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ABSTRACT

This investigation aimed to evaluate heterosis percentage as well as general and
specific combining abilities (gca and sca) by using top crosses-system between four
genotypes of soybean (Glycine max (L.) Merr), namely, Giza22, Giza111, Crawford and
Clark, were used as females top crossed to each of the three different male testers, namely,
L86-K-73, PI-416.937 and Hartwig. The following characters were measured: plant height,
number of branches per plant, number of days to flowering, number of days to maturity,
number of pods per plant, number of seeds per plant, 100-seed weight and seed yield per
plant.

Genotypes, parents, crosses and parent vs. cross mean squares were found to be
highty significant for all the studied fraits. Relative estlmates of variance due to general
combining ability (¢? gca) and specific combining ability (6® sca) indicated that (o sca)
played a major role in the inheritance of all traits. The male tester L86-K-73 gave the highest
positive significant (gi) effect than the other two testers for number of pods per plant,

number of seeds per piant and seed yield per plant. The female Giza111 behaved as a good
combiner for number of branches per plant, number of pods per plant, number of seeds per
plant and seed yield per plant and it was the second for 100-seed weight. The desirable
inter- and intra-allelic interactions were represented by crosses (L86-K-73 x Giza22), (PI-
416.937 x Clark) and (Hartwig x Clark) for number of pods per plant, number of seeds per
plant and seed yield per plant. Highly significant positive {sca) effects were detected for
seed yield per plant in top crosses (L86-K-73 x Giza22), (L86-K-73 x Giza111), (LB6-K-73 x
Crawford), (P1-416.937 x Clark) and (Hartwig x Clark). All top crosses showed highty
significant positive heterotic effects relative to mid and betler parent values for number of
pods per plant, number of seeds per piant, 100-seed weight and seed yield per plant. The
top cross (LCB6-K-73 x Giza111) exhibited the highes: significant vaiues for mean of yield and
its components,

INTRODUCTION

The plant breeder is interested in the determination of gene effects
to establish the most advantageous breeding programs for the
improvement of the desired characters (Tawar et al., 1990) especially for
soybean because it is an important source of protein and good quality oil
free of cholesterol, its seeds contain about 14 to 24% or more oil and about
45 to 48% protein (Brim and Burton, 1979). It is widely used in Egypt for
human and poultry consumptnon Therefore Egyptian plant breeders have
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intensified their efforts to increase soybean yield and yield components to
meet the increasing demand for oil and protein production.

The combining ability analysis gives very useful information with
regard to selection of parents based on performance of their hybrids for the
development of hybrids. Moreover, the combining ability analysis gives the
nature and magnitude of various types of gene action involved in the
expression of quantitative traits (El-Hosary et al., 1994 and Mansour ef al.,
2003).

The performance of F; hybrids in comparison with that of the
parents provides the first opportunity in the sequence of events in hybrid
populations to obtain information of gene action. Heterosis effects ranged
from significantly positive to significantly negative values. These differences
in percent heterosis might be due to genetic differences of the parents used
and or non-allelic interactions which can either increase or decrease the
expression of heterosis (Bond, 1966 and Bastawisy ef al., 1997).

The present investigation was carried out to: i) estimate the relative
importance of generai combining ability “gca” and specific combining ability
“sca”, and ii} determine the magnitude of heterosis for yield and its
components and other agronomic characters in a set of top crosses
involving new local genotypes and exotic parental strains.

MATERIALS AND METHODS

The present study was carried out in the summer growing season of
2004 and 2005 at Etay El-Baroud Research Station, Beheira Governorate,
Egypt. In the first season, four female lines of soybean were top-crossed to
each of three different male testers. The lines were Giza22, Giza111,
Crawford and Clark. The testers were L86-K-73, PI-416.937 and Hartwig.
The parental genotypes are briefly described in Table (1).

Table (1): Maturity group, pedigree, growth habit, flower colour and
origin of the soybean genotypes.

Genotype ﬂ? Pedigree Growth habit f;g‘g:: QOrigin
Tester
L86-K-73 | L73-4673 x L76-0132 indeterminate = White U.S.A
PI-416.937 \% An Introduction from U.S.A. Determinate Purple US.A
Hartwig v Forrest x P1437-654 Indeterminate  White US.A
Line ’
Giza22 v Crawford x Forrest Indeterminate  Purple  Egypt
Giza111 v Crawford x Celest indeterminate  Purple  Egypt
Crawford v Wiiliams x Columbus Indeterminate  Purple  U.S.A
Clark I\ Lincoln x {Lincoln x Richland) Indeterminate Purple  U.S.A
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In the second season, seven parental genotypes and twelve top
crosses were evaluated in-a randomized complete block design with three
replications. Each plot consisted of three ridges of 3 m length and 60 cm
width. Hills were spaced 20 cm with one seed per hill in one side of the
ridge. All the recommended cultural practices were applied. Flowering time
(in days) was recorded at 50% flowering of plants and maturity time (in
days) was recorded at 95% pods maturity. At harvest, ten individual
guarded plants were taken at random from each experimental plot to
provide measurements for the following characteristics: plant height (cm),
number of branches per plant, number of pods per plant, number of seeds
per plant, 100-seed weight (g) and seed yield per plant (g).

Combining ability analysis and the estimation of various effects
were conducted based on procedure developed by Kempthorne (1957).
The heterotic effects of F, crosses were estimated as percentage of over
mid and bhetter parents (Mather and Jinks, 1971).

RESULTS AND DISCUSSION

Results of statistical analysis in Table (2) reveaied highly significant
differences among tested genotypes: parents, crosses and parent vs. cross
for all the studied characters. Mean squares due to femaies were highly
significant for all traits except number of days to maturity and 100-seed
weight. In addition, male mean squares were significant for all the studied
characters except number of branches per plant. Highly significant
differences of females x males interaction were obtained, indicating that
females (lines) were not similar in their expression for the performance of
their crosses with each male (tester). These resulis confirmed the existence
of genetic variability for all variables in the selection material for study.

The estimates of the variance due to general combining ability
(6°gca) and specific combining ability (a’sca), presented in Table (2),
showed that highly significant mean squares due to both (gca) and (sca)
were obtained for all studied traits except {gca) for 100-seed weight. Such
results indicated that both additive and non-additive gene effects played an
important role in the inheritance, for al! of the studied traits. However, 100-
seed weight, which represents non-additive type of gene action, was
_involved in determining the performance of top crosses progenies. These
results were in accordance with the findings of Cruz et al.(1987), Jockovic
et al.(1988), Harer and Deshmukh (1991) and Mansour et a/.(2003).

General combining ability (gca) effects (gi) for individual lines
(females) and testers {(males) in each trait are presented in Table (3). The
male (tester) L76-K-73 was the superior combiner for all studied traits
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because it expressed highly significant (gi) effects except number of
branches per plant which showed no significant (gi) effects, followed by the

tester Hartwig next the tester Pl-416.937. Therefore, the tester L86-K-73
could be considered as an excellent tester in breeding for high yield
potentiality. The female (line) Giza22 behaved as good combiner for all
characters studied, except number of branches per plant, number of days
to maturity and 100-seed weight, followed by female Crawford. Moreover,
the female Clark expressed highly significant negative (gi) effects for

number of branches per plant and number of pods per plant. On the other
hand, the female Giza111 expressed highly significant positive (gi) effects

for number of branches per plant, number of pods per plant, number of -
seeds per plant and seed yield per plant. These resuits suggested that a
greater opportunity for selection would be possible for yield and its
components.

The estimated specific combining ability effects (Sij) of the top
crosses were computed for all the studied traits as shown in Table (4). The
data indicated that four top crosses. (L86-K-73 x Giza22), (L.86-K-73 x
Crawford), (P1-416.937 x Clafk) and (Hartwig x Clark) had the highest and
highly significant positive (Sij) effects for number of seeds per plant and
seed yield per plant. On the other hand, the respective crosses had highly
significant negative (sij) effects for same traits. However, the cross (PI-

416.937 x Clark) expressed highly significant positive (Sij) effects for all

traits, except number of days to flowering which was highly significant
negative and no significant effect for number of days to maturity.

A great deal of interest was devoted to select crosses combining
both good general combining parents and crosses involving one good and
one poor combining parent with (Sij) effects as well as high heterosis. In

addition, it is worthwhile for breeder to initiate his program using parents
characterized by good (gca) for seed yield and its components. These
results are in accordance with those obtained by Cruz et al.(1987), Harer
and Deshmukh (1991), El-Hady et a/.(1991) and Mansour et a/.(2003).
Results in Table (5) presented means of parents and their F, for the
studied characters. it is clear that parental Clark recorded the highest
parent with respect to plant height (106.87 cm), number of pods per plant
(176.26), number of seeds per plant (422.4) and seed yield per plant (45.75
g). However, the parental PI-416.937 had the lowest value for the same
traits (75.05, 85.46, 221.86 and 22.49), respectively. The parental tester
L86-K-73 behaved as the earliest for maturity (95 days), however, tester
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Hartwig was the latest one (134.67 days). The mean performances of top
crosses are presented in Table (5). The obtained results indicated that top
cross (L86-K-73 x Giza111) gave the highest value for number of pods per
plant, number of seeds per plant and seed weight per plant (273.86, 668.22
and 98.23 g), respectively. However, the top cross (Hartwig x Clark) had
the lowest value for the same traits (194.66, 45379 and 70.81 q),
respectively. The top cross (L86-K-73 x Clark) was the earliest for flowering
and maturity date (34 and 115 days), however, the top cross (Hartwig x
Clark) was the latest one (50 and 129.67 days). The top cross (Pi-416.937
x Clark) gave the highest value for plant height (115.11 ecm) and number of
branches per plant (4.6}

Heterosis expressed as the percentage deviation of F; mean
performance from its mid and better parent average values for all the
studied traits, are presented in Table (6). All top crosses expressed highly
significant positive heterotic effects relative to mid and better parent values
for number of branches per plant, number of pods per plant, number of
seeds per plant, 100-seed weight and seed yield per piant. All top crosses
also showed highly significant positive heterotic effects relative to better
parent only for flowering date, however, three top crosses exhibited
significant positive heterotic effects relative to mid and better parents for
maturity date. For plant height, six and two top crosses expressed
significant positive and negative heterotic effects relative to mid parent.

Different values of heterosis might be due to genetic diversity of the
parents with non-alielic interactions, which increase or decrease the
expression of heterosis (Hyman, 1957). Even in the absence of epitasis
multiple alleles at a locus could lead to either positive or negative heterosis
(Cress, 1968). These results are in agreement with those obtained by
Paschal and Wilcox (1975}, Mehta et al. (1984), Tawar et al.(1990), El-Hady
et al.(1991), ibrahim et al.(1996) and Mansour et a/.(2001).

Hence, it could be concluded that these top crosses offer possibility
for improving seed yield in soybean. These findings revealed that a
hybridization program based on these materials wouid be useful.
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Table (2): Mean squares from the ordinary analysis of variance and estimates of the general and
specific combining ability variances (czgca and czscg) for ail studied traits in soybean.

. No. of 100-seed Seed yreld
sov.  at PENSEN oo, Noofdays Noofdaysto No ofpods Noofseeds [ pllf U
iplant g Y P P {9 (@)
Replications 2 5701 0.018 2,369 2.86 94 629 83.977 0.3 8.647
Genotypes 18 255674 1.622*" 210, 749™ 223 577 7518.855™ 33141.263™ 14.841** 1053.163*
Parents 13} 343.963" 0713 432.825™ 463.937* 3953.292*" 38415.821™ 4.536™ 311.483*
Crosses 11 169 637 0.432™ 104 687** 95.747% 4143.899"* 31078.664** 1.823* 529.456**
Lines (females}) 3 31.056"" 0.37* 4667 7.213 3200.667* 27574.85" 0.291 689 BO7**
Testers (mafes) 2 589.179* 0.022 529.862*" 496 8681** 4703.028"  41758.03* 3.668™ 401.516*"
Line x tester & 110.25"* 0.601*" 12 972 6.417 4429 139"  29270.882" 1.96** 491.926*
Parent vs. cross 1 6571138 20.123™ 44 966" 177 545 7323665 24179.569™ 219.972** 11264 .021*
Error 36 5553 0034 0.757 28.267 54.724 431567  0.16 4918
Sigca 5.258™ 0.08" 4.072™ 5.825* 18.69*" 349.876* 0.009 5.899*"
&cao 34,8827 G188 6.053" 7.28% 1458.138"* 9613 105" 1.169* 162.336"

* and ** = significant at 0.05 and 0.01 levels of probability, respectively.

Table (3): Estimates of general combining ability effects for the studied traits in soybean.

Parent Plant height No. of branches Ne. of days to No.ofdaysio  No. of pods
{cmy} fplant flowering maturity fplant
Male (tester)
L86-K.73 -7.119™ -0.038 -7.639* -7.381 17.694"
P1-416.937 6.885" -0.006 3,195 2.805 4.028"
Hariwig 0.23 0.044 4 445** 4 555 -21.722
SE. (QI) 068 0053 0.251 1.535 2.13
0.962 0.075 0.355 2171 302
SE (gi-gj)
Female (fine)
Giza22 2.095* -£.07 1.00™ 0722 -17.00*
Giza111 0.083 0.3* -0.333 0.164 19.333*
Crawford -2.428* -0.085 -0.666" -1.27 13.00%
Clark 0.25 -0.145" 0.00 0.387 -15.333%
SE. (QI) 0.785 0.061 0.291 1.772 2.46
) 1111 0.087 0.41 2.506 3.49
SE {gi—gj)

* and ** = significant at 0.05 and 0.01 levels of probability, respectively.

No. of seeds
‘plant

67.449™

-41 861"

-25 487+
5.997
8.481

-55.652"

74,303

-23.46**
-4.811
6.925
9.793

100-seed weight Se;?a‘::te;d
i0)
S )
-0.637"" 6.482*
0.29* -4.638**
0.347* -1.844*"
0.115 0.64
0.163 0.905
0.155 -8.258*
0.144 12.187*
-0.083 -3.624*"
-0.212 -0.305
0.133 0.739
0.189 1.045
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Table (4): Estimates of specific combining ability effects for the top crosses studied in soybean.

Crosses Plant height br:g;:g;s No. of days to No. of daysto No. ofpods  No. of seeds 1&‘??’ Seffafte'd
{om) Jplant flowering maturity fplant Iplant (g% p(g)

L86-K-73 x Giza22 -3.404™ 0.25* 0.25 1.361 19.75™ 91.597+ -0.969™ 7.622"
L86-K-73 x Giza111 -4,525" 0.35* 0.749 .083 43417+ 17.062 0.272 4337
L86-K-73 x Crawford 3.386™ -0.061 0.74% 0.028 5,918 52,153 0.33 9.348*
L86-K-73 x Clark 4141 -0.539" -1.25* -1.306 -57.251* 160813 0.365 -21.307*
P1-416.937 x Giza22 -0.656 .45 -1.084* -1.805 -10.25* -31.093" 0.115 3720
Pl-416.937 x Giza111 {333 0.316™ 1.248" 1.084 -12.25" 10.512 -0.605™ -2.683*
P1-416.937 x Crawford -3.222* 0.204 1.249" 0.862 8917 52,342+ 0144 B.446™
Pl-416.937 x Clark . 41 0.562* 1418 0439 . 31.416" 72921 0.631* 14,301
Hartwig x Giza22 3y 0.199 1.344" 0.445 45 60.504™ 0.853" 4. 449"
Hartwig x Giza111 4,858 0.033 -2.00" -0.999 -31.156* -27 575" 0.3 -1.654
Hartwig x Crawford 0564 0.144 -2.00" -0.888 14,823 0.188 0.189 -0.903
Hartwig x Clark -8.242" 0.022 2.686™ 1.449 25.833 87.89™ 0.994™ 7.006"
SE (§ij) 1.361 0.106 0.502 3.07 4.27 11.994 0.231 1.28
SE. (§|j - §kl) 1.924 0.151 0.71 4.341 6.04 16.962 0.327 1.811

* and ** = significant at 0.05 and 0.01 levels of probability, respectively.
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Table (5). Mean performance of 12 top crosses between 4 lines and 3 testers for the studied characters

in soybean.
. No. of 100-seed  Seed yield
Plant height No.of daysto No.ofdaysto  No.ofpods  No. of seeds .

Genolypes branches . ; weight fplant

(cm) Jolant flowering rnaturity Iplant folant @ Q)
L86-K-73 94.64 2.7 30.00 95.00 109.34 26268 9.36 25.78
Pl-416.937 75.05 320 49,67 129.33 85.46 221.86 9.64 22.49
Hartwig 99.71 347 63.00 134,67 140.09 350.22 12.71 4572
Giza22 93.59 357 38.00 119.33 121.97 25761 10.90 B4
- Gizal!1 104.66 2.50 40.33 120.33 132.46 309.96 11.38 37.30
Crawford 102.00 273 . 3833 11800 129.00 33669 12.18 41.04
Clark 106.87 297 28.00 120.67 176.26 42240 10.83 45.75
LB6-K-73 x Giza22 95.32 433 36.00 118.00 213.39 554.81 13.62 76,66
L86-K-73 x Giza111 92.21 4.80 3568 116.00 273.86 668.22 14.85 98.23
LB6-K-73 x Crawford g8.00 400 35.33 114.67 21765 576.77 14.89 8273
L86-K-73 x Clark 101.03 147 34.00 115.00 22152 511.71 14.59 76.68
Pl-416.937 x Giza22 112.28 367 46.00 125.00 195.77 458.10 15.64 7267
Pl-416.937 x Giza111 110.40 417 47.00 127.33 230.60 598.43 14.91 89.12
PI-416.937 x Crawford 105.00 4.30 45.67 125.67 227.36 £53.88 15.14 81.87
Pl-416.937 x Clark 115.11 4860 44.67 126.33 23941 597.15 1578 94.15
Hartwig x Giza22 110.03 437 49.67 129.00 201.64 450.44 16.43 86.77
Hartwig x Glza111 108.93 450 45.00 127.00 212.38 530.95 15.89 89.36
Hartwig x Crawford 101.00 4,00 44 67 12567 224.36 560.94 15.15 82.97
Hartwig x Cark 96.09 407 50.00 120.67 194.66 453.79 14,21 70.81
L.5,Do.s 3.89 0.30 1.44 8.77 12.21 34.28 0.66 347
L.S.0np 520 0.41 1.92 11.74 16.33 45.86 0.88 4.85
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Table (6): Percentage values of heterotic effects relative to mid and better parents for all the
studied traits in soybean.

Plant helght No. of branches No. of days Ho. of days Ho. of pods No.of sesds  100-seed weight Serd yieid
{em} fpiant 1o Howering to maturity fplant Jplant "’(‘;)'“
Crosses

MP 8P MP BP »P B.P P BP Mp BP MP BP Mp B.Ff MP BP
LB8-K-T3 x Giza22 123 089 4825  21.29" 588" 20.00"  10.11% 24217 8442 T495"  QR.04™  BGAZ™  J4M5™ 2495 14642 11037
L86-K-73 x Glral?1 SJAST 191N 10147 9200 141 1887 TI¢ 201" 12641 106.75" 13852 11558 43.08™ 038" 201144™ 163357
L36-K-13 x Crawlord 2.4 <382 G0.00" 465X 142 178" TP W™ S2550 BT S48 T 173827 2050 AT 10158
L36.K-T3 2 Clark 028 SAET 32447 AGST 1724 A 664 05T 5506 2564 49.39" 204" 4453 ATI™ 1A G
P1416.937 x Giza22 103 9 LA 28 434" 105 054 AT AT 605t TENT™ 5383 52T 434" EM1T 94
PL-416.937 x Glzatl1 2289 SAT MG 30.21™ 44T 8S4T 201 582 11L75 7409™ 12508 8307 4170 3082 19808 13303
P1-416.937 x Crawford 18,64 254 4503 M3g™ 586" 276" 162 650 MZ1HT 7825 903 GAS1™ 38T 0 1sETM 8849
P1-416.937 x Clark 2646"  THI™ 81T 4375 1503 oS 1,08 460 B34™ 3583 8538 AT SAAB™ 45T 17584 10579
Hartwig x Giza22 1382 10.38™ 2445 2241%  .154 30" 15T BADY S3EE™ 4304 SLATM A04™ 3948 29277 11122 Byt
Hartwig x Giza111 6.6 40T 5075 2968 1280 11.58™ 038 554 5584 560"  BORS™  51.80™ 3t.AT™ 2502 14521 9545
Hartvig x Crawford 0.15 098 2803* 1527 1183~ 154" 053 650  BETS™  GOST 6332 6017 2168 1920 M2 L3 bl
Hartwig x Clark SJO4% DA 2840 4729 088 7ASTT ST TR 22757 1046™  ATATT T4 20737 1180 ST s

* and ** = significant at 0.05 and 0.01 levels of probability, respectively.
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