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ABSTRACT 
 

Response of maize hybrids to N- biofertilization is a means among other means to reduce using chemical 
fertilizers, to reduce of both costs of production, and food pollution, and to minimize the gap between its 
production and consumption by increasing the maize production. From this perspective, two field experiments 
were carried out at the experimental from of the Faculty of Agriculture, (Saba Basha), Alexandria University, at 
Abees region, Alexandria governate, Egypt during two growing seasons of 2012 and 2013 to test the influence 
of bio- fertilization and mineral nitrogenous application on some maize hybrids production. The applied 
experimental design was a split plot design with three replicates. The main plots were allocated to the three 
maize hybrids (S.C. 10, S.C. 128 and T. W. C. 329). Five N- biofertilization; i.e., Control (uninoculation + 288 
kg N ha-1), Cerealine  as biofertilizer + 288 kg N ha-1, Cerealine + 216 kg N ha-1, Cerealine + 144 kg N ha-1, and 
Cerealine + 72 kg N ha-1 were assigned, randomly, to the sub- plots. The main results could be summarized as 
follows: (1) The tested maize hybrids differed, significantly, in plant height, ear length, ear diameter, number of 
rows ear-1, number of grains row-1, grain weight (g) ear-1, ear weight (g), 100 - grain weight (g), grain, straw and 
biological yields (tons) ha-1 and protein % and chemical composition (N, P and K %). Single cross hybrid “128” 
was superior to the other maize hybrid in most yield and yield components. (2) The results revealed that 
inoculation (Cerealine + 216 kg N ha-1) caused significant increase in all studied characters. From the economic 
point of view and form these results, it could be recommended to use “S.C.128” hybrid with inoculation 
Cerealine + 216 kg N ha-1, to obtain the highest grain yield tons ha-1, under Alexandria region conditions. 
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Introduction 
 

Mize (Zea mays, L.) is one of most important cereal crops in Egypt and the world. The area devoted to 
maize cultivation in Egypt in about 750000 ha., and average yield/ha., reached 8 tons ha-1 (FAO, 2012). Maize, 
in the world, ranks the third surpassed only by wheat and rice. It has a great utility in human consumption, 
poultry feed and agro- industry. Egypt imports yearly about five million tons of maize grains to fill the gap 
between maize production and consumption. 

The use of biological and mineral fertilizers either separately or in different combinations should be 
oriented towards the protection of primary agricultural land resources. Conventionaly maize fertilizing questions 
is the sustainability of the production within the concept of sustainable agriculture.  

The experimental and theoretical studies on the application of biofertilizers as replacements or supplements 
to mineral nutrients in the crop production show economical and ecological justification of their broad practical 
application and commercialisation of biofertilizers. Nitrogen fixators are very important for sustainable 
agriculture because their application increases soil fertility and nitrogen balance in the soil, reducing the 
consumption of mineral fertilizers.  

One of the most important factors that affect the physiology of plants growth and development is the 
availability of nutrients which can uptake by plants from soil. Phosphate and nitrogen are important for plant 
growth, however, plants have a limited ability to extract them from the environment, and thus need microbes 
involved in “nutrient recycling,” to help a plant uptake and absorb these nutrients at optimal concentration, 
while plants donate waste by products to microbes for food. With this symbiotic relationship, plants develop 
stronger and bigger root systems. The larger the plants’ roots, the more living space and food there is for the 
microbes to use. In a way, microorganisms serve as biofertilizer (El-kholy et al., 2005). 

An increase in the nitrogen dose increased grain yield, its moisture, and weight of 1000 grains but it 
decreased the yield index and the number of production ears. The level of fertilization with nitrogen and 
kieserite differentiated the nitrogen content in the dry matter of grain. With an increased nitrogen fertilization, 
the content of crude fiber in the dry matter of grain increased, while the number of extraction compounds 
decreased. The highest yield of net energy, yield of digestible protein, and total protein were obtained for the 
dose of 120 kg N·ha-1(Szulc , 2010).  
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Furthermore, biofertilization is one of the most important factors used to produce products free from 

mineral fertilizer that cause environmental pollution problems, and high rates of it lead to a decrease the in 
potential activity of microflore and the mobility of organic matters. Hence, the attention has been focused on the 
researches of biofertilization to sale alterative for the chemical fertilizer. Bio- fertilizers play a vital role for 
increasing the number of microorganisms and accelerate certain microbial process in the rhizosphere of 
inoculate soil plants which can change the available forms of nutrients into plants as reported by Hassanein et al. 
(1997), Attia- Allah (1998), El- Moselhy and Zahran (2003), Mohamed (2004) and Ahamed (2013). 

Bio-fertilizer usually contains microorganisms having specific function such as Azospirillum to fix N2 and 
P solubilizing bacteria to solubilize P from the soil and fertilizer to be available to the plants (Saraswati and 
Sumarno, 2008). Biofertilizer is a material containing microorganisms added to a soil to directly or indirectly 
make certain essential elements available to plants for their nutrition. Various sources of biofertilizers include 
nitrogen fixers, phytostimulators, phosphate solubilizing bacteria, plant growth promoting rhizobacteria, etc… 
(Shekh, 2006).  

An application of high rates of composite mineral fertilizers and their combination with bacterial inoculants 
(N-fixing Klebsiella planticola and Enterobacter spp.) resulted in increased contents of nitrogen, phosphorus, 
potassium and proteins in the grains of maize, which was noticeably observed in the milk-waxy maturity stage 
of maize during two seasons. The highest increase in the yield of the crops studied was obtained by the same 
mentioned treatments, although the combination of bacterial inoculants and lower rates of mineral fertilizers 
resulted in higher yields comparing to the application of lower rates of the pure mineral nutrients. The yield of 
maize was noticeably lower in the third year of the study than in the first year (Stanojković et al., 2012). 

Using mineral nitrogen fertilizer had positive effect on 100- Kernel weight, row in ear, ear weight and grain 
yield. Also, using Biosuper fertilizer (once application treatment) led to increase grain yield. Most of the grain 
yield obtained from application of Biosuper fertilizer equal to 295.051g m-2 and application of 180 kg/ha of 
mineral nitrogen equal to 445.547 g m-2. Application of Biosuper fertilizer led to increase of Grain yield by 16% 
and application of Nitrogen fertilizer led to increase of Grain yield by 61% CV. 504 of corn (Aminzadeh and 
Namazari, 2013). 

The increase in plant biomasses indicates that “nitrokara” biofertilizer has the ability to promote the growth 
of early maturing maize plant. However the ability of performance depends on the proper association between a 
caulinodans in nitrokara and maize crop. Proper rhizobial inoculation is another important factor for seed 
germination, emergence and growth. This indicates that certain strains of rhizobia can promote growth of non-
nitrogen fixing such as maize, possibly through mechanisms that involve changes in growth physiology and root 
morphology (Nkomo et al., 2013).  

Maize yield and it components was significantly higher in application of biofertilizers treatments. The 
highest grain yield was belonged at application of phosphate biofertilizer and the lowest grain yield was 
belonged at application of phosphat barvar2 as biofertilizer. Interaction between biofertilizer (N+P) showed that 
N3P3 treatment had the highest grain yield and the N4P2 biofertilization had the lowest grain yield and the 
differences were significant. In final results revealed that application nitrogen and phosphate biofertilizers 
increased yield and yield components of maize (Shaban et al., 2013). 

Therefore, the objectives of the present study were:  (1) Evaluation the response of maize hybrids to N- 
biofertilization on yield and its chemical composition, and (2) Evaluation the effect of interaction between 
maize hybrid and N- biofertilization on yield and chemical composition. 

 
Materials And Methods 

 
Two field experiments were conducted at the Experimental farm of the Faculty of Agriculture (Saba- 

Basha), Alexandria University, Egypt, during the summer growing seasons of (2012 and 2013) to study the 
influence of bio- fertilization and mineral nitrogenous application on some maize hybrids production.  

The experiment was designed in split- split plot with three replicates. The main plots were assigned to the 
three maize hybrids; i. e., Single Cross 10 (S.C. 10), Three ways cross 329 (T. W. C. 329) and Single Cross128 
(S.C. 128). Meanwhile, the five N- biofertilization i.e. uninoculation + 288 kg N ha-1 as control, Cerealine + 288 
kg N ha-1, Cerealine + 216 kg N ha-1., Cerealine + 144 kg N ha-1., and Cerealine + 72 kg N ha-1 were allocated, 
randomly, to the sub- plots.  

Analysis of both chemical and physical properties of the experimental soil (0 to 30 cm depth) is shown in 
Table (1) according to the method reported by Page et al. (1982). 

Nitrogen fertilizer treatments were applied as urea (46% N) at the rates (72, 144, 216, and 288 kg N ha-1.) 
which were applied in two equal doses. The first one was applied just before the first irrigation and after 
thinning, while the second one was applied just before the second irrigation. Phosphorus fertilizer was applied 
before planting as calcium super phosphate (15.5 % P2O5) at the rate of 360 kg ha-1. Potassium Sulphates (48 % 
K2O) was added before the first irrigation at rate 360 kg K2O ha-1.  
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Prior to sowing, grain inoculation was carried out using the biofertilizer (Cerealine). An inoculate for all 

crops containing of Azospirillu lipoferuim and Bacillus polymx produced by Ministry of Agriculture, Egypt. 
Inoculation was performed by mixing grains with the appropriate Cerealine rates using Arabic gum (Arabic gum 
5%). 

Grains of the three tested hybrids of maize i.e.: (Sc. 10, SC. 128 and T. W. C. 329) were sown on 28th May 
in both cropping seasons. Each Experimental unit consisted of four ridges 6 m length and 0.7 m width. The 
preceding crop was wheat in the two growing seasons. 

The data were obtained from the two middle ridges for estimating yield components and chemical 
composition as followed: 

 
A- Yield and its components: 

 
At harvest ten guarded plants were taken from the 2nd and 3rd ridges in each sub- plots to determine yield 

and its components of corn as: ear length (cm), ear diameter (cm), number of rows ear-1, number of grains row-1, 
grain weight ear-1 (g), ear weight (g), ear weight (g), 100- kernel weight (g), grain yield (tons ha -1), which was 
adjusted to 15.5% moisture content straw yield (tons ha.-1) and biological yield (tons ha.-1). 

 
B- Grain protein and chemical composition: 

 
Grain protein contents was determined according to the improved Kjeldhl method of (A. O. A. C., 1980) 

crude protein was calculated by multiplying the total nitrogen% for each sample by a factor of 5.75%. Chemical 
analysis Powder (0.5 g) of plant material was wet digested with H2SO4- H2O2 mixture (Lowther, 1980) and the 
following determination were carried out in the digested solutions to determine the following: 

- Total N in grains was determined calorimetrically by Nessler's method (Champan and Pratt, 1978). 
- Total P in grains was determined using Vnadomolybate yellow method (Jackson, 1973). 
- Total K in grains was determined using the flame Spectra photometer. 
 
All data collected were subjected to statistical analysis of variance according to Gomez and Gomez (1984). 

The treatments means were compared using L. S. D test at 0.05 level of probability. 
 

Table 1: Soil physical and chemical properties of the experimental site. 
Soil properties 

 Mechanical Chemical analysis clay loam soil 
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20
13

 

45.3 44.6 12.5 clay 
loam 

7.8 3.8 3.9 2.4 12.5 5.7 5.1 8.1 0.7 1.0 1.5 

 
Results And Discussion 

 
A- Yield and its components: 

 
The results in Tables (2 and 3) showed that “SC. 128” hybrid was significantly superior in yield and its 

components i.e. ear length, ear diameter (cm), number of rows ear-1, number of grains row-1, 1000- grain weight 
(g), grain straw and biological yields (tons) ha-1 than the other two hybrids (SC. 10 and T. W. C. 329). Hybrid 
“S.C. 128” recorded the highest mean values in all the studied yield and its component characters except for 
both weight of grains ear-1 and ear weight (g). 

Differences in these traits among maize hybrids under study may be due to differences in their genetic make 
up to one their response to environmental factor affecting development processed and ability to uptake of the 
available nutrients. These results are in harmony with those obtained by Hassanein et al (1997),  Badran (2000), 
Mohamed (2004) and El- Aref et al. (2004). 
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Inoculation Cerealine + 216 kg N ha-1 caused a significant increase in ear length, ear diameter, number of 

rows ear-1, no. of grains row-1, grains weight ear-1, ear weight, 100- grain weight, grain yield (ton ha.-1), as 
compared with the other treatments. This increases in grain yield resulted from the N2- fixing bacteria which 
showed improved yield and its attributes i.e. number of rows ear-1 and number of grains row-1. It could be 
concluded that, the role of available nitrogen from bio- fertilizers as essential element in building maize ears due 
to the positive effect of nitrogen in increasing the vegetative growth photosynthetic, accumulation and net 
assimilation rate in maize as C4 crop. As well as, the increasing grain yield (tons) ha-1 (as the end product) 
maybe due to the role of microorganisms may resulte from bio- fertilizers inoculation in breaking down the 
organic matter and releasing useful compounds for plant.  

Similar results were obtained by Aly et al. (1996), El- Moselhy and Zahran (2003), Mohamed (2004), 
Stanojković et al. (2012), Aminzadeh and Namazari (2013), Shaban et al. (2013) and Nkomo et al. (2013). 
 
Table 2: Effect of maize hybrid N- biofertilization and their interaction on yield and yield components during 2012 and 2013 seasons. 

 
Treatments 

Plant height 
(cm) 

Ear length 
(cm) 

Ear diameter 
(cm) 

No. of rows ear-1 

 
No. of grains 

row-1 

 

Weight of grains 
(g) ear-1 

Growing seasons 
2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 

A)- Maize hybrids 
SC. 10 207.7 206.9 18.7 18.4 12.5 12.2 11.7 11.5 41.1 39.7 217.84 205.32 

T.W.C. 329 214.3 213.9 18.7 18.7 12.7 12.8 13.1 12.2 41.2 40.1 202.20 195.11 
SC. 128 207.0 204.9 18.9 19.4 12.9 12.9 13.1 12.7 41.6 40.5 204.10 198.15 

L.S.D. 0.05 1.20 1.30 N.S 0.30 0.20 0.25 0.20 0.22 0.21 0.27 2.20 2.30 
B)- N-biofertilization 

Uninoculati
on+288 kg 

N ha 

193.4 191.6 16.4 16.7 11.73 11.8 11.5 11.0 38.3 36.8 185.21 179.04 

Cerealine + 
288 kg N 

ha 

213.8 212.3 19.4 19.5 13.10 13.0 12.9 12.5 42.7 41.4 203.32 197.13 

Cerealine + 
216 kg N 

ha 

226.4 225.0 20.6 21.5 13.84 13.7 13.8 13.6 43.2 42.6 226.61 218.02 

Cerealine + 
144 kg N 

ha 

210.7 211.0 19.1 18.5 12.65 12.6 12.6 12.2 41.2 40.3 212.10 210.21 

Cerealine + 
72 kg N ha 

203.8 202.9 18.3 17.8 12.18 12.4 12.4 11.7 40.5 39.3 207.11 196.12 

L.S.D. 0.05 2.50 2.35 0.50 0.52 0.38 0.35 0.45 0.51 0.41 0.50 3.40 2.40 
Interactions: 

A× B * * * * * * * * * * * * 
N.S.; Not significant. 
*: significant at 0.05 level of probability. 

 
Table (2 and 3) declared that the interaction between maize hybrids and N- biofertilization was significant 

on all yield and its components. While, Figure (1) to figure (10) declared that the superiority of “SC.128” hybrid 
with inoculation Cerealine + 216 kg N ha-1 in most grain yield components i.e. ear diameter, no. of rows/ear, no. 
of rows ear-1, number of grains rows-1, 100- grain weight in gram, grain, straw yield/fed and biological (tons) ha-

1 in both seasons and ear length in the second season. 
 

 
Fig.1: Number of rows/ear of maize as affected by N- biofertilization and maize hybrids during 2012 season. 
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Fig.2: Number of rows/ear of maize as affected by N- biofertilization and maize hybrids during 2013 season. 
 

 
 

Fig. 3: Number of grains/rows of maize as affected by N- biofertilization and maize hybrids during 2012 season. 
 

 
 
 

Fig. 4: Number of grains/rows of maize as affected by N- biofertilization and maize hybrids during 2013 season. 
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Table 3: Effect of maize hybrid, N- biofertilization and their interaction on yield and its components during 2012 and 2013 seasons. 

 
Treatments 

Ear weight (g) 1000- grain weight 
(g) 

Grain yield 
(tons ha-1) 

Straw yield 
(tons ha-1) 

Biological yield 
(tons ha-1) 

2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 
A)- Maize hybrids: 

SC. 10 217.84 208.92 41.76 39.96 5.83 5.64 8.50 7.99 14.09 13.39 
T.W.C. 329 205.17 198.25 41.95 40.60 5.59 5.35 8.57 8.26 14.66 13.99 

SC. 128 207.09 202.49 42.70 40.66 5.38 5.76 8.62 8.28 14.98 14.14 
L.S.D. 0.05 2.10 2.40 0.47 0.45 0.22 0.12 N.S 0.17 0.26 0.41 

B)- N-biofertilization: 
Uninoculation+288 kg 

N ha-1 
188.29 188.12 38.84 36.93 5.26 5.09 7.10 6.96 12.36 12.05 

Cerealine + 288 kg N 
ha-1 

 

206.64 200.40 42.64 41.29 6.07 5.71 8.90 8.35 14.98 14.06 

Cerealine + 216 kg N 
ha-1 

229.82 221.07 46.26 43.78 6.60 6.10 9.79 9.26 16.39 15.36 

Cerealine + 144 kg N 
ha-1 

215.20 213.81 43.21 40.25 5.81 5.42 8.81 8.47 14.62 13.90 

Cerealine + 72 kg N ha-

1 
210.27 199.37 41.41 39.84 5.54 5.38 8.18 7.61 13.73 12.98 

L.S.D. 0.05 4.40 2.38 1.15 1.20 0.14 0.07 0.29 0.26 0.31 0.41 
Interactions: 

A× B * * * * * * * * * * 
N.S.; Not significant. 
*: significant at 0.05 level of probability. 

 
 

Fig. 5: 100 kernel weight (g) of maize as affected by N- biofertilization and maize hybrids during 2012 season. 
 

 
 
Fig. 6: 100 kernel weight (g) of maize as affected by N- biofertilization and maize hybrids during 2013 season. 
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Fig.7: Grain yield tons/ha., of maize as affected by N- biofertilization and maize hybrids during 2012 season. 

 
 

Fig. 8: Grain yield tons/ha., of maize as affected by N- biofertilization and maize hybrids during 2013 season. 

 
 
Fig. 9: Straw yield (tons/ha.) of maize as affected by N- biofertilization and maize hybrids during 2012 season. 
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Fig. 10: Straw yield (tons/ha.) of maize as affected by N- biofertilization and maize hybrids during 2013 season.  
 
B- Protein content and macronutrients (N, P and K %): 

 
Data in Table (4) showed that the effect tested variables on protein content in first season and that 

macronutrients (N and K %) was significant in both season, while P% in the second season. Whereas “SC.10 
hybrid” gave the highest protein% in 2012 season and N% in both seasons. As well as SC.166 had the highest P% 
in the second season and K% in both seasons. 

Also, Table (4) disclosed that inoculation with Cerealine + 216 kg N ha-1 caused significant increase in 
protein% and macronutrients (N, P and K %) in both seasons than uninoculation as control. Similar results were 
reported by Hassanein et al (1997), Atta Allah (1998) and Badran (2000). 

The interaction between maize hybrids and N- biofertilization were significant on protein content % in the 
first season and macronutrients (N, P and K %) in the both seasons (Table, 4). 

Figures (11 and 12) indicated that fertilization maize hybrid single cross 10 by Cerealine and 216 N kg ha-1 
gave the highest men values from grain nitrogen content (%) during two growing seasons. 

 
Table 4: Effect of plant spacing, maize hybrids and N- biofertilization on yield and yield components during 2010 and 2011 seasons. 

Treatments Protein content % N % P % K % 
2012 2013 2012 2013 2012 2013 2012 2013 

A)- Maize hybrids 
SC. 10 11.17 10.25 1.78 1.74 0.699 0.684 1.42 1.39 

T.W.C. 329 10.90 10.78 1.75 1.64 0.698 0.697 1.57 1.43 
SC. 128 10.98 10.85 1.74 1.73 0.720 0.656 1.68 1.46 

L.S.D. 0.05 0.09 N.S 0.022 0.020 0.011 N.S 0.04 0.025 
B)- N-biofertilization 

Uninoculation+288 kg 
N ha 

10.14 9.96 1.62 1.59 0.550 0537 1.40 1.330 

Cerealine + 288 kg N 
ha 

11.23 10.72 1.79 1.72 0.681 0.672 1.53 1.445 

Cerealine + 216 kg N 
ha 

11.74 11.32 1.87 1.81 0.831 0.803 1.67 1.530 

Cerealine + 144 kg N 
ha 

11.08 10.63 1.77 1.70 0.748 0.701 1.62 1.433 

Cerealine + 72 kg N 
ha 

10.88 10.51 1.74 1.68 0.720 0.682 1.55 1.397 

L.S.D. 0.05 0.46 0.50 0.050 0.055 0.060 0.055 0.055 0.060 
Interactions 

A× B * N.S. * * * * * * 
N.S.; Not significant. 
*: significant at 0.05 level of probability. 
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Fig.11: Grain N % of maize as affected by N- biofertilization and maize hybrids during 2012 season. 
 

 
Fig. 12: Grain N % of maize as affected by N- biofertilization and maize hybrids during 2013 season. 

 
Conclusion: 

 
Hence fertilizing SC.128 maize hybrid by crealine + 216 kg N ha-1 achieved the objectives of the present 

study. Furthermore investigation in the area should be foreword to study the effect of maize hybrids N- 
biofertilization and their interaction. 
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