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ABSTRACT

Two field cxperiments were conducted at the Rescarch and
Experimental Center of Moshtohor. Faculty of Agriculture in 1991 and 1992
1 seasons. Three planting dates [early (May Ist), intermediate (June 1sD) and late
(July 1sd)], two maize varicties (Giza 2 and T.W.C. 310) and five nitrogen
fertlizer levels (30, 60, 90, 120 and 150 kg N/fed.) were evaluated. Strip plot
design  with three replications in first season and four in the sccond one for each
- planting date was used. Varietics were randomly assigned in the vertical strips
and nitrogen fertilizer levels in the horizontal strips. Combined analysis over
- both vears was made for the three planting dates of single experiments for each
‘ season scparatcly. The obtained results can be summarized as follows:

Response curve analysis:

In first season. data of May planting showed that the best model fitted
X to the vicld data of variety Giza 2 was quadratic plus platcau model, whereas
linear plus plateau model fit well to the yield of T.W.C. 310 varicty. In June and
July planting. the best modcl was lincar plus plateau for the two tested varieties.

In sccond season, the best model fitted to the yield data was linear plus
platcau model for the two varictics in May planting and also for Giza 2 variety in
June planting. The quadratic model fit well to the yvield of T.W.C 310 variety in
June planting and also for both varietics in July planting

Stepwise regression analysis:

The results indicated that 68.75% of the total variation in the vicld
could be lincarly related to the studied varables. 66.99% of the total yicld
variation could be attributed to the variables included into the model and 1.76%
could be due to the eliminated variables

The varables included to the model could be arranged. according to
their relative importance measured by partial RZ in a descending  order as
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follows: vears, first planting date (May Ist). second planting date (Junc Ist).
shelling percentage, ear length, weight of 100 kernels. plant height, nitrogen
fertilization and varieties.

INTRGDUCTION

Yield is a very complex attribute. It is a final outcome of a number of
components. Hence, it is necessary to detect the variables having the greatest
influence on the yield and its relative contributions (o variation in the yicld.

Several investigators studied the relationship between maize yield and
its components by using some statistical procedures, namely. factor analysis,
stepwise regression analysis, path coefficient analysis and multiple linear
regression. Leaf area accounted for 68.41% of the variation in grain yield (El-
Kalla and El-Rayes, 1984). Number of leaves/plant and weight of 100 kernels
accounted for 91.64% of the total variation in grain yield in variety S.C. 10, also
the two characters were the most contributors in Giza 2 variety. Ear length, plant
height, shelling percentage, leaf area index and car diamecter accounted for
93.77% of the total variation of the grain yield of variety T.W.C. 310. Similar
results were obtained by Mohamed and Sedhom (1993) who found that number
of rows/ear, weight of 100 kernels and number of grains/car were the major
contributors to seed yield variation-

This study aims to determine a prediction model for yield and the
significant variables as well as to calculate the relative contributions of these
variables.

MATERIALS AND METHODS

Two ficld cxperiments were conducted at the Research and
Experimental Center of the Faculty of Agriculture at Moshtohor, Zagazig
University, Egypt in the 1991 and 1992 seasons. The experimental treatments
were as follows:

1- Three planting dates. ic. early (May Isy), intermediate (June Ist) and late
(July 1sb).

2- Two maizc varietics, i.c. Giza 2 and Three Way Cross 310 (T.W.C. 310).

3- Five nitrogen fertilizer levels, i.e. 30, 60, 90, 120 and 150 kg N/fed.

The experimental design used was strip plot design for each planting
date, as a single experiment. with three replications in the first scason and four
in the second one. Varietics were randomly assigned to the vertical strips and the
nitrogen fertilizer levels were also randomely assigned to the horozintal strips
Each plot consisted of five rows of 3 m length and 70 cm apart. Sceds were sown
in rows, plant hills were 25 cm apart. Ammonium nitrate (33.5%) as nitrogen
source was applied in two cqual doses before the first and sccond irrigations at
the above stated rates of nitrogen. Irrigation was provided cvery 15 days. Data
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were collected on five plants selected randomly from the three guarded rows. the
sclected plants were labelled for collecting data on the following characters:

Growth characters were number of leaves/plant, leaf arca of topmost
ear, leaf area index, plant height. car height and stem diameter.

: Ear characters were ear length, car diameter. number of rows per car
and number of kernels/row.

Yield and related characters were grain vield/fed., grain yield/plant,
shelling percentage and weight of 100 kernels.

Statistical analysis:
Response curve analysis:

Three response models, namely, lincar plus plateau, quadratic plus
plateau and quadratic were fitted to the data for both varieties (Giza 2 and
T.W.C. 310) in the three planting dates during 1991 and 1992 seasons by using
the SAS non linear procedure (NLIN) according to SAS (1985). The procedure
allows a general class of models to be fit in an interative procedure that
procedues the least sum of squares.

The linear plus plateau model is given by using the following formulas:
Y.-=axbx(l) if x <xq
Y=p if x>x4

The quadratic plus plateau model is specificd by using the following
equation:

Y=a+bx+ex? () if x<x,

Y=p if x2>xg

The quadratic polynomial model is estimated by using the following
formula:

Y=a+bx+cx2 .. .. 3)
where: Y: is the grain yield per feddan in kgs.

a: is the intercept.

b: is the linear coefficient.

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

c: is the quadratic coefficient.

Xg: 18 the critical level of nitrogen fertilizer. which corresponds
to the intersection of the lincar response and the plateau
lines (cquation 1). while in cquation 2 X is the critical
level of nitrogen fertilizer. which corresponds to the
intersection of the quadratic responsc and plateau lines.
and 1s a parameter estimated from the data in both
equations.
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p: (in both equations 1 & 2) is plateau yield for X > Xg and also
a parameter estimated from the data. And the model is
constrained such that a + bxg = plequ. 1) while. in
equation 2 the model is constrained such that a + bxg

+CX°2 = p

For the linear plus platcau and quadratic plus platcau models, the
plateau yiclds werc considered 1o be maximum yields. For the quadratic model,
predicted maximum yields were obtained by equating the first derivative of the
responsc equation (o zero, solving for x, substituting the value of x into the

response equation, and solving for Y.

Comparisons among the models, lincar plus platcau, quadartic plus
platcau and quadratic, were bascd on the mean square error (MSE). The model
which had the least mean square €ITor was considered to be the best model fitted
to the yield data.

Stepwise regression:

Stepwise multiple lincar regression aims 10 detcrmine the variables
accounting for the majority of the total yield variability. This approach computes
a sequence of regression equations. The criterion for accepting Or removing an
independent variable can be stated equivalently in terms of error sum of squares
reduction, coefficient of partial correlation, or F* statistic. Stepwise regression
was conducted as described by Draper and smith (1981).

The regression analysis using stepwisc procedure. was applied to the
data over both seasons including the plant characteristics mentioned before over
all three dates of planting over both Giza 2 and T.W.C. 310 maize varicties, and
over the five levels of nitrogen fertilizer used in this study. The dependent
variable was grain yield/fed. and the predictor variables were the plant
characteristics, namely, grain yield/plant, number of leaves/plant, leaf arca of the
topmost ear, leaf area index, plant height, ear height, stem diameter, ear length.
ear diameter, number of rows/ear, number of kernels/row, shelling percentage
and weight of 100 kernels and years, planting date, varicty and fertilization.

Data were subjected to analysis in the Statistics Department at
Pennsylvania State University. U.S.A.

RESULTS AND DISCUSSION

A. Response curve analysis:

Profitability of maizc production is affected by selecting the appropriate
level of nitrogen fertilizer Decisions concerning optimal levels of fertilization
involve fitting some types of continuous response model to the yield responsc
data collected when several levels of fertilizer are applied. Comparisons among

the response functions. lincar plus plateau. quadratic and quadratic plus platcau
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were based on the mean square error. The model with least mean square error
was considered to be the best model fitted to the yield data.

Mean square error for the threc models for grain yicld/fed. of maize
varieties, Giza 2 and T.W.C. 310, planted in May, June and July during the 1991
and 1992 seasons are presemcd in Table (1). The regression cqu.mons are shown
in Table 2 and the curves are given in Figures (1-12).

In the 1991 season. data for May planting indicate clearly that the best
model fitted to the grain vicld of variety Giza 2 was quadratic plus plateau, the
mean square crror for this model was less than those of the other two models.
The nitrogen fertilizer rate was 90 kg/fed. at the point of the plateau (Fig. 1).
This result is in agrecement with that obtained by Fox and Pickielek (1983 and
1990) and Cerrato and Blackmer (1990), who found that the quadratic plus
plateau model was the best of the response models tested for describing maize
grain yield response to nitrogen fertilization. They conclude that the quadratic
plus platcau model worked well for describing responsc of grain yield/fed. to
nitrogen fertilization. The plateau yicld was similar to maximum yield, 3334.9
kg/fed.

For June planting, it is clear from Table (1) that the least mean square
error was for the linear plus platecau model for both tested varicties. Giza 2 and
T.W.C. 310. Figures 3 and 4 show that the optimum ratc of nitrogen
fertilization, according to the lincar plus plateau model. was 110 kg N/fed. The
optimum is the lowest N rate which gives the maximum response, i.¢. the join
point of the plateau. Similarly. the lincar plus platcau model was the best model
fitted to the yield data of variety Giza 2 in the July planting. Mean square error
for this model was 196.826 while it was 205.798 and 197.010 for quadratic and
quadratic plus plateau models, respectively (Table 1). It can be seen from Figure
(5) that the optimum rate of nitrogen fertilizer was 110 kg/fed. The results of
June and July plantings in the 1991 season are in linc with that obtained by
Anderson and Nelson (1975). They fitted linear plus platcau, quadratic and
square root models to the yield of maize in North Carolina. U.S.A. and found
that the linear plus platcan model was the best model compared with quadratic
and square root models.

The estimated model for T.W.C. 310 varicty planted in July 1991 1s not
presented. since the best fitting model is a quadratic with a positive cocfTicient
on the quadratic term, (which corresponds to a minimum). Therefore, the nearest
sensible model would be simply a platcau. at the average of all treatments (Fig.
6).

In second scason. the grain yicld response to N fertilization was lincar
plus platcau and quadratic. In May planting, data presented in Tablce (1) clearly
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Tablc2.‘ Regression cquatons of maize varicties planted in May, June and July during 1991 and 1992

scasons.
Plantng dates Varietes Regression equatons X Models
1991
May Giza2 | Y = 1191.27 + 47.040 X - 0.2581 X 91 | Quadratic + platesu
T.W.C310 | Y = 2778.00 + 0.560 X 60 | Linear + plaean
June Giza2 |Y =1930.00 + 4.657 X 110 | Linear + plawcau
TW.C310 | Y = 1660.60 + 9.751 X 110 | Linear + plaiean
July Giza2z | Y =1795.00 +0.418 X 110 | Linear + plawsu
TW.C310 | Y = 2273.00 - 20.200 X + 0.11 x? Noa - estmabie
1992
May Giza2 | Y = 1378.00 +4.500 X 60 Lincar + placau
T.W.C310 | Y = 1102.00 + 11.900 X 60 | Linear + plateau
fune Giza2 | Y= 657.00 +14200 X 60 | Linear + plaeau
TW.C310 | Y = 82500 + 18.300 X - 0.0736 X* 124 Quadratic
July Giza2 | Y= 35200 + 12200 X - 0.0331 X' 150 Quadnatic
TW.C310 | Y = 586.00 + 7.500 X - 0.0014 X* 150 Quadratc
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indicate that linear plus platecau modcl was the best modecl among the three
modcls fitted to the data of grain yield for both tested varictics. The optimum
rate of nitrogen fertilizer was 60 kg/fed. for both varieties (Figures 7 and 8). This
result is in harmony with that obtained by Anderson and Nelson (1975), who
reported that the lincar plus platecau model was the best model compared with
quadratic and square root models.

In the June 1992 planting, the valucs of mean square error of TW.C,
310 variety were 196,247, 188,600 and 189,498 for linear plus plateau, quadratic
and quadratic plus plateau models, respectively, (Table 1). These values indicate
clearly that the quadratic model was the best model fitted to the data of grain
yield of T.W.C. 310 variety since it had the lcast mean square crror (Fig. 10).
The maximum rate of fertilizer nitrogen was 124 kg/fed. and it produced
maximum grain yield which was 1960.61 kg/fed.

i In the July 1992 planting, the best model fitted to the data of grain yield
of both tested varieties was the quadratic model. Its mean square error was less
than those of the other two models, linear plus plateau and quadratic plus
plateau (Table 1 and Figures 11 & 12).

The two results of June and July plantings in the 1992 scason, are in
line with that reported by Engelstad and Parks (1971), Awasthi and Tewari
(1976), Balko and Russell (1980), Singh ef al, (1980) and Nimje and Seth
(1988) who demonstrated that the quadratic model was well fitted to the data of
maize yield.

Concerning yield data of T.W.C. 310 variety planted in May 1991
season (Figure 2) and of Giza 2 variety planted in June 1992 season (Figure 9),
although the quadratic plus plateau model has the minimum mean square error
of these data, this model was not estimable since the join point was cstimated to
be lcss than 60 kg N/fed. (in order to fit a quadratic cquation, at least threc
points of support are requircd). Thus, the linear plus plateau model was used.
which is estimable with a join point less than 60.

Stepwise regression analysis:

Variable explaining maize grain yicld arc presented in Table (3). This
data indicate that 8 of the 17 variables were accepted as significantly
contributing to variation in maize grain yield. also, showed that 68.75% of the
total variation in the yield could be lincarly related to the studicd variables
66.99% of the total yield variation could be attributed to the variables included
into the model and 1.76% could be due to the elininated variables. The highest
value of R2 were for vears and planting dates indicating the magnitude of the
environmental conditions in maize production.
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(Fig3): Response of Giza 2 yield to N
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(Fig. 5’. Response of Giza 2 yield to N
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(Fig. F); Response of Giza 2 yieid to N
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(Fig.3 ): Response of Giza 2 yield to N
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(Fig. }¥:Response of Giza 2 yield to N
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According to their relative importance as measured by the partial R2,
the variables included in the model could be arrange! in a descending order as
follows: years, first planting datc, sccond planting datc . shelling percentage, car
length, weight of 100 kernels, plant height. nitrogen fertilization and varieties.
These results are in rough agrecement with that obtained by Ashmawy (1989),
who reported that plant height. weight of 100 kernals, shelling pereentage and
ear length had contributed to the grain yield of some maize varieties. On the
other hand, El-Kalla and El-Rayes (1984) found that varicties and Icafl area were
the most important variables contributed to the grain yield of maize.

Table (3) showed that the cocfficient of both first and second planting
dates are less than zero indicating an intercept less than of the third planting.
This suggests that the yield of third planting is higher than thosc of first and
second plantings, respectively which is not true. In order to understand this
anomaly, the interaction between planting dates and each of the significant
variables included in the model by stepwise procedurc was studied and the
results are shown in Tables (4a and 4b).

Results in Tables (4a and 4b) indicate that there was a significant
interaction between planting dates and each of plant height and weight of 100
kernels. Yield of each planting was calculated and plotted against the plant
height and also against the weight of 100 kernels (Fig. 13a & 13b). It is clear
that the slope of the third planting is lower than thosc of first and second
plantings, and the yield of the first and second plantings is higher than that of
the third planting. The reason for this case is probably due to the correlation
between the independent variables and the dependent variable, the grain yield.
and/or the correlation between the independent variables themselves and this
multicollinearity might affect the regression coefficient of the planting datcs.

Table (3): Variables contributing to maize grain yicld by using stepwise
regression analysis over 1991 and 1992 scasons

Variables Parameters R*% Partial R’% | Pr>T
Intercept -6428.72 0.0001
Years* 405.87 30.74 30.74 0.0001
Planting date (1) -256.13 43.11 12.37 0.0872
Planting date (2) -122.44 50.83 1572 0.2590
Varieties* 263.35 50.93 0.10 0.0006
Ear length 77.31 55.53 4.60 0.0001
Shelling percentage 47.72 61.25 S:72 0.0001
Weight of 100 kernels 44 04 63.65 2.40 0.0001
Nitrogen fertilization 7877 65.25 1.60 0.0006
Plant height 587 66.99 1.74 0.0014

* Years were coded as 1 0 for (1991, 1992)

*  Date (1) coded as 1 0 0 for (May, June, July).

*  Date (2) coded as 0 1 0 for (May, Jbae, July)

+  Varieties coded as 1 0 for (Giza 2, TW.C 310)
R? for accepted variables = 66 .99%
R2 for eliminated variables = 1.76%

*+  R2 for all studied variables = 68 75%
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Table (4a): Variables contributing to maize grain yield by using stepwise
regression analysis over 1991 and 1992 seasons

Variables Parameters Pr>T
Intercept -3197.7789 0.0157
Years 395.9526 0.0001
Planting date (1) -3630.9815 0.0004
Planting date (2) -2250.0965 0.0310
Varieties 220.8399 0.0038
Nitrogen fertilizer 73.0261 0.0013
Ear length ° 72.9694 0.0001
Shelling percentage 34.9823 0.0020
Weight of 100 kernels 454153 0.0001
Plant height X date (1) 10.0683 0.0001
Plant height X date (2) 5.4342 0.0319
Plant height X date (3) -4.1808 0.2640

Table (4b): Variables contributing to maize grain yield by using stepwise
regression analysis over 1991 and 1992 seasons

Variables Parameters Pr>T
Intercept -4481.5684 0.0001
Years 490.5358 0.0001
Planting date (1) -2287.6387 0.0067
Planting date (2) -2507.5645 0.0021
Varieties 280.4783 0.0002
Nitrogen fertilizer 81.0255 0.0003
Ear length 5.2290 0.0044
Shelling percentage 84.8486 0.0001
Weight of 100 kernels 40.8341 0.0002
Plant height X date (1) 602459 0.0013
Plant height X date (2) 70.7504 0.0001
Plant height X date (3) -3.7952 0.8347
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(Fig.13-a): Grain yield at three dates
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