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Abstract: Two field experiments were conducted at in two locations, Kafr-El-Hamam Agricultural Research Station
and Tag-El-Aiz Agricultural Research Station during the summer seasons of 2011 and 2012, to study the effect of three
intra-row plant spacing (20, 25 and 30 c¢m between hills) on seed yield and its components of eight sunflower
genotypes. Also, the associations among seed yield and its components were studied using correlation coefficient and
path analysis at the genotypic and phenotypic levels. The used experimental design was a split plot design with three
replicates. The three plant spacing were assigned to the main plots while the sub plots were devoted to the tested
genotypes. Results showed significant differences among sunflower genotypes and among plant spacing treatments, for
all studied characters over locations and seasons. It is noted that increasing intra-row plant spacing to 30 cm between
hills (low plant density) led to significant increments for all studied characters, except plant height. The elite genotype
No 7 {Lao) recorded the maximum values of head diameter, weight of 100 seeds, seed yield and oil yield. As a result of
interaction, genotype No 7 (Lso) produced the maximum values of head diameter, weight of 100 seeds, seed yield and
oil yield when it was grown at 30 cm between hills. Highly significant and positive correlation coefficients were
obtained between seed yield and each of plant height, head diameter, weight of 100 seeds and seed weight/plant at the
genotypic and phenotypic levels. Path analysis (genotypic and phenotypic) showed that the traits i.e. seed weight/plant,
seed oil percentage gave the maximum influence directly and indirectly upon seed yield indicating their magnitude as

selection criteria to obtain a valuable gain of selection for seed yield in sunflower.
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INTRODUCTION

Sunflower (Helianthus annuus L.) is considered one
of the most important edible oilseed crops after soybean
and palm oil in the world. Sunflower breeders' focus
their entire attention in developing sunflower genotypes
with higher seed and oil yields. Abd EL-Gawad et al.
(1987) mentioned that Giza 1 cultivar significantly
surpassed the other studied genotypes for seed yield, oil
yield and head diameter while Zaher el haia cultivar had
the heaviest 100 seed weight. Plant density is one of the
important factors that influencing seed yield and seed
oil percentage in sunflower. Bader er a/. (1988) found
that the highest oil yield resulted from a hill spacing of
30 cm while the lowest was from a hill spacing 15 cm.
Allam and Galal (1996) indicated that seed and oil
yields, and seed oil percentage were positively
correlated with plant density while plant height, head
diameter, 100 seed weight and seed weight/plant were
negatively associated with plant density.

Oil yield as a polygenic trait is influenced by
several characters called oil yield contributing traits.
These components are related among themselves and
with oil vield either positively or negatively. Therefore,
the study of correlation and path analysis provides a
better understanding of the association between yield
and its related traits. The scientists Fick ef al. (1974),
Skoric (1974), Green (1980) and Hlandi er 4l (2010)
used correlation analysis to study the relationships
between oil yield and the other sunflower plant
characters. Correlation analysis does not depict the clear
picture of complex relationships among the plant traits.
The path coefficient analysis is a more precise method
divides the direct and indirect effects of independent
variables on the dependent variable. This method has
been extensively used by the sunflower researchers,

among them, Marinkovic (1992), Punnia and Gill
(1994), El-Hosary er al. (1999) and Hassan et af (2013)
thy reported different characters as selection criteria for
oil yield in sunflower.

The present investigation was planned to study the
effect of three plant spacing on oil yield and its
components in eight sunflower genotypes. Also, the
study aimed to investigate the interrelationships among
oil yield attributes using genotypic and phenotypic
correlation and path analysis.

MATERIALS AND METHODS

Two field experiments were conducted at both of
Kafr-El-Hamam and Tag-El-Aiz Agricultural Research
Stations during summer season of 2011 and 2012. The
current study was carried out to evaluate the oil yield
and its components of eight sunflower genotypes grown
under three intra-row plant spacing. Also, to find out the
relationships between oil yield and its related characters
using two statistical procedures i.e. genotypic and
phenotypic correlation and path analysis .

The treatments were arranged in a split plot design
with three replications. The three plant spacing between
hills 20, 25 and 30 cm were assigned to the main plots
while the sub-plats contained tested eight genotypes.
The name and origin of the sunflower genotypes are
given in Table (1).

Cultural practices:

Each sub-plot consisted of 4 ridges, 3 m length and
0.6 m apart (plot area = 7.2 m°). The agricultural
practices were maintained as recommended for
sunflower in the two locations. At harvest, 10 guarded
plants were chosen from the inner two ridges to collect
data on the following characters:
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1- Plant height in cm (PH).

2- Stem diameter in cm (SD).

3- Head diameter in cm (HD).

4- 100-seed weight in gm (100- SW).

5- Seed weight /plant in gm (SW/P).

6- Seed yield kg/fed(SY) was primarily calculated from
plot(4.8m) area and then converted to the unit of
(kg/fed).

7- Seed oil percentage (Oil %).

8- 0il yield (OY): it was calculated by multiplying
seed yield (kg/fed) by seed oil percentage (%).

Table (1): The name and origin of tested sunflower

~_genotypes.
Genotypes Origin__ Genotypes Origin
Sakha 53 (g)) Egypt | P (gs) Bulgaria
Giza 102 (g) Egypt Lo (g¢) Bulgaria
Loz (gs) Bulgaria 14 (g;) Bulgaria
1129 ~ (g4) Bulgaria 1 igé) Bulgaria

Statistical analysis:

Data were subjected to combined analysis of
variance over growing seasons and locations as outlined
by Snedecor and Cochran (1989). Significant
differences among treatment means were detected using
least significant difference test (LSD) at 5% probability
level. On the other hand, Levene test (1960) was applied
to examine the assumption of homogeneity of variances
before running the combined analysis.

The interrelationships among oil yield and its

related traits were studied at the genotypic and

phenotypic levels using the following methodologies:

1- Correlation coefficients between all pairs of studied
traits were computed as suggested by Johnson ef al
(1955).

2- Path coefficient analysis was carried out as suggested
by Wright (1921) and rediscovered by Dewey and
Lu (1959). The method permits to separate the
genotypic and phenotypic correlation coefficient
between the oil yield (as a resultant variable) and
each of related traits (as explanatory variables) into
direct effect (path coefficient) and indirect effects
(that exerted through the other variables).

A BASIC program (Atia, 2007) was used to
automate the computations of genotypic and phenotypic
correlation coefficients and their corresponding path
analyses.

RESULTS AND DISCUSSION

The results of Levene test (1960) proved the
homogeneity of variances over growing seasons and
locations for all studied characters that permits to apply
combined analysis. Accordingly, the mean values of oil
yield and its related characters for eight sunflower
genotypes as affected by three intra-row plant spacing
are presented in Table (2).

Intra-row plant spacing effect:

Results in Table (2) revealed that changing the plant
spacing (S) between hills significantly affected all
estimated sunflower characters. It is obvious from Table
(2) that the mean values of all studied characters, except

plant height, increased as the plant spacing increased to
30 cm between hills (low density) compared to 20and
25 cm between hills. Wide intra-row plant spacing (30
cm) recorded the highest values of stem diameter (2.59
cm), head diameter (20.79 cm), 100-seed weight (6.20
g) and seed weight plant (57.15 g), highest seed yield
(993.13 kg/fed), seed oil percentage (40.64 %) and oil
yield (406.05 kg/fed).

Superiority of wide plant spacing may be ascribed
to decrease inter plant competition that leads to increase
the plant capacity for utilizing the environmental inputs
in building great amount of metabolites to be reflected
in more dry matter accumulation and in developing new
tissues, consequently increasing most yield components.
Accordingly, in the current investigation, the highest
values of most yield components achieved under wide
plant spacing (30 cm) could compensate the depression
in plant density.

However, the tallest plants (178.92 cm) were
recorded when the distance between hills was as
recommend at 20 ¢m (normal density). This result may
be attributed to the competition among plants for
collecting the solar radiation.

The current findings are in agreement with those
obtained by Bader and Rashid (1988) who found that
highest oil yield was resulted from a hill spacing of 30
cm and the lowest from a hill spacing of 20 cm.
However, our results contradicts that reported by Allam
and Galal (1996) who indicated that seed and oil yields,
and seed oil percentage were positively correlated with
plant density but plant height, head diameter, 100 seed
weight and seed weight/plant were negatively associated
with plant density. The contradiction may be returned to
the differences in the breeding materials and the
environmental conditions. Al-Thabet (2006) found that
plant spacing significantly affected all studied
characters except seed oil percentage.

Genotype effects:

It is evident from Table (2) that the differences
among tested genotypes were clear and significant for
all studied characters indicating wide genetic variation
among tested genotypes.

Results displayed that genotype No 4 (I1y50) had the
tallest plants recording (203.60 cm) followed by Sakha
53 (186.17 cm). Considering stem diameter, genotypes
No 5 (Ig;) and No 8 (I,) recorded the highest values
being 2.38 and 2.37 cm, respectively, without
significant differences between them.

The elite genotype No 7 (li) surpassed the two
check cultivars (Sakha 53 and Giza 102) recording the
maximum values of head diameter (23.52 cm), weight
of 100 seeds (7.24 gm), seed yield (1499.24 kg/fed) and
oil yield (583.86 kg/fed). The previous result indicated
the clear magnitude of genotype (I4) as one of the most
promising breeding materials to be used in sunflower
development breeding program.

Regarding seed weight/plant, it is obvious that
cultivar Sakha 53 significantly surpassed all other
genotypes recording (80.69 gm) indicating its
magnitude as a important source for this trait. On the
other hand, the highest values of seed oil percentage
were scored by genotype No 8 (I;) recording (39.41 %)
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followed by genotype No 5 (Is) giving (39.23 %)
without significant difference between them. Similar
results have been reported by Sharief (1998), Vega et al.
(2002), Allam et al. (2003), and Abdou et al. (2011)
who found significant differences among tested
genotypes of sunflower for seed and oil yields and most
studied characters.

Plant spacing x genotype interaction effect:

Results of the effect of interaction between plant
spacing and tested genotypes on oil yield and its related
characters are displayed in Table (2). Results revealed
that all studied characters were significantly affected by
plant spacing x genotypes interaction overall locations
and years, which indicates to the different behavior of
tested genotypes when sowing under narrow or wide
intra-row plant spacing.

Genotype No 7 (140) produced the maximum values
of head diameter (25.45 cm), weight of 100 seeds (7.58
gm), seed yield (1565.08 kg/fed) and oil yield (634.11
kg/fed) when it was grown at 30 cm between hills. The
highest values of stem diameter were obtained by
cultivar Sakha 53, genotypes (Is) and (I;) when they
were grown at 30 cm between hills recording 2.73, 2.74
and 2.76 cm, respectively. The heaviest seed
weight/plant (87.86 gm) was produced by planting
Sakha 53cultivar at wide plant spacing (30 cm).

Also, the highest seed oil percentage values were
exerted by each of (1120) (41.89) and (162) (42.01) with
growing them at 30 cm between hills. However, when
genotype No 4 (I120) was grown at narrow space
between hills (20 cm), it gave the tallest plants
recording (225.12 cm). The current results were in
harmony with those obtained by Robinson et al. (1980)
who reported that sunflower genotypes are differently
responded under plant density

Correlation matrix:

Genotypic (above diagonal) and phenotypic (below
diagonal) correlation coefficients among oil yield and
its related characters are given in Table (3). Generally,
there was clear convergence between most genotypic
and phenotypic correlation coefficients considering the
value or sign indicating that the observed associations
among most characters may be mostly attributed to
genetic effects.

Results showed that the most effective relationships
to sunflower breeder, were those between oil yield and
each of plant height (0.39** and 0.37**), head diameter
(0.48** and 0.40**), 100-seed weight (0.23* and
0.22*), seed weight/plant (0.89** and 0.88**) at the
genotypic and phenotypic levels, respectively. The high
positive genotypic correlation between each of the
aforementioned characters and oil yield reflected the
inherent associations:; therefore, the breeder can obtain
high yielding genotypes through selection program for
one or more of these characters, especially if they
proved to be more contributors to yield variation as
lately shown.

On the other hand, the yield components exhibited
various trends of associations among themselves. There
was negative and highly significant genotypic or

phenotypic association between plant height and each of
stem diameter (-0.32** and -0.27**), head diameter (-
0.26** and —0.21*) and weight of 100 seed (-0.35** and
-0.33**) while on the reverse, plant height had positive
and highly significant genotypic and phenotypic
associations with each of seed weight/plant (0.25* and
0.27**) and seed oil percentage (0.28** and 0.37**).
However, stem diameter was found to be highly
significant and positively correlated with head diameter
(0.75** and 0.62**) while it significantly and
negatively associated with seed oil percentage (-0.24*
and -0.22*), at the genotypic and phenotypic,
respectively.

The phenotypic correlation between head diameter
and weight of 100 seeds was significant and positive
with r values being (0.24*). The same result hold true at
the genotypic level. Seed weight/plant gave highly
significantly and positively correlated with each of head
diameter (0.47** and 0.41**) and 100 seed weight
(0.29** and 0.28**), at the genotypic and phenotypic
levels, respectively.

At the genotypic level, the seed oil percentage
exhibited negative association with each of weight of
100 seed and seed weight/plant with( r) values of 0.23*
and 0.29** respectively. Similar result was obtained at
the phenotypic level. On the other hand, the remainder
correlation coefficients among studied characters were
negligible and insignificant.
~ Generally, the highly significant positive genotypic
relationship between any characters indicates that the
improvement predicted under selection for one of them,
would automatically extended to the other.

These findings are in conflict with those obtained
by( Hladni et a/ 2010) who found highly significant and
negatively associations between stem diameter, total
leaf area, head diameter and 1000 seed weight on one
side and seed oil content on the other. This discrepancy
in results may be attributed to the used breeding
materials and the environmental conditions.

In fact, selection decisions based only on
correlation coefficients may not always be effective
because it measures the mutual association between a
pairs of traits neglecting the complicated
interrelationships among all traits (Kang, 1994).
Therefore, the correlation procedure may not provide a
deep imagine about the importance of each component
in the structure of oil yield. The path analysis can
efficiently play this vital role.

Path analysis:

Information obtained from correlation coefficients
can be augmented by partitioning the correlations into
direct and indirect effects for a given set of causal
interrelationships. In such situations, the correlation
coefficients may be confounded with indirect effects
due to common association inherent in trait
interrelationships. So, path coefficient analysis has
proven useful in providing additional information that
describes the casual relationships such as yield and its
components.
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Table (2): Mean values of oil yield and related characters in sunflower as affected by plant spacing , genotypes and
their interaction (combined over years and locations).

Treatment Characters
PH SD HD 100-SW SW/P SY Qil % oY
Plant spacing
20 cm 178.92 1.55 17.37 5.34 48.06 802.38 33.25 267.07
25cm 169.18 1.98 19.36 5.84 52.01 890.83 35.30 314.81
30 cm 157.08 2.59 20.79 6.20 57.15 993.13 40.64 406.05
LSD at (5 %) 1.30 0.05 0.26 0.05 0.55 31.78 0.33 10.00
Genotypes
Sakha 53 186.17 2.00 19.85 4.70 80.69 1210.87 33.30 413.35
Giza 102 161.20 1.49 17.20 6.55 52.29 890.54 31.96 289.88
| P9} 155.70 1.73 16.27 7.11 47.52 808.37 34.87 287.31
120 203.60 1.92 18.05 5.57 54.97 1025.17 37.00 386.33
Is2 169.86 2.38 20.10 6.47 50.84 772.55 39.23 304.68
Iz 163.79 2.25 18.80 4.47 32.35 330.20 36.53 121.39
Lo 147.62 1.20 23.52 7.24 62.51 1499.24 38.87 583.86
I 159.21 2.37 19.61 4.22 38.05 626.65 39.41 247.67
LSD at (5 %) 1.90 0.06 0.53 0.07 1.02 48.26 0.44 13.04
Interaction
Sakha 53 201.28 1.33 17.75 4.11 74.92 1057.56 28.74 305.28
Giza 120 170.18 1.05 15.77 591 49.22 775.94 27.65 215.33
| P 164.75 1.30 15.12 6.42 45.17 700.53 29.54 208.13
20 em Ti20 225.12 1.36 16.85 5.44 52.50 839.90 31.97 2693
Is2 176.59 1.96 18.04 6.06 44.17 718.26 37.43 269.45
L 171.9 1.82 17.15 4.05 30.81 297.61 35.22 105.06
Lso 154.97 1.65 20.92 6.93 52.94 1433.03 37.47 537.24
1, 166.56 1.92 17.34 3.81 34.72 596.2 38.00 226.72
Sakha 53 190.56 1.95 20.00 4.71 79.29 1171.35 30.18 356.19
Giza 120 161.80 1.29 16.98 6.67 52.38 885.77 29.21 259.42
| P9 156.54 1.45 16.26 7.23 47.63 785.88 34.12 268.70
25 em Li20 203.51 1.74 18.13 5.56 51.81 1070.28 37.14 399.58
| P 170.95 244 20.63 6.52 53.33 773.13 38.24 296.59
| P 161.96 2.30 19.01 4.60 32.72 326.25 35.56 116.19
Ly 148.11 2.26 24.19 7.23 63.53 1499.62 38.65 580.22
I, 160.03 2.43 19.71 4.17 35.36 614.39 39.28 241.59
Sakha 53 166.67 2.73 21.78 5.27 87.86 1403.71 40.99 578.56
Giza 120 151.62 2.13 18.86 7.07 55.27 1009.91 39.01 394.90
| P9 145.83 243 17.42 7.69 49.77 938.69 40.93 385.11
30 cm L2 182.18 2.66 19.17 5.71 60.61 1165.34 41.89 490.12
Is2 162.03 2.74 21.63 6.82 55.02 826.26 42.01 348.00
| P9 157.50 2.62 20.25 4.76 33.54 366.73 38.82 142.91
Ly 139.77 2.67 25.45 7.58 71.06 1565.08  40.48 634.11
I, 151.05 2.76 21.77 4.68 44.06 669.35 40.97 274.71
LSD at (5 %) 3.30 0.10 0.92 0.13 1.76 83.58 0.75 22.59

Table (3): Genotypic (above diagonal) and phenotypic (below diagonal) correlation coefficients among oil yield and its
related characters in sunflower (combined over the four environments).
Characters PH SD HD 100-SW SW/p Qil % 1) ¢
PH 2%* -0.26** -0.35%* 0.25* 0.28%* 0.39%*

Stem D -0.27** 0.75** 0.06 0.15 -0.24* 0.02
Head D -0.21* . 0.24* 0.47** -0.03 0. 48**
100-SW -0.33** 0.06 0.21* -0.23* 0.23*
SW/P 0.24* 0.15 0.41** 0.28** -0.20**

QOil % 0.27** -0.22%* -0.02 -0.23* .

Qil Y 0.37%* 0.02 0.40** 0.22* 0.88**

* and **: Significant and highly significant at 0.05 and 0.01 probability levels, respectively.
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In the present investigation, the resultant variable
was oil yield while the remaining characters represented
the casual variables. The matrix of direct and joint
effects six predictor characters on oil yield is shown in
Table (4).

Positive direct effects were recorded for all oil yield
characters except stem diameter which had negative
genotypic (-0.08) and phenotypic (-0.04) path
coefficients. The maximum direct effects were observed
for seed weight/plant (0.95 and 0.98) followed by the
seed oil percentage (0.43 and 0.46) considering the
genotypic and phenotypic levels, respectively.

In fact, the path analysis gave different picture
from what the correlation coefficient did. For example,
the simple correlation coefficients (genotypic and
phenotypic) between oil yield and each of plant height
and head diameter were positive and highly significant
(Table 3). When the indirect effects are separated from
correlation coefficients, however, the path analysis
revealed that both plant height and head diameter had
trivial effect on oil yield (Table 4).

Considering the great components of the indirect
effects, it is noted that the characters of plant height,
stem diameter, head diameter, 100 seed weight had
large positively indirect effects on oil yield through only
their genotypic and phenotypic associations with seed
weight/plant. Meanwhile, a strong negative influence on
oil yield was indirectly recorded by seed weight/plant
via seed oil percentage, whether at the genotypic (-
0.130) and phenotypic (-0.127) levels. On the contrary,
negative genotypic (-0.30) and phenotypic (-0.273)
indirect effects of seed oil percentage were observed
through seed weight/plant.

The previous result proves the compensation effect
between seed weight/plant and seed oil percentage.
Therefore, plant breeder must be cautioned and take
these relationships into consideration when conducting
the selection program. The remainder indirect effects
were very small and low important. An overall view on
the results of path analysis, it is revealed that the traits
i.e. seed weight/plant and seed oil percentage gave the

maximum influence directly and indirectly upon oil
yield in sunflower, at the genotypic and phenotypic
levels. Therefore, the breeder can obtain high yielding
genotypes through selection program for these
characters, especially if they proved to be more
contributors to yield variation as lately shown.

Similar results were reported by Bunnia and Gill
(1994), El-Hosary et al. (1999), Hladni et al (2010) and
Hassan et a/ (2013) who confirmed the importance of
path analysis when deciding upon selection criteria
using yield components.

The relative importance (RI %) according to
genotypic and phenotypic path analysis are presented in
Table (5). It is evident that the most oil yield variation
(genotypic and phenotypic) was explained by the direct
effects for seed weight/plant (56.84 and 62.16) followed
by the seed oil percentage (11.64 and 13.40).

Also, the great genotypic and phenotypic
components of joint effects were expressed by head
diameter on oil yield via its association with seed
weight/plant (5.38 and 1.47), weight 100 seeds via seed
weight/plant (2.0 and 2.0), and seed weight/plant
through seed oil percentage that recorded the highest
indirect effect values being (15.13 and 16.17).

Trivial values of relative importance were observed
for the other direct and indirect effects. Totally, the
studied five characters explained 99.22 and 98.92 % of
oil yield variation at the genotypic and phenotypic
levels, respectively. In accordance, the residual part may
be attributed to unknown variation (random error),
committing of errors during measuring the studied
characters and/or some other traits that were not
incorporated in the present investigation.

In conclusion, among the studied characters, seed
weight/plant and seed oil percentage were the most
reliable oil yield components as selection criteria in
sunflower breeding programs. The two characters had
highly significant and positively correlation coefficients
with oil yield as well as their influences whether
directly or indirectly on oil yield were positive and the
highest over the other yield attributes.

Table (4): The direct and indirect effects of six predictor characters on oil yield at genotypic and phenotypic levels in

sunflower (combined over the four environments).

Pathways

Indirect effects

Characters Level Direct

effect PH
PH P 003 L
Stem D Pn dos 0007
Head D Pn 00 000
100-5W Iﬁl g:gg -3).3)029
swre Pn e 000
oi Ph_ o4 000

SD HD

100-SW SW/P il %

-0.02 -0.02 0.24 0.12
-0.006 -0.019 0.23 0.124
0.07 0.003 0.14 -0.10

0.003 0.147 -0.102
0.01 0.45 -0.01

0.401 -0.009
0.27 -0.10

0272

Residual effect = 0.126.
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Table (5): The coefficient of determination and relative importance (RI %) for six predictor characters on oil yield at
~ genotypic and phenotypic levels in sunflower (combined over the four environments).

Generations
Characters CD RI %
Genotypic Phenotypic Genotypic Phenotypic
Direct effect:
Plant height X)) 0.003 0.001 0.164 0.047
Stem diameter Xy) 0.006 0.001 0.378 0.087
head diameter (X3) 0.009 0.001 0.565 0.052
100-seed weight  (Xy) 0.003 0.003 0.216 0.211
Seed weight/plant (Xs) 0.899 0.963 56.84 62.157
0il % (Xe) 0.184 0.208 11.64 13.409
Total (direct) 1.104 1.177 69.803 75.963
Indirect effects:

X, 0.003 0.001 0.159 0.034

X, -0.002 0.0001 0.156 0.021

Plant height (X,) via X4 -0.002 -0.001 0.132 0.066
Xs 0.024 0.012 1.526 0.806

X 0.012 0.007 0.779 0.435

X, -0.011 -0.001 0.695 0.083

. . X, -0.001 0.0001 0.032 0.015

Stem diameter (X;)  via Xs -0.021 -0.011 1353 0.697
Xe 0.016 0.007 1.019 0.483

X, 0.003 0.001 0.170 0.043

Head diameter (X;) via Xs 0.085 0.023 5.381 1.468
X -0.002 -0.001 0.154 0.033

R . X5 0.032 0.031 2.002 2.007

100-seed weight (X9 via X, -0.012 -0.012 0.741 0.767
Seed weight/plant (X5) via X -0.239 -0.249 15.125 16.052
Total (indirect) -0.115 -0.1928 29.424 23.01
Total (direct+indirect) 0.989 0.9842 99,227 98.97

Residuals 0.011 0.0158 0.773 1.03

TOTAL 100 100 100 100

*The underline cells indicate to the highest values.
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