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ABSTRACT

Two field experiments were carried out at Gemmiza
Agricultural Research Station during the two successive growing
seasons of 2001 and 2002. The relationship between grain yield and
s components was mvestigated. Yielding ability of four maize
hybrids, two of them are white [single cross 10 (S. C. 10) and three
way cross 325 (T. W. C. 325)] and the other two are yellow [single
cross 129(S. C. 129} and three Wway cross 352(T. W. C. 352)].
Nitrogen fertilization levels (0, 40, 80, 120 and 60 Kg N/ ted) and
plant densities (20000, 24000 and 300600 plants / fed) effect on vield
were studied. Principal component analysis, fitting polynomia) curve
techniques as well as performing economic analysis of the response
curve were utilized. Results obtained show that- ‘

I- Single cross 10 significantly surpassed single cross 129, three way
cross 325 and three way cross 352 for ear length, number of kerneis
/ row, 100 — kernel weight, grain yield per plant and per feddan and
ear height. Three way cross 325 gave the tallest plants. While three
way cross 352 had the highest ear diameter and number of rows /
<ar.
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Planting maize at 24000 planls / fed significantly increased all
studied characters except,plant and ear height,the number of rows /
ear and shelling %. 24000 plants / fed recorded the highest yield
being 24.38 ard / fed. whereas 30000 plants / fed gave the lowest.
[ncreasing nitrogen level up to 120 kg N / fed increased grain yield
of maize and its components. The highest grain yield / fed (32.09
ard /fed) increased up to 135.09 % of unfertilized maize by adding
120 kg N / fed.
Ear diameter, ear ]cng‘th the number of kernels / row, 100 kernel
weight, grain vield / plant and grain yield / fed were significantly
affected by the 1" order inferaction (plant density X nitrogen level).
Also grain yield per plant and per fed were affected by (hybrids X
nitrogen level), whereas the 17 order interaction of hybrids X plant
density and the 2™ interaction order hybrids, plant density and
nitrogen level did not significantly affect all studied characters.
The resulis generally show that growing singie cross 10 at

24000 plants / fed and adding 120 kg N / fed produced high grain
yield.
The resulis indicate posttive and highly significant correlation
coefficients between grain yield / plant and its componcms except
the number of rows / ear.

The principal component analysis grouped the studied variables in
two major components, which alltogether accounted for 95 6 % of
the total variation. The first component included ear diameter, ear
length, the number of kernels / row, 100 — kernel weight, shelling
% and grain yield / plant. The second component inciuded plant
and ear heights and the number of rows / ear.

faize grain yield significantly responded to nitrogen fertilization
and that response was que.dfatic It gives the highest value for
coefficient of determination (R%), and the lowest valuc of standard
etror  (SE) compared with linear response under the three
population densities. The optimum nitrogen rate ranged from 103
kg N/ fed to 111 kg N/ fed. Grain yield at the optimum N dose
ranged from 26 ard / fed to 31 ard/ fed and the monetary return

ranged from 2686 to 3286 £E / fea

Key waerds.curve  analysis.  muaize f'f.vé..vfzig, net profit, plant
) i ]
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L INTRODUCTION

The ever increasing pressure of population has challenged the
Egypiians io increase production per umit area due to lionitation of
fertile land. Two ways are possible to realize this strategy, /. e. to
release new high yielding cultivars and to develop more adequate
cultural packages. Therefore, studies on plant nutritional requirements
must continue with the concomitant release of new cultivars and soil
fertility development.

Cultural treatments play an important role in increasing maize
production. Population density, N fertilizer level are considercd
among the most important factors affecting maize yield. Some growth
and agronomic characters ie. plant and ear height were reduced by
increasing plant density, El-Douby (1987), El-Hossary and Salwau
(1989), El-Deeb (1990), Matta ef al. (1990) and Badr er al. (1993).
Several investigations showed that yield components such as ear
length, ear diameter, and the number of kernels / row significantly
decreased by increasing plant density, Badr er a/. (1993), El-Sheikh
(1993). Basha (1994), El-Gezawy (1996), Shams Ei-Din and El-
Habbak (1996) and El-Douby er a/. (2001) . On the other hand, El-
Douby (1987), Ei-Hossary and Salwau (1989) and Salwau (1993),
found that the number of rows / ear and shelling percentage were not
influenced by increasing plant density. Grain yield of maize was
significantly increased by increasing plant population up to 24000
plants / fed, (Ei-Gezawy ,1996: Shams El-Din and El-Habbak, i696).

Some growth and agrenomic characters such as plant and ear

heights, were affected by application of N fertilizer (El-Sheikh, 1993;
Basha. 1994; El-Gezawy, 1996 and Shams El-Din and El-Habbak,
1996). Also, most yield and yield component characters of maize,
were significantly affected by increasing N fertilizer level up 130 or
150 kg N/ fed, while the number of rows / car was affected by adding
N fertilizer (El-Hossary and Salwau, 1989; El-Deeb, 1990:; Matta ¢f
al., 1990; Saiwau, 1993; Moshtohory et al., 1995; El-Gezawy, 1996;
El-Douby er al. 2001, Mohamed ef a/.. 2602 and Carlos Costa et al.,
2002).

A direct relationship between N fertilization ratc and maize
gram vield has been widely demonstrated (Zhang er af., 1993; Jokela
and Randall, 1989; McCullough eraf, 1994 and Carlos Costa of al
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2002). However, studies with conventional maize hybrids (Chevalier
and Schrader. 1977; Perez Leroux and Long, 1994, Mohamed er al.,
2002) had shown that maize genotypes vary in their response to N
avatlability, reflecting variations in their relative abilities to absorb N
from the soil (N uptake efficiency). and in their relative efficiencies in
using acquired N to produce yield components (N use efficiency)
(Chevalier and Schrader, 1977; Moll ef al.. 1982). in addition, there is
a growing public awareness of N as a source of pollution of
agroecosystems. This has led N to being targeted for study both as a
plant nutrient (Rice et al., 1995) and as a pollutant (Gaines and
Gaines, 1994; and Patni et al., 1996).

Decisions concerning optimal levels of fertilization involve
some types of model to the yield data collected when several rates of
fertilizer are applied. Balko and Russel (1980), Cerrato and Blackmer,
(1990}, Fox and Piekielek. (1983); Ashmawy (1995) and El-Douby et
al., (2001) studied the response of maize yield 1o nitrogen fertilizer,
They found that the response of maize vield to nitrogen was quadratic.

The objective of this study was to compare yielding ability of
local maize hybrids as affected by N-fertilization levels and plant
densities to determine the dependence relationship between yield
components in maize.

2. MATERIALS AND METHODS

Two field experiments were conducted at the Agricultural
Research Station of Gemmeiza in the 2001 and 2002 summer growing
scasons 1o compare the yielding ability of four maize hybrids, nameliy
.single crosses 10, and 129, three way crosses 325 and cross 352 as
affected by N fertilization levels (0, 40, 80, 120 and 160 Kg N / fed.)
and three plant densities (20000, 24000, and 30000 plant/ fed). The
treatments were assigned in split split - plot design with three
replications. Hybrids were arranged at random in the main plots, plant
population densities were allocated to the sub — plots while levels of
N — fertilizer occupied the sub — sub plots. The experimental plot area
was 10.5 m’, consisting of 5 ridges, 3m long and 70.0 cm wide.
Chemical and mechanical analyses of the soil of the experiments are
presented in Table {1).
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Table (1): Average mechanical and chemical analyses for the soil
in two growing seasons at the experimental area.

Mechanical Values | Chemical analysis Values ]
analysis | B
| Sand % 17.5 | Soil reaction pH i
| Siit % 1346 Organic matter % 1.94
Clay % 454 Available nitrogen{ppm) 34.15
Soil texture Clay Available phosphorus(ppm} 7.10
Available potassium{ppm) 44.0

The preceding crop was wheat in both scasons. Maize hybrids
were planted in hills 20, 25 and 30 cm apart tc give 30000, 24000 and
20000 plants / fed. Nitrogen fertilization was given in the form of
ammonium nitrate (33.5 % N) at two equal doses before the first and
second irrigations. The normal cultural practices were carried out as
recommended. b

Random samples of 10 plants and 10 ears were faken from sub
sub — plots at harvesting time to determine the following characters:
plant height (cm), ear height (cm), ear diameter (cm), ear length (cm),
number of rows / car, number of kernels / row. 100 — kernel weight,
shelling %, grain yield / plant and grain yield (ard / fed).

A single analysis of variance was done for ihe data of each
season separately and combined analysis was performed to the data
over the two seasons according to Snedecor and Cochran (1980) and
treatment means were compared by least significant difference test (L.
S. D.) at 0.05 level of significance. )

Simple and muitiple correlation coefficients and coefticient of
determination were computed between the above mentioned
characters as outlined by Steel and Torrie (1987). Principal
component analysis as applied by Berenson e @/ (1983) aims to
account for the tofal variation of these n subjects in p dimensional
space by forming a new set of orthogonal and uncorrelated compasite
varieties, Thus, each member of the new set of varieties is a linear
combination of the original s¢t of measurements.

To study maize yield response to nitrogen fertilizer. two
response models namely: linear and quadratic were fitted to the data
of grain yield / fed for the four tested hybrids over the two scasons
according to Neter ef al. (1990,
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Linear model is given using the formula:
Y =a+bx

Quadratic pol\rnomral model is estimated by using the formula:
Y=a+bx+ex®
Where Y = is the grain yield ard. / fed.

a=isthe Y intercept.

b = is the linear coefficient of regression.

x = is the level of nitrogen fertilizer applied in kg / fed.

¢ = the quadratic coefficient of regression.

Comparison among the two models was based on three bases
ie. coefficient of deleﬁnmatlon (R, standard error of estimate (SE)
'md the model significance. The significant model that had the highest

(R”) and the towest (SE) was the best model fitted to the yield data.

The economic techniques used to determine the optimum rates
of fertilizer depend partly on the model used to fit the data. The
economic optimum fertilizer rates also depend directly on the price of
the fertilizer and the selling price of the grains.

For a single variable model being fitted to the data from a
single site - year, the optimal rate will be obtained by optimizing the
total profit equation (Engelstat, 1985 and Dillon and Anderson, 1996).
In this case since we are fixing the levels of all other factors
throughout all experimental plots, then the total profit equation
represents returns for those fixed factors. Calculus techniques are then
used to maximize total profit. The total profit equation is:

T=py j (X) - Px X
where 1 : is the amount of profit.
p vy : is the price of product.
P x : is the price of input (in this case nitrogen).
X : is the level of input (in this casc nitrogen).
f(X): 1s the production function.
By taking the first derivative of the above profit equation with respect
to X and equating that to zero:
On/0X=pyd f(X)/8X- px=0
which can be written as:
py 8 £ (X) / 8X = py

This gives the first order condition of profit maximization.

which says that the marginal value of the product should equal the
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rilizer price at the optimum rate. Solving this first order condition
for the level of X (the only unknown) gives the optimum nitrogen
‘evel. In other words, the farmer would continue increasing nifrogen
entil the returns from the last unit added is just equal to that unit's
price.

The price of ammonium nitrate, as a source of nitrogen used in
this study, and the price of maize grains considered for the economic
analysis were those prevailing in Egypt during 2602 je £E 1.522 / kg
for nitrogen and £E 110 / ard for maize grains according to the
Agriculitural Credit Bank.(2002).

3. RESULTS AND DISCUSSION

Means of grain vield of maize and its components as affected
by hybrids,plant density and nitrogen levels are presented inTable (2).

3.1. Hybrid effect

Four maize hybrids were tested in the present study. There were
highly significant differences among all studied characters indjcating
genetic variation for these traits and response  of each to the
cnvironmental conditions during the growing season. The results
clearly showed that the single cross 10 gave the highest values for ear
length, the number of kernels per row, 100-kemel weight, and grain
yield per plant and per feddan being 19.52 cm, 44.78, 38.56 gm, 2525
gm and 23.81 ard / fed, respectively. Conceming plant height the
three way cross 325 ranked first where it gave the tallest plants (294.7
cm). Single cross 10 recorded the highest ear height being (142.3 cm}.
Three way cross 352 resulted in the greatest ear diameter and highest
nuinber of rows / ear recording 5.058 cm and 15.47, respectively.
These findings are in agreement with those reported by Mohamed et
al. (2002).

3.2. Effect of plant density

The results in Table (2) reveal that maize performance was
significantly affected by increasing plant density up to 24000 plants /
fed in all the studied characters, except plant and ear heights, the
number of rows / ear and shelling percentage. The results clearly
indicated that maize planted at 24000 plants / fed gave the highest
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values compared 10 both 20000 and 30000 plants / fed. Grain vield /
fed and all vield component characters of maize ;. ¢ ear diameter, ear
length, the number of rows/ ear, the number of kernels / row, 100 -
kernel weight and grain yield / plant decreased as g result of
increasing population density to 30000 plant / fed. This result is
mainly due to the fact that plants grown at higher densities are less
vigorous than plants in low density, and this might be responsible
mainly for the reduction in ear characters and ear weight. These
results are similar to those obtained by El-Deeb (1990). Matta ef e,
(1990}, Badr er al {(1993), Shams El-Din and El-Habbak (1996) and
El-Douby ¢r al. (2001).

3.3. Effect of nitrogen levels

The results in Table (2) indicate that increasing nitrogen level
significantly increased gram yield / fed as well as different vield
attributes of maize except plant and ear height and shelling % (in the
second season) registered a significant increase to applied N up t0 120
kg / fed. These results show that adding 120 kg / fed of N increased
photosynthetic area of maize without harmfui shading effect. In
addition, the increase in maize grain yield due to the increase in
nitrogen level is a result of the effoct of N fertilizer in increasing vield
vomponents. The application of 40, 80, 120 and 160 kg N / fed
increased grain yield over zero (control treatment) by 34. 3%,
92.23%, 135.09% and 65.57%, respectively, in combined analysis.
These results are substantiated with the studies conducted by Salwau
(1993), Moshtohory er 4 (1995), El-Gezawy (1996). Shams Fl-Din
and El-Habbak (1996), El-Douby er ai (2001}, Mohamed et af
(2002) and Carlos Costa ef af. (2002).

3.4. Interaction effects

The data in Tahle (3} indicate that ear dia meler, ear length, the
number of kernels / row, 100 ~ kernel weight, grain yield / plant and
grain yield (ard /fed) were significantly affected by the interactions
between plant density and nitrogen fertilizer level, The highest values
(D X Ny) were obtained with planting 24000 plant / fed and applying
120 kg N/ fed. The summary of the ffects of the interaction between
N ~ fertilizers and hybrids on grain yield per plant and feddan
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indicated that the addition of 120 kg N / fed to maize was enough 10 -
maximize grain yield. The highest values of grain yield per piant and
feddan being 318.682 gm and 33.31 ard / fed, respectively, were
achieved with single cross 10 and 120 kg N / fed (Ns X H; )
Other tested hybrids had no significant interaction with nitrogen level.
These results are in agreement with those obtained by Ashmawy
(1995), El — Douby et al., (2001) and Mohamed ef a!., (2002).

Table (3): Significance, highest value and combination of the interaction
effects on some maize characters in com bined analysis.

f‘i Characters DXN | Highest | NXH | Highest |
’; i 4 value value

" Far dimeter (om) | Do XN, | 5304 [— i

| Ear length (cm) DX N | 21196 | — e
| Number of kernels / row | D,XNg | 46979 | — - |
{100 — kemnel weight gm | D, XN, | 42,123 | == |
| Grain yield /plant, gm | Do XNy | 312,268 N, XH; | 318682

| Grain yield (ard / fed) | Dy X Ny 135478 [N, X, | 33310

D, 30000 plant / fed N, ZeroKgN/fed H,; :Single cross 10

D, . 24000 plant / fed N, 140 KgN/fed Hs: Single cross 125

D, : 20000 plant / fed N; :80 KgN/fed H;:Three way cross 325
- Ny 120 Kg N/ fed H, : Three way cross 352
Ns @ 160 Kg N/ fed

3.5. Simiple correlation

Simple correlation coefficients hetween grain yield / plant and
its components over fwo seasons arc presented in Table (4). The
results indicate positive and highly significant correlation coefficients
between grain yield /plantand its components except the sumber of
rows / ear. The results showed that these characters have the most
prominent effects on grain vield, their iotal contribution to ihe
variation in grain yield / plant was 92 %. Also, it appears from Tabie
4 that all characters were highly si gnificantly and positively
associated except for ear height and each of ear diameter, ear length,
the number of rows / ear, the number of kernels / row and shelling %.
Also, there was a negative and highly significant associaiion between
the pumber of rows / ear and each of ear length, the number of kernels
/ vow. 100 — kernel weight -and sheiling %, I addition, there was a
negative and significant correlation coefficient betweern p

- Limspla
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and the number of rows / ear. Consequently, these results indicate that
selection practiced for the improvement of any of a set of positively
correlated characters, would automatically improve the other. even
though direct selection for its improvement has not been made. These
results are in agreement with those obtained by Hassib (1997),
Mohamed et af (2602}.

3.6. Principal component apalysis

Principal component analysis results over two seasons of 2001
and 2002 are given in Table (5). The results show that the two
independent components were considered for the two seasons. The
first component accounted for 77.037% of the total variation. This
component inciuded ear diameter, ear length, the number of kernels /
row, 100 — kemel weight, shelling’ and grain vield / plant. The
second component accounted for 18.037% of the total variation. This
component was represented by plant height, ear height and the
number of rows / ear.

Table {5): Principai component analysis over both seasons of 2001 and

o 2002— —_—
I Characters 3 Componenmt |
¢ 1 2

"1~ Plant height cm 0.225 0939
2- Ear height cm ! 0.052 0.252

| 3- Ear diameter | 0.003 -0.002
4- Ear length 0.037 | 0.004

| 5- Number of rows / ear 0.001 I -0.009
6- Number of kernels / row 0.088 { -0.027

L 7- 100 - Kernel weight 0.087 I 0025 i

| 8- Shelling % 0015 | 0.006 |
9- Grain yield / plant - 0.964 | 0232 |
Percentage variance 77.037 | 18.606

| Cumnulative variance % _T7.637 __!__ 95643

3.7. Response curve analysis:

Two response models namely: linear and guadratic were apphied
to the data of grain yield ard./fed response to N for cach of the f
tested maize hyprids under each
aver the two season. Cocfiicient of determination (R'q}, stz

of the three plant densities com

nidurd grror
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of estimate (SE) and calculated F valuc for each of the lincar and
quadratic models for gram yieid of maize hybrids are presented in
Table {6). Regression cquations, maximum N dose and yield at
maximum N dose are displayed in Table (7). Graphic illustrations are
shown in Figures (1 — 33,

Examining Table (6), it could be noticed that the best model
fitted to the yield data of all hvbrids was quadratic. It had coefficient
of determination (R°) greater than those of the linear model for the
four tested hybrids under the three plant densitics. Moreover, values
of standard error of estimate (SE) of quadratic equation were smaller
than those of the linear equation. Therefore, the quadratic model
worked well for describing the relation between grain yield of maize
hybrids and nitrogen fertilization under the three densities, (Table &
and Figures 1 —3). These results are in agreement with those obtained
by Balko and Russell (1980). Fox and Piekielek (1983), Cerrato and
Blackmer (1990), Oberle and Keeney {1990), Ashmawy (1993),
Stecker et al.. (1995), El - Douby et a/. (2001) and Carlos Costa ef
al., (2002).

Table (7): Regression equation, maximum nitrogen dose and grain yield
at maximum nitrogen dose under three plant densities for
maize hybrids over seasoas .

. o T Yielim
. . _\-’Iél‘{ll‘n!.jf_ﬂ -
Hybrids Regression equation | Ndose(Kg n:xc;;,_:.. a/
/ fed) S v

! L _ o oafe e fed)

{ 30000 Plants/fed.: _ .
Single cross 10 | ¥=1 1.2924-{}.28!X---").OOlEXf i1z f 30.22
Single cross 129 Y=10.723+0.281X-6.0012X" 109 2847
Three way cross 325 Y=9.706+0.295X - 0.0013X° | 110 26.43
Three way cross 332 Y=10.488+{(.283X-0.0013X* 107 2589 |
24000 Plants/fed.:
Single cross 10 Y=14214+0.312X~0.0014X° 111 3160
Single cross 129 Y=13.131+0.312X-0.0014X° 108 30.50
Three way cross 325 Y=12.442+0.301X-0.0014X° 38 29.71
Three way cross 352 ¥=13.41940.302X-0.0014X" 107 2970 |
20000 Plants/fed - |
Single cross 10 Y=12.836+0.297X-0.0013X° 110 2978 |
Single cross 129 Y=11.851+0.295X (.0013X° 112 IB.3K
Three way cross 325 Y=11.2814+0.289X-0.0013%° 108 27.33
Three way cross 352 | Y=11.87240.281X-0.0013%° | 107 27.06
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The results in Table (7) also show that the maximum N level
ranged from 107 kg N / fed for three way cross 35210 112 kg N/ fed
for single cross 10 and single cross 129 under the three plant densities.
Grain yield at the maximum N dose ranged from 25.89 ard /fed for
three way cross 352 under 30000 plants / fed to 31.6 ard / fed for
single cross 10 under 24000 plants / fed. These results are in line with
those reported by Carlos Costa e/ al.. (2002) and Mohamed ef al.,
(2002).

3.8. Economic analysis

The eccnomic analysis results of nitrogen fertilization are
chown in Table (8). In the first density (30000 plants / fed), the
optimum nitrogen rate ranged from 103.5kgN/fedto 111.3 kg N/
fed. Grain yield at the optimum dose of N ranged from 25.8 ard / fed
to 27.7 ard / fed. However, the net profit ranged from 2686.3 to
7877.8 £E / fed. In the second density (24000 plants / fed).the
optimum N rate ranged from 102.9 kg N/ fed.to 106.5 kg N/fed. Grain

Table (8): The economic analysis of mitrogen fertilization of maize
L tivbrids during three plant densities over seasons .
r Hybrids Optimum N [ Yieldat | Netreturn |

|
1
|
i

" dose {Kg/fed) I| optimum N | (£E/ fed) !i
| (ard/fed) |
“30000 Plants / fed. | i
| Single cross 10 111318 | 27.702 2877.79
| Singte cross 129 113 | 27133 2815.20
‘:l Three way cross 323 | 108.140 | 26.405 2739.96
| Three way cross 352 | 103.525 | 25833 2686.27
[ 24006 Plants / fed.:
| Single cross 10 106.487 | 31.350 3286.43
Single cross 129 106.487 30480 | 312073
i Three way cross 325 06.130 29.679 3103.16
| Three way cross 352 102916 | 29671 | 3107.17
| 20000 Plants / fed.: [
| Single cross 10 108.909 29762 | 3108.06
| Single cross 129 | 108.140 28.550 2975.91
| Three way cross 325 | 105.832 27.306 284258
| Threewaycross352 | 102755 | 27.020 | ORISBI |
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vield ‘of maize atthe optimum N dose ranged from 29.7t0 31 4 ard /
fed. Return ranged from 3103.2 t0 3286.4 £E / fed. In the third density
{20000 plants / fed), the optimum N rate ranged from 102.8 kg N/ fed
to 108.9 kg N / fed. Grain yield of maize at the optimum N dose
ranged from 27 ard / fed to 29.8 ard/ fed. Net return ranged from
2815810 3108.1 £E/ fed.

From the previous results, planting maize at the optimum N rate
and the economic optimum nitrogen rate ranged from 103 — 111 kg N
! fed for the tested hybrids. These findings are in harmony with those
obtained by Carlos Costa ef al., (2002) and Mohamed er al., (2002).

4. REFERENCES

Ashmawy F. (1995). Multivariate and response curve analysis for
important yield factors in maize. Ph. D. Thesis, Fac. Agric.,
Moshtonoar, Zagazig Univ., Egypt.

Badr 8. K., Aly A. M. and Shrif M. N. {1993). Response of
different maize genotypes to plant population density.
Menofiya J. Agric. Res. Egypt. 18(3): 1573 — 1582.

Balko L. G. and Russell W. A.(1980). Response of maize inbred
lines to nitrogen fertilizer. Agron. J., 72: 723 — 728.

Basha H. A.(1994). Effect of nitrogen fertilizer application time on
growth and yield of some maize varieties. Zagazig I. Agric.
Res. 21 (2): 328 - 344

Berenson M. L. levine D. M. and Goldstein M. (1983).
Intermediate statistical methods and application. Englewood
Cliffs, N. 1. pp; 422 — 429, )

Carlos Costa fianne Dwyer M., Doug W. Stewart, and Donald L.
Smith (2002). Nitrogen effects on grain yield and vield
components of leafy and nonleafy maize genotypes. Crop Sei,
42: 1556 — 1563.

Cerrato M. E. and Blackmer A. M. (1990). Comparison of models
for describing comn vield response to nitrogen fertilizer.
Agron. J., 82: 138 — 143.

Chevalier P. and Schrader L.E. (1977). Genotypie differences in
nitrate absorption and partitioning of N among plant parts in
maize, Crop Sci. 17: 897 - 901.



A

=557

Dillon J. L.and Anderson 1. R. (1990). The analysis of response In
crop and livestock production. Pergman press, 3™ Ed., New
York, USA.

El.Deeb A. A.(1990). Effect of plant density and nitrogen level on
the yield models of certain maize cultivars. Proc. 4" Conf.
Agron. Cairo, 1: 419 —434.

El-Douby K. A. (1987).Growth and yield of maize as affected by
plant density and distribution. M. Sc. Thesis. Fac. Agric.
Moshtohor, Zagazig, Univ., Egypt

£1-Douby K. A, AliLE A., Toaima S. E. A. and Abdel Aziz A. M.
(2001). Effect of nitrogen fertilizer, defoliation and plant
density on maize grain yield. Egypt. J. Agnic. Res., 79 (3):
965 — 982.

El-Gezawy N. KH. B. { 1996). The effect of nitrogen fertilizer and
agrispon on the vield of some maize varieties (Zea mays L.)
M. Sc. Thesis, Fac. Agric., Moshtohor, Zagazig.Univ. Egypt.

Fl-Hossary A. A, and Salwau M. L. (1989). Effect of Nitrogen level
and plant density on vield and some agronomic characters in
maize. Ann. Agric. Sc. Moshtohor, Egypt. 27(2): 783 — 795.

El-Sheikkh F. T.Z.M.( 1993). Response of maize (Zea mays L.) to
nitrogen fertilizer and foliar application with zinc. Ann. Of
Agric. Sc., Moshtohor, Egypt, 31 (4): 1999 - 2009.

Engelstat O. P. (1985). Fertilizer technology and use. Soil Science
Society of America, Inc. Madison, Wisconsin, USA.

Fox R. H.and Piekielek W. P. (1983). Response of corn to nitrogen
fortilizer and the prediction of soil nitrogen availability with
chemical tests i Pennsyivania. Bull. No 843, College of
Agric. Penn, State Univ., U. 8. A.

Gaines T. P. and Gaines S. T. (1994). Soil texture eifect on nitrate
leaching in soil percolates. Commun. Soil Sci. Plant Anal. 25:
2561 —2570.

Hassib M. A. (1997). stimation of statistical genetic paramelers
and combining ability in maize CrOSSCS under different
environments. M. Sc., Fac. Agric. Ain Shams Univ.

Iokela W. E.and Randail G. W.(1989). Com yicid and residual soil
nitrate as affocted by time and rate of nitrogen application.
Agron. 1. 81: 720 - 726.



-553-

Matta S.E.G...Khedr E. A. E, Mahgoub G. M. A. and Shalaby M.
A. K. (1990). Effect of plant population density and nitrogen
fertilization on growth and yield of some late maturing maize
varieties. Egypt. J. Appl. Sei., 5(8) 529 - 531.

McCuliough D. E., Girardin P.. Mihajlovic M., Aguilera A and
Tollenaar M.(1994). Influence of N supply on development
and dryv matter accumulation of an old and a new maize
hvbrid. Can. J. Plant Sci. 74: 471 - 477,

Moll R. H., Kamprath E. J. and }Jackson W. A.. (1982). Analysis and
interpretation of factors which contribute 1o efficiency of
nitrogen utilization. Agron. J. 74: 562 — 564.

Mohamed Samia G. A., Amer Sohier M. 3. and Salama S. M.
(2002).Estimating prediction equations of yield and its
characters in maize using some macro climatic and micro
environmental factors. J. Agric. Sci. Mansoura Univ.. 27 (7}
4355 —4370.

Moshtohory M. R., Barhoma M. A., Habib M. W_ and Yehia Z. R.
{1995).The influence of intra weed control methods and
nitrogen fertilization levels on maize (Zea mays L.) Ann.
Agric. Sc., Moshtohor, Egypt. 33 (2): 579 — 587.

Neter J., Wasserman W. and Kutner M. H. (1890). Applied linear
statistical model. 3 ™ Ed., IRWIN, Boston, MA, USA.

Oberle S. L. and Keeney D. R. {1990}. Soil type, precipitation, and
fertitizer N effects on comn yields. J. Prod. Agric. 3: 522 -
529.

Patni N. K., Masse L. and Jui P. Y. (1996). The effluent quality and
chemical losses under conventional and no tillage. Part I:
Flow and nitrate. Trans. ASAE 39: 1665 - 1672,

Perez Leroux H. A. J. and Long 8. P {1994). Growth analysis of
contrasting cultivars of Zea mays L. at different rates of
nitrogen supply. Ann. Bot. (London) 73: 507 - 513.

Rice C. W., Havlin }. L. and Schepers ). S. (1995). Rational
nitrogen fertilization in intensive cropping systems. Fert. Res.
42: 89 -97.

Salwau M. 1. M. (1993). influence of source and rates of nitrogen
fertilization on vield and vield components of maize. Ann.

Agric. Sc. Moshtohor, Egyvpt. 31 {4): 1797 - 1812



-554-

Shams El-Din G. M. and El-Habbak K. E. (1996). Use of nitrogen
and potassium Fertilization levels by maize grown under plant
dens:ti“a for gtam yield. Ann. Agric. Sci.. Moshtohor, Egypt,
n(j] §13 - 528 : P

Snedecor G. \?\ ; and'CDChran W. G. (}-'980). Statistical Methods, 7
Ed., lowa State'Univ. Press, Ames, lowa, USA.

Stecker J. A, Buchholz:D. D., Hanson R. G., Wollenhaupt N. C.
and McVay K. A..(1995). Tillage and rotation effects on corn
vield rﬁ"zpunse to fertilizer nitrogen on Aqualf soils. Agron, J.
87:409— 415 . i

Steel R. G.D. and TomeJ H. (1987) Pr nlclples and pmceuulbs of
statistics. A Biometrical Approach 2 ™, 6 “ printing. Me.
Graw. Hill Book. Cbmpan\ 272 - 277.

Zhang F., Mackenzie A, !‘ and Smith D. L. (]99 ). Corn vield and
shifts among com quality constituents following application
of different nitrogen fertilizer sources at several times during
com dr.u.]opment g, Pl?m\.uta 16: 1317 - 1337.

Adla. ol geal dgaldl 3 A S ans Aladad Sliiada g o ssall Ja_u

-L..;L.;.;!i *‘\.’nL.\SJ‘rJ u-lj‘:g! .\_.r.a.n.ﬁi e

el Bladll iy aaaill Sgadd (538 el Jerdll
bl 5 #ﬂ'_ﬁf' Sl 8 e

Cpamss pall 383 Greadls sed 3 Sgadll Baney Jls 5 o el
Jy—eaall p b5 N1 A8e Ak pal YooY 5 Yo o) Cusall fued 50
h'.r__‘.:a.h} «?ML.:Jl a_)..lﬂ Ol M 4-.:..1 ‘)’"2—1&‘11 3 ‘«Sdi ,h:. \_#J:_J _:".5}5..4_5
(YOF 0 ppan , YYO DA {5 uaa VY8 528 uad ) e s
S Y0, VY, Ay B, J;_a,.,a)l;___;j_)‘gl Srandll Dby gieead Leidaid
paaiel g (1 il Gl Y Y E Y ) Al S s (;'Ji;é JRTY
Ot Jalad 206N flaa it OBl Gy el g o e AREL) el prena
.,.1..._..:.:1 1....1.L.d|' _,Jla.!\_lj.\—ut ;J.‘.u.uai LaS . é.a.l __La.. ‘_ ] “=—_‘—l__..‘-‘$[| 3




i el ooliadl ey el al e i sl Jsanall Ll e

-

i N S L Adlial s A5 agiadly dilall a8 & u;.'i_dg_jié’.i Sawall Jaegy

Tl Lad il :.ulbl oanli oy g Y

- . 3 . e EE " 1 - 2 . - far
S5 o) oAV ADEH Gagdl e Ligina Ve a8 Cend (850
o= e gl JS Yoy Ol Cpaa ¥YO D NP &

5 s BT ._‘}s.a::...aj:tu. Yoo (09 s Al i dac <) Jak
— & T Y Sls Culg Lais REEPPe| Cre sl ,_jg.ua;.a cﬂiﬁj EPYEN
O Sl 08 S m 8 agdl S U giae Y1 B TYo

‘Shall 2 & Y, S8 ki a6l voy

== YL bl G a Yo dil e 53 il el

= oS0 b Al ol G el 08 oo Rsiee 5y I (e

< ,“}.1;\-..Q_;_g—q@l&,-ﬁqm-gﬂld}ia

|
.

-2 g Sl gl ) sl 3l Ly L geall e Ol g el
5 ol Laty oy il Jaedd A siall Aaill s 558l iy 33 g 38

2 gl Coa Jdadll __I}u:l_\.a il i.sl.! Olasl] Sl ol v _,,.jj aaigl
i
Js SR s Y e Y sl saly 5 e

o e B0l i s @l gl YV, 08 ) Gl e oyl
;_éii_g S (_J_gj E—_Lﬁ-).l_g z..'..}l.}.il!r E:Le]_)i laela J}hmj' \..JLIJGSAC-&A&.

(g.ﬁ-la-i! I.M-.}Aﬂ \:.‘-‘ } in:'_)&.\j] ,_J.'.‘.Lal “.__1‘3::&}‘
--_..._:; Yaw Joe = wieall G pa 208, — J:S}l \’}Eaj J:ﬁj aldia »_.._;L'
= AU G Je il L gies il s il e JS0 gl Upeana
—sma la il g il e gl J g _;,:EI.:JJ et Landill
S el Gy S5 o Lt 5 Y1 il el s et

1 el X Aglall TSN X gl (e O e Lt s Aalall Ga0S)

[

. i

.“....uj_)_‘mﬂ Gl

. S L iy 4 g__j.".a,,.;‘- Y

. e
v

iy

A el Aot )5 ol Sl (S e
, _

+

B sl I

=%

e



-556-

g ) }_adz.ednm}u.aﬂ “-C--__.LJAJLUJI 5:-:.:LAJ.._.\;....\.¢51
S e e Daela R el Sl s )

ciiall wlad (principal component analysis) o sSall Jiad aladiulb
healt (g 230 5558 Jaday ol Cllia s J '\'1 Ot oSal s g saall
O et Jocmns g Loy il 'M“Jj-‘-&“"'*—‘-h—-gj;‘:‘—“\"‘QJJJ
ey 398 Jol plis g bl Jola Je Jadls 8 o &) Ll i gsadt
_ 5SS st

3] N 2rantll 33 ram Jaeans Aua0d ‘_.' Slaiaiell Jadan _)g_]nl

Selmal i_a ol ool s &) gine DS Cua A0B 4a i lhlmc__u.
L shsd Aol A jlae (SE) bl :..':._u.a...__al_; (R% 443.-.;_.1‘
DS ‘4_5_)31.14.9.......‘;"L)_,34.r Opane S0l
o e *u'-*-.;w"-d—-;%éf-
Jlaall D gy PAS“W JJ ._,.,.'\_,_.r- .,-_,_;""
b TJ;T\Q_(_HJJ\\IM_.J#__‘___;;_
colaall e YYAT B YTIAT ooz 9 fs Lasl. A58

k.
\(
o
v

ol saldl (9"—‘) Aaall — 3 alEl fxdds —
- : : o






