Uninoculated 

Zero 
25 kg N/fed 
50 kg N/fed 
75 kg N/fed 
100 kg N/fed 

58.00 
65.00 
71.00 
74.00 
78.00 

61.00 
69.00 
74.00 
76.00 
75.00 

0.74 
0.81 
0.98 
0.96 
1.03 

0.79 
0.84 
0.82 
0.99 
1.11 

1.77 
1.82 
2.13 
2.45 
2.47 

1.82 
1.89 
2.32 
2.53 
2.55 

 
 
Azorhizobium 
caulinodans 

 

Zero 
25 kg N/fed 
50 kg N/fed 
75 kg N/fed 
100 kg N/fed 

63.00 
67.00 
75.00 
79.00 
81.00 

68.00 
71.00 
79.00 
77.00 
79.00 

0.85 
0.94 
1.24 
1.18 
1.23 

0.91 
0.99 
1.42 
1.35 
1.37 

1.87 
2.54 
2.85 
2.88 
2.91 

1.93 
2.88 
2.91 
3.00 
3.10 

 
 
Gluconacetobacter 
diazotrophicus 

 

Zero 
25 kg N/fed 

50 kg N/fed 
75 kg N/fed 
100 kg N/fed 

66.00 
70.00 

81.00 
85.00 
84.00 

70.00 
72.00 

83.00 
84.00 
82.00 

0.88 
1.13 

1.27 
1.25 
1.29 

0.94 
1.32 

1.44 
1.31 
1.33 

1.92 
2.59 

3.10 
2.99 
3.23 

1.98 
2.89 

3.41 
3.54 
3.62 

 
Bacillus  
polymyxa 

Zero 
25 kg N/fed 
50 kg N/fed 
75 kg N/fed 
100 kg N/fed 

65.00 
74.00 
78.00 
84.00 
87.00 

70.00 
81.00 
84.00 
82.00 
86.00 

1.03 
1.37 
1.41 
1.39 
1.37 

1.19 
1.44 
1.47 
1.49 
1.43 

1.99 
3.14 
3.29 
3.51 
3.42 

2.06 
3.74 
3.99 
3.97 
3.84 

 
 
Mixture 

Zero 
25 kg N/fed 
50 kg N/fed 
75 kg N/fed 
100 kg N/fed 

68.00 
77.00 
84.00 
86.00 
87.00 

72.00 
86.00 
87.00 
85.00 
87.00 

1.21 
1.45 
1.41 
1.44 
1.48 

1.24 
1.53 
1.58 
1.51 
1.56 

2.15 
3.19 
3.46 
3.69 
3.75 

2.40 
3.71 
3.95 
3.91 
3.96 

L.S.D. 0.05 N.S 2.327 0.116 0.127 0.336 N.S 

 

a) Effect of inoculation: 
 Data clearly showed that wheat plant heights increased significantly 
as affected by inoculation with any tested N2-fixing bacteria. Uninoculated 
treatment gave shorter wheat reaching the minimal heights of 69.20 and 
71.00cm in the first and second seasons, respectively. However, using 
mixture strains of A. caulinodans + G. diazotrophicus + B. polymyxa followed 
by single inoculation with B. polymyxa, G. diazotrophicus or A. caulinodans 
recorded significant increases over the control treatment to be 16.18, 12.14, 
11.56 and 5.49% in the first season and 17.46, 13.52, 10.14 and 4.23% in the 
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second one. This trend indicated that the combination of three diazotrophs 
gave a positive effect on wheat plant height that may due to the growth 
promoting substances. These results are in accordance with those obtained 
by Srinivasan et al. (1997), Bai et al. (2002),  Abo-Kora (2004) and Abo El-
Soud et al. (2007) who showed that inoculation with mixed culture of nitrogen 
fixing bacteria gave significant increases in all wheat plant growth. They 
attributed this enhancement to the possible production of plant growth 
promoting substances by the N2-fixing bacteria. 
 Root and shoot dry weights gave a similar effect of inoculation 
treatments as those recorded by wheat plant height (Table 2). Values of root 
dry weight in both tested seasons were (1.40 and 1.48 g/plant), (1.31 and 
1.40 g/plant), (1.16 and 1.27 g/plant) and (1.09 and 1.21 g/plant) by using 
mixture strains, B. polymyxa, G. diazotrophicus and A. caulinodans, 
respectively. While, uninoculated treatment recorded the lowest values of root 
dry weights in both seasons to be 0.90 and 0.91 g/plant, respectively. Also, 
the corresponding values of shoot dry weight at both growing seasons were 
(3.25 and 3.59 g/plant), (3.07 and 3.51 g/plant), (2.77 and 3.09) and (2.61 and 
2.76 g/plant) in the same order mentioned above. The lowest values of shoot 
dry weight (2.13 and 2.22 g/plant) were obtained by uninoculated treatment. 
This confirmed again the superiority of using triple inoculation treatment 
followed by single inoculation with relatively higher values by using B. 
polymyxa. Generally, a comparison between inoculants on wheat growth 
aspects could arranged in descending order as follows: Mixture (triple 
inoculation contained three N2-fixers)> B. polymyxa> G. diazotrophicus> A. 
caulinodans. These results indicate that inoculation of wheat with mixture of 
diazotrophs resulted in consistent plant growth promotion. This promotion in 
wheat growth could be attributed to N2-fixation and/or certain growth 
promoting substances such as indole acetic acid and gibberellic acids, which 
positively affect plant growth. These results stand in accordance with those of 
Dileep Kumar et al. (2001), Saubidet et al. (2002), Kennedy et al. (2004) and 
Abo El-Soud et al. (2007). They came to same conclusion with pea and wheat 
crops. 
 

b) Effect of different N-levels: 
 Data in Table (2) indicate that there were increases in all growth 
parameters as a result of increasing application rate of mineral N-fertilizer 
from zero to 100 kg N/fed. Values of plant height fluctuated between 60 to 
83.40cm and 68.20 to 81.80cm in the first and second seasons, respectively. 
The corresponding values of root dry weight ranged from 0.94 to 1.28 g/plant 
and from 1.01 to 1.36 g/plant in both seasons, respectively. Dry weight of 
shoot in the first season ranged from 1.94 to 3.16 g/plant and in the second 
one ranged from 2.04 to 3.41g/plant. The increase in wheat plant growth with 
increasing the application rate of inorganic N fertilizer may due to the vital role 
of N-fertilizer in increasing vegetative organs and enhancing plant growth. 
Such explanation was suggested by Sabry et al. (2000), Abo-Kora (2004) 
Atalla et al. (2005), Khalil (2006) and Mahmoud et al. (2006) who mentioned 
that application of N-fertilizer can affect growth and development of plant not 
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only directly as a constituent of protein, but also indirectly by changing the 
phytohormone balance, which reflecting by changing in plant morphology. 
 

c) Interaction effect between inoculation and N-fertilization: 
 Data in Table (2) displayed that all growth parameters responded 
significantly to the interaction effect between N2-fixing bacteria and different 
N-levels, except the plant height in the first season and shoot dry weight in the 
second one, which were insignificantly responded. It is clear that using any 
tested bacterial strain in combination with any level of inorganic-N fertilizer 
gave higher values than using the same N-level without inoculation. In 
general, using half dose of N-fertilizer in combination with any bacterial strain 
gave almost similar values to those obtained by using the recommended dose 
of N-fertilizer (100 kg N/fed) with no significant differences by increasing N-
level up to 50 kg N/fed. Meanwhile, wheat plants inoculated with mixture 
strains followed by B. polymyxa, G. diazotrophicus or A. caulinodans as a 
single inoculation when combined with half dose of N-fertilizer gave values 
similar to or higher than using the recommended dose of N-fertilizer. The 
corresponding increases in plant height at both seasons were (18.31 and 
17.57%), (9.86 and 13.51%), (14.08 and 12.16%) and (5.63 and 6.76%), 
respectively, over the uninoculated treatment received half dose of N-fertilizer 
(50 kg N/fed). The corresponding increases, over the uninoculated treatment 
received 50 kg N/fed, of root dry weight in both growing seasons were (43.88 
and 92.68%), (43.88 and 79.27%), (29.59 and 75.61%) and (26.53 and 
73.17%) as a result of using half dose of N fertilizer and inoculation with the 
mixture, B. polymyxa, G. diazotrophicus and A. caulinodans, respectively. The 
increases in shoot dry weight in both seasons were (62.44 and 70.26%), 
(54.46 and 71.98%), (45.54 and 46.98%) and (33.80 and 25.43%), 
respectively, in the same order. The variation between two seasons may be 
related to the differences of weather and other environmental conditions. 
Such promotive effect of the integrated nitrogen fixing bacteria with half dose 
of inorganic-N fertilizer (50-60 kg N/fed) was demonstrated by many 
investigators in newly reclaimed soils (El-Hawary et al., 1998 , Mahmoud et 

al., 2006 and Abo El-Soud et al., 2007). 
 

II- Nitrogen content in plant tissues: 
 Data in Table (3) displayed that total N-content in both roots and 
shoots of 80-day old wheat plants had significantly affected by inoculation, 
different N-levels and their combination in both growing seasons. 
 

a) Effect of inoculation: 
 Obtained results declared that the wheat inoculation accumulated 
higher N than the uninoculated plants. However, the splendid significant effect 
was observed with the use of the mixture culture followed by single 
inoculation with B. polymyxa for root and shoot nitrogen contents. This trend 
was true in both growing seasons. The corresponding higher values of root N-
content in both growing seasons (15.71 and 16.72 mg N/plant) and (13.60 
and 14.93 mg N/plant) were obtained due to the use of the mixture strains 
and B. polymyxa, respectively. While, uninoculated treatment recorded the 
lowest values (8.21 and 8.69 mg N/plant) in both tested seasons, respectively. 
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The higher values of shoot N-content in both seasons were (67.36 and 77.08 
mg N/plant) and (59.77 and 71.19 mg N/plant) by using the N2-fixing bacteria 
mixture and B. polymyxa, respectively, as compared to uninoculated 
treatment, which gave the lowest values of 27.83 and 30.50 mg N/plant. 
These results suggest the possibility that microbial inoculation, which released 
plant growth regulators in the rhizosphere may affect on root development 
and consequently their function in the uptake of both water and nutrients. 
Such results are in conformity with those of Bai et al. (2002), Kennedy et al. 
(2004), Mekhemar et al. (2006) and Abo El-Soud et al. (2007). They 
confirmed the promotion of wheat and corn N-contents by N2-fixing bacteria 
inoculation. 
 

Table (3): Effect of inoculation, different N-levels and their interaction on 

root and shoot N-contents of field grown wheat after 80 days 

from planting in both tested seasons 
Treatments N-content of root 

(mg/plant) 

N-content of shoot 

(mg/plant) 
Seasoin 

2005/2006 

Season 

2006/2007 

Seasoin 

2005/2006 

Season 

2006/2007 

 Effect of inoculation   (Inoc.) 
Uninoculated 
Azorhizobium caulinodans   
Gluconacetobacter diazotrophicus 
Bacillus polymyxa 

Mixture 

8.21 
11.11 
12.06 
13.60 
15.71 

8.69 
12.62 
13.89 
14.93 
16.72 

27.83 
47.10 
51.19 
59.77 
67.36 

30.50 
49.72 
60.53 
71.19 
77.08 

L.S.D. 0.05 0.545 0.665 3.204 5.484 

 Effect of different nitrogen levels (N) 
Zero 
25 kg N/fed 
50 kg N/fed 
75 kg N/fed 

100 kg N/fed 

7.99 
10.29 
13.63 
14.10 

14.66 

9.02 
11.71 
14.81 
15.25 

16.07 

27.28 
43.19 
59.29 
60.68 

62.52 

29.25 
52.19 
68.21 
68.99 

70.38 

L.S.D. 0.05 0.545 0.665 3.204 5.484 

  Interaction effect (Inoc. x N) 
 
 
Uninoculated 

Zero 
25 kg N/fed 
50 kg N/fed 
75 kg N/fed 
100 kg N/fed 

5.49 
6.69 
8.92 
9.31 
10.64 

6.37 
7.39 
7.73 
10.04 
11.91 

18.93 
20.75 
26.91 
34.06 
38.52 

19.71 
23.13 
30.73 
37.57 
41.36 

 
Azorhizobium 
caulinodans 
 

 

Zero 
25 kg N/fed 
50 kg N/fed 
75 kg N/fed 
100 kg N/fed 

6.97 
8.37 
13.52 
12.75 
13.94 

7.80 
9.63 
14.75 
15.27 
15.64 

26.28 
39.92 
55.76 
56.16 
57.41 

28.44 
48.17 
57.23 
56.91 
57.86 

 
 
Gluconacetobacter 
diazotrophicus 

Zero 
25 kg N/fed 
50 kg N/fed 
75 kg N/fed 
100 kg N/fed 

7.31 
9.87 
13.98 
14.30 
14.83 

8.37 
12.72 
16.21 
15.66 
16.49 

28.24 
42.71 
61.70 
59.51 
63.76 

29.31 
50.20 
73.34 
72.06 
77.71 

 
Bacillus 
polymyxa 

Zero 

25 kg N/fed 
50 kg N/fed 
75 kg N/fed 
100 kg N/fed 

9.03 

12.93 
15.09 
15.66 
15.26 

10.87 

14.16 
16.17 
16.41 
17.05 

29.52 

54.94 
71.93 
72.42 
70.04 

31.03 

68.72 
86.87 
85.84 
83.48 

 
 
Mixture 

Zero 
25 kg N/fed 
50 kg N/fed 
75 kg N/fed 
100 kg N/fed 

11.17 
13.58 
16.64 
18.48 
18.65 

11.66 
14.65 
19.17 
18.85 
19.25 

33.40 
59.18 
80.13 
81.25 
82.85 

37.76 
70.71 
92.87 
92.55 
91.48 

L.S.D. 0.05 1.217 1.488 7.165 12.260 
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b) Effect of different N-levels: 
 Data in Table (3) demonstrated that increasing of N-level applied to 
wheat plants (from zero to 100 kg N/fed) led to gradual increases in N-content 
accumulated in their tissues. This trend was true in both growing seasons. 
The corresponding values of root N-content ranged from 7.99 to 14.66 mg 
N/plant and from 9.02 to 16.07 mg N/plant in both seasons, respectively. 
Values of shoot N-content fluctuated between 27.28 to 62.52 mg N/plant and 
29.25 to 70.38 mg N/plant, respectively.  However, the addition of full dose of 
N fertilizer stimulated wheat growth and subsequently had a positive effect on 
root growth and the absorption sites, which enhance absorption of nutrients. 
This results was in consistent with those obtained by Galal et al. (2001), 
Badawi (2003), Abo-Kora (2004), Atalla et al. (2005) and Mahmoud et al. 
(2006), who mentioned that the increasing in N-uptake of wheat plants were 
in parallel to  increasing the application rate of N-fertilizer from zero to 120 kg 
N/fed. 

c) Interaction effect between inoculation and N-fertilization: 
 Table (3) showed that the response of both root and shoot N-contents 
to the interaction effect followed a similar pattern to that of wheat plant 
growth. The values of accumulated N in root tissues ranged from 5.49 to 
18.65 mg N/plant and from 6.37 to 19.25 mg N/plant in the first and second 
season, respectively. The corresponding values of shoot N-contents 
fluctuated between 18.93 and 82.85 mg N/plant in the first season and 
between 19.71 and 92.87 mg N/plant in the second one. In general, wheat 
plants inoculated with any tested bacterial strains and fertilized with any level 
of N-fertilizer gave values higher than using the same N-fertilizer level without 
inoculation. Also, all treatments inoculated with any bacterial strains with 50 
kg N/fed gave higher root and shoot N-content values as compared to using 
50 kg N/fed alone, while increasing N-level above 50 kg N/fed with inoculation 
showed insignificant differences. However, using half dose of N-fertilizer 
along with the mixture bacteria strains followed by B. polymyxa gave higher 
increases in both parameters under investigation. The corresponding 
increases in root N-contents were 86.55 and 147.99% and 69.17 and 
109.18% in both growing seasons, respectively, over those received half dose 
of mineral N alone. The increases in shoot N-content were 197.77 and 
202.21% and 167.30 and 182.69% in the same order. The increases in 
accumulated N in wheat tissues due to the interaction effect could be 
explained through the role of available N supplemented by the inoculating 
organisms and the production of growth promoting substances. These results 
support those obtained by Dobbelaere et al. (2001), Abo-Kora (2004) and 
Mahmoud et al. (2006). They showed a positive effect of the combined 
application of diazotrophs and nitrogen fertilizer for wheat and agronomically 
important cereal crops. 

III. Some yield parameters: 
 Data in Table (4) show the effect of inoculation with N2-fixing bacteria, 
different levels of mineral N-fertilizer and their interaction on some yield 
parameters at harvest time of the field grown wheat under sandy loam soil 
conditions. Obtained results revealed that all yield parameters had 
significantly affected by inoculation and fertilization treatments in both tested 
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seasons. While, the response to the interaction were significant in some 
parameters and insignificant in other ones during the two growing seasons 
(2005/2006 and 2006/2007). 

a) Effect of inoculation: 
 Data in Table (4) confirmed that all yield parameters at harvest time 
increased significantly by bacterial inoculation. It is clear that mixture strains 
followed by B. polymyxa inoculants were superior in this regard because they 
recorded the best results. In general, a comparison between inoculants 
showed the order: Mixture> B. polymyxa> G. diazotrophicus> A. caulinodans> 
uninoculated treatment.The corresponding increases in the plant height over 
the uninoculated control in the first and second season were (13.62 and 
16.11%) and (11.91 and 13.59%) by using mixture and B. polymyxa, 
respectively. Increases in No. of spikes/m2 were (32.21 and 36.62%) and 
(24.56 and 32.40%) in the same order, respectively. Increases of No. of 
kernels/spike in both seasons were (16.04 and 20.48%) and (11.98 and 
13.11%), respectively. While, the corresponding increases in 1000-kernel 
weight were (25.04 and 21.37%) and (17.96 and 17.88%) in both seasons, 
respectively. These results confirmed again the important role of inoculation 
with N2-fixing bacteria in enhancing wheat yield parameters under field 
conditions. This enhancement could be due to the biological role of such 
diazotrophs in promoting plant growth, N2-fixation and phosphorus 
solubilization. Claims to the promotion effect of inoculation with diazotrophs 
on wheat yield parameters were reported by many workers (Swedrzynska, 
2000; Galal et al., 2001; Saubidet et al., 2002; Atalla et al., 2005 and Abo El-
Soud et al., 2007). 

 

b) Effect of different N-levels: 
 Data in Table (4) showed that values of plant height (cm) fluctuated 
between (92.20 to 104.80) and (94.60 and 107.80); No. of spikes/m2 (267.53 
to 351.73) and (282.60 and 371.33); No. of kernels/spike (38.20 to 45.80) and 
(38.80 to 47.80) and 1000-kernel weight (g) (47.06 to 51.55) and (49.16 to 
55.39) in the first and second season, respectively. It is of  worth to note that 
the rate of promotion increased significantly as the rate of mineral N-fertilizer 
increased. This trend was true in both tested seasons. The pronounced 
increases in wheat yield parameters, due to N-application could be related to 
the role of nitrogen nutrient in the anabolic plant processes, which has very 
important function as main constituent of protein, amino acids and many 
essential compounds in plant system. The results are in consonance with the 
findings of Sabry et al. (1999), Atalla et al. (2005) and Khalil (2006) who 
reported that wheat plants exhibited marked increases in spikes number/m2, 
grains number/spike, spike grains weight and 1000-grain weight with 
increasing N fertilization levels up to 75 kg N/fed. 
   

 

 

 

 

 



Mekhemar, G. A. A.  

 458 

Table (4): Effect of inoculation, different N-levels and their interaction on 

some yield parameters of field grown wheat in both tested 

seasons  
Treatments Plant height (cm) No. of spikes/m2 No. of 

kernels/spike 

1000-kernel 

weight (g) 
Season 

2005/2006 

Season 

2006/2007 

Season 

2005/2006 

Season 

2006/2007 

Season 

2005/2006 

Season 

2006/2007 

Season 

2005/2006 

Season 

2006/2007 

 Effect of inoculation   (Inoc.) 
Uninoculated 
Azorhizobium 
caulinodans 
Gluconacetobacter 
diazotrophicus  
Bacillus polymyxa 

Mixture 

94.00 
98.60 
101.53 
105.20 
106.80 

94.73 
99.20 
103.20 
107.60 
110.00 

276.07 
327.07 
325.20 
343.87 
365.00 

277.80 
355.13 
363.67 
367.80 
379.53 

39.47 
40.80 
43.40 
44.20 
45.80 

40.67 
42.40 
45.00 
46.00 
49.00 

44.37 
49.03 
50.50 
52.34 
55.48 

47.03 
51.44 
52.78 
55.44 
57.08 

L.S.D. 0.05 2.312 3.483 4.729 11.270 2.187 1.640 1.372 2.324 

 Effect of different nitrogen levels (N) 
Zero 
25 kg N/fed 
50 kg N/fed 
75 kg N/fed 
100 kg N/fed 

92.20 
100.40 
104.80 
103.93 
104.80 

94.60 
103.00 
103.53 
105.80 
107.80 

267.53 
332.73 
339.47 
351.73 
345.73 

282.60 
355.20 
371.33 
365.80 
369.00 

38.20 
42.27 
43.10 
45.80 
44.00 

38.80 
44.27 
46.80 
47.80 
45.40 

47.06 
50.10 
51.53 
51.48 
51.55 

49.16 
52.60 
53.34 
53.28 
55.39 

L.S.D. 0.05 2.312 3.483 4.729 11.270 2.187 1.640 1.372 2.324 

  Interaction effect (Inoc. x N) 

 
U

n
in

o
c
u

la
te

d
 Zero 

25 kg N/fed 

50 kg N/fed 

75 kg N/fed 

100kg N/fed 

84.00 
92.00 
98.00 
97.00 
99.00 

87.00 
93.00 
94.67 
99.00 
100.00 

233.33 
257.67 
275.00 
301.33 
313.00 

259.00 
267.33 
281.67 
287.00 
294.00 

35.00 
41.33 
41.00 
41.00 
39.00 

37.00 
39.33 
41.00 
44.00 
42.00 

42.40 
44.60 
46.10 
43.60 
45.13 

44.60 
45.70 
44.00 
46.10 
54.47 

A
z
o

rh
iz

o
b

iu
m

 

c
a
u

li
n

o
d

a
n

s
 

 

Zero 

25 kg N/fed 

50 kg N/fed 

75 kg N/fed 

100kg N/fed 

89.00 
97.00 
103.00 
102.00 

102.00 

91.00 
95.00 
100.00 
104.00 

106.00 

272.00 
334.00 
338.67 
353.33 

337.33 

276.67 
345.00 
398.00 
375.00 

381.00 

38.00 
39.00 
41.00 
43.00 

43.00 

38.00 
41.00 
44.00 
47.00 

42.00 

44.40 
47.60 
51.57 
52.00 

49.60 

46.20 
51.90 
52.40 
53.10 

53.60 

G
lu

c
o

n
a
c
e
to

b
a
c
te

r 

d
ia

z
o

tr
o

p
h

ic
u

s
 

Zero 

25 kg N/fed 

50 kg N/fed 

75 kg N/fed 

100kg N/fed 

95.00 
100.00 
105.00 
102.67 
105.00 

97.00 
105.00 
101.00 
104.00 
109.00 

267.67 
329.33 
331.00 
356.00 
342.00 

296.33 
387.00 
384.00 
374.00 
377.00 

39.00 
42.00 
43.00 
47.00 
46.00 

39.00 
45.00 
45.00 
49.00 
47.00 

47.60 
50.80 
51.70 
49.50 
52.90 

50.00 
52.30 
54.50 
53.30 
53.80 

 

B
a
c
il

lu
s
 

p
o

ly
m

y
x
a
 

Zero 

25 kg N/fed 

50 kg N/fed 

75 kg N/fed 

100kg N/fed 

97.00 
105.00 
109.00 
107.00 
108.00 

99.00 
109.00 
113.00 
110.00 
107.00 

276.00 
358.33 
360.67 
366.00 
358.33 

282.00 
383.00 
389.00 
393.00 
392.00 

39.00 
43.00 
45.00 
49.00 
45.00 

39.00 
44.00 
51.00 
49.00 
47.00 

49.20 
49.60 
53.20 
55.10 
54.60 

51.10 
54.90 
57.80 
55.90 
57.50 

  M
ix

tu
re

 

Zero 

25 kg N/fed 

50 kg N/fed 

75 kg N/fed 

100kg N/fed 

96.00 
108.00 
109.00 
111.00 
110.00 

99.00 
113.00 
109.00 
112.00 
117.00 

288.67 
384.33 
392.00 
382.00 
378.00 

299.00 
393.67 
404.00 
400.00 
401.00 

40.00 
46.00 
47.00 
49.00 
47.00 

41.00 
52.00 
53.00 
50.00 
49.00 

51.70 
57.90 
55.10 
57.20 
55.50 

53.90 
58.20 
57.70 
58.00 
57.60 

L.S.D. 0.05 N.S N.S 10.570 25.190 N.S 3.667 3.068 N.S 
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c) Interaction effect between inoculation and N-fertilization: 
 Table (4) shows the interaction effect of inoculation and different N-
levels on some yield parameters of field grown wheat. In general, inoculation 
with any tested bacterial strains with any level of N-fertilizer gave higher 
values than uninoculated treatment received the same level of N-fertilizer. 
Data of plant height in both seasons ranged from (84.00 to 111.00 cm) and 
(87.00 to 117.00 cm), respectively. Although the response of plant height in 
both seasons was insignificant, the inoculation with any of bacterial strains in 
combination with half dose of N-fertilizer gave higher values of wheat plant 
height, particularly by using the bacteria mixture strains followed by using B. 
polymyxa. Also, data of No. of spikes/m2 behaved the same trend obtained in 
wheat plant height at both seasons under investigation. The highest values of 
number of spikes/m2 were attained by using the bacteria mixture strains plus 
50 kg N/fed to be (392 and 404) followed by B. polymyxa plus 75 kg N/fed 
(366 and 393) in the first and second seasons, respectively. Regarding the 
number of kernels/spike and 1000-kernel weight, data in Table (4) declared 
that No. of kernels/spike insignificantly responded to such interaction in the 
first season and significantly responded in the second one. The highest 
values in the first season were achieved by inoculation with mixture treatment 
followed by single inoculation with B. polymyxa in combination with 75 kg 
N/fed being (49 and 49 kernel/spike), respectively. While, the highest values 
of No. of kernels/spike in second season were obtained by using the bacteria 
mixture strains followed by B. polymyxa but in combination with 50 kg N/fed to 
be (53 and 51 kernel/spike), respectively. Also, 1000-kernel weight took 
similar trend obtained above. The response of 1000-kernel weight in the first 
season was significant and gave higher values by using the bacteria mixture 
strains followed by B. polymyxa combined with any level of N-fertilizer (from 
25 to 100 kg N/fed). Although the response of 1000-kernel weight to such 
interaction was insignificant in the second season, data behaved similar trend 
obtained in the first season. The favorable effects of the combination between 
N fertilizer and diazotrophs bacteria may be explained on the basis of the 
beneficial effect of bacteria on the nutrient availability, vital enzymes, 
hormonal stimulating effect on plant growth or the increasing of 
photosynthetic activity (Milosev, 1997, El-Shouny et al., 2003, Abo-Kora, 2004 
and Mahmoud et al., 2006). 
 

IV. Wheat grain and straw yields and their crude protein percent: 
 Table (5) shows the effect of inoculation, different N-levels and their 
interaction on wheat grain and straw yields and their crude protein percent of 
field grown wheat under sandy loam soil conditions in both seasons of 
2005/2006 and 2006/2007. 
 

a) Effect of inoculation: 
 Obtained results showed that inoculation of wheat with single or the 
mixture of bacterial strains exerted a valuable improvement in wheat yield 
components, which resulted in significant increases in grain and straw yields 
and their crude protein percentage in inoculated treatments in comparison to 
uninoculated one. The superiority of tested bacterial strains in enhancing 
wheat yield components under consideration could be arranged as follows: 
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mixture> B. polymyxa> G. diazotrophicus> A. caulinodans. The 
corresponding increases in grain yield over the control in both seasons were 
(52.77 and 46.20%), (41.47 and 32.88%), (21.15 and 20.71%) and (16.54 and 
15.92%). Also, straw yield took a similar trend that mentioned above and 
attained the magnitude of increases by using mixture strains (68.37 and 
73.90%) and B. polymyxa (40.14 and 54.58%) over the control in both 
growing seasons. However, the increase in wheat yield over uninoculated 
control is not necessarily due to the nitrogen fixation by the added inoculum 
but might be due to the secretion of plant growth hormones and some other 
factors including a tropical growth condition, which might be supporting such 
increase due to inoculation. Also, the response of crude protein percent in 
both grains and straw was in parallel with those of wheat grain and straw 
yields (Table 5). The increases in grain crude protein percent in both seasons 
were (25.90 and 24.49) and (22.39 and 18.20) due to the inoculation with the 
bacteria mixture and B. polymyxa, respectively. The corresponding increases 
percent in straw crude protein in both tested seasons were (37.75 and 17.93) 
and (43.71 and 14.68), in the same order. These increments in grain and 
straw crude protein are attributed to increasing the available nitrogen in the 
root zone and at the same time the increase of N absorption rate by plant. 
These results are in agreement with those obtained by El-Hawary et al. 
(1998), Nguyen et al. (2002), Abo-Kora (2004), Abo El-Soud et al. (2007) and 
Mekhemar et al. (2007) who explained that improving effects, arising from 
microbial inoculation, are due to producing growth promoting substances such 
as auxins, gibbrillins and cytokinins. 

 

b) Effect of different N-levels: 
 Data in Table (5) demonstrated that all yield components increased 
significantly with increasing the application rate of mineral N-fertilizer. This 
trend was true in both growing seasons. Values of grain yield fluctuated 
between (7.03 and 14.94 ardab/fed) and (6.70 and 14.64 ardab/fed) in both 
seasons, respectively. Values of straw yield ranged from (2.41 to 4.41 ton/fed) 
and from (2.48 to 4.68 ton/fed), respectively. Crude protein percentages of 
grains ranged from (10.71 to 12.96) in the first season and from (10.64 to 
13.24) in the second season. Crude protein percentages of straw fluctuated 
between (3.55 and 4.11) and (3.71 and 4.11) in the first and second season, 
respectively. It is merit to mention that using full dose of mineral N-fertilizer 
(100 kg N/fed) achieved the highest values of wheat grain yield. While, wheat 
plants fertilized with 75 kg N/fed recorded higher values of straw yield as well 
as crude protein percent of grains and straw. The increase in yield with 
increasing in N supply might due to the increase in the dry weight of 
vegetative organs, which could be considered as a criterion for the 
photosynthetic efficiency of the plant. In addition, increasing application rate of 
N-fertilizer improved the plant content of amino acids, enzymes, some growth 
regulators such as auxins and incorporation into protein. These results are in 
harmony with those obtained by Badawi (2003), El-Wakil and Abd-Alla (2004), 
Atalla et al. (2005), Khalil (2006) and Mahmoud et al. (2006) who reported 
that elevating the levels of applied N up to 50 kg N/fed raised the wheat grain 
and straw yields and its protein contents. 
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c) Interaction effect between inoculation and N-fertilization: 
 Data in Table (5) show the combined effect of inoculation and 
different N-levels on grain, straw yields and its crude protein percent of field 
grown wheat in both tested seasons (2005/2006 and 2006/2007). Obtained 
results confirmed that wheat inoculated with any tested bacterial strains in 
combination with any tested N-fertilizer level gave values higher than 
uninoculated treatment fertilized with the same N-fertilizer level. However, 
triple inoculation treatment followed by single inoculation with B. polymyxa 
gave higher values of such tested wheat yield components when combined 
with half dose of N-fertilizer. Such treatments gave values nearly similar to or 
higher than uninoculated treatment received the recommended dose of N-
fertilizer. The corresponding increases in grain yield over the uninoculated 
treatment received 50 kg N/fed (77.24 and 49.70%) and (66.91 and 48.90%) 
were obtained by using the bacteria mixture strains and B. polymyxa in 
combination with 50 kg N/fed in both tested seasons, respectively. Although 
the response of straw yield to such interaction was insignificant, using mixture 
strain plus 50 kg N/fed showed an increase in straw yield (72.73 and 69.03%) 
over using the same N-fertilizer level without inoculation in the first and 
second seasons, respectively. While, wheat inoculated with B. polymyxa 
combined with 75 kg N/fed showed increases in straw yield to be (48.90 and 
48.01%) over those of uninoculated treatment received 75 kg N/fed in the first 
and second seasons, respectively. 
 Also, crude protein percent in both grain and straw had insignificantly 
responded to such interaction either in season 2005/2006 or season 
2006/2007. Crude protein percentage of grains fluctuated from 9.25 to 14.12 
in the first season and from 9.66 to 14.61 in the second one. The 
corresponding crude protein percentage in straw ranged from 2.40 to 4.93 
and from 3.34 to 4.54, respectively. Obtained results confirmed again the 
superiority of using the mixture strains followed by B. polymyxa in combination 
with 25 or 50 kg N/fed in achieving higher percentages of crude protein 
percent of both wheat grains and straw. The non-significant effect of the 
interaction treatments on the straw yield and crude protein percent may due to 
the clear independent effect of the two factors under investigation. Generally, 
these results imply that wheat plants supplied with 50 kg N/fed and inoculated 
with the mixture strains of (A. caulinodans, G. diazotrophicus and B. 
polymyxa) exerted prominent superiority for increasing seed yield, straw yield 
and its crude protein percent indicating to extending their promotive effect to 
comprise the productivity and quality of wheat yield. Many workers confirmed 
that inoculation of wheat with efficient N2-fixing inoculants could satisfy 50% of 
their nitrogen requirements (Srinivasan et al., 1997, Oliveira et al., 2002, Abou 
El-Soud et al., 2007 and Mekhemar et al., 2007).  
 From these results it could be concluded that the inoculation with N2-
fixing bacteria, particularly in a mixture form, may be acting as a good practice 
for enhancing wheat growth aspects and improving the crop yield and yield 
components. Also, it could compensate 50% of the recommended inorganic-
N used in sandy loam soil with no decrease in wheat quantity or quality as well 
as lead to the reduction of environmental pollution due the intensive use of 
mineral nitrogen fertilizers. 
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Table (5): Effect of inoculation, different N-levels and their interaction on 

grain and straw yields and its crude protein percent of field 

grown wheat in both tested seasons 
Treatments Grain yield 

(ardab/fed) 

Straw yield 

(ton/fed) 

Crude protein 

of grain (%) 

Crude protein 

of straw (%) 
Season 

2005/2006 

Season 

2006/2007 

Season 

2005/2006 

Season 

2006/2007 

Season 

2005/2006 

Season 

2006/2007 

Season 

2005/2006 

Season 

2006/2007 

 Effect of inoculation   (Inoc.) 

Uninoculated 

Azorhizobium caulinodans 

Gluconacetobacter 

diazotrophicus  

Bacillus polymyxa 

Mixture 

9.55 
11.13 
11.57 
13.51 
14.59 

9.61 
11.14 
11.60 
12.77 
14.05 

2.94 
3.46 
3.90 
4.12 
4.95 

2.95 
3.63 
3.96 
4.56 
5.13 

10.54 
12.14 
12.48 
12.90 
13.27 

10.82 
11.93 
12.63 
12.79 
13.47 

3.02 
3.77 
3.99 
4.34 
4.16 

3.68 
3.68 
4.00 
4.22 
4.34 

L.S.D. 0.05 0.841 0.749 0.585 0.564 0.699 0.719 0.346 0.204 
 Effect of different nitrogen levels (N) 

Zero 

25 kg N/fed 

50 kg N/fed 

75 kg N/fed 

100 kg N/fed 

7.03 
11.16 
13.29 
13.93 
14.94 

6.70 
11.27 
12.97 
13.64 
14.64 

2.41 
3.81 
4.34 
4.41 
4.40 

2.48 
4.09 
4.52 
4.68 
4.46 

10.71 
12.07 
12.66 
12.96 
12.93 

10.64 
12.28 
12.63 
13.24 
12.85 

3.55 
3.84 
3.88 
4.11 
3.91 

3.71 
4.06 
4.05 
4.11 
3.99 

L.S.D. 0.05 0.841 0.749 0.585 0.564 0.699 0.719 0.346 0.204 
  Interaction effect (Inoc. x N) 

  U
n
in

o
c
u

la
te

d
 

Zero 

25 kg N/fed 

50 kg N/fed 

75 kg N/fed 

100 kg N/fed 

5.82 

8.62 

9.58 

10.85 

12.87 

5.73 

8.37 

10.02 

11.11 

12.98 

1.68 

2.80 

3.19 

3.44 

3.59 

1.70 

2.73 

3.52 

3.46 

3.32 

9.25 

9.60 

10.28 

11.46 

12.10 

9.66 

9.81 

10.64 

11.80 

12.19 

2.40 

2.84 

3.12 

3.38 

3.36 

3.34 

3.65 

3.79 

3.88 

3.76 

  A
z
o

rh
iz

o
b

iu
m

 

c
a

u
lin

o
d

a
n

s
 

 

Zero 

25 kg N/fed 

50 kg N/fed 

75 kg N/fed 

100 kg N/fed 

6.84 

9.94 

11.54 

12.95 

14.36 

5.99 

9.98 

11.96 

13.05 

14.75 

2.06 

3.22 

3.87 

4.11 

4.04 

2.26 

3.57 

3.89 

4.32 

4.10 

11.20 

11.59 

12.48 

13.06 

12.41 

10.52 

10.87 

12.39 

13.52 

12.37 

3.46 

3.70 

3.95 

3.91 

3.85 

3.37 

3.89 

3.75 

3.65 

3.72 

  G
lu

c
o

n
a

c
e

to
b

a
c
te

r 

d
ia

z
o

tr
o

p
h

ic
u
s
 

 

Zero 

25 kg N/fed 

50 kg N/fed 

75 kg N/fed 

100 kg N/fed 

6.97 

10.25 

12.38 

13.58 

14.67 

6.19 

10.84 

12.93 

13.44 

14.62 

2.29 

3.97 

4.42 

4.35 

4.47 

2.34 

4.05 

4.59 

4.61 

4.21 

10.87 

12.30 

12.57 

13.56 

13.12 

10.94 

12.91 

13.12 

13.58 

12.61 

3.74 

3.94 

4.05 

4.26 

4.00 

3.81 

3.97 

4.12 

4.00 

4.12 

 B
a
c
ill

u
s
 

p
o
ly

m
y
x
a

 Zero 

25 kg N/fed 

50 kg N/fed 

75 kg N/fed 

100 kg N/fed 

7.64 

12.26 

15.99 

15.78 

15.88 

7.08 

12.38 

14.92 

14.61 

14.87 

2.45 

4.14 

4.71 

4.75 

4.55 

2.81 

4.93 

4.66 

5.21 

5.19 

11.00 

12.95 

14.12 

12.98 

13.45 

10.90 

13.21 

13.00 

13.73 

13.11 

3.98 

4.39 

4.15 

4.93 

4.23 

3.92 

4.38 

4.21 

4.54 

4.05 

  M
ix

tu
re

 

Zero 

25 kg N/fed 

50 kg N/fed 

75 kg N/fed 

100 kg N/fed 

7.86 

14.72 

16.98 

16.49 

16.92 

8.52 

14.76 

15.00 

15.99 

15.97 

3.57 

4.92 

5.51 

5.42 

5.33 

3.29 

5.17 

5.95 

5.78 

5.48 

11.21 

13.91 

13.90 

13.75 

13.58 

11.19 

14.61 

13.98 

13.59 

13.96 

4.18 

4.33 

4.15 

4.07 

4.09 

4.09 

4.41 

4.40 

4.49 

4.31 

L.S.D. 0.05 1.880 1.674 N.S N.S N.S N.S N.S N.S 
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 استجابة القمح لمستويات مختلفة من النيتروجين المعدنى والتلقيح

 بالبكتيريا المثبتة للنيتروجين  
 جمال عبد الفتاح أحمد مخيمر

مركممي البحممول  -معهممد بحمول اضراوممى والميممائ والبي مة  -قسم  بحممول الميكروبيولوجيما اليراعيممة 

 مصر -الجيية  -اليراعية 
 

رض رمليى  لىلتي  بقعىجن ج ىلت ريتحريىر لىوس ريمللىمين أجريت تجربتين حقليتين فى  أ 
يدررلىى  رلىىتججب  ري مىىل ريللىىرو لريمح ىىلس  5002/5002ل  5002/5002ريشىىتليين ريمتتىىجيين 

لبعض مكل جت ريمح لس ي بجتجت ريقمح يلتلقيح بجيبكتيريىج ريمببتى  ي يتىرلجين ريءىلرج ريجىلو متدرللى  
 ى  ريمعىد   تحىت   ىجر ريىرو بىجير ت  تىر تلقىيح حبىلت مع ملىتليجت ملتلةى  مىن ريتلىميد ري يترلجي

قبىس ريرررةى  بةتىرص ق ىيرص ببكتيريىج رزرلريىرلبير ت رزلىيتلبجكتر ت ريبجلىيل   1ريقمح  ى   لىد 
بلييمكلج كس م ءر ةل  حدص كمعجموت فردي  لكذيك ريمعجمل  ريمشترك  )ريلقجح ريبوب  ريمشتركً(ت تر 

ت 52مىع ملىتليجت ملتلةى  مىن ريتلىميد ري يترلجي ى  ريمعىد   ) ىةر ت ألتبجر هذه ريلقجحجت متدرللى  
ن( لإلىجف  معىجموت  5002كجر ن/فىدرن(ت تىر رلىتلدرر لىمجد كبريتىجت رزمل يىلر )100ل 22ت 20

ريتلميد ري ترلجي   ريمعىد  ت كمىج تىر فلىجف  ريمعىدس ريمل ى  بىن يلةىدرن مىن لىمجد ريلىلبر فللىةجت 
كجىر لىمجدت ةلى   100كجىر ل  500( بمعىدس 5بىلأ %84تجلىيلر )( لكبريتىجت ريبل2أ5فل 1202%)

 ت5ر2م شق  مرص لرحدص لملجح  ريقعع  ريتجريبي  كج ت   عريتلري ت لكجن ت مير ريتججرت ه  قع
بجي لب  لالتججب   بجتجت ريقمح يلتلقيح بجيبكتيريج ريمببتى  ي تىرلجين ريءىلرج ريجىلو ت أشىجرت  

 لي  ف  جميع  ةجت ري مل ريللري  لريمح لس لبعض مكل ىجت  تجئج ريمللمين أن ه جك ريجدص مع
لن مىن مببتىجت رزرلت ريجىلوت أ ءىرت ريمعجملى  ريمشىترك  )معجملى  ريمح لس  تيج  ريتلقيح بآي  ى
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ريلقجح ريبوبً ( يتبعءج معجمل  ريتلقيح ريةردو بجيبجليل  بلييمكلج تةلقىجً ملحل ىج ةلى  بىجق  ريمعىجموت 
فىى  جميىىع ري ىىةجت تحىىت ريدررلىى ت لبمقجر ىى  تىىتبير معىىجموت ريتلقىىيح ريملتلةىى  ةلىى  جميىىع ري ىىةجت 

س لبعض مكل ىجت ريمح ىلس ي بجتىجت ريقمىح فقىد ألىذت ريترتيىت ريتىجي   معجملى  ريللري  لريمح ل
 ريمعجمل  ريغير ملقح ت >رزرلريرلبير  >رزليتلبجكتر  >ريبجليل  بلييمكلج > ريلقجح ريبوب 
رلتججبت مع ليجً قيجلجت ري مل ريللرو لريمح ىلس لبعىض مكل ىجت ريمح ىلس ي بجتىجت  

ميد ري تيرلجي   ريمعد  ت لةملمجً  فتن رلتلدرر ريمعدس ريعجي  من ريلمجد ريقمح يلريجدص من معدس ريتل
كجىر ن/فىدرن( أةعى  أةلى  قىير يجميىع ري ىةجت تحىت ريدررلى  فى  كىو  100ري يترلجي   ريمعد   )

 ريمللمينت
أشجرت ري تجئج ريلج ى  بجيتىتبير ريمشىترك يكىس مىن ريتلقىيح لملىتليجت ري تىرلجين ريمعىد    
ريح لس ةل  أفلس  تجئج يل مل  لريمح لس لبعض مكل جت ريمح لس ي بجتجت ريقمىح  ريملتلة  ري 

بجلتلدرر معجمل  ريتلقيح ريمشترك )معجمل  ريلقجح ريبوب ( يليءج ريتلقيح ريةردو بجيبجليل  بلييمكلىج فى  
 تىجئج كجر ن/فدرن )    ريجرة  ريكجمل (ت لكجن يءذه ريمعجموت تىتبيررً فيججبيىجً لأةعىت  20لجلد 

تشىىجبن تقريبىىجً أل تتةىىلا ةلىى  ري تىىجئج ريمتح ىىس ةليءىىج مىىن رلىىتلدرر ريجرةىى  ريكجملىى  مىىن ريتلىىميد 
كجىىر ن/فىىدرن( لكىىجن هىىذر ريتىىتبير لرلىىح لىىوس مللىىم  ريرررةىى  تحىىت  100ري ترلجي ىى  ريمعىىد   )

 ريدررل ت
رج ريجىىلو لمىىن هىىذه ري تىىجئج يمكىىن رلىىت تجي أن ريتلقىىيح بجيبكتيريىىج ريمببتىى  ي يتىىرلجين ريءىىل 

)ل ل ىىجً ريلقىىجح ريبوبىى ( هىىل فجىىررج جيىىد يعمىىس ةلىى  تحلىىين  ىىةجت ري مىىل لريمح ىىلس لبعىىض 
مىن ريكميى  ريمل ى  بءىج  %20مكل جت ريمح لس ي بجتجت ريقمحت كذيك يمكن أن يعلض مىج يىلررو 

 من ريلمجد ري يترلجي   ريمعىد   ريملىتلدم  فى  رزررلى  ريرمليى  دلن ريتىتبير ةلى  ف تججيى  لجىلدص
 مح لس ريقمحت


