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ABSTRACT

This work was conducted at the Experimental Farm of Nasser's
Faculty of Agricultural Sciences in Lahej Governorate, Yemen, during
three seasons 2003, 2004 and 2005. Five statistical procedures of relating
yield components to yield; i.e., simple correlation coefficient, the path
coefficient analysis, the stepwise regression, the multiple regressions and
factor analysis were applied to seven yield contributing characters to
determine their functional relationships to yield. Sixteen Maize genotypes
were used in this study.

Simple correlation coefficient revealed that, number of leaves/plant,
ear height, ear length, number of rows/ear, number of kernels/row, 1000-
kernel weight and shelling% had the greatest influence on grain yield/h.
According to path analysis, weight of 1000-kernel had the greatest direct
effect (22.23%) towards grain yield/h. While, number of kernels/row
(9.33%) and ear length (9.32%) had the highest indirect effect to grain
yield. Multiple linear regressions indicated that the variables which had the
highest partial coefficient of determination in seed yield/h, were ear height,
ear length, number of rows/ear and 1000-kernel weight (R* = 43%, 22%,
9% and 12%, respectively). The stepwise regression shows that, 1000-
kernel weight, number of kernels/row, number of rows/ear and shelling%
were accepted variables which had the highest coefficients of determination
with seed yield (88.9%). The factor analysis grouped 7 yield contributing



characters in two factors, which altogether were responsible for 70.42% of
the total variability in the dependence structure.
Keywords: correlation, path coefficient, multiple regressions, stepwise
regressions and factor analysis.

INTRODUCTION
Yield is a complex character determined by several variables. Hence, it is
essential to detect the characters having the greatest influence on yield and
their relative contributions to variation in yield. This is useful in designing
and evaluating breeding programs particularly, for the newly introduced
crops such as corn. So far, various procedures are in use to achieve this
aim. These are: simple correlation coefficient, path coefficient analysis,
multivariate regression analysis, factor analysis and stepwise regression
analysis. Although these procedures are extensively used, yet none of them
is free from drawbacks.

Mohamed and Sedhom (1993) concluded that grain yield/ant of corn
was highly positively correlated with ear length, number of grains/row and
100-kernel weight but positively and significantly correlated with both of
plant height and ear diameter.

Shafshak et al (1989) and Ashmawy and Mohamed (1998) in
comparison between the full model regression and the stepwise regression
procedure concluded that the coefficient of determination for full model
regression and partial correlation were higher than stepwise regression. El-
Kalla and El-Rayes (1984), El-Rassas et al (1990) and Atia et al (2001)
used factor analysis in maize and sorghum to determine the dependence
relationship between yield and yield components. Ashmawy (2003)
indicated that, factor analysis approach was more efficient than other
procedures. It can help plant breeders to determine the nature and sequence



of characters to be selected in breeding programs. El-Badawy (2006) found
that using factor analysis by plant breeders has the potential of increasing
the comprehension of causal relationships of variables and can help to
determine the nature and sequence of traits to be selected in breeding
programs. On the other hand, path coefficient analysis is used to determine
the direct and indirect effect, while stepwise is used to determine the best
prediction equation for yield.

Hence, the purpose of this study was to compare among five
procedures of relating several corn characteristics to yield in sixteen corn
genotypes.

MATERIALS AND METHODS
This work was conducted at the Experimental Farm of Nasser's

Faculty of Agricultural Sciences in Lahej Governorate, Yemen during three
seasons 2003, 2004 and 2005. Sixteen were used in this study. These single
crosses were obtained from half diallel cross owing between six inbreeds
obtained from in Maize Research Institute, Knegha in Bulgaria (these
inbreeds are m.m328, m.m353, mm376, L.T.49.11, CW.1.4 and
74.063.cc13) and commercial variety Knega36. Planting dates were done at
21%, 24™ and 21% in October 2003, 2004 and 2005, respectively, in
randomized complete block design with three replications. Each plot was
1.2x4.0 m and consisted of two ridges 60 cm apart. Intra-hill spacing was
25 cm. Hills were thinned to one plant/hill after 21 days from planting.
Recommended cultural practices for ordinary maize fields in the area were
followed during growing seasons. Random sample of 10 guarded plants in
each plot were taken to evaluate No. of leaves/plant, ear height (cm), ear
length (cm), No. of rows/ear, No. of kernels/row, 1000-kernel weight(g)
and shelling %.Grain yield (t/h) was recorded on whole plot basis and

adjusted to 15.5% grain moisture content.



Statistical procedures

The combined data for the two experiments of yield and its

components were subjected to following statistical procedures:

1-

Basic statistics and simple correlation matrix: Arithmetic mean,
standard deviation, standard error and simple correlation coefficient
were calculated among the studied characters as described by Steel and
Torrie (1987).
Path coefficient analysis was used as applied by Dewey and Lu (1959)
and Duarte and Adams (1972).
Stepwise linear regression, (Draper and Smith, 1966), to determine the
appropriate variables responsible for most variation in yield. The
relative contribution was calculated as (R?).
The factor analysis by Cattell (1965).
Multiple linear regressions between seed yield and yield components so
as to construct a prediction model for yield; coefficient of determination
R? was estimated to evaluate the relative contribution (Snedecor and
Cochran, 1967).

RESULTS AND DISCUSSION

The mean values, minimal and maximal values together with statistics

associated with means are given in Table (1) for the seven characters

evaluated in this study. The range in general shows that there was wide

variability in each character evaluated.

Simple correlation coefficient

Data of simple correlation coefficient matrix are shown in Table (2).

Data indicate that 1000-kernel weight , number of kernels/row, ear length,

ear height, number of rows/ear, shelling% and number of leaves/plant had

the greatest influence on grain yield/h with r values being 0.907**,



0.754**, 0.754**,0.652**, 0.592**, 0.526** and 0.405**, respectively.
Another correlation worthy of some attention that between 1000-kernel
weight and ear height, ear length, number of rows/ear and number of
kernels/row with r values being 0.664**, 0.751**, 0.525** and 0.698**,
respectively. High association of ear height, ear length, number of
rows/ear, number of kernels/row, 1000-kernel weight, shelling% and
number of leaves/plant with grain yield/plant is of interest the plant breeder
because it is relatively easily identifiable character in the field. These
results are in agreement with those obtained by Mohamed and Sedhom
(1993), Nasr (1998), Atia et al (2001), Ashmawy (2003) and El-Badawy
(2006).

Table 1. Mean value, minimum, maximum, standard deviation and
standard error for maize yield characteristics.

Characters Min. Max. Mean S.D. S.E.
No. of leaves/plant 10.03 | 14.03 11.80 1.16 0.14
Ear height (cm) 57.50 | 91.47 75.77 | 13.43 1.65
Ear length (cm) 9.80| 21.13 15.11 2.56 0.32
No. of rows/ear 10.60 | 16.27 13.10 0.99 0.12
No. of kernels/row 18.67 44.73 30.78 5.79 0.71
1000-kernel weight (g) | 198.20 | 352.90 | 271.37 | 38.70 4.76
Shelling% 77.27 | 88.87 83.07 | 38.70 4.76

Path coefficient analysis

Direct, indirect effects, coefficient of determination and relative
importance of each variable to grain yield/h are presented in Table (3).
From this table, it could be concluded that the most important sources of
variation in grain yield/n were the direct effect of 1000-kernel weight
followed by indirect effect of number of kernels/row through 1000-kernel
weight followed by indirect effect ear length through 1000-kernel weight at
the combined analysis. These effects account for approximately 40.88% of
grain yield/h variation. 1000-kernel of weight proved to have the highest



direct effect to grain yield (22.23%) followed by indirect effect number of
kernels/row through 1000-kernel weight (9.33%) and indirect effect ear
length through 1000-kernel weight (9.32%). Although, 1000-kernel weight
had the highest simple correlation (0.907) with grain yield/h. These results

are in partial agreement with those obtained by Mohamed and Sedhom

(1993), Ashmawy and Mohamed (1998) and El-Badawy (2006).

Table 2. Simple correlation coefficients for 8 characters of 16

malize genotypes grown over three seasons.
Characters X4 X, X3 X4 X5 Xs X5 Y
No. of leaves/plant (X;) | 1.00
Ear height (X,) 0.597** | 1.000
Ear length (X3) 0.552** | 0.554** | 1.000
No. of rows/ear (X,) 0.227* | 0.497** | 0.297** | 1.000
No. of kernels/row (Xs) | 0.367** | 0.519** | 0.887** | 0.314** | 1.000
1000-kernel weight (X¢) | 0.485** | 0.664** | 0.751** | 0.525** | 0.698** | 1.000
Shelling% (X5) 0.224* | 0.255** | 0.225* | 0.360** | 0.259** | 0.452** | 1.000
Grain yield/h (Y) 0.405** | 0.652** | 0.754** | 0.592** | 0.754** | 0.907** | 0.526** | 1.000

* and ** significant at 5% and 1% level of probability, respectively.

Multiple linear regression
Data in Table (4) show the prediction model by using multiple linear
regressions for grain yield/h of maize and its components. The prediction
equation was formulated as follows:
Y = -14.805 -0.1530X;+ 0.0105X,** + 0.0885Xz** + 0.219X,** +
0.0422X5 + 0.0296X¢** + 0.1120X-

The relative contribution for all yield factors explained 89.6% of the
total variation in grain yield and 10.4% could be due to residual. Ear
height, ear length, number of rows/ear and 1000-kernel weight had the
highest relative contribution of determination (R* = 43%, 22%, 9% and
12%, respectively). The other characters had small contribution to the total
yield variance. Ashmawy (2003) and El-Badawy (2006) came to similar

conclusion.



Table 3. Direct and indirect effects of yield attributes in maize
for 16 genotypes grown over three seasons.

Source of variation Effects | C.D. R.1.%
-Direct effect of No. of leaves/plant -0.1216 | 0.0148 1.1768
Indirect effect via Ear height -0.0726 | -0.0152 | 1.2134
Indirect effect via Ear length -0.0671 |-0.0198 | 1.5765
Indirect effect via No. of rows/ear -0.0276 | -0.0076 | 0.6034

Indirect effect via No. of kernels/row | -0.0446 | -0.0142 | 1.1288
Indirect effect via 1000-kernel weight | -0.0590 | -0.0623 | 4.9610

Indirect effect via Shelling% -0.0272 | -0.0089 | 0.7105
-Direct effect of Ear height 0.1050 0.0110 0.8777
Indirect effect via Ear length 0.0817 0.0172 1.3664
Indirect effect via No. of rows/ear 0.0628 0.0132 1.0491

Indirect effect via No. of kernels/row | 0.0825 0.0173 1.3786
Indirect effect via 1000-kernel weight | 0.3509 0.0737 5.8656

Indirect effect via Shelling% 0.0418 0.0088 0.6985
-Direct effect of Ear length 0.1475 0.0218 1.7329
Indirect effect via No. of rows/ear 0.0408 0.0120 0.9580

Indirect effect via No. of kernels/row | 0.1409 0.0416 3.3108
Indirect effect via 1000-kernel weight | 0.3968 0.1171 9.3220
Indirect effect via Shelling% 0.0369 0.0109 0.8660
-Direct effect of No. of rows/ear 0.1373 0.0189 1.5011
Indirect effect via No. of kernels/row | 0.0499 0.0137 1.0908
Indirect effect via 1000-kernel weight | 0.2774 0.0762 6.0652
Indirect effect via Shelling% 0.0590 0.0162 1.2896
-Direct effect of No. of kernels/row 0.1589 0.0252 2.0010
Indirect effect via 1000-kernel weight | 0.3688 0.1172 9.3309

Indirect effect via Shelling% 0.0424 0.0135 1.0736
-Direct effect of 1000-kernel weight 0.5284 0.2792 22.2282
Indirect effect via Shelling% 0.0741 0.0783 6.2307
-Direct effect of Shelling% 0.1638 0.0268 2.1372
Residual 0.3209 0.1036 8.2467
C.D. =Coefficient of determination R.l. = Relative importance.

Stepwise multiple linear regression

The accepted and removed variables and their relative contributions
in predicting grain yield/h are presented in Table (5). The accepted
variables had the highest coefficient of multiple determination with the
yield adjusted for variables already added. The prediction equation is
formulated as follows: Y =-15.016 + 0.0226X** + 0.0706X5 + 0.2420X,
+ 0.0970X5. According to this equation 89.60% of the total variation in



grain yield could be linearly related to variations in all variables. Whereas,

88.90% of the total grain yield variation could be attributed to variable

Table 4. The relative contribution of seven characters for predicting
yield of maize using multiple linear regression analysis.

Regression Standard Relative
Characters coefficients | error (S.E.) | contribution
(R™%)
No. of leaves/plant -0.153 0.081 1
Ear height (cm) 0.0105 0.008 43**
Ear length (cm) 0.0885 0.070 22**
No. of rows/ear 0.2190 0.082 g**
No. of kernels/row 0.0422 0.027 1
1000-kernel weight (g) 0.0296 0.003 12**
Shelling% 0.112 0.034 1
Y- Intercept =-14.802  Standard error of estimation = 0.520
Adjusted R-squared =10.884 R-squared =0.896
Multiple (R) =0.947

accepted and 0.70% could be due to variables removed. The accepted
variables were, 1000-kernel weight (Xs), number of kernels/row (Xs),
number of rows/ear (Xs and shelling% (X7). Those variables were
responsible for 82.2%, 2.9%, 2.3% and 1.5%, respectively of yield
variance. Variables removed were ear height (X,), ear length (X3) and

number of leaves/plant (Xy).

The major difference between multiple linear regression and stepwise
multiple linear regression was that, in the latter, the variable added in each
step was the one which made the greatest reduction in the error sum of
squares. It was also the one having the highest relative contribution of
determination with the dependent variable for fixed values of those
variables added previously. Therefore, one concluded that the order which

the variables added was significant. The previous results, revealed that:

1) The accepted variables have to be ranked the first in any breeding

program for improving yield.



2) The stepwise multiple linear regressions used to determine the best
prediction equation for vyield, but it could not explain the
interrelationship of the characters measured.

These results are in agreement with those obtained by Shafshak et
al (1989), Mohamed and Sedhom (1993), Atia et al (2001), Ashmawy

(2003) and EI-Badawy (2006).

Table5. Accepted and removed variables according to stepwise analysis
and their relative contribution (R?) in grain yield of maize.

Characters Regression Standard Relative
coefficients error contribution
(S.E.) (R*%)
Accepted variables: 84.8
1000-kernel weight 0.0226 0.003 82.2
No. of kernels/row 0.0706 0.016 2.9
No. of rows/ear 0.2420 0.079 2.3
Shelling% 0.0970 0.034 1.5
Removed variables: 07
Ear height
Ear length
No. of leaves/plant
Y- Intercept =-15.061  Standard error of estimation =0.525
Adjusted R-squared =88.2% R-squared for accepted = 88.9%
R-squared for removed =0.70% Multiple (R) =0.943

Factor analysis

The factor analysis divided the 7 variables into two factors, which
explained 70.42% of the total variability in the dependence structure in
Table (6). A summary of the composition of variables of the two factors
with loadings is given in Table (7). The first factor included the variables
ear height, ear length, number of kernels/row, 1000-kernel weight and
number of leaves/plant which accounted for 55.58% of the total variance. It
had high loadings for three variables. These variables were of almost equal
importance and communal with factor 1. Factor 2 consisted of number of
rows/ear and shelling% which accounted for 14.84% of the total variability
in the dependence structure. The factors 1 and 2 included the variables



associated with ear parameters. The results indicated that the estimated
whole communality was rather adequate to interpret the major portion of
variations in the dependence structure in that the two factors altogether
accounted for 70.42% of the total variation in the dependence structure
(Table, 6 and 7).

Table 6. Principle factor matrix after orthogonal rotation for
seven characters in maize.

Characters Common factor coefficients Communality
Factor 1 Factor 2 (h?)

No. of leaves/plant 0.683 0.149 0.489
Ear height (cm) 0.693 0.402 0.642
Ear length (cm) 0.939 0.0923 0.890
No. of rows/ear 0.238 0.782 0.668
No. of kernels/row 0.864 0.132 0.764
1000-kernel weight (g) 0.752 0.498 0.814
Shelling% 0.934 0.808 0.662
Latent roots 3.891 1.04

Factor variance ratio % 55.58 14.84 70.42

Table 7. Summary of factor loadings for seven characters in maize.

Variables Loading % Total
communality
Factor 1: 55.58
No. of leaves/plant 0.682
Ear height 0.693
Ear length 0.939
No. of kernels/row 0.864
1000-kernel weight (g) 0.752
Factor 2: 14.84
No. of rows/ear 0.782
Shelling% 0.808
Cummulative variance 70.42

From the previous results, it could be concluded that, factor
analysis is the one that can be used successfully for analysis for large
amounts of multivariate data, and should be applied more frequently in
field experiments (Atia et al 2001; Ashmawy, 2003 and El-Badawy,

10



2006). The greatest benefit of factor analysis can be delineating areas of
further researches designed to test the validity of the suggested factors.
Conclusion

Using factor analysis by plant breeders has the potential of increasing
the comprehension of causal relationships of variables and can help to
determine the nature and sequence of traits to be selected in a breeding
program. While, path coefficient analysis is used to determine the direct
and indirect effect, while stepwise is used to determine the best prediction
equation for yield.

REFERENCES

Ashmawy, F. (2003): Using some multivariate proceures and response
curve analysis in maize. J. Agric. Sci. Mansoura Univ., 28(10):
7107-7121.

Ashmawy, F. and N.A. Mohamed (1998): Comparison among some
statistical procedures in estimating yield and its components in
maize. J. Agric. Sci. Mansoura Univ., 23(5): 1873-1879.

Atia, A AM.; KA. Eldouby; M.M. Salem and A.M.S.A. Eltaweel
(2001): Factor analysis and other statistical techniques
efficiencies for studying yield and yield components in maize
(Zea mays L.). Conference of Sustainable Agricultural
Development, Fayoum, Fac. Agric., Cairo Univ., pp: 46-53.

Cattel, R.B. (1965): Factor analysis: An introduction to essentials. 1- The
purpose and underlying models. Biometrics, 21: 195-215.

Dewey, D.R. and K.H. Lu (1959): A correlation and path coefficient
analysis of components of crested wheat grass seed production.
Agron. J., 51: 515-518.

11



Draper, N.R. and H. Smith (1966): Applied Regression Analysis. John
Wilay and Sons, New York.

Duarte, R.A. and M.W. Adams (1972): A path coefficient analysis of
some yield components interrelation in field beans (Phaseoleus
vulgaris L.). Crop Sci., 12(5): 579-582.

El-Badawy, M.ELLM. (2006): The relative contribution of vyield
components by using specific statistical techniques in corn.
Annals of Agric. Sci., Moshtohor, 44(3): 899-909.

El-Kalla, S.E. and F.M. El-Rayes (1984): Multivariate analysis of yield
and the relative contribution of variables to its variations in maize
(Zea mays). 2" Conf. A.R.C., Giza, Egypt, 62(7): 1-13.

El-Rassas, H.N.; M.S. El-Shazly and T.A. Mohamed (1990): Factor
analysis and path coefficient of yield components in (Sorghum
bicolor( 1) Moench). Egypt. J. Agron., 15(1-2): 189-198.

Mohamed, M.K. and S.A. Sedhom (1993): A comparison between four
statistical procedures of relating yield components in a set of corn
varieties. Annals of Agric. Sci., Moshtohor, 31(4): 1855-1866.

Nasr, S.M. (1998): Evaluation of statistical methods for determining the
relative contribution of yield factors in wheat. Egypt. J. Agric.
Res., 76(4): 1733-1750.

Shafshak, S.E.; A.A. Abd El-Halim; A.M.M. Saad and F.A. Ahmed
(1989): Integrated regression analysis of maize yield factors
using minimum sample size. Egypt. J. Appl., Sci., 4: 1855-1866.

Snedecor, G.W. and W.G. Cochran (1967): Statistical Methods. lowa
State Univ., Press, Ames, lowa, USA.

12



Steel, R.G.D. and J.H. Torrie (1987): Principles and Procedures of
Statistics. A Biometrical Approach. 2™ Ed. 6™ printing. Mc.
Graw. Hill Book Company. USA, pp: 272-277.

a0 o) I Al (e A ganal J granall cili gSa Jals JY oaanial) Sl gad) Jala
doaldd) 5,40
oland daaf asSall de ¢ FFGunaa Bila el 4e (Bda ¢ Faaal e Guaa

el 2o Aaalas —Aae ) )1 aslall HRli A - Jualadll aud *
sl dada — jeidiey del )0 A0S - Jualaall aud ok

aonsl 30 D) /o Ao ) 0 o plall 5 ali ALK A fa ) e ) Jall 8 Al all 038 iy pal
J seanall il Ko ol ) Al 5y als dilian) 5ok aed Cuaddin] Yo o0 g Yo v € Y0¥
Dl dadas )5 el Jales Jodad g Jagall ol )Y e (8 5 Jsamnall 5 iz Lguians
Al A glany) Cullul caida o aladl Jaladll 5 s el aaseiall lasaV) Jolas 5 i)
el 5,3 e A8 5 9 A0S 5 e Ay Aalal) J seanall G S e
Jsmana (o A ginall (Jle an o Bl ) 3 g davad) Lol y¥) Jaloa 48 sina &yl
G e Sl caghall aae Sl Jka ¢Sl gl ¢ clall 315 aae 5 Sl sl
005 O Dsmall o Jlad il Ciniia gl | (Aaill i diaa Ve v vV s ¢ aall
iaa cilae | Laiy UK s Jsamndd (%Y Y, YY) pilae 5l o) cilael L) 0 )
Jsanad g il e (%9,7Y 5 %9, 77) sdlae e il el 558l Jsha s caall g aae
GO 5 5 Casia dae ¢Sl Jgda ¢ 58U pldi ) G aamiall planai¥) Jolat jelal o goal
sl e 900 Y 5969 %Y (0 £F laia) J seanall & SV daaliall Ldda Vo v v )

cg_i.»aﬂg._i}_)ﬂ\a..\.ccz\_j;\~~~d\oj}:\§md\éﬂ\dﬁx§d\)\m‘ﬁ\d.)&;ﬁ).@i’:ius_

13



dsmanall agaad 83 jisall Ol Sl o) Alaill g el dill 5 5580 ) shwaae
A8 g Jual gl (e il () Al all caad il dapdl bl Jolaill il (AN, 4 YAy
S bl (e 0V 4 LY jlate s
Gkl 4 aally 3l Juadl Lebadl Jalail) o dul all a3 (e 2 UEWYT Sy e gac
Jhaia) o dary o a5l el (A ULl (o e Lgediinn s L algy (Al 5 5 AY)
Sl Aliall Jale 3855 el 33 gan At ) Jal ge () Lpdamy ae Ao jall 5 303ell ) puaiall
Leisan) oo il i all pal SLaal (8 3a al lill (o je oy Las Lpaamy g Jai 5
o milie e 5o yuilae 48y sl ddiall dadlise (52 2p0a0 (8 ) 5 pall Sl aladinl (1S
Laalusall il yriiall Juzabl apans & s el daxitall oV Jidas aladial (Say Laiy J seasll

L Jpandl

14



