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ABSTRACT

Four field experiments were carried out at Mallawi (Middle Egypt) and
Shandawill {(Upper Egypt), Research Stations, Agricultural Research Center during
2001 and 2002 seasons. To study are the effect of plant population and nitrogen
fertilizer levels and their interaction on yield and yield components of maize.

Split plot design was used with four replications. The main plots were randomly
assigned to the four plant population i.e. 15, 20, 24 and 30 thousand plants/fed
obtained from planting at 40, 30, 25 and 20 cm with one plant/iil. The subplots
devoted to nitrogen fertilizer rates of 30, 60, 80, 120 and 150 Kg N/fed. the most
important results could be summarized as follows :

1- The increases in maize plant density from 15,000 to 30,000 plants/fed significantly
increased means of plant height, ear height and the period from planting to 50 %
tasseling or silking but the yield components were decreased by increasing
densities. Grain yield o f maize was s ignificantly affected by plant d ensity. P lant
population 30,000 plants/fed had the highest grain vyield followed by 24,000

plants/fed.

2- Raising nitrogen levels from 30 to 150 Kg N/fed increased growth yield and yield
components characters and reduced the period from sowing to 50 % tasseling or
silking.

3- No significant differences between grain yield/fed of 120 and 150 Kg N/fed and
between 24 and 30 thousand plant/fed, it can be recommend that to produce
higher and economical grain yield/fed must fertilizer with 120 Kg N/fed and
plant density is 24000 plant/fed.

4- The treatment of plant density of 24,000 plant/fed with 120 Kg N/fed gave the
highest yield, there for it could be recommended to maximize maize productivity
under the environmental conditions of the present study.

INTRODUCTION

Maize (Zea mays L.) is one of the most important cereal crops, in
Egypt. It is used mainly for human consumption and animal feeding.
Therefore, efforts are focused to increase its productivity to fill the gap
between the local production and human consumption of cereals through
different agricultural practices as plant density, fertilization etc. The previous
studies proved that increasing plant density gave taller plants, increased ear
height and the period to 50 % silking become longer (Abdel-Galil, et al,
(1990), El-Deep, (1990), Atta Allah, (1996) and Shams and El-Habbak,
(1996) ). On the other hand, Hashemi — Dezfouli and Herbert, (1992),
indicated that increasing population density significantly delayed the date of
pollen shedding and silking but decreased plant and ear height. [ncreasing
plant density decreased ear length, ear diameter, number of rows/ear,
number of grains/ ear, grain weight/ear , number of ears/plant and 100—grain
weight (Abdel-Galil, et al (1990), El-Deep, (1990), Badr, et al, (1996), El-
Sheikh, (1993), Mosalem and Shady, (1996) and Shams and El-Habbak,
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(1996) ). Shilling percentage and barrenness percentage increased by
increasing plant density (Abdel-Galil, et a/ (1990) and Mosalem and Shady,
(1996) ). Grain yield increased with increasing plant density (Matta, et al,
(1990), El-Bially, (1995), Soliman, et al (1995) and Badr, et al, (1996) ) Atta
Allah, (1996) Showed that grain yield/fed increased from 23.6 to 24.9 and
26.8 ard. First season and from 19.5 to 22.5 and 24.2 ard. Second seasons
when p opulation d ensity was increased from 15,000 to 20,000 and 30,000
plants/fed, respectively, but Ei-Deeb (1995) found a reduction in grain yield
as plant population become dances.

The application of Nitrogen fertilizer increased growth characters of

maize as plant height, ear height, number of green leaves/plant, number of
days to 50 % tasseling and silkking (El-Sheikh, (1993), Shafshak, et a/, 1994,
Moshtohry, et a/, (1995) and Shams and Ei-Habbak,
(1996) ). Grain yield components of maize i.e; ear length, ear diameter,
number and weight of grains/ear, number of ears / plant, shiflling percentage
and 100—grain weight increased as N levels increased (El-Sheikh, (1993),
Shafshak, et al, {1994) and Shams and El-Habbak, (1996) ). While number
of rows/ear was not affected by nitrogen application rates El-Sheikh, (1993).
Grain yield of maize was increased with increasing levels of nitrogen fertilizer.
{Shafshak, et al, (1994), Moshtohry, et al, (1995) and Shams and Ei-Habbak,
{1996) ).

The objective of the present study is to investigate the effect of plant
population and N itrogen fertilizer | evels on grain production of maize under
Middle and Upper Egypt condition.

MATERIAL AND METHODS

. Four field experiments were carried out at Mallawi (Middle Egypt) and
Shandawill (Upper Egypt) Research Stations, Agricultural Research Center
during 2001 and 2002 seasons. Each experimental design was split piot with
four replications. The main plots were randomly assigned to four plant
populations i.e. 15, 20, 24 and 30 thousand plants/fed obtained from planting
at distance 40, 30, 25 and 20 cm with one plant/hill. The subpiots devoted to
nitrogen fertilizer (ammonium nitrate 33.5 % N) rates of 30, 60, 90, 120 and
150 Kg N/fed. The size of each subplot was 21 m? including 6 ridges with 5 m
long and 70 cm a part. The preceding crop was wheat. Each nitrogen fertilizer
rate was applied at two equal doses just before the first and second irrigation.
Normal c ultural practlces of growmg maize were used. Maize gralns (TWC
310) were planted on 5™ and 8 ™ Jun. in Mallawi and 6™ and 12 ™ Jun. in
Shandawnll in the two seasons, respectnvely While harvesting took place on 3

™ and 6 " October in Mallawi and 6™ and 8 " October in Shandawill in the two
seasons, respectively. At harvest, the six ridges of sub plots were harvested
and grain yield was determined on the basis of 15 % moisture. The following
data were recorded: Plant height, ear length, number of days to 50 %
tasseling and silking, number of ear/plant, ear length, ear diameter, number
of row/ear, number of kernels/row, weight of kernels/ear, weight of 100-
kernels , shiilling percentage and grain yield.
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Table(1):Soil chemical analyses of the experimental site before
planting the experiment:

[ Chemical Analysis

Mallawi location Shandawill location
Ph (1:2.5, soil:water) 7.6 8.13
Ec mmohs/cm (1:5, Soil:water) 0.31 0.46 ]
Available N (PPm) 60 55 |
Available P (PPm) ' 9.13 7.2 |
Available K (PPm) 450 430 |

From table (1) it is clear that nitrogen and phosphorus levels in
experimental site are a moderate content but potassium level toward to high
content, this is reflect of soil fertility and grain yield of maize must be in
higher case.

Combined analysis of data for two growing seasons was done
according to Snedecor and Cochran (1980), using MSTAT-Computer V4
(1986) L.S.D. test at 0.05 level was used to compare between treatments
means.

RESULTS AND DISCUSSION

Plant population

The increases in maize plant density from 15,000 to 30,000 plants/fed
significantly increased means of plant height, ear height and the period from
planting to 50 % tasseling or silking at Mallawi and Shandawill (Table 2). The
increases in plant height and ear height may be due to the taller internodes
that resulted owing to the excessive competition between plants in more
dense p atterns. T hese results are in agreement with those obtained by Ei-
Deeb (1990), Matta et al. (1990) and Shams and Ef-Habbak (1996). Delay of
silking or tasseling by increasing plant population density may be due to the
intensive competition for light, nitrogen element and water. Similar results
were obtained by Adel-Galil et al, (1990), Matta ef a/, (1990) and Shams and
El-Habbak (1996).

As shown in Table (2) that different yield component characters i.e.
number of ear/plant, ear length, ear diameter, in both locations and number of
kernels/row, weight of k ernels/ear and s hiiling p ercentage at Mallawi were
significantly increased with decreasing plant density. While number of row/ear
and 100-kernels weight were not significantly affected by plant density.

Grain yield of maize was significantly -affected by plant density (Table
2). Grain yield/fed were 9.83, 16.97, 18.97 and 21.23 ardab/fed with 15, 20,
24 and 30 thousand plants/fed for Mallawi and were 9.29, 16.82, 19.00 and
22.03 ardab/fed for Shandawill, respectively. it is clear that using plant
population 30,000 plants/fed had the highest grain yield followed by 24,000
plant/fed.The current data indicate that reduction in ear characters at higher
densities could compensated by the increase in number of plants per unit
area. Such results are in accordance with those mentioned by Soliman et al,
(1995) and Atta Allaha, (1996) reported that the optimum plant density in
maize planting ranged from 20-30 thousand plants/fed with good dlstnbutuon
vhof plants in the field. '
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Table(2):Effect of plant population on growth component characters
and maize yield, average the two seasons.

Characters No. of —_
days to € - E s s I < 1o
&) s |2 g 2
£ 0z | S0% | &8 s 1S(E |84 = (2 |2
- - . ~ = - °o o =3 ! Ta
o — A —t
Plant £E|[ZE|l @ s &l ¢ % x5 e
fation |ES|ES| £ | 2| 8 | S| E|S|5%58 2 |5§°1>%
population g & 3£ 5|2 S 1|5 Sel Z 2 |g<«
! fed. a 21 = g 5 o é lo |@ o (B
S|Pz (Wl 8 lziz |3 2 ©

{Mallawi location)

D;g‘ggo'“) 228.9] 1400 67.93(88.27] 1.17 |1998| 428 [12.28] 42.8 |238.5] 79.27 [39.51] 9.83
D:B0Cm) 24211 144.4(68.40(70.27) 1.14 [1088| 426 [1221]433[239.3] 7733 a0.75{16.97
Dﬁzgzgc;’é“) 250.2] 154.4(70.47[72.07] 1.11 |18.43) 3.86 [11.48|38.7 |228.9] 76.33 (39.35/18.97

Doi20em) 1263.2{160.0{7213|7280| 099 |17.11| 306 |11.34/36.6|2159] 74.40 [37.70/21.23
[SD.a5% | 35 | 21 1036]066] 002 |042] 007 | NS | 11| 31 | 1.14 |NS [ 129
Shandawill location

0,1(5480c.§n) 246.71150.5(67.73(70.07 |1.16 |18.42/4.35 [11.27141.91|246.3,78.53 )38.32|9.29
D2 (30 cm)
20.000

Dﬁzgzgo‘;"‘) 256.10161.7(70.80{73.33 [1.07 |18.00{4.25 [11.21]40.47]|220.7(77.93 [38.11]19.00

D‘agzg;g‘) 266.31160.0]72.27173.73 [1.01  |1762|319 [11.27]38.45|2159{76.60 |[37.33(2203
(8D at5% (30 [NS. (065 [0.88 1002 038 1009 NS, INS. INS. [NS. NS, 1131

D,,D. Ds and D, = distance between hills

248.71158.3(60.33(72.20 |1.11 |20.45/4.29 [11.56(43.08|239.8178.87 [38.27)16.82

Nitrogen dose fertilizers

~ Results in Table (3) clear that all studied characters were significantly
affected with nitrogen fertilizer | evels at M allawi and S handawill. | ncreasing
nitrogen levels from 30 to 150 Kg N/fed increased plant height, ear height and
reduced the period from planting to 50 % tasseling or silking. The active role
of nitrogen on growth characters of maize showed marked increases in plant
height and other characters owing to an increase in nitrogen application
(Table 3) these increases may b e attributed to the increase i n m eristmatic
activity as well as the production of auxin which encourage cell elongation
and increase stem length, on the other hand, nitrogen deficiency inhabit
metabolism and meristemic activity in plant organs. Nitrogen has a positive
effect on tasseling and silking due toits role on C/N ratio in maize plants.
Similar resuits were reported by Shafshak, et a/, {(1994), and Shams and E!-
Habbak, (1996).

Results also show significant differences among nitrogen fertilizer rates
in their effect on yield component characters of maize in both locations.
number of ear/plant, ear length, ear diameter, number of rows/ear, number of
kernels/row, weight of kernels/ear and 100-grain weight increased by
increasing nitrogen dose up to 150 Kg N/fed. Differences between all nitrogen
levels were significantly effected on all yield component characters, e xcept
ear length, ear diameter, number of kernels/row, weight of kernels/ear and
100-kernels weight are not significant between 120 and 150 Kg N/fed. The
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increment in most yield component as nitrogen rates increased may be due
to the well utilization of nitrogen in m etablism and m erestimic activity, than
where nitrogen fertilization improved growth characters, this will be reflected
on yield components.

With respect to nitrogen levels effect on grain yield, results in Table (3)
indicate that grain yield s ignificantly increased by increasing nitrogen levels
up to 150 Kg N/fed the increase in grain yield /fed is mainiy due to the great
reduction in different yield component characters which were improved by
increasing nitrogen levels up to 150 Kg N i.e. number of ear/plant, ear length,
ear diameter, number of kernels/row, weight of kernels/ear and 100-kernels
weight. Similar resuits were reported by Shams and El-Habbak, (1996) who
found that increasing nitrogen levels increased maize grain yield.

Table(3): Effect of nitrogen fertilizer on growth component characters
and maize yield, average the two seasons.

No. of days

Characters to 50 % E £ § % E 3 3
EEmig 2 | abg@g% BEHEMESEHEE
N PEHEY 3 | S S PEIUR) 250 55 1273 5E

fertilizer ] b 6 ] 5 | g 1 El®

levels {Kg/fed) = 2 51212 |2 g6

{Mallawi_location)
30 2054 [145.4 171.75 |73.42 10.79 ]15.7513.79 10.29 (35.50 [170.3|74.50137.53{10.60
60 241.1 {147.9 170.75 [72.50 {1.02 118.453.93 10.58 138.67 |221.6{76.08 |38.75{1385
90 252.7 {150.1 169.83 |70.92 {1.13 119.97)4.02 11.82 140.92 ]242.4]77.33/39.75/17.04
(120 265.4 {152.0 {68.75 169.25 {1.25 120.39)4.14 12.94 14258 1260.777.58 ]40.13]21.02
[150 266.2 1154.2 |67.58 168.17 ]1.31 [20.45/4.13 13.49 {44.08 1258.2|78.67 [40.65]21.54
[LSD. at5% {46 1.2 0.47 1064 1002 |0.34 |0.07 036 |201 3.9 1068 |0.88 ]0.21
_{Shandawill location

30 238.3 {151.8 {72.08 {74.25 {0.78 |16.05 {3.80 [10.38 {35.88 {202.6 |73.33 {36.1810.49
60 250.9 1155.8 [71.17 {73.33 [1.03 117.92 [4.00 [10.32 |39.88 |218.5 |77.25 |36.55(14.15
90 256.5 [159.7 [70.42 [72.25 [1.13 [19.01 {405 [11.24 142.30 |242.3 {79.08 {38.08]17.54
120 260.6 1160.0 [68.75 [71.42 11.22 (19.99 1410 ]12.27 [43.17 |248.0 [79.92 139.23]120.72
150 265.9 {162.4 |67.75 (70.42 {1.27 (20.27 [4.14 |12.43 [43.68 |253.4 {80.33 [40.01|20.04
L.SD.at5% |39 1.7 0.56 (0.53 (002 (0.32 {0.06 1032 {1.14 [11.7 [0.93 [0.62 |0.26

Plant population and nitrogen levels interaction

Resuits in Tables (4 and 5) show a significant effect for the interaction
between nitrogen levels and plant densities on ear height, number of
ear/plant, ear length, number of rows/ear, number of kernels/row, weight of
kernels/ear and grain yield/fed at Mallawi and number of ear/plant, ear length,
ear diameter and grain yield/fed at Shandawill. Plant density 15,000
plants/fed which fertilized with 150 Kg N/fed resulted the highest values for
number of ear/piant, ear length, humber of rows/ ear, number of kernels/row
and weight of kernels/ear at Mallawi and for number of ear/plant, number of
rows/ear and ear diameter at Shandawill. While the lowest values observed
in 30,000 plant/fed and fertilizer with 30 Kg N/fed for number of ear/plant, ear
length, ear diameter, number of rows/ear and number of kernels/row at
Mallawi and for number of ear/plant, ear diameter, number of kernels/row and
weight of kernels/ear at Shandawill.
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Data also show that plant population 30,000 plants/fed which fertilized
with 150 Kg N/fed had the highest values of ear height and 15,000 plants/fed
which fertilized with 30 Kg N/ fed gave the lowest values at both locations.
The highest value of grain yield was observed by 30,000 plants/fed with 150
Kg N/fed at Mallawi and with 120 Kg N/fed at Shandawill. While the lowest
value was observed by 15,000 plants/fed by fertilizer with 30 Kg N/fed at both
locations, respectively. The effect of plant density on grain yield was greater
than the effect of nitrogen fertilizer levels. Plant population 20,000 plants/ fed
by f ertilizer with 90 Kg N/fed and the plant population 30,000 plants/fed by
fertilizer with 120 Kg N / fed resulted higher grain yield than 15.000 plants /
fed and fertilizer with 150 Kg N/fed and the 24,000 plants/fed by fertilizer with
150 Kg N/fed, respectively. Grain yield of m aize was more affected by the
interaction between plant density and nitrogen fertilizer levels at both
locations.

The current data indicate that reduction in grain yield the lowest
densities could not compensated by the increase in Nitrogen fertilizer levels.
The result confirmed with those of Shahata et al (1983) they found that
population densities between 50,000-75,000 plants / hectare, where nitrogen
is not limiting with give higher yield levels.

It is clear that no significant differences between grain yield/fed of 120
and 150 Kg N/fed and between 24 and 30 thousand plant/fed, it can be
recommend that to produce higher and economical grain yield/fed must
fertilizer with 120 Kg N/fed and plant density is 24000 plantfed under
conditions Mallawi and Shandawill.

Table(4):Effect interaction of plant population x nitrogen fertilizer levels
on yield and its components of maize average of two seasons.
-(Mallawi location)

- - - 3 H H >,

- £ @ ] - S o

Plant distance gg'g S 5‘6 g'... z ‘53 5= _| - 23
and population/| 623 | 2E | 8 sE | C§ cs |58 s§ | 2%
fed. g32| 52| % |32 % g |St | &7 | =3

u = w 2 2 2 ] kel

30 135.0 0.87 15.97 | 10.00 36.00 173.0 4.03 6.53

60 136.7 1.06 19.03 | 11.53 40.00 229.3 4.20 9.05

D:(40em) 15.000 —65—1233 | 118 | 21.30 | 1233 | 4500 | 2550 | 4.30 | 10.54
120 144.7 1.38 21.67 | 13.60 45.33 267.3 4.47 1123

180 | 1447 | 138 | 21.93] 1383 | 47.80 | 2680 | 4.43 | 11.80
30 138.7 ] 083 1550 | 10.60 37.33 174.0 4.13 10.2 |

B0 | 1437 | 105 | 18.80 | 1043 | 24.67 | 2380 | 417 | 13.00
D:(30¢m) 20000 —55—T7437 ] 114 [ 2143 | 1200 | 4300 | 2523 | 420 | 1716
120 [ 1470 1.29 21.70 | 13.67 4567 264.0 440 [2233]
150 | 146.0 | 137 | 21.97 | 1437 | 47.67 | 2680 | 440 | 2216
30 | 148.7 | 0.78 | 15.80 | 10.37 | 3500 | 166.7 | 3.67 | 12.18
60 [ 1537 1.04 | 18.80] 1020 | 3667 | 2093 | 3.80 | 15.28
D3(25cm) 24000 —o—14537 T 113 | 1860 1133 | 3967 | 2417 | 393 | 1861
120 | 1560 | 1.27 ] 19.67 ] 12.03 | 41.00 | 264.7 | 393 | 23.70
150 ] 160.0 | 130 | 1930 | 1347 | 4133 | 2620 | 397 | 2487
30 | 159.3 | 0.71 | 1573 ] 1020 | 3367 | 167.7 | 3.33 | 13.51

: 60 | 157.7 ] 0.03 | 17.17 ] 1013 | 3533 | 208.7 | 3.53 | 17.30
D4(20¢m)30.000 | 60 | 156.7 | 107 | 76.53 | 1160 | 36.00 | 2207 | 363 | 2164
120 | 1803 107 | 1853 1247 | 3635 | 246.7 | 3.77 | 2641
150 ] 1630 ] 118 ] 1860 ] 1230 | 3967 | 2347 | 3.73 | 27.33 |
LS50 215 % 24 ] 005 | 068 | 072 | 201 78 NS 645 |
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Table(5): Effect interaction of plant population x nitrogen fertilizer levels
on yield and its components of maize average of two

-

seasons.
— (Shandawill location
Plant distance| 203 | D~ | 0E | D~ |59 |52 ,|080| o~ cs2
and population S_'g%—’, 2E '6-:;_ §§ c;g o'é’§ ?’g‘«i u“;,gg Eg§
| fed. §2£ u‘“}v 2\ 'EV z“2 23 ;go % O.£<
30 [ 737.0 | 0.80 [15.47]70.40] 34.60 | 214.0 | 3.07 | 6.01
60 1500 [1.07 [17.13]10.27| 40.00 | 222.3 | 4.37 | 8.45
D, (40 em) 15.000 —q5—T757.7 [ 1.18 [18.1711.53 44.30 | 273.7 | 4.37 | 9.79
120 1152.3 [1.33 [20.27]11.93] 45.20 | 257.0 | 4.43 | 10.72
750 [ 151.7 [ 1.38 [21.07[12.20] 45.47 | 264.7 | 4.60 [ 11.47
30 1150.7 | 0.78 |16.50[10.27] 39.20 [ 216.0 | 4.10 | 105
60 [ 153.3 [ 1.04 [19.43[10.33] 42.17 | 228.0 | 4.27 | 13.6
D; (30 cm) 20.000 —551752.0 [1.15 [21.43[11.93| 43.77 | 242.7 | 4.33 | 16.0
120 11603 [ 1.26 [22.33]12.60] 45.67 | 252.3 | 4.33 | 22.0
B 150 [ 165.3 | 1.30 [22.57|12.67| 44.60 | 260.7 | 4.40 | 22.1
I 30 [ 156.0 [0.7916.23]10.40] 36.53 | 203.0 | 4.13 | 11.20
D (25 e 24.000 | 80| 160.3 | 1.0518.20[10.53[ 39.83 [ 217.0 | 4.27 | 15.80
2 (25 cm) 24. 90 [ 162.7 | 1.12]18.20[10.40] 41.50 | 229.7 | 4.30 | 21.58
720 [ 165.0 [ 1.16 [19.07]12.40] 42.13 [ 248.7 | 4.37 | 23.00
150 [ 164.7 | 1.21 [18.77|12.33] 42.33 | 250.0 | 4.20 | 23.44
30 [ 153.710.7316.00[70.46] 33.17 | 177.3 | 3.00 [ 14.26
60 | 156.0 [ 0.97 [16.90{10.13] 37.43 | 206.7 | 3.10 | 19.1
D4 (20 cm) 30.000 |90 | 162.3 | 1.05 [18.23[11.10] 39.63 | 223.0 | 3.20 | 22.81
120 1 162.3 [ 1.14 |18.30]12.13] 39.67 | 234.0 |-3.30. |.27.16
150 | 168.0 1.18 [18.6712.53] 42.33 | 238.0 | 3.37 | 26.8
5D at5 % N.S. [004[064[NS. [ NS [ NS. [ 011 05

CONCLUSION

It may conclude that the treatment of plant population with 30,000.
plants/fed combined with treatment of nitrogen dose with" 150 Kg N/fed gave
the optimal yield component under the experiment goadition. it may wdfth to
mention that reduction in grain yield the” lowest- -densmes cbuld not
compensated by the increase in nitrogen fertilizer levels. .. .. .

Both plant population combined nitrogen fertlhzer are very |mportant to
yield component quality and total yield especially at high rate nitrogen. It
should be taken into consideration that at low plant population, nitrogen
fertilizers even with high dose do not compensated increased yield.
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