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Abstract
Conventional planting, poor fertilizer management and improper row spacing are the major constraints in the reduction of
yield and yield components of maize. The present investigation was carried out during 2017 and 2018 seasons at the
Agricultural Research and Experiment Station, of Faculty of Agriculture, Cairo University, Giza. The objectives were to
evaluate the effect of population density and row spacing on yield and other morphological characteristics of three commercial
maize hybrids and study the effect of different plant density and various nitrogen fertilizer levels on yield and yield components.
Three single cross hybrids were evaluated under three levels of plant density (control 57600, medium 72000 and high 86400
plants/ha) and three rats of N fertilizer (low 216, medium 288 and high 360 kg N/ha). A split-split-plot design in a randomized
complete block arrangement was used with three replications. Results indicated that the effect of nitrogen rate, row spacing
and cultivars on plant height, ear height, leaf area, number of leaves/plant, number of rows/ear, number of grains/row, ear
weight/plant, 100-grain weight, grain yield/plant and grain yield/ha were significant. Nitrogen rates of high dose 360 kg/ha
recorded the highest grain yield of (10.0-9.0 ton/ha), the high rate of plant density 86400 plant/ha produced highest grain
yield of (10.8-10.4 ton/ha) and the best cultivar SC-P3444 recorded the highest grain yield of (9.8-9.0 ton/ha), respectively in
both seasons were obtained. This study concluded that increasing maize grain yield was obvious by applying high rate of
plant density 86400 plant/ha and high dose of nitrogen rates 360 kg/ha.
Key words: Maize, Plant density, Nitrogen fertilizer, Cultivars

Introduction
Maize (Zea mays L.) is one of the most important
cereal crops in the world agricultural economy, both as
food for man and feed for animals. It is a miracle crop. It
has a very high yield potential, there is no cereal on the
earth, which has so immense potentiality and that is why
it is called ‘queen of cereals’. In Egypt maize (Zea mays
L.) is the third most important staple food crop in terms
of area and production after wheat and rice. The total
area under cultivation of maize in Egypt is 888329 ha
about 25.17% of the total cultivated agricultural land while
average yield is 7.80 ton ha-1. Maize is about 21.90% of
the total cereal production (FAO, 2017). Improving maize
productivity has been a major goal of maize researchers
in Egypt. The Egyptian government aims to decrease the
gap between consumption and production increasing grain
yield per unit area of the agricultural land. There are
several approaches to increase crop productivity,
*Author for correspondence : E-mail : hashemlatif@agr.cu.edu.eg

improving farming practices, employing merging
technology, using modern and high yielding maize hybrids,
which have more efficiently for using nitrogen and more
response to the high rate of nitrogenous fertilizer to create
more grains.
Several different cropping systems are followed in
the Nile Valley and Delta areas of Egypt, depending on
the soil type and crops; however, the low size of cultivated
land per farmer and water deficit is the most problems
associated with the cropping systems. In Egypt, there is
a modern trend for growing crops on beds (100 – 140 cm
width) according to population densities of field crops
(wheat, corn, cotton, soybean etc.) to save irrigation water
by about 15% compared with traditional practice on ridges
60-70 cm in width (Abouelenein et al., 2009 and Ahmad
et al., 2009).
The productivity of crop decreased in recent years
because of decline in soil fertility status. The major genetic
contribution to the increase in yield has been to increase
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“crowding stress” tolerance (Duvick and Cassman, 1999)
is tolerance has resulted in increased grain yield under
high maize plant populations. Plant density is one of the
most important cultural practices, determining grain yield,
as well as other important agronomic attributes of this
crop. Maize is most sensitive to variations in plant density
than other members of the grass family. For each
production system, there is a population that maximizes
grain yield. Maize must be grown at high plant populations
to maximize interception of solar radiation. However, at
high plant densities efficient conversion of intercepted
solar radiation of grain may be limited by apical dominance,
protandry and delays in ear differentiation, asynchronous
flowering and barrenness. Also, the optimum plant density
(number of plants that maximizes grain yield) depends
on the hybrid (Cox, 1996, Widdicombe and Elen, 2002).
Optimum plant population density is usually higher for
shorter-season than for full-season hybrids (Brown, 1970).
Further improvement of corn yield interesting on increased
tolerance to higher plant densities, due to corn’s
inadequate input use at lower plant populations (Tollenaar
and Lee, 2002). However, increased plant population
results in a more stressful environment, which could
exacerbate the yield-reducing effects of continuouslygrown corn. Maize grain yield per unit area involves
multiplying the number of rows per ear, number of kernels
per row and grain yield is affected by genotype and
environment modified and may reduce or increase (Hejazi
and Soleymani, 2014).
Studies conducted worldwide show that the maize
yield potential per plant has remained unchanged for
decades, while the yield potential per unit area has
increased as a function of higher population density and
year of hybrid introduction (Carlone and Russell, 1987).
These results often encourage producers to increase plant
density to pursue high yields during maize production
(Tokatlidis and Koutroubas, 2004). However, high plant
densities, in practice, result in interplant competition that
increases crowding stress, which has a detrimental effect
on grain yield (Tollenaar, 2006).
Nitrogen is the most important nutrient required in
the greatest quantities for maize grain yield (Bender, 2013)
and is the most frequently limited nutrients for maize
production (Ciampitti, 2012). Supply of nutrients at an
appropriate amount is always imperative for better growth
and development of a crop. However, yield and quality
parameters are greatly affected by inadequate availability
of plant nutrients (Witt et al., 2008). Nitrogen plays a
vital role in growth. Higher nitrogen levels are reported
to increase plant height, stem thickness, leaf area, leaf
area index, dry matter accumulation; net assimilates ratio

and yield per hectares (Cheema et al., 2010).
Plant density and N fertilizer application are often
considered the most important crop management
practices to improve grain yield and N use efficiency
(NUE) during intensive maize production (Tollenaar and
Lee, 2002; Lee and Tollenaar, 2007). Grain yield and NUE
decrease when maize is planted at a lower density because
the plants grow to maturity without using all of the
available soil N. However, plants compete for N at a
higher density with crowding stress, thus decreasing the
amount of N available per plant (Tollenaar et al., 2006).
When increases in plant density are insufficient to
compensate for the reduced yield per plant optimal
densities, crowding stress results in a lower yield and
NUE (Tokatlidis et al., 2011 and Antonietta et al., 2014).
High density planting, while important to increased yields,
can also lead to greater competition for resources and
morphological changes in the plant and caused lodging.
We hypothesized that a high plant density with
crowding stress would reduce the ability of plants to use
available soil N. Integrated agronomic management, in
terms of optimal plant density and N management, has
the potential to improve maize grain yield and NUE.
The objectives of this study were to: (1) evaluate the
effect of population density and row spacing on yield and
other morphological characteristics of three commercial
maize hybrids; (2) study the effect of different plant density
and various nitrogen fertilizer levels on yield and yield
components of and (3) determine the optimum treatments
should be used by farmers.

Materials and Methods
Experimental Site
A two-year study was carried out at the experimental
and research station, Faculty of Agriculture, Cairo
University, Giza, Egypt, during 2017 and 2018 summer
seasons. A representative soil samples were taken from
each site at the depth of 0 to 20 cm from the soil surface
before planting. The experimental soil type was clay loam
in both seasons. Soil physical analysis was conducted
according to Klute (1986) and chemical analysis was done
according to Page et al., (1982). Mechanical and
chemical properties of the experimental soil site during
the two studied seasons are shown in table 1.
Meteorological data for the experimental growth periods
(2017 and 2018) were collected from the Ministry of
Agriculture & Land Reclamation, Agricultural Research
Center, Central Lab. for Agricultural Climate, Giza, Egypt
Fig. 1.
Experimental design and treatments:
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Table 1: Mechanical and chemical properties of experimental
site (30 cm depth) in 2017 and 2018 seasons.
Character

Seasons
2017
2018
Mechanical analysis
Coarse sand (%)
6
6
Fine sand (%)
33
34
Silt (%)
21
20
Clay (%)
40
40
Soil type
Clay loam
Clay loam
Chemical analysis
Available N (kg/fed)
11.5
14.7
Available P (ppm)
1350
1097
Available K (ppm)
2860
3410
Organic matter (%)
1.6
1.9
PH
7.3
7.5
EC (m/Mohs/cm)
0.9
0.8

The experiment was laid out in a split-split plot design
in randomized complete blocks arrangement with three
replications. Nitrogen fertilizer was assigned to the main
plots, while the plant density was randomly distributed in
the subplots and maize cultivars were devoted to subsub plots. Each plot size was 12.6 m2 included three beds;
each bed was 3.0 m in length and 1.4 m in width.
Cultural practices:
The genetic materials used in this investigation
included three maize cultivars, namely the single cross
hybrids S.C. P3444, S.C. 30N11 and S.C. H66. The grains
of the hybrids (S.C. P3444, S.C. 30N11 and S.C. H66)
were obtained from Maize Research Section Agriculture
Research Center, Ministry of Agriculture.
The preceding crop was barley (Hordeum vulgare
L.) during both seasons of the study. Sowing dates were
about15 and 26 of May for 2017 and 2018 seasons,

7671

respectively. Maize grain was sown in hills by hand at
three plant densities as follows: 57600 (Maize was
manually planted on both sides of the bed with hill spacing
of 25cm), 72000 (Maize was manually planted on both
sides and middle of the bed with hill spacing of 30 cm)
and 86400 (Maize was manually planted on both sides
and middle of the bed with hill spacing of 25cm) plants
ha-1. Plants were thinned to one plant per hill before the
1st irrigation.
Calcium super phosphate fertilizer (15.5% P2O5) at
the rate of 60 kg P2O5 ha-1 was applied uniformly before
sowing. Ammonium nitrate (33.5% N) at a nitrogen rate
(216, 288 and 360 kg Nha-1) was added in two equal
doses before the first and second irrigations. Standard
agricultural practices were followed throughout the
growing seasons. The weed management was carried
out during the growing season by hoeing twice times,
before the 1st and the 2nd irrigations was done according
to practices used at the experiment station. The other
cultural practices were applied as recommended by the
Agricultural Research Center (ARC), Giza, Egypt.
Data collection
After 75 days from planting five random maize plants
were taken from each plot to determine number of leaves
plant -1 and flag leaf area. Leaf area was measured
according to the method described by Pearce et al.,
(1975) according to the equation, LA = K (L × B), where:
LA= leaf area (cm2), K= constant (0.75), L= leaf length
(cm), B = maximum leaf width (cm). At harvest, random
sample of ten guarded plants was taken from each plot
to estimate plant height (cm), ear height (cm), number of
rows/ear, number of grains/row, ear weight (g), 100 grain
weight (g) and grain yield plant-1(g). Grain yield ton ha-1
was calculated by weighting grain yield (Kg) from the
whole area of each experimental unit (sub-sub plot, each

Fig. 1: Temperature (oC) and relative humidity (%) data for the 2017 and 2018 maize crop growing season.
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Statistical analysis

Fig. 3: Layout of the pattern distribution of plants on rows
according to plant density.

sub-sub plot consists of 3 beds) and then adjusted into a
ton per ha. The grain yield ton ha-1 was adjusted on the
basis of 15.5% grain moisture content.

The collected data were checked out for normality
distributions in each trait by Wilk Shapiro test (1965) and
then the data were subjected to analysis of variance
(ANOVA) technique as outlined by Snedecor and
Cochran (1989) by using MSTAT-C computer software
(Freed et al., 1989) to test the null hypothesis of no
significant differences between treatments. Least
Significant Difference (LSD) test was applied for means
separation and comparison after the significance of the
ANOVA according to Snedecor & Cochran, (1994)

Results and Discussion
Effect of nitrogen fertilizer
In general, there was a significant increase in all

Table 2: Mean performance of all studied traits for nitrogen fertilizer, plant density and cultivars during 2017 and 2018 seasons.
Factors

Plant
height
(cm)

Ear
Flag
height
leaf
(cm) area (cm2)

No. of
No. of No. of
Ear
leaves
rows
grains weight
ear-1
row-1
(g)
plant-1 (g)
st
1 Season
Nitrogen fertilizer (kg N ha-1)
16.1
15.2
34.5
175.3
16.2
15.1
35.6
157.1
16.5
15.4
40.0
171.2
0.1
0.1
0.3
1.6
Plant density (plants ha-1)
16.7
15.4
37.2
169.9
15.9
15.1
36.6
163.0
16.3
15.2
36.4
170.8
0.3
0.4
0.5
3.5
Cultivars
16.7
16.1
33.3
169.2
15.1
15.1
37.9
171.7
17.0
14.4
38.9
162.8
0.2
0.2
0.6
2.2
2nd Season
Nitrogen fertilizer (kg N ha-1)
14.2
13.7
33.4
166.3
14.1
13.7
34.0
168.6
14.2
13.3
36.4
182.5
ns
0.32
0.28
2.82
-1
Plant density (plants ha )
14.0
13.7
34.5
188.6
14.1
13.2
34.0
164.8
14.3
13.8
35.3
164.0
0.1
0.4
0.4
2.4
Cultivars
14.8
14.4
32.2
177.3
13.2
13.4
35.1
166.8
14.5
12.9
36.6
173.4
0.2
0.3
0.4
2.3

Grain
yield
(g)

100-grain
weight
(tonha-1)

Grain
yield

216 kg N ha-1
288 kg N ha-1
360 kg N ha-1
LSD0.05

227.7
231.7
242.6
3.3

142.3
142.2
146.8
1.1

648.9
624.9
599.4
7.8

126.7
119.5
123.8
1.8

33.8
33.7
32.1
0.3

8.6
9.8
10.0
0.2

57600
72000
86400
LSD0.05

234.3
230.4
237.3
2.6

141.7
142.6
147.0
3.2

668.9
596.6
607.6
7.9

126.6
122.0
121.2
2.0

34.3
33.8
31.5
0.5

7.7
9.9
10.8
0.2

SC-P3444
SC-30N11
SC-H66
LSD0.05

225.5
224.3
252.1
2.9

146.8
117.3
167.2
2.3

549.4
716.1
607.6
8.3

128.7
119.2
122.0
2.9

35.6
30.7
33.3
0.5

9.8
9.2
9.4
0.1

216 kg N ha-1
288 kg N ha-1
360 kg N ha-1
LSD0.05

208.1
210.4
215.4
6.97

131.8
132.3
131.5
ns

600.4
594.5
571.7
1.39

120.1
116.0
116.4
2.51

36.0
36.1
35.5
0.47

8.5
8.9
9.0
0.1

57600
72000
86400
LSD0.05

208.5
211.6
213.8
2.5

126.8
132.1
136.7
2.1

625.4
573.9
567.2
3.6

121.0
113.0
118.5
1.9

37.2
35.9
34.5
0.5

6.9
9.1
10.4
0.3

SC-P3444
SC-30N11
SC-H66
LSD0.05

206.2
197.4
230.2
3.1

132.7
109.3
153.6
1.6

519.2
672.4
575.0
6.1

123.7
111.0
117.9
2.2

38.2
33.6
35.8
0.3

9.2
8.5
8.7
0.2
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studied traits and yields of maize crop with increasing
the application of nitrogen fertilizer in 2017 and 2018
seasons except flag leaf area and number of leavesplant1
in second season only table 2.
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1

, 100-grain weight and grain yieldplant-1 compared to
nitrogen fertilizer at 288 and 360 kg Nha-1.

Application of nitrogen at the rate of 360 kg ha-1
produced tallest plants (242.6 and 215.5 cm in both
In first season nitrogen fertilizer at 288 and 360kg
seasons), highest ear height (148.8 cm), highest number
Nha-1 were significantly increased plant height, ear height,
of leavesplant -1 (16.5), number of rowsear -1 (15.4),
number of leavesplant-1, number of rowsear-1, number of
number of grainsrow-1 (40.0 and 36.4 in both seasons)
-1
-1
grainsrow and grain yieldha compared to corresponding
and grain yieldha-1 (10.0 and 9.0 ton-1 in both seasons).
-1
216 kg Nha . While the flag leaf area, 100-grain weight
Which were statistically with 216 kg N ha-1 of flag leaf
-1
and grain yieldplant recorded significantly increased by
area (648.9 and 600.4 cm2), 100-grain weight (33.8 and
using 216 kg Nha-1 compared to nitrogen fertilizer at 288
36.0 g) and grain yieldplant -1 (126.7 and 128.7 g,
-1
and 360 kg Nha . However, in second season nitrogen
respectively) in both seasons. These findings were
fertilizer at 288 and 360 kg Nha -1 were significantly
consistent with those obtained by Dawadi and Sah (2012),
increased plant height, ear weight and grain yieldplant-1.
Kandil (2013), Shrestha (2015), Yasin (2016), El-Shahed
-1
In other hand application of 216 kg Nha was recorded
et al., (2017) andEL-Metwally et al., (2019) who
significantly increase in flag leaf area, number of rowsearindicated that increasing N- level caused an increase in
Table 3: Mean performance of studied traits for the interaction among yield and its components of maize.
nitrogen fertilizer, plant density and cultivars during season
2017.
Nitrogen
fertilizer
(kg N
ha-1)
216

Plant
density
(plants
ha-1)
57600

72000

86400

288

57600

72000

86400

360

57600

72000

86400

Plant Ear
Flag
Cultivars height height leaf
(cm) (cm) area
(cm2)
SC-P3444
216 141.48 644.46
SC-30N11 212.4 109.08 795.04
SC-H66 251.64 154.98 773.36
SC-P3444 217.78 139.5 549.29
SC-30N11 218.7 119.16 694.6
SC-H66 240.22 166.5 562.4
SC-P3444 214.92 153.36 559.13
SC-30N11 216.9 120.6 704.07
SC-H66 260.44 175.86 557.52
SC-P3444 218.61 141.93 570.73
SC-30N11 224.1 109.8 778.87
SC-H66 259.02 167.4 634.93
SC-P3444 225.9 146.34 515.16
SC-30N11 215.1 126 685.26
SC-H66 235.98 156.96 570.77
SC-P3444 235.98 156.96 570.77
SC-30N11 233.28 112.5 761.27
SC-H66 248.04 173.7 583.55
SC-P3444 234.36 149.04 558.36
SC-30N11 230.04 120.1 615.03
SC-H66 262.44 181.44 649.35
SC-P3444 242.1 157.86 515.74
SC-30N11 230.04 117 683.41
SC-H66
247.5 154.08 592.42
SC-P3444 234.72 146.34 508.48
SC-30N11 237.96 121.14 727.3
SC-H66 264.06 173.88 544.14
LSD0.05
8.73
7.42 24.59

No.
No.
of
of
leaves rows
ear-1
16.45 17.05
15.12 14.22
18.18 15.3
15.8 15.48
14.83 15.31
15.84 13.32
16.11 16.56
15.3 14.4
17.28 14.76
16.83 15.93
15.06 15.02
18.47 14.93
15.83 14.71
15.09 15.84
16.56 14.4
16.56 14.4
14.59 15.47
16.63 14.04
17.5 16.61
15.67 13.93
17.14 15.49
16.71 16.2
15.78 16.02
16.56 14.4
18 16.63
14.89 16.01
16.56 13.08
0.65 0.66

An increase in yield of maize with increasing
rate of nitrogen has been reported by many
researchers (Khan et al., 1994). Ogola et al.,
(2002) who reported that the high nitrogen
fertilization results in increased grain yield (4368%) and biomass (25- 42%) in maize. Bakht et
al., (2006) reported that maximum amount of leaf
plant-1, number of cobs plant, number of grains
cob, taller plants, grain and biological yield was
recorded in the application of 200kg N ha-1. ELMetwally et al., (2019) indicated that increasing
N rates from 90 to 120 kg fed-1 and from 120 to
150 kg fed-1 increased grain yield plant-1 by about
5.2% and 1.9% in the 1st season, corresponding
to 2.9 % and 1.9% in the 2nd season, respectively.
Increasing N rates from 90 to 120 kg fed-1 and
from 120 to 150 kg fed-1 increased grain yield
fed-1 by about 24.6% and 12.8 % in the 1st season,
corresponding to 25.9 % and 12.1 % in the 2nd
season, respectively.
In this concern, many investigations
highlighted the importance of using the high level
of nitrogen fertilizer to avoid the decrease of grain
yield with high plant density (Hejaziand
Soleymani, 2014; Hafez and Abdelaal, 2015;
Imran, 2015; Mahdi and Ismail, 2015; Ali and
Anjum, 2017; Shrestha et al., 2018; Zeleke et
al., 2018 and Greveniotis et al., 2019).
Effect of plant density
According to the results in table 2 we
observed that all studied traits were significantly
affected by plant density levels. In first season
each ofplant height, ear height, ear weight and
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grain yieldha-1 recorded the highest value under high level
of plant density 86400 plant ha-1(237.3 cm, 147cm, 170.8
g and 10.9ton ha-1), respectively and this decrease in other
studied traits due to the adverse effect of high plant density
on these parameters. While the highest value of flag leaf
area, number of leavesplant -1, number of rowsear-1,
number of grainsrow-1, grain yieldplant-1 and 100-grain
weight were recorded under low level of plant density
(57600 plants ha-1) (668.9, 16.7, 15.4, 37.2, 126.6 g, 34.3
g), respectively and this increase due to the low
competition effect of plant density on sunlight, water
requirements and free spacing between the plants in these
traits.

1

(35.3) and grain yieldha-1 (10.9 ton) were recorded under
high level of plant density 86400 plant ha-1, while the
highest value of flag leaf area (625.4 cm2), ear weight
plant-1 (188.6 g), grain yield plant-1 (121.0 g) and 100grain weight (37.2 g) were recorded under low level of
plant density (control) 57600 plant ha-1.

The difference may be attributed to plant population,
which plays an important role in the maize hybrids. These
findings are in agreement with those obtained by Kandil
(2014), Shrestha (2015), Yan et al., (2017), Shoaib et al.,
(2018), Xuelian et al., (2018) and Gomaa et al., (2019).
As well as, Kareem et al., (2017) studied the effect of
two population densities (95,556 and 53,333 plants/ha)
In second season the highest value of plant height
on growth and yield of two maize cultivars. They found
(213.8 cm), ear height (136.7 cm), number of leavesplant
that increasing plant density from 53,333 to 95,556 plants
1
(14.3), number of rowsear-1 (13.8), number of grainsrow/ha led to significant increase in grain yield/ha. On the
Table 4: Mean performance of studied traits for the interaction among other hand, number of kernels/row, number of
nitrogen fertilizer, plant density and cultivars during season kernels/ear, 100-kernel weight and shelling
percentage were significantly decreased due to
2017.
increasing plant density. Revathi et al., (2017)
Nitrogen Plant
No. of ear Grain 100- Grain
found that maximum grain yield ha-1 was recorded
fertilizer density Cultivars grains weight yield grain yield
with 83,333 plants ha-1. On the other direction,
(kg N (plants
row-1
(g) plant-1 weight (ton
weight of kernels ear-1, number of rows ear-1 and
ha-1)
ha-1)
(g)
ha-1
100-kernel weight were not significantly
216
57600
SC-P3444 30.01 203.14 153.53 38.52 7.63
influenced by planting density.
SC-30N11 35.1 197.86 149.6 32.79 7.46
72000

86400

288

57600

72000

86400

360

57600

72000

86400

SC-H66
SC-P3444
SC-30N11
SC-H66
SC-P3444
SC-30N11
SC-H66
SC-P3444
SC-30N11
SC-H66
SC-P3444
SC-30N11
SC-H66
SC-P3444
SC-30N11
SC-H66
SC-P3444
SC-30N11
SC-H66
SC-P3444
SC-30N11
SC-H66
SC-P3444
SC-30N11
SC-H66
LSD0.05

39.42
30.24
36.36
35.46
33.66
32.76
37.26
30.78
37.26
40.5
32.04
36.54
34.92
34.92
34.92
39.6
35.46
42.12
43.74
38.16
46.26
39.06
35.46
39.78
40.14
1.75

189.32
174.42
165.24
162
167.94
149.58
167.94
160.87
141.8
154.87
143.1
172.8
147.31
147.31
151.2
165.24
159.08
172.8
149.26
158.76
177.12
166.32
178.2
216.54
163.08
7.54

124.33
139.07
119.18
117.05
115.61
97.38
124.13
117.56
107.44
117.75
116.72
118.91
118.32
118.32
118.22
123.41
125
127.5
116.99
123.37
121.44
124.37
130.45
112.89
131.84
8.12

33.79
38.26
32.51
32.35
34.77
30.15
31.26
36.76
33.26
35.93
38.46
29.68
32.73
32.73
30.57
32.39
32.16
29.43
35.84
35.5
32.77
32.35
33.05
24.92
33.17
1.53

6.67
10.1
9.14
8.01
9.72
8.58
10.27
7.44
8.06
7.86
11.11
9.61
10.04
10.04
11.06
11.49
7.57
8.24
8.48
11.29
10.56
9.39
11.89
10.35
11.98
0.49

Tahmasbi and Mohasel (2009) showed that
increase plant density significantly cause to grain
yield growth and highest grain yield was recorded
from 85000 Plantha-1 with 11.13 tonha-1. Saadat
et al., (2010) indicated that the highest number of
rowsear-1 and number of grainsear-1were found
from 40000 plant ha-1. Yield was increased by 4%
with increasing plant density Shapiro and
Wortmann (2006). Maximum yield per unit area
may be obtained by growing maize hybrids that
can withstand high plant density, up to 100,000
plants ha+1 (Gozubenli et al., 2003).
In this concern, many investigations
highlighted the importance of using the high level
of nitrogen fertilizer to avoid the decrease of grain
yield/ha with high plant density (Amanullah et al.,
2009; Arif et al., 2010;Al-Naggar et al., 2015;
Mahdi et al., 2015; Al-Naggarand Atta 2017;
Zeleke et al., 2018;Jiang et al., 2018).
Effect of maize cultivar
Results in table 2 showed that there was a
significant increase in all studied traits and yields
of maize crop between the three cultivars in both
seasons. SC-H66 cultivar exceeded SC-P3444
and SC-30N11 cultivars in plant height (252.1 and
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230.2 cm) and ear height (167.2 and153.6 cm) in both
seasons, respectively and number of grains row-1 in first
season only (38.9). In contrast with above traits response,
SC-P3444 cultivar was the best for number of leaves
plant-1 (16.7 and 14.8), number of rows ear-1 (16.1 and
14.4), 100-grain weight (35.6 and 38.2 g), grain yield plant1
(128.7 and 123.7 g) and grain yield ha-1 (9.8 and 9.2
ton) in both seasons, respectively and ear weight plant-1
in second season only (177.3 g). While SC-30N11 cultivar
exceeded SC-P3444 and SC-H66 cultivars in flag leaf
area in both seasons (716.1 and 672.4 cm2) and ear
weight-1 in first season only (171.1 g).
Superiority of SC-P3444 under different rates of
nitrogen and plant density in the present study were
accompanied by superiority of this cultivar in number of
leaves plant-1, number of rows ear-1, ear weight, 100-
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grain weight, grain yield plant-1 and by superiority in grain
yield ha-1in both seasons table 2. The difference between
the three cultivars may be attributed to the differences in
genetic constitution. We can confirm that, in the current
period we need to focus on new maize cultivars
characterized by highly plant density by breeding programs
of maize crop to cope with the shortage of limited
cultivated area and low production under Egyptian
conditions.
Shapiro and Wortmann (2006) reported that maize is
one of the major cereal crops in the world optimizing
harvestable grain yield is requires matching new maize
hybrids and optimal plant densities. Mansfield and Mumm
(2014) studded the relationship between plant density and
grain yield was assessed for some hybrids, with a wide
range of responses observed. Five hybrids showed

Table 5: Mean performance of studied traits for the interaction among substantial tolerance to plant densities  116,000
nitrogen fertilizer, plant density and cultivars during season plants ha-1 based on grain yield performance. High
2018.
plant population imposed a variety of stresses on
Nitrogen
fertilizer
(kg N
ha-1)
216

Plant
density
(plants
ha-1)
57600

72000

86400

288

57600

72000

86400

360

57600

72000

86400

Plant Ear
Flag
Cultivars height height leaf
(cm) (cm) area
(cm2)
SC-P3444 195.15 134.24 598.45
SC-30N11 193.63 100.39 734.07
SC-H66 231.24 148.39 714.26
SC-P3444 201.03 124.84 524.41
SC-30N11 192.74 116.31 650.15
SC-H66 240.82 158.79 530.6
SC-P3444 203.87 135.32 533.88
SC-30N11 194.17 109.65 610.35
SC-H66 220.11 158.14 507.14
SC-P3444 202.93 130.16 531.75
SC-30N11 195.34 100.8 719.23
SC-H66 226.22 161.63 589.09
SC-P3444 209.55 129.06 489.01
SC-30N11 193.72 118.58 691.24
SC-H66 224.17 145.88 547.89
SC-P3444 224.17 145.88 547.89
SC-30N11 197.37 106.81 720.92
SC-H66 237.49 161.23 557.84
SC-P3444 207.04 127.28 520.23
SC-30N11 193.67 98.15 572.1
SC-H66 231.33 139.86 649.62
SC-P3444 218.89 141.9 495.47
SC-30N11 204.67 110.46 654.96
SC-H66 218.81 143.28 581.37
SC-P3444 210.89 134.75 475.5
SC-30N11 211.61 122.4 698.54
SC-H66 237.49 161.23 557.84
LSD0.05
10.28 11.37 16.02

No.
No.
of
of
leaves rows
ear-1
14.19 15.16
13.16 12.83
15.19 13.08
14.18 13.81
13.55 13.48
14.13 11.86
14.86 15.59
13.24 13.65
15.11 13.48
14.3 14.01
13.16 14.49
14.56 13.56
14.62 13.27
13.56 14.62
14.13 12.67
14.13 12.67
12.92 14.29
14.69 12.83
14.38 15.03
12.83 11.7
14.5 13.11
15.35 14.46
13.16 11.21
14.3 13.65
15.76 14.78
13.16 14.61
14.69 12.83
0.97 1.74

corn plants, including competition for light, water,
and nutrients (Boomsma et al., 2000), as well as
enhanced incidence and severity of ear rots and
caused leaf diseases (Esechie H.A., 2009 and
Ahmad et al., 2018).
Effect of the interaction of maize cultivars ×
plant density × nitrogen fertilizer
Results in tables 3, 4, 5 and 6 indicated that
the interaction of nitrogen fertilizer × plant density
× maize cultivars significantly affected on all
studied traits in both seasons. The highest value
of plant height (264.06 and 241.72 cm), ear height
(173.8 and 165.04 cm) was recorded with the
application of SC-H66 cultivar combined with high
level of plant density (84600 plant ha-1) and high
rate of nitrogen fertilizer (360 kg N ha-1) in both
seasons, leaf area (795.04 and 734.07 cm) was
recorded with the application of SC-30N11cultivar
combined with medium level of plant density (72000
plant ha-1) and low rate of nitrogen fertilizer (216
kg N ha-1) in both seasons, number of leaves/plant
(18.47), was recorded with the application of SCH66 cultivar combined with low level of plant
density (57600 plant ha-1) and medium rate of
nitrogen fertilizer (288 kg N ha-1) in first season
and (15.76) with the application of SC-P3444
cultivar combined with high level of plant density
(86400 plant ha-1) and high rate of nitrogen fertilizer
(360 kg N ha-1) in second season, number of rows
(17.05 and 15.16) was recorded with the
application of SC-P3444 cultivar combined with
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low level of plant density (57600 plant ha-1) and low rate
of nitrogen fertilizer (216 kg N ha-1) in both seasons,
number of grains/row (46.26 g) was recorded with the
application of SC-30N11 cultivar combined with medium
level of plant density (72000 plant ha-1) and high rate of
nitrogen fertilizer (360 kg N ha-1) in first season and
(40.04) by application of SC-H66 cultivar combined with
high level of plant density (86400 plant ha-1) and high
rate of nitrogen fertilizer (360 kg N ha-1) in second season,
ear weight/plant ( 216.54g) was recorded with the
application of SC-30N11 cultivar combined with high level
of plant density (86400 plant ha-1) and high rate of nitrogen
fertilizer (360 kg N ha-1) in first season and (204.68 g) by
application of SC-30N11 cultivar combined with low level
of plant density (57600 plant ha-1) and high rate of nitrogen
fertilizer (360 kg N ha-1) in second season, grain yield/

plant and 100-grain weight (153.53-145.34 and 38.5241.58 g, respectively) was recorded with the application
of SC-P3444 cultivar combined with low level of plant
density (57600 plant ha -1) and low rate of nitrogen
fertilizer (216 kg N ha-1) in both seasons and grain yield/
ha (11.89 and 10.99 ton) was recorded with the application
of SC-P3444 cultivar combined with high level of plant
density (84600 plant ha -1) and high rate of nitrogen
fertilizer (360 kg N ha-1) in both seasons.
Increasing grain yield/ha of maize with application
of high level of plant density 86400 plant ha-1 is due
generally to the avoid higher number of plants/ha to
adverse effects of a shortage of fertilizer needs for plants
by using high level of nitrogen fertilizer.

These results agree with the findings of Turgut (2000)
who reported that plant density and N interaction has
Table 6: Mean performance of studied traits for the interaction among significant effects on seed number per ear, number
nitrogen fertilizer, plant density and cultivars during season of ears per plant and grain yield of maize. These
results are supported by (Aziz et al., 2007) who
2018.
stated that increase in grain yield at optimum
Nitrogen Plant
No. of ear Grain 100- Grain
planting densities may be due to the availability of
fertilizer density Cultivars grains weight yield grain yield
more nutrients which led to more growth and
-1
-1
(kg N (plants
row
(g) plant weight (ton
higher assimilates translocation to grains (Sher et
ha-1)
ha-1)
(g)
ha-1
al., 2015). Significant increases in grain yield,
216
57600
SC-P3444 28.32 183.24 145.34 41.58 6.79
biomass and N efficiency were observed when
SC-30N11 32.65 187.23 141.74 35.52 6.25
density increased from 67,500 to 97,500 plantha-1
SC-H66
39.23 176.66 118.88 36.9
6.1
(Wei et al., 2017). While Wei et al., 2019 found
72000
SC-P3444 32.16 164.96 123.2 39.66 9.87
that kernel weight, the maximum grain-filling rate
SC-30N11 33.79 158.87 110.87 33.57 8.55
and the kernel weight increment achieving were
SC-H66
33.46 158.87 111.8 34.37 8.55
all significantly depressed under high density
86400
SC-P3444 32.73 164.96 125.93 37.09 9.94
conditions, but increased N supply partially offset
SC-30N11 32.33 136.7 85.51 32.37 10.16
the losses.
SC-H66
35.66 165.45 117.75 33.09 10.22
288

57600

72000

86400

360

57600

72000

86400

SC-P3444
SC-30N11
SC-H66
SC-P3444
SC-30N11
SC-H66
SC-P3444
SC-30N11
SC-H66
SC-P3444
SC-30N11
SC-H66
SC-P3444
SC-30N11
SC-H66
SC-P3444
SC-30N11
SC-H66
LSD0.05

28.75
35.09
37.52
32
34.19
32.81
32.81
35.25
38.5
32.73
39.47
37.04
35.17
37.04
35.09
35.58
35.66
40.04
1.28

185.19
170.57
195.91
166.67
170.57
148.25
148.25
144.25
174.47
199.81
204.68
194.45
178.85
166.18
170.08
190.55
161.79
176.41
7.03

112.84
103.64
112.89
112.43
115.56
115.89
115.89
110.44
124.62
119.48
121.89
112.3
120.21
90.11
116.88
118.04
118.82
130.19
6.48

39.79
36.31
39.54
40.95
32.03
34.3
34.3
33.15
34.85
35.1
31.27
38.9
39.47
33.32
35.15
36.13
35.06
35.15
1.07

7.22
6.76
6.98
10.35
8.55
9.07
9.07
10.4
10.32
7.27
7.71
7.1
9.54
8.78
8.8
10.99
9.64
11.47
0.55

These results are supported by Gomma et al.,
(2019) revealed that number of rows ear-1, number
of grains row-1, 100-grains weight and grain yield
ha-1 of maize hybrid were, significantly, affected
by plant population and nitrogen fertilizer rates,
where the highest grain yield was obtained by
growing maize plant hybrid 3444 at a population
of 75000 plant ha-1 under the application of 360
kg N ha-1 under the environmental conditions of
Alexandria, Egypt. Fathy et al., (2019) found that
sowing maize cultivar TWC 352 with dense
planting of 30000 plantsfad-1 and raising nitrogen
level up to 80 kg Nfad-1, with addition of farmyard
manure to maximize grain yield fad-1, under the
experimental site and other likely environmental
condition.

References
Abouelenein, R., T. Oweis, M. El Sherif, H. Awad, F.

Response of maize (Zea mays L.) hybrids to different levels of nitrogen fertilizer and plant density on yield

Foaad, S. Abd El Hafez, A. Hammam, F. Karajeh, M. Karo
and A. Linda (2009). Improving wheat water productivity
under different methods of irrigation management and
nitrogen fertilizer rates. Egypt J. Appl. Sci., 24(12A):
pp.417-431.
Ahmad, I., M. Iqbal, B. Ahmad, G. Ahmad and N.H. Shah (2009).
Maize yield, plant tissue and residual soil N as affected by
nitrogen management and tillage systems. J. Agric. Biol.
Sci., 1(1): pp.19-29.
Ahmad, S., A.A. Khan, M. Kamran, I. Ahmad and S. Ali (2018).
Response of Maize Cultivars to Various Nitrogen Levels.
Eur. Exp. Biol., 8(1): p.2.
Ali, M. and M.M. Anjum (2017). Effect of different nitrogen
rates on growth, yield and quality of maize. Middle East J.
Agric. Res., 6(1): pp.107-112.
Almodares, A., M. Jafarinia and M.R. Hadi (2009). The effects
of nitrogen fertilizer on chemical compositions in corn and
sweet sorghum. Agriculture and Environment Science,
6: pp.441-446.
Al-Naggar, A.M.M. and M.M.M. Atta (2017). Elevated plant
density effects on performance and genetic parameters
controlling maize (Zea mays L.) agronomic traits. Journal
of Advances in Biology & Biotechnology, 12(1): pp.1-20.
Al-Naggar, A.M.M., R.A. Shabana, M.M. Atta and T.H. AlKhalil (2015). Maize response to elevated plant density
combined with lowered N-fertilizer rate is genotypedependent. The Crop Journal, 3(2): pp.96-109.

7677

crowding and low nitrogen availability: An analysis and
review. Agronomy Journal, 101(6): pp.1426-1452.
Brown, R.H., E.R. Beaty, W.J. Ethredge and D.D. Hayes (1970).
Influence of Row Width and Plant Population on Yield of
two Varieties of Corn (Zea mays L.) 1. Agronomy journal,
62(6): pp.767-770.
Carlone, M.R. and W.A. Russell (1987). Response to plant
densities and nitrogen levels for four maize cultivars from
different eras of breeding 1.Crop Science, 27(3): pp.465470.
Cheema, M.A., W. Farhad, M.F. Saleem, H.Z. Khan, A. Munir,
M.A. Wahid, F. Rasul and H.M. Hammad (2010). Nitrogen
management strategies for sustainable maize production.
Crop Environ., 1(1): pp.49-52.
Ciampitti, I.A. and T.J. Vyn (2012). Physiological perspectives
of changes over time in maize yield dependency on
nitrogen uptake and associated nitrogen efficiencies: A
review. Field Crops Research, 133: pp.48-67.
Cox, W.J. (1996). Whole-plant physiological and yield
responses of maize to plant density. Agronomy Journal,
88(3): pp.489-496.
Dawadi, D.R. and S.K. Sah (2012). Growth and yield of hybrid
maize (Zea mays L.) in relation to planting density and
nitrogen levels during winter season in Nepal.
Duvick, D.N. and K.G. Cassman (1999). Post–green revolution
trends in yield potential of temperate maize in the NorthCentral United States. Crop science, 39(6): pp.1622-1630.

Amanullah, R.A. Khattak and S.K. Khalil (2009). Plant density
and nitrogen effects on maize phenology and grain yield.
Journal of plant nutrition, 32(2): pp.246-260.

Duvick, D.N. (2005). The contribution of breeding to yield
advances in maize (Zea mays L.). Advances in agronomy,
86: pp.83-145.

Antonietta, M., D.D. Fanello, H.A. Acciaresi and J.J. Guiamet
(2014). Senescence and yield responses to plant density
in stay green and earlier-senescing maize hybrids from
Argentina. Field Crops Research, 155: pp.111-119.

El-Shahed, H.M., S.A. Mowafy, M.M.A. Osman and N.Z. ElNaggar (2017). Physiological response of maize hybrids
to nitrogen and phosphorus fertilization. Zagazig Journal
of Agricultural Research, 44(1): pp.41-69.

Arif, M., M.T. Jan, N.U. Khan, H.A.B.I.B. Akbar, S.A. Khan,
M.J. Khan, A.H.M.A.D. Khan, I.Q.B.A.L. Munir,
M.U.H.A.M.M.A.D. Saeed and A. Iqbal (2010). Impact of
plant populations and nitrogen levels on maize. Pak. J.
Bot., 42(6): pp.3907-3913.

Esechie, H.A. (1992). Effect of planting density on growth and
yield of irrigated maize (Zea mays) in the Batinah Coast
region of Oman. The Journal of Agricultural Science,
119(2): pp.165-169.

Aziz, A., H.U. Rehman and N. Khan (2007). Maize cultivar
response to population density and planting date for grain
and biomass yield. Sarhad Journal of Agriculture, 23(1):
p.25.
Bakht, J., S. Ahmad, M. Tariq, H. Akber and M. Shafi (2006).
Response of maize to planting methods and fertilizer N.
Journal of Agricultural and Biological Science, 1(3):
pp.8-14.
Bender, R.R., J.W. Haegele, M.L. Ruffo and F.E. Below (2013).
Nutrient uptake, partitioning and remobilization in modern,
transgenic insect-protected maize hybrids. Agronomy
Journal, 105(1): pp.161-170.
Boomsma, C.R., J.B. Santini, M. Tollenaar and T.J. Vyn (2009).
Maize morphophysiological responses to intense

Fathy, A.E., A. Ali, I.M. Abd El-Hameed and M.A.T. Yasin (2019).
Effect of plant density and N-fym combination fertilizer
levels on two yellow maize cultivars productivity. Zagazig
Journal of Agricultural Research, 46(6): pp.1835-1845.
Freed, R., S.P. Einensmith, S. Guetz, D. Reicosky, V.W. Smail
and P. Wolberg (1989). User’s guide to MSTAT-C analysis
of agronomic research experiments. Michigan State
University, USA.
Gomaa, M.A., E.E., G.A. El-sorady and S.H.F. Al-Mohammedi
(2019). Maize Response to Population under High Levels
of Nitrogen Fertilization. Egyptian Academic Journal of
Biological Sciences, H. Botany, 10(2): pp.1-8.
Gozubenli, H., O. Sener, O. Konuskan and M. Kilinc (2003).
Effect of hybrid and plant density on grain yield and yield
components of maize (Zea mays). Indian Journal of

7678

Ragab Absy and Hashim M. Abdel-Lattif

Agronomy, 48(3): pp.203-205.
Greveniotis, V., S. Zotis, E. Sioki and C. Ipsilandis (2019). Field
Population Density Effects on Field Yield and
Morphological Characteristics of Maize. Agriculture, 9(7):
p.160.
Hafez, E.M. and K.A. Abdelaal (2015). Impact of nitrogen
fertilization levels on morphophysiological characters and
yield quality of some maize hybrids (Zea mays L.). Egypt.
J. Agron., 37(1): pp.35-48.
Hassan, S.W., F.C. Oad, S.D. Tunio, A.W. Gandahi, M.H.
Siddiqui, S.M. Oad and A.W. Jagirani (2010). Impact of
nitrogen levels and application methods on agronomic,
physiological and nutrient uptake traits of maize fodder.
Pak. J. Bot., 42(6): pp.4095-4101.
Hejazi, L. and A. Soleymani (2014). Effect of different amounts
of nitrogen fertilizer on grain yield of forage corn cultivars
in Isfahan.
Hodgen, P.J. (2007). Individual corn plant nitrogen management.
The University of Nebraska-Lincoln.
Imran, S., M. Arif, A. Khan, M.A. Khan, W. Shah and A. Latif
(2015). Effect of nitrogen levels and plant population on
yield and yield components of maize. Advances in Crop
Science and Technology, pp.1-7.
Iqbal, A., M. Ayub, H. Zaman and R. Ahmad (2006). Impact of
nutrient management and legume association on agroqualitative traits of maize forage. Pakistan Journal of
Botany, 38(4): p.1079.
Jiang, X., L. Tong, S. Kang, F. Li, D. Li, Y. Qin, R. Shi and J. Li
(2018). Planting density affected biomass and grain yield
of maize for seed production in an arid region of Northwest
China. Journal of Arid Land, 10(2): pp.292-303.
Jiang, X., L. Tong, S. Kang, F. Li, D. Li, Y. Qin, R. Shi and J. Li
(2018). Planting density affected biomass and grain yield
of maize for seed production in an arid region of Northwest
China. Journal of Arid Land, 10(2): pp.292-303.

Agronomy Madison, Wisconsin, USA.
Kumar, A., S.K. Gali and N.S. Hebsur (2010). Effect of different
levels of NPK on growth and yield parameters of sweet
corn. Karnataka Journal of Agricultural Sciences, 20(1):.
Lee, E.A. and M. Tollenaar (2007). Physiological basis of
successful breeding strategies for maize grain yield. Crop
Science, 47(3): pp.S-202.
Mahdi, A.H. and S.K. Ismail (2015). Maize productivity as
affected by plant density and nitrogen fertilizer.
International Journal of Current Microbiology and
Applied Sciences, 4(6): pp.870-877.
Mahdi, A.H. and S.K. Ismail (2015). Maize productivity as
affected by plant density and nitrogen fertilizer.
International Journal of Current Microbiology and
Applied Sciences, 4(6): pp.870-877.
Mansfield, B.D. and R.H. Mumm (2014). Survey of plant density
tolerance in US maize germplasm. Crop Science, 54(1):
pp.157-173.
Obi, M.E. and P.O. Ebo (1995). The effects of organic and
inorganic amendments on soil physical properties and
maize production in a severely degraded sandy soil in
southern Nigeria. Bioresource Technology, 51(2-3):
pp.117-123.
Ogola, J.B.O., T.R. Wheeler and P.M. Harris (2002). Effects of
nitrogen and irrigation on water use of maize crops. Field
Crops Research, 78(2-3): pp.105-117.
Page, A.I., R.H. Miller and D.R. Keeny (1982). Methods of Soil
Analysis Part II. Chemical and Microbiological Methods
(2nd ed.), American Society of Agronomy, Madison, WI,
USA, pp. 225-246.
Pearce, R.B., J.J. Mock and T.B. Bailey (1975). Rapid Method
for Estimating Leaf Area Per Plant in Maize 1. Crop Science,
15(5): pp.691-694.

Kandil, E.E.E. (2013). Response of some maize hybrids (Zea
mays L.) to different levels of nitrogenous fertilization.
Journal of Applied Sciences Research, 9(3): pp.1902-1908.

Reddy, D.M. and V.B. Bhanumurthy (2010). Fodder, grain yield,
nitrogen uptake and crude protein of forage maize as
influenced by different nitrogen management practices.
International Journal of Bio-resource and Stress
Management, 1(2): pp.69-71.

Kandil, E.E.E. (2014). Determine independent population density
for each maize hybrid (Zea mays L.). International
Proceedings of Chemical, Biological and Environmental
Engineering (IPCBEE), 79: pp.30-35.

Revathi, K., M.S. Rekha, M.K. Sheshama and G. Sharma (2017).
Growth and yield of rabi maize (Zea mays L.) at different
planting densities and N-levels. Int. J. Curr. Microbiol.
App. Sci., 6(12): pp.2047-2053.

Karasu, A., M. Oz, G. Bayram and I. Turgut (2009). The effect of
nitrogen levels on forage yield and some attributes in some
hybrid corn (Zea mays indentata Sturt.) cultivars sown as
second crop for silage corn. African Journal of
Agricultural Research, 4(3): pp.166-170.

Shapiro, C.A. and C.S. Wortmann (2006). Corn response to
nitrogen rate, row spacing and plant density in eastern
Nebraska. Agronomy Journal, 98(3): pp.529-535.

Khan, A., M. Sarfraz, N. Ahmad and B. Ahmad (1994). Effect of
nitrogen dose and irrigation depth on nitrate movement in
soil and N uptake by maize. Journal of Agricultural
Research (Pakistan).
Klute, A. (1986). Methods of Soil Analysis. Part-I: Physical and
Mineralogical Methods (2nd ed.), American Society of

Shapiro, S.S. and M.B. Wilk (1965). An analysis of variance
test for normality (complete samples). Biometrika, 52(3/
4): pp.591-611.
Sharif, M., M. Ahmad, M.S. Sarir and R.A. Khattak (2004). Effect
of organic and inorganic fertilizers on the yield and yield
components of maize. Pakistan Journal of Agriculture,
Agricultural Engineering Veterinary Sciences (Pakistan).
Sher, A., A. Khan, L.J. Cai, M.I. Ahmad, U. Asharf and S.A.

Response of maize (Zea mays L.) hybrids to different levels of nitrogen fertilizer and plant density on yield

Jamoro (2017). Response of maize grown under high plant
density; performance, issues and management-a critical
review. Adv. Crop. Sci. Tech., 5(3):.
Shoaib, M. and M.A. Asrar Mehboob (2018). Yield Response
of Irrigated Maize (Zea mays L.) to Different Planting
Architects in Loamy Soil of Upper Indus Basin. Science
Letters, 6(1): pp.1-5.
Shrestha, J. (2015). Growth and Productivity of Winter Maize
(Zea mays L.) Under Different Levels of Nitrogen and Plant
Population.[on line] Dissertation. com, Boca Raton, USA.
Available in: http://dissertation. com/books/1612334407.
Shrestha, J., D.N. Yadav, L.P. Amgain and J.P. Sharma (2018).
Effects of nitrogen and plant density on maize (Zea mays
L.) phenology and grain yield. Current Agriculture
Research Journal, 6(2): pp.175-182.
Snedecor, G.W. and W.G. Cochran (1994). Statistical Methods.
9th Ed., Ames: Iowa State Univ. Press Iowa.
Snedecor, G.W. and W.G. Cochran (1989). Statistical methods,
8thEdn.Ames: Iowa State Univ. Press Iowa.
Steel, R.G.D., J.H. Torri and D.A. Dickey (1997). Principles and
Procedures of Statistics: A Biometrical Approach, 3rd ed.,
McGraw-Hill, New York.
Thomison, P.R. and D.M. Jordan (1995). Plant population effects
on corn hybrids differing in ear growth habit and
prolificacy. Journal of production agriculture, 8(3):
pp.394-400.
Tokatlidis, I.S. and S.D. Koutroubas (2004). A review of maize
hybrids’ dependence on high plant populations and its
implications for crop yield stability. Field Crops Research,
88(2-3): pp.103-114.
Tokatlidis, I.S., V. Has, V. Melidis, I. Has, I. Mylonas, G. Evgenidis,
A. Copandean, E. Ninou and V.A. Fasoula (2011). Maize
hybrids less dependent on high plant densities improve
resource-use efficiency in rainfed and irrigated conditions.
Field Crops Research, 120(3): pp.345-351.
Tollenaar, M. and E.A. Lee (2002). Yield potential, yield stability

7679

and stress tolerance in maize. Field Crops Research, 75(23): pp.161-169.
Tollenaar, M., W. Deen, L. Echarte and W. Liu (2006). Effect of
crowding stress on dry matter accumulation and harvest
index in maize. Agronomy Journal, 98(4): pp.930-937.
Turgut, Ý. (2000). Effects of plant populations and nitrogen
doses on fresh ear yield and yield components of sweet
corn (Zea mays saccharata Sturt.) grown under Bursa
conditions. Turkish journal of agriculture and forestry,
24(3): pp.341-348.
Wei, S., X. Wang, G. Li, Y. Qin, D. Jiang and S.T. Dong (2019).
Plant density and nitrogen supply affect the grain-filling
parameters of maize kernels located in different ear
positions. Frontiers in plant science, 10: p.180.
Wei, S., X. Wang, Q. Zhu, D. Jiang and S. Dong (2017).
Optimising yield and resource utilisation of summer maize
under the conditions of increasing density and reducing
nitrogen fertilization. The Science of Nature, 104(11-12):
p.86.
Widdicombe, W.D. and K.D. Thelen (2002). Row width and
plant density effects on corn grain production in the
northern corn belt. Agronomy Journal, 94(5): pp.10201023.
Witt, C., J.M.C.A. Pasuquin and A. Dobermann (2008). April.
Site-specific nutrient management for maize in favorable
tropical environments of Asia. In Proceedings of the 5th
International Crop Science Congress, Jeju, Korea.
Yan, P., J. Pan, W. Zhang, J. Shi, X. Chen and Z. Cui (2017). A
high plant density reduces the ability of maize to use soil
nitrogen. PLOS one, 12(2):.
Yasin, M.A.T. (2016). Response of two yellow maize hybrids to
irrigation intervals and nitrogen fertilizer levels. J. Plant
Prod., Mansoura Univ., 7(12): 1465 -1472.
Zeleke, A., G. Alemayehu and G.S. Yihenew (2018). Effects of
planting density and nitrogen fertilizer rate on yield and
yield related traits of maize (Zea mays L.) in Northwestern
Ethiopia. Advances in Crop Sci. and Techn., 6(2): pp.1-5.

