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ABSTRACT 

 

Two field trials were conducted for two successive seasons 2017 and 

2018 at a private farm located in Menpal Village, Matay District, EL- Minia 

governorate, Egypt. To study the effect of three biofertilization treatments 

(control, Minia azotine and Nitrobine) with five mineral nitrogen 

fertilization levels (20, 40, 60, 80 and 100 kg/fed.) as well as their 

interactions on the growth, yield and yield components of maize (Zea mays 

L.) yellow SC Pioneer 999. 

The results illustrated that all tested aspects of growth characters (plant 

height, stem diameter and leaf area) and yield and yield components (ear 

length, number of grains / row and grain yield) were significantly improved 

with   applying biofertilizers relative to the check treatment in both seasons. 

Minia azotine biofertilizer was more effective than Nitrobine. In addition, all 

previous traits were significantly increased due to increasing nitrogen levels 

from 20 to 100 kg N/fed. in both seasons.  Minia azotine plus fertilizing with 

nitrogen at 80 kg/fed. was the superlative interaction treatment for grain 

production of maize in both seasons.  A result of this research confirms the 

importance of biofertilizers application to compensate for artificial fertilizers 

to boost crop yield and quality while minimizing environmental impacts. 

 

 

Keywords: Biofertilization, Minia azotine, Nitrobine, Nitrogen, yield and yield 

components. 
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INTRODUCTION 

Maize (Zea mays L.) is one of the 

most important cereal crops not only 

especially in Egypt but also worldwide, 

belongs to the Poaceae family. It is 

considered as a short duration and quick 

growing crop. It is the third-largest 

cereal crop in the world after rice and 

wheat. Maize is essential for livestock 

and human consumption as an available 

source of carbohydrates, oil and partly 

protein, (Martin et al., 2006 and Abd 

El-Gawad and Morsy, 2017). 

Generally, useing of biofertilizers in 

agriculture have many recompences: 

such as, it's most safe, decreased 

environmental contamination and 

potentially smaller risks for human 

health. Biofertilizers also are effective in 

small quantities, much more targeted 

activity, multiply themselves faster, 

however they are controlled by the plant 

as well as decompose indigenous more 

quickly than conventional fertilization 

systems, and finally, it can be used in an 

integrated or traditional agricultural 

management systems (Berg, 2009; Abd 

El-Azeim et al., 2023). Azotobacter spp. 

are characterized by nitrogen fixation, 

siderophore , exopolysaccharide and 

IAA production, that improve the 

plant health and indol-3-acetic acid 

and exopolysaccharides (EPS) 

production (Gauri et al., 2012).  

According to Abd El-Azeim et al. 

(2023), biofertilizers are necessary to 

safeguard the soil, vegetation, and 

ecosystem due to the adverse effects of 

chemical fertilizers. In agriculture, 

where it is used as a biofertilizer, it 

may fix atmospheric nitrogen and 

convert it to ammonia for plant 

growth and soil stabilization. Many 

researchers emphasized that using 

biofertilizers enhanced growth 

parameters and yield traits (Singh et al., 

2018; Mtaita et al., 2019; Hamza et 

al., 2021; Abd El-Azeim et al., 2021; 

Sabur et al., 2021 and Kebede et a1., 

2023). 

Positive response of maize growth 

traits (leaf area, plant height, stem 

diameter and ear height) to nitrogen 

fertilizers had been reported by 

Soleymanifard and Naseri, 2014; 

Jena et al., 2015; Krismawati, 2020; 

Kubheka et al., 2020 and Ibrahim et 

al., 2022. Also, the positive of mineral 

nitrogen fertilization on maize yield 

and yield components (ear length, ear 

diameter, number of rows / ear, number 

of grains / row and grain yield) were 

pointed out by Sharifi and 

Taghizadeh, 2009; Aminzadeh and 

Namazari, 2013; Mohammadi et al., 

2014; Krismawat, 2020 and 

Adhikari et al., 2021. 

Therefore, the main aim of this study 

to determine the impact of different 

combination of mineral N fertilizer 

levels with biofertilizers    , as well as 

their interactions on the growth traits, 

yield and its components of yellow 

maize SC Pioneer 999. 

 

MATERIALS AND METHODS 

The current investigation was 

conducted in Menpal Village, Mattay 

District, EL- Minia governorate, Egypt 

during two successive summer seasons 

of 2017 and 2018 to test the impact of 

three types of biofertilizers and five 

levels of inorganic nitrogen on growth 
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parameters, yield, and its components of 

maize (Zea mays L.). A randomized 

complete block design (RCBD) was 

used, in a split-plot design with three 

replicates. The main plots (A) include 3 

biofertilization treatments (control, 

Minia azotine and Nitrobine), while 5 

levels of mineral nitrogen (20, 40, 60, 80 

and 100 kg N/fed.) occupied the sub-

plots (B). Each plot area was 10.5 m
2
 

(3.0 m length x 3.5 m width), including 5 

ridges (equal to 1/400 of feddan). 

Therefore, the replicate contains 15 

experimental units (3 x 5) and the total 

number of experimental units was 45 

units in both seasons. The preceding 

winter crop was wheat in both seasons. 

Physical and chemical analysis of the 

experimental soil during both seasons of 

2017 and 2018 were performed 

according to Chapman and Pratt 

(1961); Avery and Bascomb (1982) and 

presented in Table (1). 

Grains of yellow maize SC Pioneer 

999 were obtained from Pioneer Co. and 

sown on 1
st
 week of May in both 

seasons. Three grains were hand planted 

in each hill (25 cm spaces between hills) 

and thinned to six plants/1.0 m
2
. The 

experimental units were hoeing twice 

after 15 and 25 days from planting, 

calcium super phosphate of 15.5% P2O5 

at rate of 200kg./ fed. Was added during 

land preparation, the normal agricultural 

practices for growing maize i.e., 

irrigation, pest and diseases control were 

done as recommended by Ministry of 

Agriculture.    

Two inner ridges was used for 

collecting data of growth characters, 

while the middle ridge for estimating 

yield and its components at harvesting 

time.  

Biofertilizers, Minia azotine 

containing N-fixing bacteria; and 

Nitrobine contains two non-symbiotic 

nitrogen fixing bacteria, Azotobacter 

chroococcum and Azospirillum 

barasilense, were obtained from the 

Laboratory of Bio-fertilizers, Fac. of 

Agric., Minia Univ. Nitrobine was 

inoculated with maize grains before 

planting at rate of 100 g./ plot, while 

Mina azotine was sprayed at a rate of 5 

L/fed. three times (one week after 

nitrogen application). 

Each main plot was divided into five 

sub-plots as width strips, which occupied 

by nitrogen fertilizer treatments, nitrogen 

fertilizer used in the form of urea (46% 

N) and divided into 3 doses. The first 

one was added after thinning (18 days 

from planting), while the second and 

third doses were added with monthly 

intervals.  The maize crop was harvested 

manually in the middle of August in both 

growing seasons. 

 

Data recorded:  

A. Growth characters: Five guarded 

plants were randomly chosen from the 

two inner rows of each sub-plot after 75 

days from planting in both seasons and 

labeled, to be used in defining the 

following traits: plant height (cm), stem 

diameter (cm): using a venire caliper in 

determining stem diameter of the second 

internode; and leaf area of the top-most 

ear/plant (cm
2
), according to Alessi and 

Power (1975) formula: 

Leaf area = leaf length × maximum 

width × 0.75. 

B. Yield and its components: The 

middle ridge of each sub- plot was 

harvested, and ears were collected, 

counted, and weighted. Samples of 10 

ears were chosen at random from each 
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sub- plot to determine the ear characters 

and yield components. The grains were 

separated, weighted, and adjusted to 

15.5% moisture. The following data 

were recorded: ear length (cm), number 

of grains/rows and grain yield (ard/fed). 

Statistical analysis:  

The obtained data were tabulated and 

statistically analyzed according to 

McIntosh (1983) and Gomez and 

Gomez (1984) using the L.S.D. test at 5 

% to compare between the treatments 

means as described by Steel and Torrie 

(1980). 

 

RESULTS AND DISCUSSION 

1. Growth characters: 

Data showed in Table (2) indicates 

that biofertilizer treatments had 

significant effect on all studied growth 

traits in both seasons, all growth traits 

i.e., plant height, stem diameter and leaf 

area were improved due to 

biofertilization in both seasons. Minia 

Azotine surpassed the other biofertilizer 

treatments for all previous traits in both 

seasons except stem diameter and leaf 

area in the second one. The enhancement 

of growth aspects attributed to supplying 

biofertilization may be since 

biofertilizers develop nutrient 

availability to plants either by rising 

primary nutrient liberate in the root area 

or by facilitating nutrient absorption and 

uptake (Kebede et a1., 2023). Our 

results are in agreement with those 

mentioned by Soleimanzadeh and 

Ghooshchi (2013); Maghsudi et al. 

(2014); Rodrigues et al. (2019); Abd 

El-Azeim et al., (2023); and Kebede et 

a1. (2023). 

Concerning the impact of nitrogen 

fertilization, the presented data in Table 

(2) clarified that all abovementioned 

characters were significantly affected by 

mineral nitrogen levels treatments in 

both seasons. In most cases, there was an 

ascending order in growth parameters 

due to the increase in nitrogen level in 

both seasons and the treatment of 100 

kg/fed. was more effective than other 

treatments in this concern without 

significant different between 80 kg/fed. 

in all traits.  The enrichment in growth 

traits as a result of mineral nitrogen 

fertilization may be due to that N-

fertilizer plays vital role on plant growth 

and cell division as promotes plant 

growth, increases the number of 

internodes and length of the internodes.  

These results are in agreement with those 

reported by El-Hassanin et al. (2002); 

EI-Yazied et al. (2007); Onasanya et 

al. (2009); Sharifi and Taghizadeh 

(2009); Gasim (2011); Hafez and 

Abdelaal (2015); Krismawati (2020) 

and Ibrahim et al. (2022). 

The interaction between 

biofertilization and nitrogen treatments 

was not significant for leaf area, plant 

height and stem diameter in both 

seasons. 

2. Yield and its components: 

Data showed in Table (3) observed 

that yield and its components [ear length, 

number of grains / row and grain yield 

(ard/fed)] differed significantly as 

affected by biofertilizer treatments. Ear 

length, number of grains / row and grain 

yield (ard/fed.) was improved since 
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applying biofertilizers to maize plant 

relative to the control treatment in both 

seasons. Minia azotine biofertilizer was 

superior to Nitrobine in this concern.  

The enhancement on maize productivity 

as a result to supplying biofertilization 

may be reflecting the stimulating effect 

of biofertilizers on increasing growth, 

consequently, increasing the transfer of 

photosynthetic products to the storage 

organs.  Results of this study indicated 

that Minia azotine and Nitrobine can 

play a particularly crucial function in 

agriculture where it is utilized as a 

biofertilizer. 

Biofertilizers are necessary to protect 

the soil, plants, and environment from 

the negative impacts of chemical 

fertilizers. It is able to fix atmospheric 

nitrogen because it can transform 

atmospheric nitrogen into ammonia for 

plant growth and soil stabilization (Abd 

El-Azeim et al., 2023). According to 

Abd El-Azeim et al. (2023), using 

biofertilizers as a source to increase soil 

fertility is an inventive and ecologically 

responsible technique to promote plant 

growth while benefiting agricultural 

ecosystems and environment.  The 

pronounced role of biofertilization was 

proved by Baral and Adhikari 

(2013); EI Gohary et al. (2018); 

Hassanein et al. (2019) and Sabur et 

al. (2021). 

With regard to the effect of  mineral 

nitrogen levels treatments, data in Table 

(3) indicated that mineral nitrogen 

fertilization levels significantly increased 

all tested yield and its components traits 

comparing with the low level (20 kg 

N/fed.) in both seasons. In most cases, 

the treatment of 100 kg N/fed. was more 

effective in most parameters, however, 

the treatment of 80 kg N/fed. was 

superior to other nitrogen treatments in 

grain yield (ard/fed.).  This result is in 

the line with those mentioned by Abdel-

Aty (2007); Ashok (2009); Sharifi 

and Taghizadeh (2009); Aminzadeh 

and Namazari (2013); Mohammadi 

et al. (2014); Krismawati (2020) and 

Adhikari et al. (2021). 

The interaction between 

biofertilizers treatments and mineral 

nitrogen levels treatments was not 

significant for all ear length, number of 

grains/row and grains yield (ard/fed) 

during both seasons. In spite of the 

interaction effect was not significant, it 

could be concluded that Minia azotine 

with 60 kg N/fed. recorded the highest 

ear length (18.20 and 14.50 cm.) in the 

first and second seasons ,respectively 

and number of grains/row (41.95) in the 

first season , as well as with80 kg N/fed. 

surpassed for grain yield (ard/fed) of 

22.93 and 25.68  in the first and second 

seasons ,respectively. 

Finally, in order to combat rising 

population, increased food demand, 

poverty, and severe climate change, it is 

imperative to discover creative and 

affordable fertilization techniques. By 

assessing the use of the integrated 

fertilization system, which has been 

supported by numerous literature 

reviews, this study makes a positive 

contribution to addressing the advantages 

of integrated fertilization systems and 

addressing the challenge of the high cost 

and environmental risks associated with 

applying artificial fertilizers alone. With 

increased crop yield and quality, using 

biofertilizers in agriculture will be a 

useful substitute for artificial fertilizers. 

According to this research's findings, the 
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integrated fertilization system is an 

environmentally friendly farming 

technique because it has a positive 

impact on soil properties, crop yield and 

quality, and the environment. 

 

CONCLUSION 

For the best growth, yield, and its 

components of maize plant, it could be 

recommended that spraying plants with 

Minia azotine at 5 L/fed. and fertilizing 

them with 80 kg N/fed. under the 

experiment condition. These results 

focus on the capability of partially 

replacement of mineral nitrogen by 

biofertilizers, and this is very important 

for environmental friendly materials and 

for health issues.  More research is 

required in order to better understand the 

various combined artificial and 

biofertilizer fertilization systems for 

sustainable agriculture.  

 

 

 

          

 

 

Table (1): Physicochemical properties of the experimental soil during both seasons of 

2017 and 2018. 

Soil character 
Values 

Soil character 
Values 

2017 2018 2017 2018 

Physical properties: Soluble nutrients: 

Sand (%) 24.77 23.58 Ca
++

 (mg/100 g soil) 2.29 2.18 

Silt (%) 27.66 26.76 Mg
++

 (mg/100 g soil) 1.07 1.03 

Clay (%) 47.57 49.66 Na
+
 (mg/100 g soil) 1.58 1.51 

Soil type Clay 

loam 

Clay 

loam 

K
+
 (mg/100 g soil) 

0.91 0.87 

Chemical properties: DTPA-Extractable nutrients: 

pH (1:2.5) 7.89 7.83 Fe (ppm) 3.14 3.28 

E.C. (dS/m) 1.19 1.17 Cu (ppm) 1.13 1.15 

O.M. (%) 1.58 1.54 Zn (ppm) 2.01 1.98 

CaCO3 (%) 2.14 2.17 Mn (ppm) 4.45 4.41 
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Table (2): Effect of biofertilizers, mineral nitrogen treatments and their interactions 

on plant height (cm), stem diameter (cm) and leaf area (cm
2
) of maize 

in2017 and 2018 growing seasons. 

Nitrogen 

treatments 

(kg/fed.) (B) 

Biofertilization treatments (A) 

Control 
Minia-

azotine 
Nitrobine 

Mean 

 (B) 
Control 

Minia-

azotine 
Nitrobine 

Mean 

 (B) 

The 1st season (2017) The 2nd season (2018) 

Plant height (cm) 

20 kg N/fed. 273.50 289.50 258.25 273.75 226.50 245.15 227.50 233.05 

40 kg N/fed. 276.50 286.50 259.80 274.27 228.13 240.38 242.63 237.05 

60 kg N/fed. 275.40 265.50 269.40 270.10 264.40 247.63 249.65 253.89 

80 kg N/fed. 280.00 285.75 269.25 278.33 256.18 251.98 252.25 253.47 

100 kg N/fed. 283.35 284.50 274.35 280.73 261.50 256.25 242.90 253.55 

Mean (A)  277.75 282.35 266.21  247.34 248.27 242.99  

L.S.D. at 5 % A: 16.00 B: 6.66 AB: - A: 5.43 B: 16.48 AB: - 

Stem diameter (cm) 

20 kg N/fed. 2.35 2.60 2.45 2.47 2.30 2.03 1.90 2.08 

40 kg N/fed. 2.55 2.93 2.50 2.66 2.03 1.48 2.03 1.85 

60 kg N/fed. 2.45 2.80 3.03 2.76 2.63 2.25 2.23 2.37 

80 kg N/fed. 2.70 2.80 2.78 2.76 2.65 2.30 2.20 2.38 

100 kg N/fed. 2.88 2.90 2.85 2.88 2.48 2.33 2.25 2.35 

Mean (A)  2.59 2.81 2.72  2.42 2.08 2.12  

L.S.D. at 5 % A: 0.21 B: 0.25 AB:- A: 0.35 B: 0.38 AB: - 

Leaf area (cm2) 

20 kg N/fed. 512.86 533.98 421.96 489.60 555.86 510.58 598.80 555.08 

40 kg N/fed. 485.71 574.33 492.13 517.39 572.09 545.63 575.53 564.42 

60 kg N/fed. 518.71 531.28 541.75 530.58 564.00 543.81 599.21 569.01 

80 kg N/fed. 502.74 558.80 550.81 537.45 578.11 568.27 598.38 581.59 

100 kg N/fed. 552.73 537.50 572.56 554.26 541.00 569.89 584.64 565.18 

Mean (A)  505.01 549.59 501.66  567.52 542.07 592.98  

L.S.D. at 5 % A: 35.55 B: 38.85 AB: - A: 42.70 B: 15.39 AB: - 

A biofertilization treatments ( a1=control , a2= Minia azotin , a3= Nitrobine); B Nitrogen 

treatments (kg/fed.) (b1=20, b2= 40, b3=60, b4=80 and b5=100). 
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Table (3): Effect of biofertilizers, mineral nitrogen treatments and their interactions 

on ear length (cm), number of grains/row and grain yield (ard/fed) of 

maize in2017 and 2018 growing seasons. 

 

Nitrogen 

treatments 

(kg/fed.) (B) 

Biofertilization treatments (A) 

Control 
Minia-

azotine 
Nitrobine 

Mean 

 (B) 
Control 

Minia-

azotine 
Nitrobine 

Mean 

 (B) 

The 1st season (2017) The 2nd season (2018) 

Ear length (cm). 

20 kg N/fed. 17.73 17.50 17.43 17.55 14.00 13.50 14.00 13.83 

40 kg N/fed. 17.30 17.83 17.28 17.47 13.50 14.00 14.50 14.00 

60 kg N/fed. 17.53 18.20 17.93 17.89 14.00 14.50 14.00 14.17 

80 kg N/fed. 17.43 18.18 17.93 17.85 14.00 14.00 14.00 14.00 

100 kg N/fed. 17.53 17.73 18.03 17.76 14.00 14.00 14.00 14.00 

Mean (A)  17.50 17.89 17.72   13.90 14.00 14.10   

L.S.D. at 5 % A: 0.37 B: 0.29 AB: 0.93 A: 0.52 B: 0.86 AB: 1.96 

Number of grains per row. 

20 kg N/fed. 35.55 40.00 40.30 38.62 32.90 38.70 36.70 36.10 

40 kg N/fed. 37.65 41.80 40.70 40.05 42.40 33.83 36.95 37.73 

60 kg N/fed. 40.75 41.95 39.78 40.83 37.20 38.53 37.30 37.68 

80 kg N/fed. 39.50 39.85 39.60 39.65 36.93 38.83 37.70 37.82 

100 kg N/fed. 39.40 40.15 41.30 40.28 37.48 38.05 38.70 38.08 

Mean (A)  38.57 40.75 40.34  37.38 37.59 37.47   

L.S.D. at 5 % A: 2.23 B: 1.32 AB: 4.88 A: 0.20 B: 1.26 AB: 4.63 

Grain yield (ard/fed). 

20 kg N/fed. 10.42 10.71 10.69 10.61 11.04 11.36 11.33 11.24 

40 kg N/fed. 20.11 21.05 20.21 20.46 18.56 22.95 22.03 21.18 

60 kg N/fed. 20.63 21.65 21.73 21.33 22.69 23.82 23.90 23.47 

80 kg N/fed. 22.53 22.93 22.15 22.53 25.22 25.68 24.81 25.24 

100 kg N/fed. 20.44 20.13 20.08 20.21 22.69 22.34 22.28 22.44 

Mean (A)  18.82 19.29 18.97  20.04 21.23 20.87  

L.S.D. at 5 % A: 0.46 B: 7.69 
AB: 

13.59 
A: 1.17 B: 8.81 

AB: 

15.79 

 

A biofertilization treatments ( a1=control , a2= Minia azotin , a3= Nitrobine); B mineral 

nitrogen fertilization levels (b1=20, b2= 40, b3=60, b4=80 and b5=100 kg/fed.). 
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الملخصالعزبٌ

 

 

 حأثَزمعاملاثالخسمَذالأسوحيالحَوىوالمعذنيعليانخاجَتالذرةالشامَت

ححجظزوفمحافظتالمنَا

 

 

 أبوبكزعبذالوهابطنطاوً-محمودمنصورعبذالمجَذ

 أملجمعتدروٍش -دردٍز إٍمانعَذراضٌ
 

مصز.–جامعتالمنَا–كلَتالشراعت–قسمالمحاصَل

 

 

مصش، خلال مُسمً  –محافظح انمىٍا  -مشكض مطاي  –جشٌد ٌزي انذساسح فً مضسعح خاصح تقشٌح مىثال أ  

انىٍرشَتٍه( ، َخس  -انمىٍا أصَذٍه  -، نذساسح ذأثٍشثلاز معاملاخ نهرسمٍذ انحٍُي ) انكىرشَل 2012َ 2012انىمُ 

ٍه/فذان( َانرذاخم تٍىٍم عهً صفاخ انىمُ كجم وٍرشَج 100 – 20 – 00 – 00 – 20معاملاخ نهىٍرشَجٍه انمعذوً )

 .999انخضشي َانمحصُل َمكُواذً نمحصُل انزسج انشامٍح ٌجٍه فشدي أصفش تاٌُوٍش 

( َصفاخ مساحح انُسقح -ق طش انساق –أظٍشخ انىرائج أن جمٍع صفاخ انىمُ انخضشي ) طُل انىثاخ 

محصُل انحثُب( قذ ذحسىد ورٍجح انرسمٍذ انحٍُي فً  –عذد انحثُب فً انصف  –انمحصُل َمكُواذً )طُل انكُص 

مُاجٍح معامهح انكىرشَل فً كلا مُسمً انىمُ. َكاود معامهح انمخصة انحٍُي انمىٍا أصَذٍه أفضم مه معامهح 

ٍع انصفاخ انمذسَسح صٌادج معىٌُح ورٍجح صٌادج مسرُي انمخصة انحٍُي انىٍرشَتٍه. تالإضافح إنى رنك، صادخ جم

 كجم وٍرشَجٍه/فذان فً كلا مُسمً انىمُ.  100إنى  20انىٍرشَجٍه مه 

كجم وٍرشَجٍه/فذان ًٌ الأفضم نهحصُل عهى أعهً إوراجٍح  20َكان انرفاعم تٍه انمىٍا أصَذٍه َمسرُي 

 حثُب نمحصُل انزسج فً كلا مُسمً انىمُ.

 


