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ABSTRACT

The present investigation was carried out at the experimental farm of Sakhka
Research Station, Kafr El-Sheikh, during 2009 and 2010 seasons to study the
performance of 15 soybean genotypes for yield and its related tralts. A combined analysis
of variance and covariance were computed over the two seasons o estimate genolypic
and phenotypic variances using the pertinent mean square expeciations which help aiso
in estimating broad sense heritability (k’) and genetic advance expressed as % of general
mean. In addition, correlation and path analyses were computed beiween seed
weight/plant and its componenis being days fo flowering, days o maturity, plant height,
number of branches/plant, number of pods/plant and 100-seed weight. Resulls showed
significant differences among soybean genotypes for all studied tralts. Genotypes H32,
H2L12 and DR101 recorded the highest values of seed yield and seed welght/plant over
the two seasons, indicating that these genmotypes are promising and could be
recommended for release. On the other hand, the highest values of genotypic and
genotypic coefficient of variation were oMained with mumber of branches/plant, seed
Yield, number of pods/plant, seed weight/plant and plant keight indicating a wide range
of variation which provided a good opportunity for yleld improvement. Also, large
proportions of heritability coupled with high values of genetic advance (% of mean) were
recarded for seed yield, number of branches/plant and number of pods/plant, explaining
that these tralts have more chance for soybean yield development among the tested
genotypes. Highly significant and positive correlation coefficients were detected between
seed weight/plant and each of number of pods/plant, number of branches/plant, plant
height and days to maturity while only significant positive relation was observed between
seed weight/plant and days fo flowering. Regarding 100-seed weight, it had negative and
insignificant association with seed weight/plant. Path analysis showed that the traits of
number of pods/plant, number of branckes/plant and plant height were the most directly
contributed traits fo seed weightplant. As a resull, the three mentioned traits could be
used as selection criteria in the present soybean breeding program, where they were the
most importani traits in determining seed weight/plant.
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INTRODUCTION
Soybean (Glycine max L.) is an important source of high quallty,
inexpensive protein and oil. Soybean has the highest protein content (30-
45%) of all food crops and also contains a considerable oil content (15-
24%) comprising high percent of unsaturated fatty acids. So, it is highly
desirable in the human diet.



High yielding soybean cultivars could be achieved by introducing
well adapted varieties or through hybridization and selection for one or
more of major yield components. Therefore, sufficient genetic information
regarding the yield traits of soybean is essential and an important step to get
progress in soybean breeding programs. Besides, heritability is a measure of
phenotypic variance attributable to genetic causes; it is also a basic
component of calculating the genetic advance which indicates the degree of
gain in a character obtained under particular selection intensity.

On the other hand, the study of correlation along with path analysis
provides a better understanding of the association between yield and its
related traits. Path coefficient analysis separates the direct from the indirect
effects through other related traits by partitioning the correlation coefficient.

Several investigators took interest in evaluating soybean genotypes
and estimated the corresponding genetic parameters, such as Eisa et al
(1998), Hassan ef al (2001) and (2002), and Mohamed and Morsy (2005)
who found that soybean genotypes differed significantly for most studied
traits, Also, Hamdi ef al (2008) evaluated most the studied genotypes for
agronomic and seed technology characters. They found variebility among
genotypes for most studied characters. '

The genetic parameters of soybean traits were estimated by many
-researches among them, Mohamed ef ol (2000), Ganesamurthy and Seshadri
(2004), Malik et al (2006), Muhammad ef al (2006) and Muhammad er al
(2007) who emphasized that heritability alone is not enough to make
sufficient improvement through selection, especially in advanced
generations, unless accompanied by substantial amount of genetic advance.

] The study of casual relationship between yield and its related
characters occupied a large area of research in soybean (Pandey and Torrie
1973, Akhter and Sneller 1996, Shukla ef a/ 1998, Board ef al 1999, Ball er
al 2001 and Oz et al 2009).

The present study was planned to investigate the yielding ability and
to estimate the genetic parameters, correlation and path analysis to identify
the best genotypes that may be exploited in the future by soybean breeders.

MATERIALS AND METHODS
A field experiment was carried out at the experimentalfarm of Sakha
Research Station, Kafr EI-Sheikh, during 2009 and 2010 summer seasons fo
study the performance of 15 soybean genotypes for yield and its
components. The experimental design was a randomized complete block
(RCBD) with three replications. The pedigree, maturity group, flower color
and origin of the tested genotypes were presented in Table (1).
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Table 1. The pedigree, maturity group, flower color and origin of tested
soybean genotypes.

No. | Genotype Pedigree hzart(:lur::y F:::;:r Origin
1| H113 Giza 21 x Major M | Purple FCRI *
2 | H117 |D89-8940xGizalll | I White FCRI *
3 | H127 | D89-8940xGiza82 | IV White FCRI *
4 | H129 | D76-8070xGiza35 | IV White FCRI *
5 | H132 | Giza35x Giza 83 v Purple FCRI*
6 H 30 Crawford x L 62-1686 m Purple FCRI *
7 | H32 | Giza21x186k73 v White FCRI *
8 |H2L12 | Crawford x Celest v Purple FCRI *
9 | HISLS |Crawford x D 79-10426] IV Purple FCRI *
10 | Toano Ware x Essex Vv Purple | AES, USA **
11 | Holladay | N 77-179 x Johnston v Purple | AES, USA **
12 | DR1M1 Introduction v Purpie USA *#*
13 | Giza 21 |[Crawford (L7) x Celest v Purpie FCRI *
14 | Giza 111 | Crawford (L7) x Celest| IV Purple FCRI *
15 | Crawford | Williams x Columbus | IV | Purple | USA #*+

* FCRI = Field Crops Research Institute, Giza, Egypt.
** AES, USA = Agricultural Experiment Station, USA.
*nk USA = 1. S. Regional Soybean Laboratory at Urbana, Illinois, and Stoneville, Mississipi.

Each plot consisted of six ridges, 70 cm apart and four m long. Seeds
of all genotypes were inoculated by specific rhizobia and then hand planted
at dgnsity of 20 plants per a meter of a linear ridge on 20 May 2009 and 27
May 2010. All other agricultural practices were conducted as recommended
for Sakha location.

The data of days to flowering, days to maturity, were recorded on
plot basis. Ten guarded plants were randomly taken from each plot to
measure plant height {cmn), number of branches/piant, number of pods/plant,
100-seed weight (g) and seed wclght/pla.nt (g). Also, data of seed yield was
determined from the central area (8 4 m? in each plot, then transformed to
ton/fed.

A combined analysis of variance and covariance were computed
over the two seasons to estimate the genotypic and phenotypic variances
using the pertinent mean square expectations which help also in estimating
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genotypic and phenotypic coefficients of variation. The analysis of variance
was done according to Snedecor and Cochran (1980) while the genetic
parameters were estimated according to the method suggested by Johnson et
al (1955). The broad sense heritability (h”) and genetic advance in terms of
percentage of means (with 5 % selection intensity) were estimated as
described by Allard (1999). On the other hand, Levene test (1960) was used
to satisfy the assumption of homogeneity of variances before running the
combined analysis.

' The methodology proposed by Dewey and Lu (1959) was used in
running path analysis for seed weight/plant and its components keeping seed
weight/plant as resultant variable and its cornponents as casual variabies.

RESULTS AND DISCUSSION
Mean performance

The results of Levene test confirmed the homogeneity of variances
for all studied characters which allowed applying the combined analysis.
Accordingly, mean performance of soybean genotypes for seed weight/plant
and its related traits over the two seasons 2009 and 2010 was presented in
Table (2). The results revealed significant differences among the tested
genotypes for all studied characteristics. Genotypes; Toano, Holladay, and
DR 101 were the latest in flowering and maturity recording (48 and 138), (51
and 137), and (48 and 139 days) over the two seasons, respectively.

On the other hand, F132 was the earliest in flowering (38 days)
while H2L12 was errlier in flowering and maturity recording averages of 39
and 119 days over both seasons, respectively. The current results are in_
harmony with those obtained by Mohamed and Morsy (2005) and Hamdi e
al (2008).

H129 had the tallest plants (113.7 ¢cm) while Holladay was the
shortest (62.1 cm) per plant. Genotypes: Toano, Holladay and Giza 111
gave the highest number of branches/plant being (3.3, 3.2 and 3.1),
respectively, with no significant differences among them over both seasons.
Similar results were obtained by Eisa et a/ (1998) and Hassan et af (2001
and 2002).

Regarding number of pods/plant, Crawford DR 101 and H32
genotypes produced the largest number of pods/plant being 85.8, 83.7 and
82.9, respectively compared with H113 which recorded the lowest number
of pods/plant (43.6). However, the heaviest weight of 100-seeds (17.2 g)
was produced by DR 101 genotype compared to genotype I129 that gave
the lightest weight of 100-seed: (13.73 g).

The results showed that H32, H2L12 and DRI101 genotypes
surpassed the other tested ger.otypes for both seed weight/plant and seed
yield recording 27.9, 27.6 and 25.6 g/plant, and 1.96,1.74 and 1.74
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Table 2. Mean performance of some yield traits for the tested soybean
genotypes (combined over 2009 and 2010 seasons).

DF PH 100- | SWP | SY
Genotype| @ | DM | (opyy | NBP | NP lsw )| (1) |tomted)

H113 | 41 | 124 | 835 | 1.8 | 436 | 166 | 173 | 116

H117 | 45 | 130 | 955 | 18 | 649 | 156 | 216 | 1.19
H127 | 42 | 126 | 864 | 22 | 681 | 151 | 168 | 110
H129 | 49 | 129 | 113.7| 26 | 714 | 137 | 244 | 168
H13z | 38 | 125 | 936 | 1.8 | 661 | 162 | 213 | 132
H30 39 132 933 1.7 64.6 16.4 23.6 1.57
H32 45 137 108.9 29 829 15.7 279 1.96
H2L12 39 119 106.7 2.4 79.1 14.9 27.6 1.74
HISLS 40 127 96.9 2.6 61.4 15.5 21.4 1.25
Toano | 47 | 138 | 852 | 33 | 717 | 157 | 248 | 1.69

Holladay| 51 | 137 | 620 | 3.2 | 743 | 160 | 244 | 169

DR101 | 48 | 139 | 809 | 3.1 | 83.7 | 172 | 256 | 1.74
Giza21 | 39 | 127 | 1033 | 22 | 722 | 168 | 228 | 156
Gizalll| 39 | 125 | 1057 | 3.1 | 790 | 163 | 251 | 1.72
Crawford] 40 | 121 | 1003 | 23 | 858 | 165 | 240 | 1.63
LSDogs | 1.12 | 652 | 925 | 022 | 1144 | 063 | 349 | 021

@ DF —-:':'dlyu to flowering, DM= days to maturity, PH = plant height, NB/P = no. of
branches/plant, NP/P = no. pods/plant, 100-SW = 100 - seed weight, SW/P = seed weight/plant
and SY = seed yield (ton/fed).

(ton/fed), respectively while H127 and H113 genotypes were inferior to the
mentioned genotypes recording 16.8 and 17.3 g / plant, and 1.10 and 1.16
ton/fed, respectively.

This finding is in agreement with those reported by Hassan et al
(2001 and 2002), Mohamed and Morsy (2005), and Hamdi et al (2008).

Genetic parameters .

Genotypic and phenotypic variances, - genotypic and phenotypic
coefficients of variation (GCV and PCV), broad sense of heritability (hz),
and genetic advance expressed as percent of mean for the studied traits are
shown in Table (3).

Because the variance as a measure of variability (phenotypic or
genotypic) is affected by the measure unit of traits, it is seldom to be used in
comparisons. Accordingly, the comparison among yield traits concerning
the degree of variability was made using the magnitude of coefficient of
variation which is an absolute measure of variability.
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Tabie 3. Estimates of genetic parameters for some yield traits in soybean.

Variancesr

Coefficient of variation

ﬁ _
i
: Genetic -
* Character ‘ Herita:bility advance E:pected GA
! . . . | Genotypic | Phenotypic () GA (% of mean)
Genotypic | Phenotypic (GA) .
(GCV) (PCY)
Plant height (cm) 117.48 160.9 11.48 13.44 73.02 19.08 20.22
{ Tio. of branches/plant 0.25 0.30 20.38 2238 82.90 0.94 3823
No. of pods/plant 100.50 115.85 14.07 15.10 86.75 1924 2699
100 - seed weight (g) 0.60 0.72 4.88 5.35 83.34 1.46 9.18
Days to flowering (1325 16.90 8.47 9.57 78.40 6.64 15.46
Days to maturity 29.09 37.85 4.18 4.77 76.86 9.74 1.55
Seed weight/plant (g) 7.52 9.80 11.82 13.50 78.71 495 21.32
— T
Seed yield (ton/fed) 0.057 0.066 15.59 16.77 86.47 45.81 29.87
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The estimate of (GCV) was only high for number of branches/plant
(20.38) while moderate values of (GCV) were recorded with seed yield
(15.59), number of pods/plant (14.07), seed weight/plant (11.82), plant
height (11.48), and days to flowering (8.47). The remaining two traits
showed low estimates of (GCV).

On the other hand, the values of (PCV) were slightly higher than the
values of (GCV) for all traits which reflect somewhat influence of
environment on the expression of traits. In accordance, the selection would
be effective to improve these traits among the studied genotypes. Similar
findings were reported by Mohamed and Morsy (2005), Malik ef al (2006)
and Muhammad et al (2007).

It has to emghasize that, without considering genetic advance, the
heritability values (h“) would not be practically important in selection based
on phenotypic appearance. Johnson et al (1955) confirmed that heritability
estimates along with genetic advance would give a more reliable index of
selection value. '

In the present investigation, high values of heritability coupled with
high values of genetic advance (as % of mean) were recorded for seed yield,
number of branches/plant, number of pods/plant, plant height and seed
weight/plant indicating the importance of the additive gene effects, so,
selection would be effective in early generations for these traits.

High values of heritability accompanied with low genetic advance
for 100-seed weight, days to flowering and days to maturity are indicative of
non-additive gene effects. Therefore; limited scope for improvement of
these traits is expected under the tested genotypes. The current conclusions
are supported by Muhammed et al (2006) and Muhammed et al (2007) who
confirmed that plant breeders can safely make their selection when they take
in consideration high values of heritability and genetic advance.

Correlation matrix

The correlation coefficients among all pairs of studied characters of
soybean over-the two seasons are given in Table (4).

The results showed that there was a highly significant posmve
correlation between seed weight/plant and each of number of pods/plant
{0.783), number of branches/plant (0.598), plant height (0.353) and days to
maturity (0.309). Days to flowering bad only significant positive association
with seed weight/plant. It is suggested that seed weight/plant of soybean
may be raised through selection for lateness, tallness, more pods and
branches .per plant, which is evident in the present study. However,
insignificant association between 100-seed welght and seed weight/plant (-
0.062) was also observed, indicating that the two traits may be independent
in their genetic behavior under the tested genotypes.



Table 4. Correlation matrix for some yield — related traits in soybean.

gharacter | PW | NOD | NBB livosw) or | pm | swe
Plant height 1| -0.18 | 0.254% L0.417**.0.492%%|.0.479%+|0.353%*
®H) _
No. of
branches/plant 1 |0.598%*| -0.072 |0.609**(0.539**|0.508+*
(NB/F) |
No. of pods/plant
1 ] 0018 ] 0179 | 0.183 [0.783%*
(NB/P)

100-Seed weight 1 L0.277%% 0.166 | -0.062

Days to flowering 1 |0.798*+ 0.228*
(DF) ’

Days to maturity 1 0.309%*
(DM) )
Seed

weight/plant 1
(SW/P) :

* and ** : Significant and highly Significant at probability levels 0.05 and 0.01. respectivel

The yield components exhibited various trends of association among
themselves. However, highly significant negative correlations of plant
height with each of 100-seed weight, days to flowering and days to maturity
were observed reporting that most of short genotypes (such as Toano and
Holladay) were late maturing and had light weight of 100-seeds but they
produced more pods per plant according to the significant positive
association between plant height and number of pods/plant (Table 4).

Number of branches/plant had highly significant positive correlation
with number of pods/plant, days to flowering and days to maturity
explaining that late maturity genotypes produced more branches and pods
per plant.

It is important to note that the large samplie size (n=30) of data may
be the reason of the significance of some correlation coefficients although of
small magnitudes.

These results concur with those reported by Pandey and Torrie
(1¢73), Akhter and Sneller (1996), Ball et o/ (2001), Mohained and Morsy
(2005), Muhammad er af (2006), Muhammad et al (2007) and Hamdi et a/
(2068).
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Path analysis

Information obtained from correlation coefficients can be augmented
by partitioning the cortelation coefficients 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.

In the present investigation, the resultant variable was seed
weight/plant while the remaining characters represented the casual
variables. The matrix of direct and joint effects for the six yield — related
traits on seed weight/plant are shown in Table (5).

Table 5. Path coefficients (direct and joint effects) of seed weight/plant
and ifs related traits in soybean.

Character| PH NB/P | NP/P |100-SW | DF DM Swir

PH 0.537 | -0.045 | 0.109 | -0.076 | -0.078 [ -0.095 [0.353%+

NB/P | 0097 | 0.247 { 0258 | -0.013 | 0.096 | 0.107 |[0.598*+

NP/P 0.136 | 0.148 | 0.431 0.003 | 0.028 { 0.036 }0.783**

100-SW | 0224 | -0.018 | 0.008 0.183 | 0.044 | 0033 | -0.062

DF -0.264 0.15 0.077 | -0.051 } 0158 | 0.158 | 0.228*

DM 0257 | 0.133 0.079 0.03 0.126 |{ 0.197 |0.309**

Residual effect = 0.489.
The direct effects occupied the diagonal cells,

It is worthy to note that all the direct effects (diagonal values} were
positive and below one, suggesting that inflation due to multicolinearity was
minimal (Gravois and Helms 1992). The maximum direct effect was observed for
plant height (0.537) followed by number of pods/plant (0.431) and number of
branches/plant {0.247). The high positive direct effects of the previous mentioned
traits in addition to their highly significant correlation coefficient with seed
weight/plant indicated that the direct selection through these traits would be
effective for soybean improvement. Similar results were obiained by .0z et al
(2009). On the other hand, the direct effects of 100-seed weight, days to flowering
and days to maturity were positive and of secondary importance recording 0.183,
0.158 and 0.197, respectively.
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In fact, the usctulness of path-coefficient analysis is apparent here.
The discussion of present results at only simple correlation coefficient level,
revealed that the relation between 100-seed weight and seed weight/plant
was not significantly different from zero (-0.062). When the indirect effects
are separated from simple correlation coefficient by path analysis, however,
the direct effect revealed a positive and moderate relationship between 100-
seed weight and seed weight/plant (0.183). The current results were in
parallel line with those obtained by Muhammad er a/ (2006) and
Muhammad ef a/ (2007).

The indirect effect of plant height on seed weight/plant via number
of pods/plant was positive and low (0.109) while its indirect effects via the
other characters were negative and negligible. Only one considerable
component of indirect effect was recorded for number of branches/plant via
number of pods/plant being 0.258. Also, it is noticed that the indirect effects
of number of pods/plant on seed weight/plant through their association with
number of branches/plant and plant height were small and almost
counterbalance being 0.148 and 0.136, respectively. Trivial components of
indirect effects were obtained for number of pods/plant via the remaining
traits,

Generally, it could be reported that the indirect effects for plant
height, number of pod/plant and number of branches/plant were less
important compared to their direct effects.

The importance of indir. :t selection could be considered in the
absence or negligible values of direct effects. The current results were in
harmony with those obtained by Akhter er af (1996), Shukla er al (1998),
Board et al (1999), Ball ez al (2001) and Oz et al (2009) who indicated the
importance of path analysis when dec:dmg upon selection criteria using
yield components.

The component of mdlrect effects was more important than the part
of direct effect considering the traits of 100-seed weight, days to flowering
and days to maturity. The marked parts of their- joint effects on seed
weight/plant were especially those via plant height recording -0.224 for 100-
seed weight, -0.264 for days to flowering and -0.257 for days to maturity.
Thus, simultaneous selection which takes into account these pairs of
characters would be effective for improvement of seed yield in soybean.

The coefficient of determination and relative importance according
to path analysis for seed weight/plant and its related characters are shown in
Table {6). The results revesled that the greatest parts of seed weight/piant
variation were accounted for by the direct effects of plant height (17.22),
number of pods/plant (11.1) and nummber of branches/plant (3.65). The great
- contribution of these characters on seed weight/plant plus the facility of
visually selecting them supported their importance as selection criteria in
soybean selection program.
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Table 6. The coefficient of determination (CD) and relative importance
(RI %) according to path analysis of seed weight/plant and
its components in soybean.

Characters i CD | RI %
Direct effects
- Plant height (X1) 0.288 17.22
No. branches/plant (X2) 0.061 3.65
No. pods/plant (X3) 0.186 11.10
100 — seed weight (X4) 0.033 2.00
Days to flowering (X5) 0.025 1.49
Days to maturity (X6) 0.039 2.33
Total (direct) 0.632 37.79
Indirect effects

X2 -0.048 2.85

X3 : 0.117 7.00

X1 via X4 -0.082 4.89
X5 - -0.084 4.99

X6 .102 6.06

X3 0.128 7.61

X2 via X4 -0.007 0.39
X5 6.048 2.84

X6 0.053 314

X4 0.003 0.17

X3 via X5 0.024 1.45
X6 0.031 1.86

' X4 via X5 -0.016 096
- X6 0.012 0.72,

X5 via X6 0.050 2.98
Indirect total (absolute) 0.803 , 47.94
Total (direct + indirect) 1.435 85.73
Residuals 0.2391 14.27
Absolute total 1.675 100
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Regarding the relative importance for the components of joint
effects, it appeared that the highest value was observed for the indirect
effect of number of branches/plant on seed weight/plant through its
association with number of pods/plant (7.61 %) followed by the joint effect
of plant height via number of pods/plant (7.0 %).

Also, considerable values of relative importance were listed for the
joint effects of plant height via days to maturity, days to flowering and 100-
seed weight (6.06 %, 4.99 % and 4.89 %, respectively). Small values of
relative importance ranging from 0.17 % to 3.14 % were obtained by the
other direct and indirect effects.

Totally, the studied characters explained 85.73 % of seed
weight/plant variation. Accordingly, the residual component (14.27 %) may
be attributed to unknown variation (random error), human errors during
measuring characters and/or some other traits that were not under
consideration in the present investigation.

In fact, path coefficient analysis gave somewhat a different picture than
correlation coefficient did.

On the basis of obtained results of the present investigation, among
the components of seed weight/plant, number of pods/plant, number of
branches/plant and plant height are the most reliable yield components as
selection criteria. These traits have a considerable value of genotypic
coefficient of variation and also secured large degree of heritability coupled
with the highest values of genetic advance (% of mean). Furthermore, they
reflect highly significant positive correlation with seed weight/plant and
their direct effects on yield formation process is also positive and the_
highest over the other yield atiributes.
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