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INTRODUCTION

Multivaniate statistics help the resear-
cher to summarize data and reduce the number
of variables necessary to describe it by using
developing taxonomies or systems of classi-
fication, investigate useful ways to concep-
tualize or group items, generate hypotheses
and test hypotheses. A big assumption of these
methods is that the data itself is valid .In
multiple regression, several variables are used.
However one (a dependent variable) is gene-
rally predicted or explained by means of the
others, independent variables and covariates.
These are called dependent methods. This
current investigation was carried out for the
purpose of exploring evaluation of the most
important statistical methods for estimating
the relative contribution of yield factors to
obtain maximum relative information and
maximum coefficicnt of determination during
investigation of each method depend on nature
of empirical data .It can help plant breeders to
determine the nature and sequence of charac-
ters to be selected to breeding programs. This
will help in planning appropriate selection
procedures (simple correlation, multiple linear
regression, stepwise multiple lincar regression
and factor analysis) for improving crops. El-
kalla and El-Rays (1984) concluded that
varicties and leaf area were the most important
variables determining yield either by using
factor analysis or stepwise regression proce-
dure. They also reported that 100-kernel
weight was categorized with plant height in

one factor with plant height having a negative
effect on 100-kemel weight. In com (Zea
mays L). Shafshak ef al. (1989) in a compa-
rison betwoen the full model regression and
the stepwise regression procedure’ concluded
that the coefficient of determination for full
model regression and partial correlations were
higher than stepwise regression. This latter
had higher errors of estimates than the former.
Nasr and Geweifel (1991) reported that step-
wise coefficient of determination was tended
to equal full model, and error of estimates was
lower for stepwise analysis indicating that
stepwise analysis was more efficient than full
model regression .Mohamed and Sedhom
(1993) found that the characters related were
plant height ear length ear diameter, number
of rows/ear, weight of grains/ear and grain
yield/plot. Results of the path coefficient, the
stepwise and multiple regression agreed upon
the variables, viz, number of rows/ear, 100-
kemel weight and number of grains/ear as
major contributors to seed yield variations.
The stepwise and the multiple regression
procedure had the same adjusted R’ (91%)
denoting similar efficiency. Regression coeffi-
cient and standard error estimates were about
the same in multiple and the stepwise regre-
ssions. The factor analysis grouped the seven
variables in three major factors which altoge-
ther were responsible of 78.5% of the varia-
bility in the structure. Nasr and
Leilah (1993) pointed out that, the standard
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error decreased as number of sample units or
replications increased. Number of plants reg-
uired to detect 10% change markedly decrea-
sed as number of replications increased.
Ashmawy (1994) indicated that 68.75% of the
total variation in maize yield could be linearly
related to the studied 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 eliminated variables. The
variables included to the model could be
arranged, according to their relative impor-
tance as measured by the partial R?, in a
descending order as follows years, first plan-
ting date (May 1%), second planting date (June
1%), shelling percentage, ear length, weight of
100- kemnels, plant height, nitrogen fertiliza-
tion and varietics. Nasr (1998) found that
multiple linear regression and stepwise regre-
ssion had the same adjusted R? (93%) deno-
ting similar accuracy. The test of multi-
collincarity and linearity in the two procedures
between variables indicated that, these models
shows high]zy multiple coefficient of deter-
mination (R°= 0.94) for prediction only and
were not valid to interpret the partial corre-
lation coefficient. Mohamed (2004) stated that
the results indicate positive and highly signifi-
cant correlation coefficients between grain
yield/ plant and its components except the
number of rows/ear. The principal component
analysis grouped the studied variables in two
major components, which altogether account-
ted for 95.6% of the total variation. The first
component included ear diameter, ear length,
the number of kemels/row, 100- kemel
weight, shelling % and grain yield/ plant. The
second component included plant and ear

heights and the number of rows/ear. Atia and
Mahmoud (2006) found that the characters
most closcly associated with yield were (x;)
days 50% polling, (x,) days 50% silking, (x3)
plant height in cm,(xs) ear height in cm,(xs)
ears number at harvest, (x6) ear length in cm,
(x7) ear diameter in cm .All these characters
were positively correlated with yield, except
characters x;, X, and x; which were negatively
correlated with yield. With regard to the r
values between components of yield, all
characters were positively correlated with
each other without x;, x, and x; that were
negatively correlated with other characters.
The results of multiple linear regression
indicate that all variables were highly signifi-
cantly contributing to variation in yield. In this
analysis all variables were include in predic-
tion equation. While some variables may
contribute a little to the accuracy of the
prediction equation. The stepwise multiple
linear regression is useful in determining the
best prediction equation for yield but it could
not explain the inter relationship of the charac-
ters measured. At this point, factor analysis is
a type of small number of main factors which
would be better used to explain the inter-
relationship of the variables. Factor analysis
provided more information than previous
methods due to groups of variables (factors)
and percentage contribution of variables to
each factor.

The present investigation was meant
to evaluate four statistical methods for deter-
mining the relative contribution of yield fac-
tors in maize grain yield.

MATERIALS AND METHODS

Three field experiments were conduc-
ted at Sides Research Station, Benisuef
Governorate, Agricultural Research Center,
Egypt, during 2004, 2005and 2006 seasons to
evaluate some statistical methods used for
estimating the relative contribution of yield
factors in maize (Zea mays L.)

Experimental treatments:
The researcher was used some
agronomic treatments which aimed to

measurement  relationship between  yield
factors under different degrees of variation as
follows:

a- Nitrogen fertilizer levels

N fertilizer levels applied were zero,
30, 60, 90,120 and 150 kg N /feddan. As urea
(46.5%N). The fertilizer was splitted into two
equal doses applied before the first and the
second irrigations in the three seasons.
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b- Cultivars

In threc seasons, single crosses
(5.C.10), (S.C.122) and (S.C. 123) and three
way crosses (T.W.C.310), (TW.C311) and
(T.W.C.314) were grown.

Experimental layout:

The experimental design used was a
strip plot design with three replications.
Cultivars were randomly assigned to the ver-
tical strips and the nitrogen fertilizer levels to
the horizontal strips. Plot area was 10.5 m2
(5ridges, 3m length). Planting date was 14/6,
23/5 and 23/6 in 2004, 2005and 2006 respec-
tively. The three middle ridges were used for
estimating grain yield after harvest. Ridges
were 3 m long x 0.7m wide. As well as all
other agronomic practices which were follo-
wed according to normal recommendations. .

Data were collected on the following cha-
racters:

Plant height (cm) at harvest, ear
height (cm), number of leaves/plant, stem
diameter (cm), leaf arca, ear diameter (cm),ear
length (cm), number of rows/ear, number of
kemels/row, weight of 100 kemels (gm) and
grain yield/plant (gm).

Statistical procedures:

The obtained data were statistically
analyzed according to the procedures of
multivariate analysis outlined by Hair ef al
(1992).

1-Correlation

Correlation is a measure of the deg-
ree to which variables vary together or a
measure of the intensity of association. As
such, it must be symmetric in the two
variables. The sample linear correlation
coefficient, also called the simple correlation,
the total correlation and the product- moment
correlation, is used for descriptive purposes
and is defined by Equation.

TGE-0)0-y)
VEe-92p-3?
Thus, mathematically the coefficient
of correlation, R, between two variables is the
ratio of their covariance or sum of products to

the geometric mean of their sums of squares
of deviations.

r==
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2-Muiltiple linear regression

Multiple regression analysis is a
statistical technique that can be used to ana-
lyze the relationship between a single depen-
dent variable and several independent varia-
bles. The objective of multiple regression ana-
lysis is to use the independent variables
wishes to know. The result is a variate, a
linear combination of the independent varia-
bles that best predicts the dependent variable.
The variables are weighted in the process, the
weights denoting their relative contribution to
the overall prediction. In this way, regression
analysis ensures that the analysis is provided
the maximal prediction in a format that also
facilitates interpretation as to the influence of
each factor in making the prediction.

3- Stepwise multiple linear regression

In spite of its entirely different name,
the procedure is, in fact, an improved version
of the forward — selection procedure. The
improvements involve the re-examination at
every stage of the regression of the variables
incorporated into the model in previous stages.
A variable which may have been the best
single variable to enter at an carly stage may;
at a later stage, be superfluous because of the
relationships between it and other variables
now in the regression. To check on this, the
partial F criterion for each varable in the
regression at any stage of calculation is eval-

- uated and compared with a preselected

percentage point of the appropriate F distribu-
tion. This provides a judgment on the con-
tribution made by each variable as though it
had been the most recent variable entered,
irrespective of its actual point of entry into the
model. Any variable which provides no
significant contribution is removed from the
model. This process is continued until no
more variables will be admitted to the
equation and no more are rejected. The
complete stepwise solution is as foliow:

Step 1:

The stepwise procedure starts with
the simple correlation matrix and enters into
regression the variable most highly correlated
with the response is entered as in the forward-
selection procedure.
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Step 2:

Using the partial correlation coeffi-
cient as before, it now selects, as the next
variable to inter regression that the variable
whose partial correlation response is highest.

Step 3:

Given the regression equation, the
method now examines the contribution varia-
ble would have mode if variable had been
entered first and variable entered second. (The
forward selection procedure does not do this).
Since the value of the partial F is statistically
significant at 5%, the variable entered second
is retained. The stepwise method now selects
as the next variable to enter, the one most
highly partially correlated with the response
(given that varables are alrcady in reg-
ression). This is seen to be other variable.

Step 4.

A regression equation is now deter-
mined by least squares. The variable enters
with significant a sequential F value which
exceeds. At this point partial F-tests for the
first and second variables are made to deter-
mine if they should remain in the regression
equation. As a consequence, the second
variable is rejected since its partial F value is
less than F.

Step 5: :
The only remaining variable is other
variable. Since this variable is immediately
rejected, the stepwise regressmn procedure

terminates and chooses as its best regression
equation (Draper and Smith (1966)).

4- Factor analysis:

Method according to Cattel (1965)
this method basically reduces a large numbers
of correlated variables to a small number of
uncorrelated factors. When the contribution of
a factor to the total percentage of the trace was
less than 10%, the process stopped. After
extraction, the matrix of factor was submitted
to a varimax orthogonal rotation, as applied by
Harman (1976). The effect of rotation is to
accentuate the larger loading in each factor
and to suppress the minor loading coefficient
and in this way to improve the oppeitunity of
achieving a meaningful biological interpreta-
tion of each factor. A communality (h2) is the
amount of the variance of a variable accounted
for the common factors together. Since the
purpose was to determine the way in which
yield components are related to each other,
yield (y) was not included in this structure.

RESULTS AND DISCUSSION

Correlation analysis:

Data of simple correlation coeffi-
cients matrix for 11 characters of maize
presented in Table 1. Results indicate that the
relationship between all possible pairs of the
11 traits were highly significant at 1% level of
significance in all cases. In addition a number
of interesting relationships can be observed
from Table (1). Furthermore, the most impor-
tant relationships to the maize breeder are
between grain yield and number of kemels/ear
(0.843), weight of 100- kemel (0.808), plant
height (0.807), stem diameter (0.805), number
of rows/ear (0.794), ear length (0.789) and
number of kemels/row (0.780) which were
highly significant positive correlation. This
indicated that these characters had greatest
influence on grain yield. These results are in
agreement with Mohamed and Sedhom
(1993), Ashmawy (1994) and Mohamed
(2004).

Muiltiple linear regression analysis:

As Table (2) the results indicate, the
prediction model by using multiple linear
regression for grain yield of maize and its
attributes. The prediction equation was formu-
lated as follows:

The relative contribution for all yield
factor explained 77.4% of the total variation in
grain yield. Stem diameter, leaf area, plant
height, number of leaves, ear length, ear
diameter and weight of 100kernel had the
highest coefficient of determination; its values
were 44.1, 424, 34.1, 215, 172, 172 and
12.1, respectively. On the other hand, number
of rows/ear, number of kemels/row and
number of kemels/ear gave the lowest values
of partial coefficient. Hence, it can be noted
that the variables had the highest VIF which
gave the lowest value of partial R’ In this
analysis all variables were included in
prediction equation, while some variables may
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contribute a little to the accuracy of the
prediction equation (Atia and Mahmoud
(2006)). Number of rows/ ear, number of
kemels /row and number of kemels/ ear had
small value which was 74, 1.5 and 8.7,
respectively. As well as, VIF value of all
characters less than 10.0 (means that there is
no collinearity or multicollinearity) except

Annals Of Agric. Sc., Moshtohor, Vol. 47(2), 2009

number of row/ ear, number of kemels /row
and number of kemels/ear which had collinea-
rity or multicollinearity. Thus, evidence from
the VIF calculation confirmed a part of the
unstable of the regression coefficient due to
their interrelations among the explanatory
variables

Table (1): A matrix of simple correlation coefficients for 11 characters as mean of three

season,

Characters 1 2 3 4 5 6 7 8 9 i0 | 11
1-G rain yield 1.000
2-No .of Leaves 0,757 | 1.000
3- Stem diameter 0.805 | 0.637 | 1.000
4- Plant height (cm) 0.807 [ 0.718 | 0.736 | 1.000
5-No. of rows/ear 0.794 | 0.636 | 0.674 | 0.724 | 1.000
6- No. kernels/row 0.780 | 0.673 | 0.635 | 0.662 | 0.735 | 1.000
7-No. kernels/ ear 0.843 | 0.684 | 0.693 | 0,721 | 0.893 | 0.913 | 1.000
8- Leafarea 0.777 1 0.596 | 0.699 | 0.720 | 0.646 | 0.636 | 0.692 | 1.000
9 - Ear Length (cm) 0.789 | 0.670 | 0.673 | 0.743 | 0.707 | 0.601 | 0.699 | 0.696 | 1.000
10— Weight of 100 kernel 0.808 1 0.712 | 0.600 | 0,743 | 0.664 | 0.689 | 0.707 | 0.600 | 0.727 | 1.000
11- Ear diameter (cm) 0.771 ] 0.703 | 0.636 | 0.686 | 0.692 | 0.620 | 0.695 { 0.568 | 0.627 | 0.710] 1.

Table (2): Multiple linear regression of 11 characters in predicﬁng grain yield in maize as

mean of three season.

Regression tandard Error Variance Inflation
Characters c:egfﬁcient S (SE) R2% Factor (VIF)
1- No .of Leaves 5.105 3.713 21.5 3.782
2- Stem diameter 43815 14.290 4.1 1.770
3- Plant height (cm) 0.527 0.233 34.1 2.582
4-No. of rows/ear 2.999 6.465 7.4 11.213
5- No. kernels/row 0227 2441 1.5 21.585
6- No. kernels/ ear 0.091 0.165 8.7 45331
7- Leaf area 11.446 3.920 424 2414
8 - Ear Length (cm) 0.534 1.184 17.2 2.065
9—- Weight of 100 kernel 0.013 0.956 12.1 2.378
10- Ear diameter (cm 19.086 17.510 17.2 3.175
Multiple R 0.880
R squared 0.774
Adjusted R squared 0.716
Standard error of est. 11.1500

Y= - 278.366+ 5.105X; + 43.815 X, + 0.527X; +2. 999X4+ 0.227X;+ 0.091X, + 11.446X; +

0.534X; + 0.013X, + 19.086X;,

These results indicated that using this
model with the highly multiple R’ (R? = 77.4)
for prediction only (i.e. make no try to
interpret the partial regression coefficients)
and using a more sophisticated method of
analysis such as, ridge regression, principle

components or factor analysis to obtain a
model that more clearly reflects the simple
effects of the predictor (Joseph et al. (1992)).
These results were in agreement with
Ashmawy (1994) Nasr (1998) and Atia and
Mahmoud (2006).
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Stepwise multiple regression analysis:
Stepwise multiple linear regression
analysis was used to determine the best
variables that mostly reduced the variance of
yield. This is done by introducing the varia-
bles in order of importance. Table 3shows the
accepted and removed variables and reduction

in yield variance caused by each variables.
The accepted variables had the highest
coefficient of multiple determination with the
yield adjusted for variables already added. As
it can be seen from Table (3), the accepted
variables were number of leaves/ plant, stem
diameter, plant height and leaf area.

Table (3): Accepted and removed variables according to stepwise multiple linear
regression and relative contribution in grain yield in maize as mean of three

s€asons.

Regression

Standard
Error
(SE)

Variance
Inflation
Factor (VIF)

2.229 3.153

3.136 2.042

0.133 3.541

2.591 2.607

16.860

13.306

33.426

41.005

19.786

Characters
coefficient
1- No .of Leaves 9.860
2- Stem diameter 8.964
3- Plant height (cm) 0.606
4-- Leaf area 7.605
Removed variables:
1 - Ear Length (cm) 0.035
2--No. of rows/ear 0.068
3- No. kernels/row 0.030
|| 4-- No. kernels/ ear 0.075
S- Weight of 100 kernel 0.060
L6- - Ear diameter cm) | 0.097
Multiple R 0.862
R squared 0.744
Adjusted R squared 0.717
Standard error of estimated. 11.908

Those variables were responsible for
413, 490, 422 and 28.8, respectively; of
yield variance .The prediction equation was
formulated as follows:
Y =-193.153 + 9.860X; + 8.964X,+ 0.606X;
+7.605X,

The other six characters (ear length,
pumber of rows/ear, number of kemels/row,
number of kemels/ear, weight of 100-kernel
and ear diameter) are removed because these
variables had high multicollinearity. Accor-
ding to these results 74.4% of the total
variation in yield could be attributed to the
four accepted variables. Therefore, these four
traits can not be ranked in any breeding
program for improving grain yield. The step-
wise multiple linear regression is useful in
determining the best prediction equation for
vield but it could not explain the inter relation-
ship of the characters measured (Atia and

- 2.330

Mahmod (2006)).To evaluate the results of
stepwise analysis, assumptions must be tested.
Meeting the assumptions of regression ana-
lysis is essential to ensure both that the results
obtained were truly representative of the
sample and that we have obtained the best
possible results. The principal measure used to
test the assumption is the residual difference
between the actual dependent variable values
and its predicted values (Joseph ez al. (1992)).

On the other hand, removed vanables
were ear length, number of rows/car, number
of kemels/row, number of kernels/ear, weight
of 100-kemel and ear diameter these variables
consider characters of yield components. For
comp arison purposes, we use the standar-
dized partial regression plots. When using
more than one predictor variables, that each
predictor variables relationship is lincar to
ensure its best representation in the equation.
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To do this, we use the partial regression plot
for each predictor variable in the equation. In
Figure (1- a, b,c,d).It can be seen that the
relationships for number .of leaves, stem
diameter and plant height are quite well
defined, thus it has strong and significant
effect in the regression equation. Leaf area is
less well defined, both in slope and scatter of

4
20
LY »
=
i . Yer %
Nev L4
« "R R
g o Se, tve e '{‘ d
- -
-
Lo
s a
20 .
*
-s0
.16 10 5 0.0 5 19 15
No.of Leaves
(@
30
2 T .
N
A -
. «
10 T " - L
A rata L a
o e, ra
g% *
» ..
-10
g -30 *
-30 20 10 0 10 20 30

Plant height (cm)

(©)

Annals Of Agric. Sc., Moshtohor, Vol. 47(2), 2009

the points, thus, explaining their lesser effect
in the equation. For all six components, non-
lincar pattem is shown. Therefore, this
equation is not valid to interpret the partial
correlation coefficients (Joseph, et al. (1992).
These results were in agreement with El-
Kalla and El- Rayes (1984), Ashmawy (1989)
and Shafshak er al. (1989).
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Fig. (1): Partial regressnon plot for Leaf area, Stem diameter, Plant height and number .of.

Leaves with grain yield.

Factor analysis:

The results of factor analysis are
presented in Table 4. Factors were constructed
using the principal factor analysis technique to
establish the dependent relationship between
morphological characteristics and yield com-
ponents. Factor analysns divided the ten varia-
bles into two main factors. For purposes of
interpretation, only those factor loading grea-
ter than 0.5 were considered important. A
summary of the composition of variables of
the two factors with loadings are given in
Table 4. The two factors explained 64.722 %
of the total variability in the dependence
structure.

Factor ! included six variables which
accounted for 40.137 % of the total variance.

The six variables were number of rows/ear,
number of kemels/row, number of kemels/ear,
ear length, weight of 100-keme!l and ear
diameter. The six variables were positively
correlated with factor. These variables were of
almost equal importance and highly commu-
nality with factor 1. Thus, this factor may be

regarded as ear factor.

Factor 2 was called a growth factor
because it consisted of number of leaves, stem
diameter, plant height and leaf area. It
accounted only 24.585 % of the total variance
in the dependence structure. All variables
loading of factor 2 were positive. The sign of
the loading indicates the direction of the
relationship between the factor and variable.
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The ear factor (Factorl) had high
loadings for six variables. The correlation
between these variables and factor 1 are given
by the appropriate factor loading. Based on
the investigated genotypes, selection for plant
types with more (number of rows/ear, number
of kemels/row, number of kemels/ear, ear
length, weight of 100- kemel and ear
diameter) will enable breeders to realize
desired gains in grain yield of maize. Factor 2
(growth factor) contained four variable
(number of leaves/plant, stem diameter, plant
height and leaf area) usually associated with
grain yield on a biological yield. Also, the
high simple correlation between these four
variables would indicate that sclection for
rather variable will be a determined to the
other. Factor analysis is one that can be used
successfully for large amounts of multivariate
data, and should be applied more frequently in
field experiments. This study describes one
application of factor analysis that further
explains the multivariate structure. Use of
factor analysis by plant breeders has the
potential of increasing the comprehension of
the causal relationships of variables and can
help to determine the nature and sequence of
traits to be selected in a breeding program.
This result is confimmed by the findings of El-

Table (4): Summa

Kalla and El- Rayes (1984), Ashmawy (1989),
Mohamed and Sedhom (1993), Ashmawy
(1994), Mohamed (2004) and Atia and
Mahmoud (2006) So, it can be recommended
from the previous results that it is essential to
detect characters having the greatest influence
on yield and their relative contribution to yield
variation. This is useful in designing and
evaluating breeding programs and agronomic
systems, The important characters over all
statistical procedures used were ear length, ear
diameter and stem diameter. The results of
statistical procedures indicated that, factor
analysis would seem to be more suitable and
efficient than other procedures. No difference
was detected between the accuracy and
precision of the full model regression and
stepwise procedures had the same R square
and standard error of estimate. Factor analysis
is a type of multivariate analysis that can be
used to reduce a large number of correlated
variables to a small number of main factors
which would be better used to explain the
interrelationship of the varables: Factor
analysis provided more information than
previous methods due to groups of variables
(factors) and percentage contribution of
variables to each factor. v

of factor loading for 10 characters of maize

. %T Percentage Suggested

Factors Loading con/;nu(:nt::ity ofer varia:ﬁe factﬁf name
Factor 1: 40.137
1- No. of rows/ear 0.712 0.738
2- No. kernels/row 0.903 0.631
3-- No. kernels/ ear 0.950 0515 factor yield
4- Ear Length (cm) 0.820 0.284
5- Weight of 100 kernel 0.596 0.143
6- Ear diameter (cm) 0.628 0.028
Factor 2: 24.585
7- No .of Leaves -0.542 5.283.
8- Stem diameter 0.842 1.189
9- Plant height (cm) 0.786 0.834 factor growth
10- Leaf area 0.586 0.356

Cumulative variance 64,722
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