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ABSTRACT

Two field experiments were conducted on the Agricultural Research and Experiment Center, Faculty of Agriculture
Moshtohor, Benha University, Toukh Directorate, Kalubia Governorate, Egypt,during the two successive summer seasons of
2014 and 2015 tostudy the effect of four nitrogen fertilizer treatments, i.e. 40, 70, 100 and 130 kg N/fed. and foliar spray by five
micronutrient treatments, i.e. Non-fertilized, Zn, Mn, Fe and Zn + Mn + Feon the growth traits, yield, its component and some
chemical properties of maize(white single cross hybrid 2031). The experimental design was split plot design in four replications.
The obvious results of this investigation can be summarized as follows: All traits of maize under study (plant height, No. of green
leaves/plant and leaf area index at 100 days from planting, No. of ears/fed., ear length, ear weight, weight of kernels/ear, 100-
kernel weight, kernels shelling %, biological yield/fed., grain yield/fed., stover yield/fed., harvest index %, kernels nitrogen
uptake/fed., kernels protein yield/fed., leaf and kernel nitrogen contents, zinc, manganese and iron contents of maize leaves in the
two seasons.) showed significantly increased by increasing nitrogen fertilizer rates, except, mid tasseling and silking dates
significantly decreased with increasing nitrogenrates in the both seasons. Application of 130 kg N /fed significantly gave the
maximum values of above traits. Results revealed that micronutrient foliar spray using Zn + Mn + Fe treatment was the most
effective treatment forprevious growth, yield and its components traits of maize in the two seasons. Meanwhile, maize plants
which foliar spray by singly Zn, Mn and Fe treatments significantly gave the highest values of leaf zinc content, leaf manganese
content and leaf iron content, respectively in 2014 and 2015 seasons. The interaction between nitrogen fertilizer by 130 kg
N/fed.and foliar spray by mixed Zn + Mn + Fe treatment significantly gave the greatest values ofmaize traits, i.e. plant height,
No. of green leaves/plant and leaf area index at 100 days from planting, No. of kernels/ear, ear weight, weight of kernels/ear,
biological yield/fed., grain yield/fed, kernels nitrogen uptake/fed.and kernels protein yield/fed.in the both seasons. It could be
summarized that fertilization of maize field by 130 kg N/fed.and foliar spray by mixed of Zn + Mn + Fe to maximized grain
yield/feddan.

INTRODUCTION Vermaet al., 2012; Raskaret al., 2013; Manaseket al.,
2013 and Azeemet al., 2015showed that significantly
increases in plant height, No. of green leaves/plant, leaf
area index, No. of ears/fed., ear length, ear weight,
weight of kernels/ear, 100-kernel weight, kernels
shelling %, biological yield/fed., grain yield/fed., stover
yield/fed., harvest index %, kernels nitrogen

Maize (Zea mays, L.) is one of the most
important cereal crops in the world and ranks the third
of the most important cereal crops in the world which
surpassed by wheat and rice. In Egypt, maize is

essential for livestocks and human consumption as an N
available source of carbohydrate, oil and slightly for uptake/fed., kernels protein yield/fed., leaf and kernel

protein. The growing area of maize in Egypt during nitrogen contents, zinc, manganese and iron contents of
2013 yéar is about 2,142,857 feddan with a total grain maize leaves with increasing nitrogen fertilization rates.
yield of 6,500 000’ toﬁ and average grain yield On the other hand No. of days to 50 % tasseling and
production per feddan was about 3,033 kg(Min. Agric. ~ S11KIng weresignificantly decreased

Statistic Year Book, 2013). The total production _Several investigat_ors repprted po_sitive response
supplies 80 % of the require consumption with a of maize plants to micronutrient foliar spaying(El-

: : . : Gizawy 2000; EIl-Akabawyet al., 2001; EI-Gizawy
duct f 20 % which has to be filled ) .
irrenpU(;:rtI;)trilorgap ° o which has o be Tifled via 2005; Attiaet al., 2011; Shafea and Saffari 2011; Salem

Increasing maize production during the last and El-Gizawy 2012; Siam et al., 2012 andRaskaret al.,

period became one of the most important goals of the 2013). Micronutrients are required in small amounts and
Egyptian government to satisfy human and animal they affec_t directly or |nd|rect_ly _photosynt_he5|s, V't'fll
demands.Determination the required rate of nitrogen PrOCESSES In pla_nts such as respiration, protein synthesis
fertilization of maize is of the main important practices and reproduction phase (Marschner,_ .1995)' El-
of great contribution for the highest production of better AI_<abawye_zt al., 2001_stat_ed that the beneficial effects of
quality, as well as nitrogen is a key element for corn micronutrients application were recorded by many

productivity as well as in many other field cereal workers on soils of Egypt.

crops.Several investigations reported that increasing Z'mt: fplays an |mporta_rét dr_ole tas a Lnetgl
nitrogen fertilization rates caused significant increase in component of enzymes (superoxide dismutase, carbonic

growth, yield, its components and chemical properties anhydrase and RNA polymerase) or as a functional,
traits  of  maize.El-Gizawy  2000; El-Gizawy structural, or regulator cofactor of a large number of

2005:Mehasen and Saeed 2006; El-Gedwy 2007: enzymes. Manganese has an essential role in amino acid

Alizadeh 2010; Attiaet al., 2011; EIl-Ghariebet al., synt_hesis by activating a number of enzymes
2011-Shafea and Saffari 2011° Siam et al. 2012 particularly decarboxylases and dehydrogenases of the
' ' ' " tricarboxylic acid cycle.lron is a constituent of many
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enzymes involved in the nutritional metabolism, energy
transfer, nitrogen reduction and fixation, and lignin
formation of plant  (Marschner 1995  and
Kabata&Pendias, 1999).

Mehasen and Saeed 2006; Regoet al., 2007;
Kanwalet al., 2010; Attia, et al., 2011; El-Ghariebet al.,
2011; Sadek and Attia 2011; Shafea and Saffari 2011;
Siam, et al., 2012; Salem & EI-Gizawy 2012; Balbaa
and Awad 2013 and Raskar, et al., 2013 reported an
significantly increases in plant height, leaf area index,
No. of ears/fed., No. of kernels/ear, kernels weight/ear,
weight of 100-kernel, biological vyield, grain yield,
stover vyield, harvest index, nitrogen uptake/plant, Zn,
Mn and Fe contents in leaves as well as Zn and Fe
content in maize kernels by Zn application.Ashoubet al.,
1998; El-Gizawy 2000; Attiaet al., 2011;Sadek and
Attia 2011; Siamet al., 2012; Salem and EI-Gizawy
2012 and Balbaa&Awad 2013 showed that using of Mn
significantly increased plant height, No. of green leaves
Iplant, leaf area index, No. of ears/fed., No. of
kernels/ear, kernels weight/ear, weight of100-kernel,
biological yield, grain yield, stover yield, harvest index,
Mn uptake, protein content in kernels, nitrogen
uptake/plant, Zn, Mn and Fe contents in leaves.Al-Kanh
and Abdullal 2008;El-Ghariebet al., 2011; Siamet al.,
2012; Salem and El-Gizawy 2012 and Balbaa&Awad
2013 reported that application of iron significantly
rising plant height, No. of ears/fed., No. of kernels/ear,

kernels weight/ear, weight of 100-kernel, grain vyield,
nitrogen uptake/plant, Zn, Mn and Fe contents in leaves.

The aim of this investigation was designed to
study the effect of nitrogen and micronutrients
fertilization on growth, yield, its components and
chemical composition of corn.

MATERIALS AND METHODS

Two field experiments were carried out at the
Farm of Faculty of Agriculture at Moshtohor, Benha
University(Toukh Directorate, Kalubia Governorate,
Egypt), during the two summersgrowing seasons 2014
and 2015. The aim of this study was to investigate the
effect of nitrogen fertilizationrates and some
microelements, i.e.zinc, manganese and iron on growth,
yield and its components of maize (white single cross
hybrid 2031 for Misr hytech Seed Int.,) as well as some
chemical composition of leaves and kernels of
maize.Soil texture of the experimental site was clay of
pH nearly of 8.00. The physical and chemical properties
of the experimental soil were determined according to
the standard procedures described by Black, 1965)
andrepresented in Table, 1 in each of the two growing
seasons.

Tablel: Physical and chemical properties of the experimental soil units of the two growing seasons (2014 and

2015).

Properties Seasons

2014 2015
Chemical analysis
E.C. 2.26 2.32
pH (1:2.5) 7.97 7.95
CaCo3 % 2.96 2.90
O.M % 2.41 2.38
N % ( total) 0.210 0.223
N(ppm) (available) 70.31 73.15
Soluble cations and anions ( ppm)
Mn** 7.9 9.3
Fe'" 10.5 8.8
Zn** 2.3 2.4
Particle size distribution ( mechanical analysis )
Course sand % 7.26 6.59
Find sand % 26.91 27.64
Silt % 13.85 12.60
Clay % 51.98 53.17
Texture grade Clay Clay

Each experiment included 20 treatments which
were the combination of four nitrogen fertilizer
treatments and five treatments of microelements.
Factors under study were as follows:

Four nitrogen fertilizationtreatments, i.e. 40, 70,
100 and 130 kg N/fed.,nitrogen fertilizer was applied in
form of urea (46 % N), and divided into two equal parts
and applied before the first and second irrigation in each
season.Five microelements treatments, i.e. control

(without microelements), Zn 0.6 %, Mn 0.6 %, Fe 0.6 %
and Zn0.2 % +Mn0.2% +Fe 0.2 %. Microelements were
applied once as foliar spray after 35 days from planting
in form of Zinc Sulphate (Zn So,. 7H,0), Manganese
Sulphate (Mn So4. H,0) and Iron Sulphate (Fe Sog.
7H,0) for microelements under study using Gelatine
Powder as a wetting agent to be sure that the solution
mostly covered the green parts, the spray solution
volume was 600 L/ fed. (1.5 L/plot)
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The experimental design was split plot design
(Gomez and Gomez, 1984) in four replications.
Nitrogen fertilizer treatments were distributed in the
main plots, whereas the microelements treatments were
arranged at random in sub plots. The preceding winter
crop in the two seasons was Egyptian clover.The sub
plot area was 10.5 m? and contained five ridges of 3 m
long and 70 cm apart. Experiments were planted on 24™
of May in the twoseasons. The distance between hills
was 25 cm apart. Phosphorous fertilizer was applied in
form of Calcium super phosphate (15 % P,0Os) at a rate
of 100 kg /fed.during soil preparation in each season.
Maize plants were thinned before the first irrigation to
one plant/hill. Other recommended cultural practices for
growing maize in the region were practiced.

Data recorded:
A- Growth traits:

Ten plants were chosen at random from each sub
plots to determine some growth traits:plant height (cm)
at harvest, No. of green leaves/plant and leaf area index
at 100 days after planting was estimated as described by
Stickler (1964).Whereas, No. of days to 50 %tasseling
and silking as well asNo. of ears/fed.were estimated
from the whole plants of plot.

B- Yield and its components traits:

Ten ears were chosen at random from each sub
plot at harvest to determine, the yield components: ear
length (cm), No. of kernels/ear, ear weight (g), weight
of kernels/ear (g), 100—kernel weight (g) and kernels
shelling %.Meanwhile, biological yield (kg/fed.), grain
yield (kg/fed.),stoveryield(kg/fed.)and harvest index %
were estimated from the whole yield of plot.

C- Chemical analysis:

Maize leaves samples were taken from ear leaf at
70 days from planting and washed with water then dried
on an air forced drying oven at 70°C for 48 hours as
well as, kernels samples were taken after harvest at
random fromeach kernels of ten ears to
determine:nitrogen content in leaves and kernels
according to the modified micro Kjeldahl method (A. O.
A. C., 1990), Kernels nitrogen uptake/fed., Kernels
protein yield/fed., as well as Zinc, Manganese and iron
(ppm) in leaves and kernels were determined according
to Chapman and Pratt (1961) using atomic absorption
spectrophotometer.

Statistical analysis:

The analysis of variance was carried out
according to the procedure described by Gomez and
Gomez (1984).Data were statistically analyzed
according to using the MSTAT-C Statistical Software
Package (Michigan State University, 1983). Where the
F-test showed significant differences among means L.
S. D. test at 0.05level was used to compare between
means.

RESULTS AND DISCUSSION

Growth traits:
Effect of nitrogen fertilization:

Results in Table 2 showed that maize growth
characters, i.e. plant height, No. of green leaves/plant,
leaf area index and No. of ears /fed were significantly
increased by increasing nitrogen fertilizer rates up to
130 kg N/fed in 2014 and 2015 seasons. On the other
hand, increasing nitrogen fertilizer rates induced earlier
mid tasseling and silking in the two seasons.Increases in
maize growth traits with increasing nitrogen fertilizer
may be attributed to the role of nitrogen in promoting
the cell division, vegetative growth and encouraging the
juvenility and active persistence of meristimatic tissues
during maize growth. Many investigators came out with
similar  results askEl-Gizawy 2000; EI-Gizawy
2005;Mehasen and Saeed 2006; EI-Gedwy 2007; Attiaet
al., 2011; Siam et al., 2012; Vermaet al., 2012 and
Azeemet al., 2015.

Effect of foliar spray by microelements treatments:

Data presented in Table 2 showed that
microelementsfoliar spray using Zn + Mn +Fe treatment
was the most effective treatment of all maize growth
traits, i.e. plant height, No. of green leaves/plantand leaf
area index in the both seasons,also, adding of Zn + Mn
+ Fe induced earlier tasseling and silking % of in 2014
and 2015seasons.Treatments involving application of
one of the microelements singly showed slight and
significant superiority over than without
microelementsapplication. The increase in maize growth
traits with the application of microelements especially
Zn + Mn + Fe treatment may be due to the synergetic
role of microelements in improvingdirectly or indirectly
photosynthesis, vital processes in plant such as
respiration, protein synthesis, reproduction phase,
biochemical and physiological activities. Many
investigators came out with similar results asMarschner
1995; Ashoub et al., 1998; Kabata and Pendias 1999;
El-Gizawy 2000; El-Akabawyet al., 2001; ElI-Gizawy
2005; Mehasen and Saeed 2006; Regoet al., 2007;
Kanwalet al., 2010; Attiaet al., 2011; Salem and El-
Gizawy 2012; Siam et al., 2012 and Balbaa and Awad
2013.

Interaction effect:

Table 2 shows summary of the interaction effect
of the two experimental factors on 50 % tasseling, 50 %
silking, plant height, No. of green leaves/plant, leaf area
index and No. of ears /fed. The results showed that this
interaction significantly affected on plant height, No. of
green leaves/plant and leaf area index on 2014 and 2015
seasons.The highest values of plant height, No. of green
leaves/plant and leaf area index were recorded from
maize plants which fertilized by 130 kg N/fed with
foliar spray by Zn + Mn + Fe treatment. Such results are
in accordance with those obtained byAttiaet al., 2011;
Mehasen&Saeed 2006and Siam et al., 2012.
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Table 2: Effect of nitrogen fertilization and foliar spray by some microelements as well as their interaction on
number of days to 50 % tasseling and silking, plant height (cm), No. of green leaves/plant, leaf area
index and number of ears/feddan (1000 ears) of maize in 2014 and 2015 seasons.

Trait No. of days to No.of daysto Plant height  No. of green Leafarea No. of ears/fed
Treatment 50 %tasseling 50 % silking (cm) leaves/plant index (1000 ears)
Season 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015
Nitrogen fertilization
40 kg N/fed 67.55 66.90 70.05 69.00 27155 278.80 13.23 13.58 4.489 4.703 24.80 25.00
70 kg N/fed 66.55 65.75 69.20 68.15 290.40 298.25 1421 1447 5.232 5427 25.60 25.90
100 kg N/fed 65.80 65.00 68.45 67.45 302.95 31155 14.97 1529 5.838 6.100 25.78 25.96
130 kg N/fed 64.80 64.05 66.80 65.80 313.10 321.10 1552 15.85 6.296 6.556 25.90 26.22
L.S.D at 5% 096 101 142 132 926 1055 044 052 0.271 0322 0.36 0.39
Microelementsfertilization
Zero 67.19 66.38 70.00 68.88 289.38 296.44 13.71 14.05 5.039 5.264 24.88 25.18
Zn 66.06 65.38 68.50 67.50 296.31 304.81 14.61 14.93 5522 5751 25.63 25.83
Mn 66.50 65.75 68.94 67.81 292.94 300.19 14.48 14.78 5.437 5651 2535 25.65
Fe 65.94 65.13 68.25 67.25 294.00 302.19 14.73 15.03 5.603 5.842 25.80 26.03
Zn+Mn+Fe 65.19 64.50 67.44 66.56 299.88 308.50 14.88 15.21 5.717 5974 2595 26.18
L.S.D at 5% 062 073 082 076 294 361 018 0.23 0.073 0092 NS NS
Nitrogen X Microelements fertilization interaction
Zero 68.75 68.25 71.75 70.75 263.50 269.00 12.45 13.00 4.000 4.253 24.00 24.10
Zn 67.50 67.00 70.00 69.00 274.25 28450 1335 13.68 4.570 4.778 25.00 25.20
40 kg N/fed Mn 68.00 67.50 70.25 69.25 269.75 274.25 13.23 13.50 4.473 4.663 24.50 24.80
Fe 67.25 66.25 69.75 68.50 270.25 278.50 13.48 13.78 4.638 4.845 2520 25.40
Zn+Mn+Fe 66.25 65.50 68.50 67.50 280.00 287.75 13.65 13.95 4.763 4.978 25.30 25.50
Zero 67.75 66.75 70.75 69.50 285.00 290.50 13.28 13.63 4.738 4.940 25.00 25.40
Zn 66.50 65.75 69.00 68.00 292.50 300.25 14.38 14.63 5.305 5.495 25.70 25.90
70 kg N/fed Mn 66.75 66.00 69.50 68.50 288.25 296.25 14.18 1440 5.193 5.358 25.40 25.70
Fe 66.25 65.50 68.75 67.75 289.00 298.50 14.53 14.75 5.395 5.598 25.90 26.20
Zn+Mn+Fe 6550 64.75 68.00 67.00 297.25 305.75 14.70 14.95 5528 5745 26.00 26.30
Zero 66.75 65.75 69.50 68.50 299.25 307.75 14.20 14.45 5.440 5.680 25.10 25.40
Zn 65.75 65.00 68.50 67.50 304.25 31250 15.08 1545 5.878 6.143 25.90 26.00
100 kgN/fed Mn 66.25 65.25 68.75 67.50 301.25 310.00 15.03 15.33 5.823 6.053 25.70 25.90
Fe 65.50 64.75 68.00 67.00 303.00 310.75 1520 15.53 5.968 6.243 26.00 26.20
Zn+Mn+Fe 64.75 64.25 67.50 66.75 307.00 316.75 1535 1570 6.083 6.380 26.20 26.30
Zero 65.50 64.75 68.00 66.75 309.75 318,50 1493 15.13 5.978 6.183 25.40 25.80
Zn 64.50 63.75 66.50 65.50 314.25 322.00 15.63 15.95 6.335 6.590 25.90 26.20
130 kgN/fed Mn 65.00 64.25 67.25 66.00 312.50 320.25 1550 15.88 6.260 6.530 25.80 26.20
Fe 64.75 64.00 66.50 65.75 313.75 321.00 1573 16.05 6.410 6.683 26.10 26.30
Zn+Mn+Fe 64.25 63.50 65.75 65.00 315.25 323.75 15.83 16.23 6.495 6.793 26.30 26.60
L.S.D at 5% NS NS NS NS 58 722 036 046 0.146 0.184 NS N.S

Yield and its componentstraits:
Effect of nitrogen fertilization:

Data presents in Tables 3 and 4 indicated that
increasing nitrogen fertilization rates from 40, 70 and
100 to 130 kg N/fed caused significantly increased in all
yieldand its componentstraits of maize in 2014 and 2015
seasons, i.e.ear length, No. of kernels/ear, ear weight,
weight of kernels/ear, 100-kernel weight, kernels
shelling %, biological yield, grain yield, stover yield,
harvest index %, kernels nitrogen uptake and kernels
protein yield.The higher nitrogen rate (130 kg N/fed)
was more effective in increasing values of all studied
traits,also, produced the maximum grain yield/fed and
proved significantly superior to other nitrogen rates.The
treatments of70, 100 and 130 kg N/fed significantly
increased grain yield/fedof maize by 26.48, 56.16 and
74.37 % in the first season, respectively, and by 29.64,
53.35 and 71.89 %in the second season, respectively
when compared with applying 40 kg N/fed. The present
results clearly indicate that nitrogen application induced
increases in yield and yield components traits of maize

showing the major role of this vital nutritive element.
The increase in nitrogen application encourages
photosynthesis activities and the metabolic efficiency
which contributes in enhancing the accumulation of the
produced metabolites of maize. Many investigators
obtained similar results asEl-Gizawy 2000; El-Gizawy
2005;Mehasen and Saeed 2006; EI-Gedwy 2007; Attiaet
al., 2011; El-Ghariebet al., 2011; Siam et al., 2012;
Vermaet al., 2012; Raskaret al., 2013; and Azeemet al.,
2015.
Effect of foliar spray by microelements treatments:
Data recorded in Tables 3 and 4 indicated that the
yield and its components traits studied of maize, i.e. ear
length, No. of Kkernels/ear, ear weight, weight of
kernels/ear, 100-kernel weight, kernels shelling %,
biological yield, grain yield, stover yield, harvest index
%, kernels nitrogen uptake and kernels protein yield
significantly increased by application Zn, Mn and Fe
singly or combinedin the firstand second seasons. Such
increases were particularly significantly by theZn +Mn
+ Fe treatment with regard to ear and yield traits of
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maize under study.In 2014 season, the grain
yield/fedincreased by 20.99, 15.76, 19.92 and 30.15 %
when microelements application of Zn, Mn, Fe and Zn
+ Mn + Fe respectively over the control treatment (no
microelements applied).Similar results were noticed in
2015 season, the grain yield/fed increased with by about
18.28, 13.96, 18.10 and 28.17 %, respectively.The
increase in maize yield and its components traits with
the applying of microelements foliar spray especially Zn
+ Mn + Fe treatment may be due to the synergetic role
of microelements in improving directly or indirectly
photosynthesis, vital processes in plant such as
respiration, protein synthesis, reproduction phase,
biochemical and physiological activities. Many
investigators came out with similar results asMarschner
1995; Ashoub et al., 1998; Kabata and Pendias 1999;
El-Gizawy 2000; El-Akabawyet al., 2001; EI-Gizawy
2005; Mehasen and Saeed 2006; Regoet al., 2007; Al-

Kanh and Abdullal 2008;Kanwalet al., 2010; Attiaet al.,
2011; El-Ghariebet al., 2011; Sadek and Attia 2011;
Salem & El-Gizawy 2012; Balbaa and Awad 2013and
Raskaret al., 2013.
Interaction effect:

Significant effect of interaction between nitrogen
fertilization and foliar spray of microelements obtained
for some vyield and its components traits of maize
namely, No. of kernels/ear, ear weight, weight of
kernels/ear, biological yield/fed., grain vyield/fed.,
kernels nitrogen uptake/fed. and kernels protein
yield/fed. in the both seasons (Tables 3 and 4). The
greatest values of previous traits were recorded from
maize plants which fertilized by 130 kg N/fed with
foliar spray by Zn + Mn + Fe treatment. Such results are
in accordance with those obtained byEl-Ghariebet al.,
2011; Mehasen and Saeed 2006; Attia et al., 2011
andRaskaret al., 2013.

Table 3: Effect of nitrogen fertilization and foliar spray by some microelements as well as their interaction on
ear length (cm), number of kernels/ear, ear weight (g), weight of kernels/ear (g), 100-kernel weight
(9) and kernels shelling % of maize in 2014 and 2015 seasons.

. Weight of 100-kernel Kernels
Trait Ear length No. of Ear weight kerngls/ear weight shelling
Treatment (cm) kernels/ear (9) @) © %
Season 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015
Nitrogen fertilization
40 kg N/fed 17.37 17.99 35599 377.44 129.01 139.29 99.52 108.19 31.01 31.81 77.04 77.57
70 kg N/fed 19.39 20.15 417.36 444.76 153.80 168.54 123.27 136.46 32.80 34.06 80.09 80.90
100 kg N/fed 21.21 2197 488.93 505.76 185.57 196.83 151.74 162.32 34.46 35.65 81.73 82.43
130 kg N/fed 22.35 23.38 531.42 549.31 205.65 217.26 170.44 181.75 35.63 36.81 82.86 83.64
L.S.D at 5% 114 121 3121 3029 1224 1325 753 695 122 116 192 201
Microelementsfertilization
Zero 18.59 19.40 412.04 436.00 152.74 164.66 121.07 131.99 32.26 33.26 78.71 79.63
Zn 20.26 21.05 461.54 479.68 171.44 182.69 139.74 150.19 33.40 34.56 81.19 81.88
Mn 20.08 20.71 440.24 459.53 168.74 180.20 135.44 14586 33.94 35.02 79.88 80.56
Fe 20.56 21.39 451.80 471.40 170.17 182.64 137.60 148.75 33.61 34.83 80.53 81.09
Zn+Mn+Fe 2091 21.79 476.50 499.97 179.43 192.20 147.35 159.12 34.16 35.23 81.86 82.53
L.S.D at 5% 057 062 9.22 1045 461 523 231 225 028 024 0.62 0.69
Nitrogen X Microelements fertilization interaction
Zero 14.78 15.43 318.08 344.00 111.23 123.13 82.73 92.50 28.90 29.88 74.40 75.14
Zn 17.83 18,50 373.17 390.06 133.30 142.65 104.15 111.90 31.03 31.88 78.14 78.45
40 kg N/fed Mn 17.68 18.25 346.69 362.53 130.55 137.70 99.23 105.78 31.80 32.43 76.03 76.83
Fe 18.10 18.75 358.42 378.25 130.65 141.15 101.10 109.60 31.35 32.20 77.40 77.65
Zn+Mn+Fe 18.48 19.00 383.61 412.37 139.33 151.83 110.38 121.18 31.98 32.65 79.24 79.81
Zero 17.85 18.73 377.23 406.53 137.35 148.98 107.50 118.18 31.68 32.30 78.28 79.32
Zn 19.58 20.23 432.03 458.15 156.20 172.28 126.33 140.68 32.50 34.13 80.88 81.66
70 kg N/fed Mn 19.38 19.95 402.54 434.35 151.15 168.30 120.50 135.33 33.28 34.63 79.74 80.41
Fe 19.90 20.70 418.35 446.75 155.00 171.60 124.13 138.63 32.98 34.48 80.10 80.77
Zn+Mn+Fe 20.25 21.13 456.66 478.04 169.28 18155 137.88 149.50 33.55 34.75 81.45 82.35
Zero 19.93 20.93 44530 466.15 166.98 179.10 133.98 14548 33.43 34.68 80.24 81.23
Zn 21.33 22.10 500.99 517.25 188.40 199.55 155.10 165.83 34.40 35.63 82.34 83.10
100 kg N/fed Mn 21.05 21.63 485.35 499.41 187.05 197.18 152.23 161.68 34.85 35.98 81.39 82.00
Fe 21.68 22.43 499.41 510.01 190.28 199.48 155.63 164.30 34.63 35.80 81.79 82.37
Zn+Mn+Fe 22.05 22.75 513.59 53599 195.15 208.85 161.78 174.33 35.00 36.15 82.91 83.47
Zero 21.83 2253 507.55 527.31 195.40 207.43 160.08 171.80 35.05 36.20 81.93 82.83
Zn 22.33 23.38 539.99 553.27 207.88 216.30 173.38 182.35 35.68 36.63 83.40 84.30
130 kg N/fed Mn 22,20 23.03 526.40 541.85 206.23 217.63 169.83 180.65 35.85 37.05 82.35 83.01
Fe 22,55 23.68 531.04 550.61 204.75 218.35 169.55 182.48 35.48 36.83 82.81 83.57
Zn+Mn+Fe 22.85 24.30 552.14 57351 213.98 226.58 179.38 191.48 36.10 37.35 83.83 84.51
L.S.D at 5% NS NS 1844 2090 922 1046 462 450 NS NS NS NS
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Table 4: Effect of nitrogen fertilization and foliar spray by some microelements as well as their interaction on
biological yield (kg/fed), grain yield (kg/fed),stover yield (kg/fed), harvest index (%), kernels nitrogen
uptake (kg/fed) and kernels protein yield (kg/fed) of maize in 2014 and 2015 seasons.

kernels
Trait biological yield Grainyield  stover yield Harvest nitrogen kernels protein
Treatment (kg/fed) (kg/fed) (kg/fed) index (%) uptake yield (kg/fed)
(kg/fed)
Season 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015
Nitrogen fertilization
40 kg N/fed 6119.0 6518.5 1994.4 2206.0 3535.0 3680.0 32.47 33.73 35.432 40.025 221.448 250.155
70 kg N/fed 7346.5 7876.5 2522.6 2859.9 4200.0 4345.0 34.26 36.23 48.752 56.146 304.701 350.911
100 kg N/fed 8513.0 8971.5 3114.5 3382.9 4705.0 4870.0 36.53 37.65 63.919 70.293 399.496 439.335
130 kg N/fed 9205.5 9657.0 3477.7 3791.8 5010.0 5125.0 37.75 39.24 73.939 81.821 462.121 511.382
L.S.D at 5% 398.1 4256 2104 2315 1337 1535 1.28 146 4.862 5.264 30.381 35.614
Microelementsfertilization
Zero 7121.3 7566.3 2366.4 2644.9 4137.5 4268.8 32.77 34.52 45.323 51.527 283.268 322.042
Zn 7968.8 8405.0 2863.1 3128.3 4456.3 4600.0 35.68 36.98 58.042 64.211 362.761 401.319
Mn 7711.9 8178.8 2739.3 3014.1 4300.0 4456.3 35.19 36.53 54.413 60.772 340.078 379.824
Fe 7878.1 8347.5 2837.8 3123.5 4368.8 4512.5 35.75 37.15 57.019 63.609 356.369 397.557
Zn+Mn+Fe 8300.0 8781.9 3079.8 3390.0 4550.0 4687.5 36.88 38.38 62.757 70.238 392.231 438.986
L.S.D at 5% 1204 1352 708 76.9 811 908 0.71 0.83 1513 1762 9.364 10.653

Nitrogen X Microelements fertilization interaction
Zero 54525 5847.5

Zn 6300.0 6685.0

40 kg N/fed Mn 6055.0 6397.5
Fe 6190.0 6602.5

Zn+Mn+Fe 6597.5 7060.0

Zero 64925 6932.5

Zn 7562.5 8115.0

70 kg N/fed Mn 71775 7792.5
Fe 7462.5 8020.0

Zn+Mn+Fe 8037.5 8522.5

Zero  7797.5 8295.0

Zn 8690.0 9120.0

100 kg N/fed Mn 8452.5 8897.5
Fe 8650.0 9077.5

Zn+Mn+Fe 8975.0 9467.5

Zero 87425 9190.0

Zn 9322.5 9700.0

130 kg N/fed Mn 9162.5 9627.5
Fe 9210.0 9690.0

1563.8 1782.8 3350.0 3475.0 28.69 30.49 25.330 29.510 158.311 184.435
2109.5 2302.3 3600.0 3750.0 33.48 34.44 38.338 42.651 239.611 266.567
1960.5 2129.8 3475.0 3625.0 32.36 33.29 34.713 38.652 216.952 241.576
2062.0 2273.3 3525.0 3675.0 33.31 34.43 37.065 41.773 231.655 261.077
2276.0 2542.0 3725.0 3875.0 34.50 36.00 41.714 47.539 260.712 297.118
2107.5 2385.8 3800.0 3925.0 32.46 34.41 38.354 44.151 239.710 275.943
2598.0 2951.8 4350.0 4500.0 34.37 36.38 51.058 58.819 319.109 367.620
2433.5 2808.3 4125.0 4300.0 33.91 36.04 46.784 54.965 292.398 343.531
2572.3 2944.5 4250.0 4375.0 34.47 36.70 50.042 58.291 312.761 364.318
2901.5 3209.3 4475.0 4625.0 36.11 37.66 57.524 64.503 359.525 403.145
2626.0 2920.3 4525.0 4700.0 33.68 35.21 51.862 58.625 324.139 366.407
3202.3 3465.3 4800.0 4950.0 36.86 37.99 66.608 72.761 416.301 454.759
3114.8 3359.8 4625.0 4800.0 36.85 37.76 63.383 69.125 396.145 432.032
3230.5 3461.3 4700.0 4875.0 37.36 38.13 66.707 72.166 416.917 451.037
3398.8 3708.0 4875.0 5025.0 37.89 39.17 71.037 78.790 443.980 492.439
3168.3 3490.8 4875.0 4975.0 36.24 37.99 65.746 73.822 410.914 461.383
3542.5 3793.8 5075.0 5200.0 38.00 39.11 76.164 82.613 476.024 516.330
3448.5 3758.5 4975.0 5100.0 37.63 39.04 72.771 80.345 454.818 502.158
3486.3 3815.0 5000.0 5125.0 37.85 39.37 74.263 82.208 464.143 513.797

Zn+Mn+Fe 9590.0 10077.5 3743.0 4100.8 5125.0 5225.0 39.03 40.69 80.753 90.119 504.706 563.241

L.S.D at 5% 2408 2704 1416 1538

NS NS NS

N.S 3.026 3.524 18.728 21.306

Chemical properties
Effect of nitrogen fertilization:

Results presented in Table 5 clearly show that the
increase in nitrogen rate from 40, 70 and 100 to 130 kg
N/fed caused significantly increases in kernel nitrogen
content as well as nitrogen, Zinc, manganese and iron
contents of maize leaves during 2014 and 2015 seasons.
The higher nitrogen rate (130 kg N/fed) was more
effective in increasing values of above studied traits,
but, there is no significant difference among application
of 100 kg N/fed and 130 kg N/fed in chemical
properties under study.It could be concluded that the
increase in N supply improved the leaves and kernels
quality. These results are in agreement with that
obtained byEI-Gizawy 2000; EI-Gedwy 2007; Alizadeh
2010; El-Ghariebet al., 2011; Shafea and Saffari 2011,
Siam et al., 2012 andManaseket al., 2013.

Effect of foliar spray by microelements treatments:
Results presented in Table 5 revealed that the
differences between the studied five microelements, i.e.
no-microelements, Zn, Mn, Zn and Zn + Mn + Fe
treatments in chemical properties of leaves and kernels
of maize in 2014 and 2015 seasons were significant
except, nitrogen content in leaves and kernels of maize
were not significant. These results revealed that
application of combined of Zn + Mn + Fe treatment
gave significantly the greatest values of zinc,
manganese and iron contents of maize kernels in the
both seasons. Meanwhile, maize plants which foliar
spray by singly Zn, Mn and Fe treatments significantly
recorded the highest values of leaf zinc content, leaf
manganese content and leaf iron content respectively, in
the 2014 and 2015 seasons. The increase in chemical
properties of leaves and kernels of maize with the
application of microelements especially Zn + Mn + Fe
treatment may be due to the synergetic role of
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microelements in improving directly or indirectly 2000; Al-Kanh and Abdullal 2008; El-Ghariebet al.,

photosynthesis, vital processes in plant such as 2011; Sadek and Attia 2011; Shafea and Saffari 2011;
respiration, protein synthesis, reproduction phase, Salem and El-Gizawy 2012; Siam et al., 2012 and
biochemical and physiological activities. Many Balbaa and Awad 2013.

investigators came out with similar results asEl-Gizawy

Table 5: Effect of nitrogen fertilization and foliar spray by some microelements as well as their interaction on
leaf and kernels nitrogen content %, Leaf and kernels zinc content (ppm), leaf and kernels
manganese content (ppm) as well as leaf and kernels iron content (ppm) of maize in 2014 and 2015

seasons.
Trai Nitrogen content % Zinc content (ppm)  Manganese content (ppm)  lron content (ppm)
rait - - : - - - h -
Treatment in leaf in kernel in leaf in kernel in leaf in kernel in leaf in kernel
Season 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015
Nitrogen fertilization
40 kg N/fed 2.319 2.372 1.768 1.806 48.25052.40031.15032.70055.40058.00035.20037.350108.95113.05 55.80 58.90
70 kg N/fed 2.526 2.566 1.927 1.958 54.10056.85033.20035.25060.40063.55039.10041.900112.80116.85 59.85 62.40
100 kg N/fed 2.638 2.692 2.049 2.075 57.20059.25035.70037.85063.25065.90043.05045.250115.65119.65 63.50 65.95
130 kg N/fed 2.738 2.789 2.125 2.157 58.90060.95037.10039.20066.15069.25045.70048.000119.80123.90 65.05 68.45
L.S.D at 5% 0.092 0.089 0.079 0.081 3.621 3.457 N.S N.S 4.628 5123 N.S N.S 543 497 NS NS
Microelementsfertilization
Zero 2.486 2.536 1.873 1.907 45.37548.87528.18830.25053.43856.56336.25038.063 94.13 102.1954.75057.813
Zn 2.589 2.639 2.003 2.031 62.37564.75038.12539.81360.25062.87540.68843.125111.81115.0661.31363.813
Mn 2.532 2.580 1.959 1.992 51.06353.75031.06333.06369.12571.93843.31345.938108.19111.3158.25060.813
Fe 2.559 2.599 1.984 2.014 55.12557.18834.37536.50057.31360.06338.75041.125130.75133.7564.56367.063
Zn+Mn+Fe 2.610 2.669 2.016 2.051 59.12562.25039.68841.62566.37569.43844.81347.375126.63129.5066.37570.125
L.S.D at 5% N.S NS NS NS 1213 1.324 1.256 1.272 2.103 2.350 2.134 1.996 2.24 2.85 2.101 2.223
Nitrogen X Microelements fertilization interaction
Zero  2.225 2.295 1.620 1.655 41.75 45.00 25.25 27.00 47.25 50.25 32.00 34.50 90.00 97.00 50.50 53.50
Zn 2.363 2.420 1.818 1.853 55.25 61.00 35.00 36.25 55.25 56.75 34.75 36.25 106.75 109.50 55.75 59.00
40 kg N/fed Mn 2.288 2.333 1.770 1.815 44.50 48.00 27.25 28.50 63.25 66.50 37.00 39.25 103.00 106.50 53.50 55.50
Fe 2.323 2.355 1.798 1.838 46.75 50.50 31.75 33.50 51.50 54.00 33.75 35.50 124.25128.50 59.00 62.25
Zn+Mn+Fe 2.395 2.458 1.833 1.870 53.00 57.50 36.50 38.25 59.75 62.50 38.50 41.25 120.75123.75 60.25 64.25
Zero 2440 2.473 1.820 1.850 45.50 49.00 27.50 29.25 53.50 56.75 34.75 36.50 92.75 101.50 54.50 56.75
Zn 2.565 2.605 1.965 1.993 63.25 65.25 37.25 38.75 59.75 62.50 39.00 42.25 110.00 113.25 59.50 61.75
70 kg N/fed Mn 2.500 2.540 1.923 1.958 49.25 51.50 29.50 32.25 66.50 70.25 41.50 45.25 107.00 110.50 57.00 58.50
Fe 2.533 2.565 1.945 1.980 53.75 56.00 32.75 35.00 58.00 60.50 37.25 39.75 129.25131.00 63.00 65.50
Zn+Mn+Fe 2.593 2.645 1.983 2.010 58.75 62.50 39.00 41.00 64.25 67.75 43.00 45.75 125.00 128.00 65.25 69.50
Zero  2.590 2.638 1.975 2.008 46.50 50.25 29.25 31.75 56.00 59.00 37.75 39.25 96.50 104.75 56.25 58.75
100 kg Zn 2.665 2.718 2.080 2.100 65.00 66.00 39.50 41.50 61.50 64.50 43.00 45.75 113.00 117.00 64.25 66.25
N/fed Mn 2.620 2.673 2.035 2.058 53.75 56.00 33.00 35.00 71.00 73.00 46.00 48.00 109.50 112.50 60.50 63.75
Fe 2.638 2.690 2.065 2.085 59.00 60.25 35.75 38.00 58.75 61.75 40.75 43.50 131.00 133.25 67.50 69.00
Zn+Mn+Fe 2.678 2.740 2.090 2.125 61.75 63.75 41.00 43.00 69.00 71.25 47.75 49.75 128.25130.75 69.00 72.00
Zero  2.690 2.740 2.075 2.115 47.75 51.25 30.75 33.00 57.00 60.25 40.50 42.00 97.25 105.50 57.75 62.25
130 kg Zn 2.763 2.813 2.150 2.178 66.00 66.75 40.75 42.75 64.50 67.75 46.00 48.25 117.50 120.50 65.75 68.25
N/fed Mn 2.720 2.775 2.110 2.138 56.75 59.50 34.50 36.50 75.75 78.00 48.75 51.25 113.25115.75 62.00 65.50
Fe 2.743 2.785 2.130 2.155 61.00 62.00 37.25 39.50 61.00 64.00 43.25 45.75 138.50 142.25 68.75 71.50
Zn+Mn+Fe 2.775 2.833 2.158 2.198 63.00 65.25 42.25 44.25 72.50 76.25 50.00 52.75 132.50 135.50 71.00 74.75
L.S.D at 5% NS NS NS NS 243 265 NS NS 421 470 NS NS 448 570 N.S N.S

Interaction effects:

The mean values of zinc, manganese and iron
contents of maize leaveswere significantly affected by
the interaction between nitrogen fertilization and foliar

foliar spray by mixed of some microelements especially
Zn + Mn + Fe in order to maximizing its productivity
under environmental of the experiments.

spray of microelements in 2014 and 2015 seasons, as REFERENCES
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