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ABSTRACT 

 
 Two field experiments were conducted at two locations; New Valley and Giza 
Agric. Res. Stations, ARC during the two successive summer seasons of 2007 and 
2008 to study the influences of inoculation with Cyanobacteria, Azospirillum and 
Pseudomonas individually or in combination on forage yield and quality traits of 
teosinte ( local variety). The experimental design was a randomized complete block 
with three replications. Combined data over the two seasons at two locations 
indicated that biofertilizers inoculation significantly increased fresh and dry yields, 
plant height, crude protein, crude fiber, ash%, ether extract and nitrogen free extract 
and total digestible nutrient comparing to uninoculated plants through three cuts. Also, 
data confermed the superiority of inculation with mixture of inoculants in achieving 
higher values of all forage yield teosinte characters. Teosinte plants inoculated with 
Cyanobacteria, Azospirillum and Pseudomonas gave significant increases in fresh 
forage yield by about 149 and 140% as compared with the uninoculated plants 
receiving no nitrogen fertilizer at New Valley and Giza location, respectively. 
 It is concluded that teosinte inoculated with biofertilizers in dual or in mixture 
and received the half dose of nitrogen fertilizer gave results near or similar those 
obtained from uninoculated teosinte and received the recommended dose 
(120kgNfed-1) of nitrogen fertilizer.  
Keywords: Teosinte, Zea mays spp. mexicana, Euchlaena mexicana , Biofertilizers, 

Plant Growth Promoting Rhizobacteria , Cyanobacteria, Azospirillum sp., 
Pseudomonas sp., N2-fixing , Diazotrophs . 

 

INTRODUCTION 

 
Forage grasses, i.e. sorghum, millet and teosinte are considered to 

be the most important summer forage crops in Egypt because fresh fodder 
during summer is of a limited supply. Therefore, great efforts have been 
directed towards the improvement of summer forage crops.  

In Egypt summer forage crops are planted to provide supplementary 
forage for animals as pasture, silage or green crop. The forage grasses play 
an important role in plant management of many livestock producers. Among 
these summer forage grasses are sorghum, pearl millet, maize (Darawa) and 
teosinte. Nowadays, growing forage sorghum is limited to the resistant 
varieties to downy mildew disease.  

So, many efforts are needed to increase the productivity of the other 
forage grasses such as teosinte (Zea mays ssp. Mexicana (Schrader) Iltis or 
Euchlaena mexicana Schrad.) for animal feeding. Panikar (1951) in India 
recorded that 4.46 percent crude protein, 32.2 percent crude fiber, 10.8 
percent ash, 1.2 percent ether extract and 51.34 percent nitrogen free extract 
for Euchlaena mexicana on dry matter basis. However, its Australian analysis 
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was 7.27 percent crude protein, 27.67 percent crude fiber, 7.03 percent ash, 
1.39 percent ether extract and 53.75 percent nitrogen free extract.  

Teosinte (Euchlaena mexicana) was recently expanded as a summer 
forage crop in Egypt. It recovers quickly after grazing or clipping and 
produces highly palatable forage. It is closely related to maize in most 
allelometric characters. It has also the advantages of tillering and 
regeneration as a fodder crop under irrigated conditions in addition to its high 
level of tolerance to excess moisture (Lal et al., 1980) which makes this crop 
more adaptable to the humid tropics and sub-tropics (Whyte et al., 1975). For 
forage crops, nitrogen fertilization could determine both the productivity and 
quality of the herbage. 

Gheit et al.(1995) indicated that plant height, fresh and dry forage 
yields as well as crude protein of sorghum hybrid were significantly increased 
with increasing nitrogen level up to 90Kg N/fed. Gheit (2000) also revealed 
that plant height, fresh and dry forage yield of teosinte were significantly 
affected by nitrogen fertilization .He added that 40 kg N/fed/cut gave the 
highest fresh and dry forage yields (30.363-4.458 ton/fed, respectively). 
Crude protein content was increased gradually with increasing nitrogen level 
up to 40 kg N/fed/cut. 

The intensive use of nitrogen fertilizers and their cost have comprised 
expensive charges for the agricultural products, particularly in the developing 
countries (El-Kholi, 1998). Thus, various alternatives were put forward to 
account for the benefits of biofertilizers in general and Cyanobacteria, 
Azospirillum and Pseudomonas inoculation in particular. Biofertilizers are 
considered as the most important factor in reducing the application of 
chemical nitrogen fertilizers and minimizing the induced environmental 
pollution, such as those resulted from nitrogen losses (volatilized NH3 and /or 
leached NO3

-). Hence, an increasing attention is being paid to biological N2-
fixation e.g., Azotobacter and /or Azospirillum inoculated to meet the N 
requirements and improve the soil fertility status to sustain crop yield (George 
et al., 1992; Senaratne and Ratnasinghe, 1995 and Wu-Feibo & Omar, 
1998). Increased yield response of crops have been observed following seed 
inoculation with each of N2-fixing bacteria, i.e., Azotobacter and /or  
Azospirillum ( Omar et al., 1991; Abbass et al., 1994; Soliman et al., 1995; El-
Hawary et al., 1998; Rashid et al., 1998 and Tantawey,2001). 

Biological N2-fixation (BNF) by the diazotrophs is a spontaneous 
process where soil N is limited and adequate C sources are available. A 
range of diazotrophs plant growth promoting rhizobacteria (PGPR) 
participates in interactions with most cereal plants increasing their vegetative 
growth and grain yield. Several investigators showed that inoculation with N2-
fixers have a potential importance to improve growth and increase yield 
productivity of cereal crops not only due to high   N2-fixation activity, but also 
due to plant growth promotion by production of auxins, cytokinins, gibberlins, 
and ethaylene, siderophore aiding plant nutrition by chelation P-solubilization, 
increased nutrient uptake, enhanced stress resistance, vitamin production 
and biocontrol (Kloepper, 2003). Kennedy et al. (2004) proposed that 
inoculation biofertilizers, particularly N2-fixing bacterial diazotrophs, can help 
to ensure that the supply of nutrients contributing to optimized yield is 
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maintained. Diazotrophic PGPR may hold the key to activating these 
outcomes as evolutionary advantages in a situation of adequate C-
substrates, but of N-deficiency, allowing their selective enrichment in the 
rhizosphere (Döberiener and Pedrosa, 1987). 

Advanced researches have altercated the interests of root 
microbiologists to establish more intimate association of wheat and both N2-
fixing bacteria and Cyanobacteria. The application of N2-fixing Cyanobacteria 
biofertilizers in the cultivation of wetland rice has beneficial effect on growth 
and yield (Mule et al., 1999). Reports on the effect of Cyanobacteria on 
growth and other crops rather than rice are, however, scarce (Gantar et al., 
1995 and Abd El-Rasoul et al., 2003). 

Cyanobacteria inoculation along with PGPRs in a multi – strains 
inoculation caused enhancement for growth and yield of peanut (El-Sawy et 
al., 2006). 

Comparative studies in relation to organic manuring have shown that 
morphologically and physiologically distinguishable types of particularly  
Pseudomonas types, have been stimulated in the rhizosphere of wheat and 
rye those found after incorporation of straw in the soil (Höflich, 1989). 
 The aim of this research work was to study the influences of 
inoculation with Cyanobactria (Anabaena sp. & Nostoc sp.), Azospirillum sp., 
and Pseudomonas sp. as N2-fixing and plant growth promoting rhizobacteria 
(PGPRs) on yield production and forage quality of teosinte (Euchlaena 
mexicana). In addition to comparing mineral N and biofertilizer treatments 
and their combinations  

 

MATERIALS AND METHODS 
 

 Two field experiments were conducted at two locations; New Valley 
and Giza Agric. Res. Stations, ARC during the two successive summer 
season of 2007 and 2008 to study the influences of inoculation with 
Cyanobacteica, Azospirillum and Pseudomonas individually or in combination 
on forage yield and quality traits of teosinte (local variety) in comparison with 
mineral N- fertilizations and combination of mineral N and biofertilizers.  
 
Bacterial strains: 
 Cyanobacteria (Nostoc sp. & Anabaena sp.), Azospirillum sp. and 
Pseudomonas sp. were kindly provided by biofertilizers Production Unit; 
Soils, Water and Environment Research Institute, ARC, Giza, Egypt. They 
were prepared as inoculants on suitable sterilized carriers, packed into 
polyethylene bag (300g per bag, each bag content is 109 CFU/g for both 
inoculants).  
 Cyanobacteria and Azospirillum were used as N2-fixers bacteria and 
producers of growth promoters (indol acetic acid, gibberellins and cytokinins) 
or substances which help in greater absorption of nutrients from the soil. 
Also, Pseudomonas was used as producer of growth promoters or 
substances which help in grater absorption and antagonism to soil borne root 
pathogens.   
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Soil used: 
 The main physical and chemical properties samples of two soils for 
the two experimental sites were shown in Table1  
 
Table 1: Mechanical and chemical analysis in soils 

New Valley Giza Property 

8002 8002 8002 8002 

 
50.90 
34.80 
14.30 

Sandy loam 
42.00 
8.00 
1.96 
0.88 

 
2.90 
1.75 
7.30 
7.14 

 
--- 

3.17 
5.10 

10.82 
68.0 

12.45 
 

2.21 
0.70 
0.91 
0.38 

 
08.15 
06.45 
80.45 

Sandy loam 
42.30 
7.92 
1.92 
0.86 

 
2.83 
1.76 
7.28 
7.11 

 
--- 

3.12 
4.96 

10.90 
67.30 
12.40 

 
2.18 
0.66 
0.89 
0.41 

 

 
24.00 
36.20 
39.80 

Clay 1oam 
43.30 
7.62 
1.02 
0.8 

 
4.10 
2.82 
3.02 
0.91 

 
--- 

3.23 
4.20 
3.42 

45.25 
14.00 

 
5.45 
3.00 
1.34 
0.81 

 

 
24.98 
35.87 
39.15 

Clay 1oam 
43.60 
7.70 
1.08 
0.78 

 
4.00 
2.91 
3.13 
0.81 

 
--- 

3.19 
4.22 
3.44 

45.17 
13.22 

 
5.60 
3.13 
1.31 
0.79 

A-Mechanical analysis  
Sand (%) 
Silt    (%) 
Clay (%) 
Texture grade  
S.P    (%) 
pH 
E.C (dsm-1 at 25°C) 
Organic matter (%) 
Soluble cations (me/l) 
Ca ++ 
Mg++                                                      
Na+                                             
K+ 
Soluble anions (meg/l) 
CO3

− 
HCO3

− 

Cl− 
SO4 − − 

Total soluble – N (ppm) 
Available    –     P (ppm) 
DTPA-extractable (ppm) 
 Fe 
 Mn 
 Zn 
 Cu 
 
   

  The following 17 treatments were conducted: 
1- Un inoculated without nitrogen fertilizer. 
2- Un inoculated with 50% nitrogen fertilizer (60 kg N fed-1). 
3- Un inoculated with 100% nitrogen fertilizer (120 kg N fed-1). 
4- Inoculated with Cyanobacteria. 
5- Inoculated with Azospirillum sp. 
6- Inoculated with Pseudomonas sp. 
7- Inoculated with Cyanobacteria + Azospirillum sp. 
8- Inoculated with Cyanobacteria + Pseudomonas sp. 
9- Inoculated with Azospirillum sp. + Pseudomonas sp. 
10- Inoculated with Cyanobacteria + Azosirillum sp+ Pseudomonas sp. 
11- Inoculated with Cyanobacteria + 50% nitrogen fertilizer. 
12- Inoculated with Azospirillum sp. + 50% nitrogen fertilizer. 
13- Inoculated with Pseudomonas sp. + 50% nitrogen fertilizer. 
14- Inoculated with Cyanobacteria + Azospirillum sp. + 50% nitrogen           
      fertilizer. 
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15- Inoculated with Cyanobacteria + Pseudomonas sp. + 50% nitrogen                 
       fertilizer. 
16- Inoculation with Azospirillum sp. + Pseudomonas sp. + 50% nitrogen  

            fertilizer. 
17- Inoculated with Cyanobacteria + Azospirillum sp. + Pseudomonas  

sp. + 50% nitrogen fertilizer. 
  
 Teosinte grains were inoculated with gamma irradiated vermiculite-
based inoculants of  Azospirillum and Pseudomonas at the rate of 400g / 
20kg grains using Arabic gum solution (16%) as a sticking agent 
Cyanobacteria inoculation was carried out at teosinte by broad casting 10kg 
of soil-based inoculums fed-1 over teosinte seeds before covering.  
 The experiments were sown on the second week of May at both 
locations and in each growing season. The experimental design was a 
randomized complete block with three replications and plot size was 12m2 

consisted of five ridges with 60 cm wide and 4m long. grains were planted in 
hills 20cm apart with 20kg fed-1 seeding rate. The plot unit received 22.5 kg 
P2O5 fed-1 at soil preparation. All plots received nitrogen fertilizer at rates of 
60 kg N fed-1 and 120 kg N fed-1 in form of urea (46.5%N). Also, all plots 
received 25kg K2O fed-1. The nitrogen and potassium fertilizers were added 
at three equal doses .The first dose was added after 21 days from sowing, 
the second and the third doses were added after the first and the second 
cuts, respectively. Three cuts were taken during each growing season in both 
locations. The first cut was taken after sixty days from sowing and, the other 
two cuts were taken subsequently every thirty days.  
 The studied characters were plant height (cm), fresh and dry forage 
yields (ton fed-1) Chemical analysis of forage yield was done on dry matter 
basis (%) at the three cuts for both seasons in both locations to determine 
crude protein (CP %), crude fiber (CF %), ash%, ether extract (EE %) and 
nitrogen free extract (NFE %) according to A.O.A.C (1980). Total digestible 
nutrient (TDN %) was estimated according to prediction equation for grasses 
(Adams et al., 1964) as: TDN = 50.41+ 1.04 CP - 0.07 CF. Soil characters 
were determined according to Page et al. (1982). 

Data were statistically analyzed according to procedures outlined by 
Snedecor and Cochran (1980) using MSTAT computer program V.4 (1986). 
Bartlett's test was done to test the homogeneity of error variances. The test 
was non significant for all traits, thus combined analysis was carried out for all 
studied traits.  

 

RESULTS  

 
Results of plant height in local teosinte variety are presented in Table 

2. Data showed that the mean second cut was significantly higher than other 
cuts (88.09, 112.20 and 89.13 cm) at the New Valley and (91.98, 118.55 and 
96.82 cm) at the Giza for first, second and third cuts as average of cuts, 
respectively. With regard to biofertilization, data in Table 2 revealed that 
Cyanobacteria, Azospirillum and Pseudomonas individually, dual and in 
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combinations inoculation treatments showed significant increases in the plant 
height of each cut and the average over three cuts. Cyanobacteria inoculation 
increased plant height of teosinte 28 and 24% as compared with the control 
receiving no fertilizer at New Valley and Giza, respectively. The increases 
reached to31 and 26% when the seed plants were inoculated with 
Pseudomonas sp compared with control. On the other hand, the mixtures 
inoculation (Cyanobacteria, Azospirillum and Pseudomonas) increased plant 
height of teosinte by about 65 and 52% compared with the control at New 
Valley and Giza, respectively. Regarding the interaction between nitrogen 
fertilizer levels and biofertilizer treatments, the data in Table 2 showed clearly 
that the mixtures inoculation when combined with 60kg Nfed-1 increased plant 
height by 51 and 49% as compared with the plants received the nitrogen rate, 
i.e., 60kg Nfed-1, while the increases reached to 8 and 9% as compared with 
the plants received the recommended nitrogen rate (120kg Nfed-1) at two 
locations. 
 
Table 2:  Plant height (cm) of teosinte at two locations over the two 

seasons.                                                                       
               Plant height (cm)                         Character 

 
Treatments   

Giza New Valley 

Mean Cut3 Cut2 Cut1 Mean Cut3 Cut2 Cut1 

78.11 74.33 87.33 72.67 69.33 62.67 75.33 70.00 Control (without N) 

84.78 80.00 96.00 78.33 78.89 71.00 91.00 74.67 N 50% (60 kg N fed-1) 

115.22 112.50 122.50 110.67 110.66 107.33 120.33 104.33 N 100% (120 kg N fed-1) 

96.67 89.00 120.68 80.33 88.89 77.00 114.33 75.33 Cyanobacteria 

86.56 80.67 101.00 78.00 79.33 71.00 94.33 72.67 Azospirillum sp. 

98.44 91.33 120.33 83.67 90.78 81.00 112.00 79.33 Pseudomonas sp. 

94.50 84.00 120.50 79.00 90.78 80.33 115.33 76.67 Cyano.+Azo. sp. 

104.00 95.00 125.33 91.67 99.00 90.00 120.00 87.00 Cyano.+ Pseu. sp. 

102.11 100.00 121.00 85.33 94.89 90.67 113.33 80.67 Azo. sp.+ Pseu. sp. 

118.72 115.50 128.33 112.33 114.56 107.67 124.33 111.67 Cyano.+ Azo. sp. +Pseu. sp. 

102.33 96.67 120.00 90.33 97.67 90.33 116.67 86.00 Cyano.+ 50%N 

95.61 90.50 110.00 86.33 88.78 83.00 101.67 81.67 Azo. sp.+50%N 

98.22 90.00 117.00 87.67 96.67 88.33 115.00 86.67 Pseu. sp.+50%N 

108.83 101.00 127.00 98.50 103.39 96.50 120.00 93.67 Cyano.+Azo. sp.+50%N 

113.06 108.50 132.00 98.67 106.72 100.50 124.00 95.67 Cyano.+Pseu.sp.+50%N 

118.56 116.00 130.00 109.67 110.67 106.50 121.00 104.50 Azo. sp.+Pseu. sp.+50%N 

120.94 121.00 136.33 105.50 119.00 111.33 128.67 117.00 
Cyano. +  Azo. sp.  + Pseu. 
sp.+50%N 

4.41 85.01 86.08 1..0 6.56 7.51 4.06 0.06 LSD 0.05 

102.45 96.82 118.55 91.98 96.47 89.13 112.20 88.09   Mean 

 
Fresh forage yield of the tested treatments varied significantly for 

individual cuttings as well as total fresh forage yield. The results in Table3 
showed that significant differences between treatments in the two locations. 
Regarding the comparison among cuts; second cut produced the highest 
fresh yield. Averaged over all treatments, forage yield was 5.79, 7.83and 5.32 
ton fed-1 at New Valley and 6.92, 8.70and 7.27 ton fed-1 at Giza for the first, 
second and third cuts, respectively. It is clear from the data presented in 
Table 3 that the mixture inoculation (Cyanobacteria , Azospirillum and 
Pseudomonas) produced the highest fresh forage yield of teosinte by about 
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149 and 140% as compared with the control at New Valley and Giza, 
respectively. Regarding the interaction between nitrogen fertilizer levels and 
biofertilizer treatments, the data in Table 3 showed clearly that the mixtures 
inoculation when combined with 60kgNfed-1 increased forage yield by 6 and 
4% as compared with the plants received the recommended nitrogen rate, 
i.e., 120kg Nfed-1 at two locations. 
 
Table 3:  Fresh forage yield (ton fed-1) of teosinte at two locations over 

the two seasons.                                                   

                      
Results presented in Table 4 indicated that significant differences 

between treatments on dry forage yield at all cuts and their total in two 
locations. Generally, dry forage yield exhibited similar trend as fresh forage 
yield .It is clear from the data presented in Table 4 that the mixtures 
inoculation (Cyanobacteria , Azospirillum and Pseudomonas) produced the 
highest dry forage yield of teosinte by about 155 and 178 % as compared 
with the control at New Valley and Giza, respectively for total dry yield. 
Regarding the interaction between nitrogen fertilizer levels and biofertilizer 
treatments, the data in Table 4 showed clearly that the mixtures inoculation 
when combined with 60kgNfed-1 increased the dry forage yield by 7 and 6 % 
as compared with the plants received the recommended nitrogen rate, i.e., 
120kgNfed-1 at two locations.  
 
 
 
 
 
 

Fresh yield (ton fed-1)                        Character 
 
Treatments 

Giza New Valley 

Total Cut3 Cut2 Cut1 Total Cut3 Cut2 Cut1 

12.48 0.01 6.11 6.00 10.07 0.15 0.61 0..5 Control (without N) 

16.76 0.81 4.00 0.04 14.03 0.15 4.55 6.00 N 50% (60 kg N fed-1) 

32.46 85.10 80.8. 1.60 25.70 4..5 88.05 1.05 N 100% (120 kg N fed-1) 

17.69 0.6. 4.06 0.44 15.71 6.01 .114  6.61 Cyanobacteria 

16.73 6.16 4..0 0.51 14.07 0.11 4.55 6.05 Azospirillum sp. 

19.79 4.45 1.08 0.41 16.94 0.85 4..1 6.11 Pseudomonas sp. 

18.30 0..0 4.10 0.00 16.40 6.11 1.50 6.05 Cyano. + Azo. sp. 

20.84 4.51 1.11 4.1. 17.90 0.61 1.05 0.00 Cyano. + Pseu. sp. 

20.60 4.11 1.01 4.60 17.93 4.55 1.50 6..5 Azo. sp. + Pseu. sp. 

29.94 ...6 88.01 1.10 24.93 4.45 85.40 1.15 Cyano.+ Azo. sp. +Pseu. sp. 

25.69 1.00 ..05 1.56 19.90 0.10 1.15 4.01 Cyano.+ 50%N 

18.67 0..0 4.0. 4.00 16.14 6.01 4.01 0.05 Azo. sp.+ 50%N 

23.74 1.51 1..0 1.10 18.50 0.01 1.80 4.85 Pseu. sp.+ 50%N 

25.30 1..0 ..01 1..1 19.50 0.00 1.05 4.41 Cyano.+Azo. sp.+ 50%N 

28.92 ..56 88..0 1..0 24.34 1.51 85.01 4..5 Cyano.+Pseu.sp.+ 50%N 

27.55 ..81 ..15 1.01 22.81 4.51 ..11 4..1 Azo. sp.+Pseu. sp.+ 50%N 

33.68 85.56 86.64 ..81 27.07 4.11 88.10 1.61 Cyano.+ Azo. sp. + Pseu. sp.+ 50%N 

8.10 5.44 8.65 5.10 5.10 5.05 5.60 5.00 LSD 0.05 

22.89 7.27 8.70 6.92 18.84 5.32 7.83 5.79 Mean 
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Table 4: Dry forage yield (ton fed-1) of teosinte at two locations over the 
two seasons.     

Dry yield (ton fed-1)                          Character 
 
 
Treatments 

Giza New Valley 

Total Cut3 Cut2 Cut1 Total Cut3 Cut2 Cut1 

0.50 5.00 5.15 5.01 1.88 5.45 5.46 5.46 Control (without N) 

0.50 8.50 8.80 5.10 2.63 5.1. 8.80 5.18 N 50% (60 kg N fed-1) 

0.44 0.8. 0.04 8.08 4.59 8.64 0.5. 8.56 N 100% (120 kg N fed-1) 

0.58 8.54 8.54 5.11 2.76 5.1. 8.81 5.4. Cyanobacteria 

0.05 8.58 8.65 5.1. 2.78 5.16 8.01 5.41 Azospirillum sp. 

0.68 8.08 8.04 5.10 3.03 8.54 8.00 5.40 Pseudomonas sp. 

0.15 8.04 8.66 8.55 3.46 8.5. 8.04 5.18 Cyano. + Azo. sp. 

0.1. 8.01 8.40 5.14 3.45 8.08 8.01 5.44 Cyano. + Pseu. sp. 

0..6 8.60 8.60 8.54 3.59 .008  8.60 5.18 Azo. sp. + Pseu. sp. 

0.48 0.50 0.81 8.68 4.82 8.68 0.81 8.06 Cyano. + Azo. sp. +Pseu. sp. 

6.1. 8.11 8.18 8.85 3.83 8.01 8.45 5.14 Cyano.+ 50%N 

0.45 8.01 8.05 8.50 3.20 5..1 8.00 5.1. Azo. sp.+ 50%N 

6.58 8.01 8.60 8.50 3.23 8.51 8.00 5.15 Pseu. sp.+ 50%N 

6.60 8.10 8.61 8.00 3.53 8.00 8.00 8.50 Cyano.+Azo. sp.+ 50%N 

0.46 0.51 0.00 8.00 4.88 8.4. 0.80 8.54 Cyano.+Pseu.sp.+ 50%N 

6..0 0.55 8.41 8.06 4.18 8.0. 8.11 8.58 Azo. sp.+Pseu. sp.+ 50%N 

0..1 0.50 0.40 8.0. 4.91 8.64 0.04 8.8. Cyano.+ Azo. sp. + Pseu. sp.+ 50%N 

5.0. 5.80 5.00 5.86 5.8. 5.80 5.80 5.51 LSD 0.05 

4.16 1.50 1.67 1.03 3.57 1.17 1.54 0.87 Mean 

 
Results of crude protein (CP %), crude fiber (CF %), ash%, ether 

extract (EE %) and nitrogen free extract (NFE %) in teosinte local variety are 
presented in Tables (5, 6, 7, 8 and 9). Among the tested treatments the 
statistical analysis indicated the presence of significant differences regarding 
the CP%, CF%, EE% and NFE%. Concerning the comparison of different 
cuts, the first cut gave the highest CP% followed by the third and the second 
cut in Table5 at the two locations (10.15, 7.72 and 7.32%) at the New Valley 
(12.21, 10.70 and 10.53%) at the Giza for first, third and second cut as an 
average of cuts , respectively. Generally, treatment (Cyano. + Azo. Sp. + 
Pseu. sp. +50%N) was superior in crude protein percentage to the other 
treatments at the first cut (11.53%). Meanwhile, treatment (N100%) gave 
(9.17%) at the New Valley , while treatment of (Azo. sp. + 50%N) gave the 
highest CP% (13.67%) compared to (10.27%) from the plants received the 
recommended dose of nitrogen fertilizer at Giza.  
 With regard to crude fiber percentage, data in Table 6 revealed that 
the second cut gave the highest crude fiber percentage followed by the third 
cut and the first cut at two locations  (29.71, 32.35 and 30.92%) at the New 
Valley (28.44, 31.39 and 29.70%) at the Giza for first, second and third cut as 
average of cuts, respectively. Treatment (Cyano. + Azo. sp. +50%N) 
recorded the highest crude fiber content in the first cut (31.20%), in the 
second cut (33.10%) and third cut (32.30%) at New Valley .Treatment 
(Cyano. + Azo. sp.) had the highest crude fiber content in the first cut 
(29.70%) and treatment (Pseu. sp. + 50%N) had the highest crude fiber 
content in the second cut (34.13%) and third cut (32.37%) at Giza. 
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Table 5: Crude protein percentage of teosinte at two locations over the 
two seasons. 

Crude protein (%)                        Character 
 
Treatments 
 

Giza New Valley 

Mean Cut3 Cut1 Cut1 Mean Cut3 Cut2 Cut1 

1.80 4.05 4.11 1.01 6.40 0.15 0..1 7.43 Control (without N) 

1.00 1.45 1.55 ..51 1.50 4.00 4.00 1.00 N 50% (60 kg N fed-1) 

1.41 1.01 1.65 85.01 1.4. 4.15 1.05 ..81 N 100% (120 kg N fed-1) 

88.80 85.65 ..41 80.01 ..51 1.15 1.10 85.15 Cyanobacteria 

80.40 80.50 80.00 80.45 ..56 1.10 1.15 85.45 Azospirillum sp. 

88.10 80.00 85..0 80.85 ...0 ..65 ..50 88.01 Pseudomonas sp. 

80.05 80.55 88.00 80.01 1.10 1.60 1.10 85.00 Cyano. + Azo. sp. 

88.10 80.51 85..0 80.05 1.10 1.60 1.05 85.11 Cyano. + Pseu. sp. 

..46 1..5 1.60 80.45 ..05 1..0 1.65 88.01 Azo. sp. + Pseu. sp. 

80.61 80.00 88.01 80.05 1..1 1.01 1.05 88.61 Cyano.+ Azo. sp. +Pseu. sp. 

80.44 80.10 88.10 80.00 1.80 1.80 1.50 85.00 Cyano.+ 50%N 

80.11 80.10 88..5 80.41 1.10 1..0 4.50 ..45 Azo. sp.+ 50%N 

88.00 85.65 88.00 80.80 1.08 4.10 1.11 85.00 Pseu. sp.+ 50%N 

80.68 80.51 80.55 80.81 1... 1.11 4.00 ..01 Cyano.+Azo. sp.+ 50%N 

80.04 80.85 80.05 80.01 1.00 1.01 1.01 85.00 Cyano.+Pseu.sp.+ 50%N 

..05 1.40 1.00 85.10 1.80 1.65 1.05 ..11 Azo. sp.+Pseu. sp.+ 50%N 

80.11 80.10 80.61 80.85 ..54 1.81 1.61 88.00 Cyano.+ Azo. sp. + Pseu. sp.+ 50%N 

5.80 5.01 5.84 5.81 5.84 5.05 5.00 5.06 LSD 0.05 

88.80 85.15 85.00 80.08 1.65 1.10 1.00 85.80 Mean 

 
 Table 6: Crude fiber percentage of teosinte at two locations over two 

seasons. 
Crude fiber (%)                    Character 

 
Treatments 

Giza New Valley 

Mean Cut3 Cut2 Cut1 Mean Cut3 Cut2 Cut1 

32.06 31.90 02.67 31.60 .00 05 30.40 34.70 08.15 Control (without N) 

29.70 29.80 29.40 29.90 .00 20 00.55 .06 15 5.450  N 50% (60 kg N fed-1) 

29.53 28.80 31.30 28.50 .08 37 05.05 00.05 05.05 N 100% (120 kg N fed-1) 

30.10 31.40 31.50 27.40 .05 46 0..15 00.65 0..81 Cyanobacteria 

30.20 29.70 31.60 29.30 .05 58 05.85 00.05 0..80 Azospirillum sp. 

30.10 29.30 32.50 28.50 .150.  05.55 05.15 01.15 Pseudomonas sp. 

30.13 30.30 30.40 29.70 05.01 05.05 08.15 0..85 Cyano. + Azo. sp. 

31.07 32.07 33.63 27.50 05.00 05.00 08.45 0..61 Cyano. + Pseu. sp. 

29.98 29.77 31.87 28.30 0...1 0..11 08.01 01.15 Azo. sp. + Pseu. sp. 

27.42 26.03 28.73 27.50 05.60 05..5 08.15 01.15 Cyano.+ Azo. sp. +Pseu. sp. 

28.87 26.80 31.00 28.80 05.05 05.85 08.15 0..45 Cyano.+ 50%N 

29.23 27.40 30.90 29.40 08.60 08.45 00.45 05.85 Azo. sp.+ 50%N 

31.18 32.37 34.13 27.03 08.01 05..0 00.85 05.85 Pseu. sp.+ 50%N 

30.33 30.10 32.40 28.50 00.05 00.05 00.85 08.05 Cyano.+Azo. sp.+ 50%N 

29.10 30.50 30.40 26.40 05..0 00.55 08.65 0..65 Cyano.+Pseu.sp.+ 50%N 

30.34 31.70 31.70 27.63 08.06 08.45 00.85 05.50 Azo. sp.+Pseu. sp.+ 50%N 

28.04 27.03 29.50 27.60 05.60 05..5 508.1  01.15 Cyano.+ Azo. sp. + Pseu. sp.+ 50%N 

0.11 0.16 0.21 0.09 5.5. 0.10 0.16 0.16 LSD 0.05 

29.85 29.70 31.39 28.44 30.99 30.92 32.35 29.71 Mean 

  
Concerning the ash percentage, the data presented in Table 7 

showed that the first cut gave the highest ash content followed by the third 
and the second  cuts in the two location (10.00, 8.90 and 9.32%) at the New 
Valley and (11.06, 9.13and 9.24%) at the Giza for first, second and third cut 
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as an average of cuts, respectively.  Treatment (Cyano. + Azo. sp.) had the 
highest ash content in the first cut (10.47%), while treatment (Cyano. + 
50%N) gave the highest ash content in the second cut (9.87%) while 
treatment (Cyano. +Pseu. sp. +50%N) recorded the highest ash content in 
the third cut (10.53%) at New Valley. Treatment (Azo. sp. + Pseu. sp.+50%N) 
had the highest ash content in the first cut (13.43%), while treatment (Azo. 
sp. + Cyano. + Pseu. sp.) gave the highest ash content in the second cut 
(11.20%) while treatment (Azo. sp.+ Pseu. sp.) recorded the highest ash 
content in the third cut (10.27%) at Giza. 
 
Table 7: Ash percentage of teosinte at two locations over the two 

seasons. 
 

 
Concerning the ether extract (EE %), the data presented in Table 8 

showed that the first cut had the highest value followed by the third and the 
second cuts in the two locations (1.97, 1.25and 1.81%) at the New Valley and 
(2.06, 1.88 and 1.92%) at Giza for first, second and third cut as an average of 
cuts, respectively. Treatment (Azospirillum sp.) gave the highest EE% in the 
first cut (2.23%) at the New Valley while treatment (Cyano. + Pseu. sp.) had 
the highest value (3.03%) at Giza. 

With regard to nitrogen free extract , data in Table 9 revealed that 
third cut gave the highest nitrogen free extract followed by the second cut and 
the first cut in the two locations (48.17,49.62 and 50.79%) at the New Valley 
and ( 46.22,47.07and 48.43%) at Giza for first, second and third cut as an 
average of cuts, respectively. Treatment (Azo. sp. + Pseu. sp.) gave the 
highest NFE% in the first cut (48.50%) at the New Valley while treatment 
(Azospirillum sp.) had the highest value (46.80%) at Giza. 
  

      Ash (%)                                              Character 
 
Treatments 

Giza New Valley 

Mean Cut3 Cut2 Cut1 Mean Cut3 Cut2 Cut1 

11.14 11.23 10.23 11.97 9.70 ..40 1.15 85.41 Control (without N) 

11.42 11.23 10.80 12.23 9.46 ..55 1.61 85..5 N 50% (60 kg N fed-1) 

10.56 10.17 9.72 11.80 10.11 ..10 ..05 88.85 N 100% (120 kg N fed-1) 

9.11 8.77 7.53 11.03 9.19 1.00 ..01 ...1 Cyanobacteria 

8.32 8.37 7.67 8.93 9.07 1.85 ..85 85.55 Azospirillum sp. 

9.51 8.97 8.37 11.20 9.19 ..05 1.40 ..10 Pseudomonas sp. 

8.07 7.63 7.80 8.77 9.52 ..80 1..1 85.61 Cyano. + Azo. sp. 

9.90 9.00 8.60 12.10 9.36 ..05 ..01 ..05 Cyano. + Pseu. sp. 

10.54 10.27 10.43 10.93 9.53 85.55 1.11 ..10 Azo. sp. + Pseu. sp. 

10.78 10.10 11.20 11.03 9.29 ..00 1..5 .. 60 Cyano.+ Azo. sp. +Pseu. sp. 

9.51 9.17 9.63 9.73 10.07 85.01 ..11 .. 91 Cyano.+ 50%N 

8.92 8.73 9.30 8.73 9.43 1.11 ..65 85.80 Azo. sp.+ 50%N 

9.90 8.63 8.43 12.63 9.03 ..65 1.00 ..61 Pseu. sp.+ 50%N 

8.92 8.57 8.00 10.18 8.52 1.01 1.81 ..50 Cyano.+Azo. sp.+ 50%N 

9.83 8.83 8.57 12.10 9.78 85.00 1.40 85.81 Cyano.+Pseu.sp.+ 50%N 

10.69 9.63 9.00 13.43 9.44 ..15 1.00 85.55 Azo. sp.+Pseu. sp.+ 50%N 

9.64 7.80 9.93 11.20 9.22 ..61 1.40 ..01 Cyano.+ Azo. sp. + Pseu. sp.+ 50%N 

0.29 0.47 0.78 0.17 5.84 5.81 5.60 5.01 LSD 0.05 

9.81 9.24 9.13 11.06 ..68 ..00 1..5 85.55 Mean 
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Table 8: Ether extract percentage of teosinte at two locations over the 
two seasons.                   

Ether extract (%)                       Character 
 
Treatments 

Giza New Valley 

Mean Cut3 Cut2 Cut1 Mean Cut3 Cut2 Cut1 

1.71 1.67 1.50 1.97 1.61 8.10 8.00 1.77 Control (without N) 

1.31 1.33 1.30 1.30 1.68 8.11 8.80 2.03 N 50% (60 kg N fed-1) 

1.71 1.57 1.70 1.87 1.71 8.10 8.00 2.07 N 100% (120 kg N fed-1) 

1.36 1.30 1.30 1.47 1.66 8.11 8.00 1.97 Cyanobacteria 

1.40 1.23 1.60 1.37 1.67 8.41 8.85 2.23 Azospirillum sp. 

2.15 2.13 2.10 2.23 1.72 8.11 8.01 2.03 Pseudomonas sp. 

1.92 1.83 1.80 2.13 1.69 8.11 8.01 1.93 Cyano. + Azo. sp. 

2.68 2.60 2.40 3.03 1.64 8.10 8.61 1.73 Cyano. + Pseu. sp. 

2.41 2.37 2.10 2.77 1.65 8.11 8.61 1.70 Azo. sp. + Pseu. sp. 

2.38 2.40 2.30 2.43 1.74 8..0 8.01 2.03 Cyano.+ Azo. sp. +Pseu. sp. 

2.15 2.07 2.17 2.20 1.64 8.10 8.81 2.03 Cyano.+ 50%N 

1.87 1.93 1.80 1.87 1.67 8..5 8.80 1.97 Azo. sp.+ 50%N 

1.77 1.80 1.60 1.90 1.73 8..0 8.00 1.93 Pseu. sp.+ 50%N 

1.93 2.00 1.90 1.90 1.60 8.10 8.50 1.93 Cyano.+Azo. sp.+ 50%N 

1.94 1.93 1.90 2.00 1.61 8.11 8.80 1.93 Cyano.+Pseu.sp.+ 50%N 

2.10 2.07 2.10 2.13 1.63 8.11 8.80 2.00 Azo. sp.+Pseu. sp.+ 50%N 

2.41 2.40 2.37 2.47 1.81 8..1 8.00 2.13 Cyano.+ Azo. sp. + Pseu. sp.+ 50%N 

0.15 0.20 0.13 0.19 5.56 5.5. 5.5. 5.80 LSD 0.05 

1.95 1.92 1.88 2.06 1.67 1.81 1.25 1.97 Mean 

 
Table 9: Nitrogen free extract percentage of teosinte at two locations 

over the two seasons.                 
Nitrogen free extract (%)  Character 

 
Treatments 

Giza New Valley 

Mean Cut3 Cut2 Cut1 Mean Cut3 Cut2 Cut1 

47.94 48.90 48.73 46.19 49.29 50.63 61.15 68.40 Control (without N) 

49.35 50.04 50.50 47.50 49.60 51.63 6..50 68.10 N 50% (60 kg N fed-1) 

49.51 52.09 48.88 47.56 49.12 51.93 61.01 .61 17 N 100% (120 kg N fed-1) 

48.29 48.13 50.00 46.73 49.62 52.00 61.40 .61 25 Cyanobacteria 

47.46 48.67 46.90 46.80 49.64 51.91 061..  68.03 Azospirillum sp. 

46.48 47.37 46.10 45.97 49.36 05.80 6..11 68.11 Pseudomonas sp. 

47.58 48.24 48.47 46.03 49.59 05.11 6..40 68.21 Cyano. + Azo. sp. 

44.62 44.26 44.44 45.17 49.63 05.01 05.05 68.40 Cyano. + Pseu. sp. 

47.42 49.69 47.17 45.40 49.64 05.10 6..45 68.55 Azo. sp. + Pseu. sp. 

46.96 48.94 46.20 45.74 49.56 05.00 05.01 68 .81  Cyano.+ Azo. sp. +Pseu. sp. 

46.81 49.13 45.37 45.94 49.66 08.00 6..01 61.81 Cyano.+ 50%N 

47.21 49.21 46.10 46.33 49.61 05.01 05.51 61.05 Azo. sp.+ 50%N 

45.81 46.80 44.31 46.31 49.55 08.05 61.11 61.01 Pseu. sp.+ 50%N 

46.40 47.26 45.70 46.25 49.69 05.60 05.01 61.01 Cyano.+Azo. sp.+ 50%N 

46.57 46.64 46.93 46.13 49.36 61..1 05.10 61.01 Cyano.+Pseu.sp.+ 50%N 

47.57 47.97 48.67 46.08 49.56 05.51 05.65 61.05 Azo. sp.+Pseu. sp.+ 50%N 

47.13 50.04 45.73 45.63 49.48 05.80 05.00 61.51 Cyano.+ Azo. sp. + Pseu. sp.+ 50%N 

0.33 0.53 0.82 0.19 5.85 5.00 5.60 5.00 LSD 0.05 

47.24 48.43 47.07 46.22 69.50 05.1. 6..40 61.81 Mean 

 
Results of total digestible nutrient presented in Table10 showed that 

the first cut had the highest value followed by the third and the second cuts in 
the two locations (58.89,55.76 and56.28%) at the New Valley and 
(61.12,59.16and 59.46) at  Giza for first, second and third cut as an average 
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of cuts, respectively. The treatment of Cyano. + Azo. sp. +Pseu. sp.+50%N 
had the highest values (60.39%)in the first cut ,while the inoculated plants 
with (Azospirillum sp.) had the highest value (62.50%) of TDN% of the first 
cut followed by (62.40%) of TDN% obtained from the plant inoculated with 
Cyanobacteria in the same cut. 
 
Table 10: Total digestible nutrient of teosinte at two locations over the 

two seasons.   

         

DISCUSSION  

 
 Results of the current study assured the significance of biofertilization 
on teosinte growth and productivity. These results are in agreements with 
many investigators. Gantar (2000) emphasized significance of 
Cyanobacteria-wheat association and found that Cyanobacteria penetrated 
the roots in the form of motile filaments (hormogonia), at once inside, they 
divided and transformed into a seriate packages, which showed nitrogenase 
activity. Thus, co-cultivation of wheat with Cyanobacteria could partially meet 
the wheat nitrogen needs. 
 Results were almost in accordance with others concerning 
Cyanobacteria inoculation (Abd El-Rasoul et al., 2003 and 2004; Mussa et 
al., 2003; Hanna et al., 2004 and El- Sawy 2006) regarding Pseudomonas 
(Abdel –Wahab et al., 2006; Hassanein et al., 2006 and Abo El-Soud et al., 
2007) and Azospirillum (Saubidet et al., 2002; Meawed & Gebraiel, 2002 and 
Abo El-Soud et al., 2007).  
 Inoculation of local teosinte variety with (Cyanobacteria,  Azospirillum 
and Pseudomonas) individually or in dual and in combination and improved 

Total digestible nutrient (%)  Character 
 
Treatments 

Giza New Valley 

Mean Cut3 Cut2 Cut1 Mean Cut3 Cut2 Cut1 

55.60 54.73 55.27 56.80 54.76 54.16 54.19 55.92 Control (without N) 

56.88 56.23 56.67 57.75 55.46 54.65 54.81 56.93 N 50% (60 kg N fed-1) 

57.37 56.06 56.96 59.10 56.21 55.26 55.57 57.81 N 100% (120 kg N fed-1) 

59.90 59.03 58.26 62.40 57.72 57.37 56.29 59.50 Cyanobacteria 

61.42 60.84 60.92 62.50 57.67 57.38 56.25 59.39 Azospirillum sp. 

60.53 61.08 59.50 61.00 58.66 58.09 57.65 60.23 Pseudomonas sp. 

61.09 60.77 60.27 62.24 57.47 57.06 56.33 59.01 Cyano. + Azo. sp. 

60.44 60.72 59.42 61.17 57.46 57.04 55.69 59.65 Cyano. + Pseu. sp. 

58.34 56.54 56.95 61.53 57.88 56.57 56.95 60.11 Azo. sp. + Pseu. sp. 

61.46 61.62 60.43 62.32 57.62 56.85 55.68 60.33 Cyano.+ Azo. sp. +Pseu. sp.. 

61.56 61.88 60.54 62.26 56.73 55.72 55.50 58.98 Cyano.+ 50%N 

61.64 61.73 60.62 62.57 56.38 56.45 54.40 58.29 Azo. sp.+ 50%N 

60.03 58.96 60.01 61.13 56.86 55.35 56.28 58.94 Pseu. sp.+ 50%N 

61.20 60.86 60.62 62.11 56.46 56.33 54.88 58.18 Cyano.+Azo.sp.+ 50%N 

61.43 60.86 60.97 62.47 56.90 55.83 55.88 58.99 Cyano.+Pseu.sp.+ 50%N 

57.96 57.17 57.06 59.64 56.67 55.89 55.65 58.47 Azo. sp.+Pseu.sp.+ 50%N 

61.72 61.76 61.31 62.10 57.70 56.74 55.96 60.39 Cyano.+ Azo. sp. + Pseu. sp.+ 50%N 

0.16 0.30 0.17 0.18 0.13 0.11 0.26 0.36 LSD 0.05 

59.92 59.46 59.16 61.12 56.98 56.28 55.76 58.89 Mean 
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total plant dry weight , fresh yield, crude protein, crude fiber, ash , ether 
extract, nitrogen extract  and total digestible nutrient.  
 Over the last few years, a diverse array of bacterial species including 
Cyanobacteria, Azospirillum, Pseudomonas, Serratia, Azotobacter, Bacillus, 
Klebsiella and Anterobacter has been shown to promote plant growth. The 
mechanisms by which these rhizobacteria enhance plant growth are not 
clear, but it is postulated that they may be associated with (a) production of 
secondary metabolites such as antibiotics, cyanide and hormone like 
substances, (b) production of sidrophores (c) dinitrogen fixation, (d) increase 
phosphate solubilization, (e) enhance mineral uptake and/or (f) antagonism to 
soil borne root pathogens. 
   
Conclusion 

From the previous results of forage teosinte, it could be concluded 
that combination between PGPRs and N2– fixer bacteria inoculants increased 
growth, forage yield and quality traits of teosinte and save about 50% of 
nitrogen fertilizer with decreasing  hazard environmental effects that may be 
caused by mineral N-fertilizer. 

 
REFERENCES 

 

 
Abbas, M. T.; A. Ramah; M. Monib; E. H. Ghanem; M.A.M.Eid; M. F. Z. 

Emara and N. A. Hegazie (1994). Wheat cultivation in sandy soils as 
affected by N-fertilization and composite inoculation with associative 
diazotrophs. In: Hegazi, N.A.; Fayez, M. and Monib, M. (eds). Nitrogen 
fixation with non-legumes, The American University in Cairo Press, 
485-487. 

Abd El - Rasoul, Sh . M.; M. M. Hassan and Amira A. Salem (2003). 
Comparison between the influence of some biofertilizers or effective 
microorganisms and or inorganic fertilizers on wheat growth in sandy 
soil. Egypt .J. Appl. Sci., 18:388-406.  

Abd El - Rasoul, Sh . M.; Mona, M. Hanna; Elham, M. Aref and F. M. Ghazal 
(2004). Cyanobacteria and effective microorganisms (EM) as possible 
biofertilizers in wheat production. J. Agric. Sci. Mansoura Univ., 29: 
2783-2793. 

Abdel-Wahab, A.F.; G. A. A. Mekhemar; H. Sh. Shehata and A.A. Hanafi 
(2006). Effect of plant growth bioprotecting and promoting rhizobacteria 
and compost on the healthy and productivity of peanut crop in sandy 
soil. J. Agric. Res., Minufiya Univ., Egypt. 31(5):1323-1348. 

Abo El-Soud, A. A.; B. A. A. Kandil and B. A. Hasouna (2007). Response of 
wheat growth and yield to N2-fixing bacteria combined with plant 
growth promoting rhizobacteria . Egypt .J. of Appl. Sci., 22 (4B):670-
681. 

Adams, R. S.; J. H. Moore; E. M. Kesler and G. S. Stevens (1964). New, 
relationship for estimating TDN content of forage from chemical 
Composition. J. Dairy Sci., 47:1461. 



Ibrahim, Hoda I. M. et al. 

 6528 

A. O. A. C. (980). Association of Official Agricultural Chemists Official 
Methods of Analysis 13th Ed.Washington,D.C.,U.S.A. 

Döberiener, J. and  F. O. Pedrosa (1987). Nitrogen-fixing bacteria in non-
leguminous crop plants. Science Tech., Madison, USA. 

El-Hawary, F.; I. Ibrahim and F. Hammouda (1998). Effect of integrated 
bacterial fertilization on yield components of wheat in sandy soil. The 
regional symposium on Agro-Technologies based on biological 
nitrogen fixation for desert agriculture. April, 14-16 El- Arish, North 
Sinai Governorate, 78.   

El-Kholi, A. F. (1998). Essentiality of biofertilizers with special refernce to 
biological nitrogen fixation (BNF). Egypt J. Soil Sci.,38(1-4):330-352. 

El-Sawy, W. A.; G. A. A. Mekhemar and B.A.A. Kandil (2006). Comparative 
assessment of growth and yield of two peanut genotypes to inoculation 
with Bradyrhizobium conjugated with Cyanobacteria and Rizobium  . J. 
Agric. Res., Minufiya Univ., Egypt. 31(4):1031-1049.   

Gantar, M. (2000). Mechanical damage of roots provides enhanced 
colonization of wheat endosphere by the dinitrogen-fixing 
Cyanobacterium   Nostoc  strain 259B. Biol. Fertil. Soils. 32:250-255. 

Gantar, M.; P. Rowell and N. W. Kerby(1995). Role of extra cellular 
polysaccharides in the colonization of wheat (Triticum vulgaris L.) roots 
by N2-fixing Cyanobacteria. Biol. Fertil. Soils. 19:41-48.  

George, T.; J. K Ladha; R. J.Buresh and D.P.Garrity(1992). Managing native 
and legume-fixed nitrogen in lowland rice-based cropping systems. 
Plant and Soil, 141:69-91. 

Gheit, G. S. (2000). Effect of hill spacing and nitrogen level on forage yield of 
teosinte (Zea mexicana L.). J. Agric. Sci. Mansoura Univ., 25(2):657-
663. 

Gheit, G. S.; K. M. Sayed and S. A. Ramadan (1995). Effect of different rates 
of N, P and K fertilizers on growth, yield crude protein in Sorghum x 
Sudangrass (local hybrid 402). J. Agric. Sci. Mansoura Univ., 
20(5):2593-2600. 

Hanna, Mona M.; Elham, M. Aref and F.M.Ghazal (2004). Effect of   
Cyanobacteria-wheat association on wheat production and soil fertility. 
J. Agric. Sci. Mansoura Univ., 29:2941-2948. 

Hassanein, A. M.; A. M. El-Garhy and G. A. A. Mekhemar (2006). Symbiotic 
nitrogen fixation process in faba bean and chickpea as affected by 
biological and chemical control of root-rot. J. Agric. Sci. Mansoura 
Univ., Egypt. 31(2):963-980. 

Höflich, G. (1989). The use of rhizosphere microorganisms for stimulating N2-
fixation and plant growth. In:V.Vancura and F.Kunc (Ed.) Inerreiation 
ion ships Bdween Microorganisms and plants in Soil,pp.243-
252,Elsevier, Amsterdam, Oxford, New York, Tokyo. 

Kennedy, I. R.; A. T. M. A. Choudhury and Mihaly, I. Kecskes (2004). Non-
symbiotic bacterial diazotrophs in crop-farming systems: can their 
potential for plant be better exploid? Soil Biol. Biochem., 36: 1229-
1244. 



J. Agric. Sci. Mansoura Univ., 34 (6), June, 2009 

 6529 

Kloepper , J. W. (2003). A review of mechanisms for plant growth promotion 
by PGPR. 6th international PGPR workshop 6-10 October 2003, 
Calcutta. India.  

Lal, M.; L. L. Relwani and J.Singh(1980).Influence of cutting management 
and nitrogen fertilization on forage yield and regeneration of teosinte 
.Forage Res.,6(1):99-102. 

Meawed, N. S. and M. Y. Gebraiel (2002). Response of zea mexicana to 
mineral nitrogen levels and biofertlization. J. Agric. Res., Minufiya 
Univ., Egypt.27(5):1217-1228. 

MSTAT, V. (4). (1986). A micro computer program for the Design and 
Analysis of Agronomic Research Experiments. Michigan State 
Univ.,USA.  

Mule, M. C. Z., G.Z. Caire, M. S. Cano, M. R. Palma and C. Karina (1999). 
effect of  Cyanobacterial inoculation and fertilizers on rice seedlings 
and post-harvest soil stracture. Commun. Soil, Sci. Pland Anal., 30:97-
107.  

Mussa, S. A. I, M. M. Hanna and F. M. Ghazal. 2003. Effect of cyanobacteria-
wheat association on wheat growth and yield components. Egypt J. 
Biotechnol., 14:164-174. 

Omar, M. N. A., M. H. Hegazy, R. A. Abd El-Aziz, M.S.M.Abo Soliman and 
M.M.Sobh (1991). Effect of inoculation with rhizobacteria on yield of 
wheat under graded levels of nitrogen fertilization. Annals. Agric. Sci. 
Ain-Shams Univ.,Cairo, 36:99-104.  

Page, A. L., R. H. Miller and D. R. Keeney (1982). Methods of Soil Analysis. 
II. Chemical and Microbiological  Properties. Soil Sci. Amer. Madison, 
Wisconsin, USA. 

Panikar, S.M.(1951). Zea mexicana (Schrad) Reeves and Mangelsd. Tropical 
Grasses pp: 758-759.Food and Agriculture Organization (FAO) Rome, 
1990. 

Rashid A., M. R. Sajjad, M. S. Cheema, M. S. Sindhu and M. M. Nayyar 
(1998). Response of wheat to an associative diazotroph inoculum 
under different rates of nitrogen fertilizer. K. A. Malik et al., (eds), 
Nitrogen fixation with non-legumes, 95-97. 

Saubidet, Maria I., Nora Fatta and Atilio J. Barneix (2002). The effect of 
inoculation with Azospirillum brasilense on growth and nitrogen 
utilization by wheat plants. Plant and Soil, 245:215-222. 

Senaratne R. and D. S. Ratnasinghe. 1995. Nitrogen fixation and beneficial 
effects of some grain legumes and green-manure crops on rice. Boil. 
Fertile. Soils, 19:49-54. 

Snedecor G.W. and W.G.Cochran (1980). Statistical Methods. Seventh Ed., 
Iowa State Univ. Press, Ames, Iowa USA, pp.255-269. 

Soliman S., M. Abou Seeda, S. S. M. Aly and A. M. Gadella (1995). Nitrogen 
fixation by wheat plants as affected by nitrogen fertilizer levels and 
non-symbiotic bacteria. Egypt. J. of Soil Sci., 35(4):401-413.  

Tantawey, Eman A. A. (2001). Response of some field crops to inoculation 
with nitrogen fixing bacteria under different soil conditions. Ph .D. 
Thesis, Fac. of Agric. Cairo Univ., Egypt.  



Ibrahim, Hoda I. M. et al. 

 6530 

Whyte,R.O, T.R.G.Moir and J.PCooper (1975). Grasses in Agricultural, 
F.A.O.  NO.  42:337. 

Wu. Feibo and M. N.A. Omar (1998). Selection of certain nitrogen fixing 
organisms from the cotton (Gossypium barbadense L.) rhizosphere. 
Egypt. J. Appl. Sci, 13(5): 116-126. 

 

 تأثير التسميد المعدنى والحيوى على إنتاجية وجودة الذرة الريانة
 1ناصر محمد حامد و 2بلال عبد السميع احمد قنديل ٬ 1إبراهيممحمد هدى إمام 

-جيززة -مركز البحوث الزاعية  -معهد بحوث المحاصيل الحقلية  -قسم بحوث محاصيل العلف  -1
 مصر.

 -مركز البحزوث الزاعيزة  -وث الأراضى والمياه والبيئة معهد بح -قسم بحوث الميكروبيولوجى -2
 مصر.-جيزة

 

اقيمتتت ربتارتتقل تانيرتتقل  عتت  متتفقنيل ميرنبتتيل ايليتتق امتررتت  اااتتتف  اا تا يتت  اتتقافا   
ا تايتتتت  رتتتتققيت اارناتتتتي   7002ف7002ااب يتتتت  فاابيتتتت م يتتتتال اامفيتتتتميل ااتتتت تا ييل اا تتتتيبييل 

 فمفبقس رتتل امبتتت   اف عتت  ا فاى اف عتت  ينتتير  نتت  رميتت  اقايتتيقبفاررتيق فاو فيتتايتينال فاايتتي
 مت فل ااننف اويضت فاابقف ف ن   بقت اابف م ع  ااذتم ااتيقب .

انمفيتتتميل عتتت  رتتتل متتتل اامتتتفقنيل ال اارناتتتي  فقتتت  رتتتتقتت برتتتقل  اارتنيتتتل ااربمينتتت   
اقويم مااتيفي  ا ت اا   يق م منبفي  ع  مت تفل ااننتف اويضتت فاابتقفل رتفل ااباتقت  لبيتا  
اااتتتفريل اايتتقل لبيتتا  اوايتتقف اايتتقل لبيتتا  ااتمتتق  لبيا اا وفللبيتتا  اارتافويتت تات ااذالاتت  فبيتتا  

 اامفا  ااغذالي  اامهضفم  اارني . 
 ت اابرقل  ربفق اارناي  اينير اارقلبقت اا قيا  ااميري م  فذات  عت  بميتل اا تبقت فق  ار 
 اام تفي .

رمقاقارت اابرقل  ال باقرقت ااذتم ااتيقب  اامنات  ارل مل ااييقبفاررتيق ل   فاو فيايتينال 
ماقتبت   % 941,940لاايي فمفبقس ا رت  يق ات منبفيت  عت  مت تفل ااننتف اويضتت تتفاا  

 اباقرقت غيت اامنات  فغيت ااميم م اقو فت ع  مفقن  اافا   ااب ي  فاابي م  ن  اارفاا .اق
ين ت اابرقل  اا  ال ااذتم ااتيقبت  اامناتت  اقويتم م ااتيفيت  عت  ا فاى اف مينتفر مبهتق  

فيم ت اب ف بت ت  اايتمق  او فرت   ا رتت برتقل  قتيات  متل اابرتقل  اامرت تل  نيهتق عت  تقات  
ربتتل 970قت غيتتت اامناتتت  فااميتتم م اقابت تت  اارقمنتت  اامف تت  اهتتق متتل ااريتتمي  اابيرتفبيبتت  ااباقرتت

 ا فت انب ال(
 


