J. Adv. Agric. Res.

Genetic Analysis of Yield, Yield Components and
Earliness in Two Soybean Crosses

Mansour, S.H.
Food Legumes Res. Section, Field Crops Res. Inst., ARC.

ABSTRACT

Performance of the parents; Fi's, Fy's and backcross generations of two soybean
(Glycine max (L.) Merrilf) crosses was evaiuated in the summer season of 2001. The evaluated
parameters were: (1) Heterosis in Fy, which exhibited positive significant effect over the mid
parent for most of the studied characters, however, negative significant heterosis were observed
for other characters. {2) inbreeding depression in F», this was highly significant for all characters
studied in both crosses. (3) Fzdeviation (E,} and backcross devigtion {(E2} were significant for
most of the studied traits. (4) Gene action effects were ~ighly significant for the mean, additive,
dominance and epistatic values, for most of the studiec characters. (5) Broad sense heritability
estimates for all of the studied characters ranged from 66.32 to 84.06% in both crosses. (8)
Narrow sense heritability ranged from 23.6% for pfant height to 62.9% for the number of
branches. Therefore, these crosses can be used in selection programs (pedigree selection,
modified single seed or single pod descent) for improving seed yield in soybean crop.

INTRODUCTION

The plant breeder usually has in mind an ideal plant that combines
maximum number of desirable characteristics. One of the aims of virtually
aevery breeding project is {o increase yield. Early matunty is another important
character since it frees iand quickly, often allowing an additional planting of the
same crop or other crop in the same year. 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 a/., 1989),
especially for soybean because it is an important source of protein and oil, 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
consumption. Mareover in Egypt, the quantity of oil seeds produced, including
main oil crops; i.e., cotton, sesame, flax seeds and peanut, is far from being
sufficient for excessive demand. Therefore, Egyptian plant breeders have
intensified their efforts to increase soybean vield and yield components to meet
the increasing demand for oil and protein production. Such improvement is
strongly dependent upon the genetic improvement of soybean germplasm
(Mansour, 1891; |brahim ef al., 1996, Bastawisy ef a/., 1997; Ragaa Eissa ef
al., 1898; Fahmi ef al., 1999 and El-Hosary ef al., 2001).

To achieve such goals, it is important to study the type and mode of
gene actions that influence agronomic traits. The aim of the present study is to
evaluate some genetic parameters in three soybean genotypes involved in two
crosses and their six populations; i.e., Py, P;, Fy, F2, BCy and BC,. in order to
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achieve such genetic evaluation, the heterotic effect, inbreeding depression,
broad and narrow senses heritability, five types of gene action, potency ratio
and the genetic advance for selection were estimated.

MATERIALS AND METHODS

The present study was carried out in the summer seasons of 1999,
2000 and 2001 at Zarzura Agricuitural Research Station.

In the first season, two soybean crosses were carried out between
genotype Dagsas @5 2 male parent and Hslae, Hilss as female parents. The
cultivar Dggsage belongs to the maturity group VI; i.e., it requires 157 days from
sowing to the maturity, the genotype H.l, belongs to the maturity group 1V it

requires 120 days to maturity, while the genotype HLss belongs to the maturity
group Il which requires 110 days to maturity.

in the second season, the hybrid seeds were planted, F4 plants from
each cross were self-pollinated and backcrossed to both parents to obtain the
F.’s and the backcross seeds, at the same time crosses between the parental
varieties were repeated to obtain F, hybrid seeds.

In the third season, the six populations of each cross (P4, P,, Fy, F2, BCy
. and BC,) were planted in a randomized complete biock design experiment with
three replications. Each plot consisted of two rows for non-segregating
generations; ie., P, P> and F, four rows for backcrosses and eight rows for F»
generations, each row was 4 m long, 60 cm width and 20 cm between hills.
One seed was planted per hill at one side of the ridge. Before flowering, 10, 30
and 50 plants were kept with caution for non-segregating generations,
backcross and F, and were tagged in each one of the three piots. A total
tagged plants for each cross was 30 Py, 30 P;, 30 F4, 80 BC4, 90 BC, and 150
F, plants. Data were recorded on these previously mentioned plants for the
foliowing characters; the plant height, flowering date, maturity date, number of
pods per plant, number of seeds per plant, number of seeds per pod, 100-seed
weight and seed yield per plant.

Gene effect estimates were determined using the six parameters model
of Gambile (1962). Heterosis was caiculated as the percentage increase of the
Fy performance above the mid-parental performance. The inbreeding
depression was calculated as the percentage of deviation of the F; from £
performance. The two estimates of epistatic deviation E, and E; were
caiculated as the deviation of the segregating populations; i.e., F; and (BCs +
BC;) from their non-segregating populations {F1 and mid parents). &, being the
epistatic deviation of F;, and E; the epistatic deviation of BC, + BC, (Mather
and Jinks, 1971). The degree of dominance was determined by calculating the
potence ratic according to Mather and Jinks (1971). Heritability in both narrow
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and broad senses were estimated using Wamer's method (1952), and the
expected gain from selection (G.S), was caiculated according to Allard (1980).

Potence ratio (P) = —_r:-’_—_:—hn—f—
HP -M.P

where; HP = the high parent mean and M.P = Mid-parent value.

Epistatic deviation: L _
E =F2'%F1 - %P1 - % 2

—— clm—p— — 1
E;=Bcy + Bey - Fy ~ 3Py - 3P

Expected genetic advance (GS) upon selection:
GS = {K) (op) (h°n)
where; K = Selection differential (K = 2.06 when selection intensity 5%)
o? = Phenotypic standard deviation of Fa.
h*n = heritability in narrow sense.

RESULTS AND DISCUSSION
Yield characters:

Table (1) presents the means and standard errors of the studied traits in
the six generations for the two studied crosses. The Fy means for the yield
characters were higher than those for both parents, this was reflected in the
appearance of positive highly significant heterosis for the following traits;
number of pods per plant, number of seeds per piant, number of seeds per
pod, one hundred seed weight and seed yield per plant (Table 2). Table (3)
shows potence ratio; i.e., deviation of the F; hybrid from the mid-parental value
and from the better parent which measure the degree of dominance. Over
dominance towards the higher parent was detected for yield and yield
components such as number of pods per plant in cross | (Halas X Dagasap),
number of seeds per plant, number of seeds per pod, 100-seed weight and
seed yield per plant in the two studied crosses. High vailues of heritability in
broad sense were obtained. This parameter measures the proportion of
phenotypic variance in a population that is due to genetic differences, the
highest values obtained were 92% and 94% for the trait of number of seeds
per plant in the two crosses. Moreover, the values of heritability in narrow
sense which indicate the proportion of phenotypic variance that results from
additive genetic variance, were high in magnitude but were lower than their
corresponding broad sense values.
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‘Table 1. Average and standard erro
' two soybean Crosses.

r values of the parents, F1, F2 and backcrosses for characters studied in the

c Character

Cross E No. of Plant Flowering Maturity No. of No. of No. of 100-seed  Seed yield

§ branches height date date pods seeds seeds weight Iplant

jptant _ (cm) {day) (day) - /plant /plant /pod (Q) (g)
@ Py 4.83+0.14 5861:0.42 44.67+0.38 122.82+0.22 B0.99+1.26 204.85+3.87 2.53+0.03 17.21+0.11 35.20:0.54
g P,  6.23+0.20 40.88:0.47 63.38+0.38 152.67+0.21 139.98+1.80 237.04+2.36 1.70+0.02 11.08+0.14 26.24:0.39
§ éj F,  6.20+0.21 4583+028 50.24+0.33 129.00+0.17 163.41:0.84 44466+2.01 2.72+0.02 19.57+0.16 B7.00+0.84
IS = F,  5.67+0.18 B8527+048 56.68+020 131.7B+0.16 118.44+1.99 278.39:4.56 2.33+0.04 14.60+0.11 40.09+0.63
E BC, 7.04+0.18 41.4020.55 60.73+0.32 138.66+0.18 103.37:2.14 26092534 2.53+0.04 12.66£0.12 33.73:0.78
£ BC: 5.00£0.19 51,11+0.59 51.39+0.33 124.53+0.18 99.11+2.18 258.65+5.40 2.61+0.05 17.96+0.12 46.42+0.67
@ P,  253+0.22 7573:0.48 33.37:028 127.68:0.14 59.74+0.92 130.70+1.66 2.19+0.03 14.43+0.12 18.9820.26
5 g P, 7.17+0.15 41.84+0.39 §3.00+0.32 154.45:0.14 147.78+1.66 257.74+2.71 1.75:0.02 11.24+0.15 28.8?;0,33
E § F, 7.03:+0.19 44.76+0.35 53,00+0.18 131.92+0.16 133.58+1.79 317.36+1.90 2.36:0.04 17.68:0.11 56.12x0.77
g i;‘: F, 457+0.14 50.47:0.48 43.68+0.32 135374011 82.85+1.95 179.21+3.96 2.16+0.04 13.60:0.10 24.32:0.62
E BCy 5.67+0.16 657.29+0.59 54.49+40.37 130.76£0.12 76.92+2.02 188.12+4.68 245+0.04 16.80+0.13 31.50:0.71
£ BC, 6.87+0.15 44 06+0.56 61.50:0.36 141.00:0.13 122 55+220 273.57+428 2.23+0.05 12.87+0.11 35.15+0.68
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} and backcross deviation in the two crosses of soybean.

‘Table 2. The six parameters of gene effect, heterosis percentage, inbreeding depression percentage, F» deviation

Gene effect Inbreedin Fz BC -

Heterosis g deviation deviation
Character Cross a d aa ad dd (%) depr:‘ssio (E1) {E2)
{%)
No. of branches/plant [ 597 2.04% 2.07* 1.40 2.68* -2.28 12.12* 8.55% -0.20 0.31

It 4,57 1.20* 8.98™ 6.80%  -2.29* -8.12* 44.00~ 34.99™ -1.34* 0.66*
Piant height | 8527 -8.71* .79.98* .76.06** -169 82.19** 787 4242« 17.48** ~3.07*
il 50.47* -23.23* 6.80* 2082 -1257* -3643~ .2386 1275 -1.30* 7.81

Flowering date | 56.68™ 834™ B27* 248 -0.03 ~13.23% 701 4282 4.54* 7.86"
’ f 43 68™ 7.01** 62.08* 57.26™ -5.61** -86.87** g go* 17.56™ -B.091* 14.81*
Maturity date I 13178 14143~ Q49 074 -1.5g* 7.85* -6,35"* 216" 150" -3.56
i 13837 1024  -7.11* 2.04* -8.29* -8.59* -5,48*  .2.62* 1.12% -1.23"
No. of pods/plant 1 118.44* 4.26 -16.88 -68.80* -50.47* 21163~ 4790~ 27.52v -18.51* -34.87
I 82 85" 4564~ Q738 67.56* 3.23 8.17 28.73~ 3787~ 3582+ -37.87
No. of seeds/plant i 276,38 227 157.30* -B5.42* 2765 358.49* 101.26* 3784 -56.41*  -146.04™
H 176.21**  85.45* 32968 20554 43.36" -108.76* 63.40* 4353~ 7658 -48 69**
No. of seeds/pod t 2,33 -0.08 1.57** 0.96* 0.67* -1.38* 28.60" 14.34* 0.09 031
il 2.16* 022" 0.50" 0.7+ 0.¢o -1.38*  20.81** 924~ 002 0.33=
100-seaedweight i 14.60* -5.00* 8.88** 344 -3.85* 2.13* 38.45* 25 3G -2.25% -2.79%
1 13.80*  -3.93+ 979" 494" 467 -3.25% 3775 2308~  -1.66* -0.86*
seed vield/plant | 40.09* -j2.69~ 58.22* -0.06 -18.4. 75.20™ 183.20" 53,92 1877 -37.57*
1l 24 32 3.86** B840  36.20* -2.77 -9.59* 134.56* 66.66* -15.70* ~13.31*

Cross|= Hal.20 X Dag.avan

Cross il == Hiles X Das.ggan

* and ** = Significant at 5% and 1% levei of probability.

ADY T
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Table 3. Potence ratio, heritability percentage in broad and narrow senses, genetic advance G.S and genetic
advance as percentage of the F, mean G.S%.

Potence Heritability broad Heritability Genetic Genetic

Character Cross " atio sense narrow sense advance advance

h*b % h'n % G.8 G.S/F; %
No. of branches/plant I 0.96 68.24 39.12 1.573 27.74
1l 0.94 66.98 62.93 2.322 50.82
Plant height i -0.44 86.70 37.93 4.700 7.21
] -0.83 84.94 23.64 2.830 5.61
Flowering date - . I -0.40 67.48 48.38 3.500 6.18
i 0.33 86.16 40.54 3.270 7.49
Maturity date ! -0.59 67.47 48.77 1.850 1.41
Il -0.68 66.32 47.15 1.380 1.00
No. of pods/plant oo 1.79 90.78 50.82 30.180 25.47
4 0.68 88.12 59.97 29.580 35.70
No. of seeds/plant I 13.90 92.12 34.01 39.150 14.17
It 1.94 94.02 45.84 45.780 25.55
- No. of seeds/pod | 1.46 94.06 43.75 0.510 21.88
H 1.86 89.65 48.28 0.540 25.00
100-seed weight - ! 177 67.26 52.00 1.420 9.71
It 3.04 69.70 4217 1.120 8.23
seed yield/plant I 12.56 81.21 41.91 8.720 16.79
i 6.51 86.64 48.55 7.570 31.13

Cross = Hngu X Dagageo Cross Il = Hilgs X Dgg.ag@
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The estimated values of the six parameters describing the nature of
gene action are also presented in Table (2), the estimated mean effect (m)
which reflects the contribution due to the overall mean plus the locus effects
and interaction of the fixed ioci was highly significant. The additive effect (a)
was highly significant in the second cross (HiLss X Dso.ses) for the five yield
traits, and it was highly significant for 100-seed weight and yield per plant in
the first cross, and was insignificant for the three remaining characters. The
dominance effect (d) was highly significant for the five yield traits in both
crosses, except for the number of pods per plant in cross | which exhibited
insignificant value. The interaction between additive x additive {aa) was aiso
highly significant for the yieid traits, however, (aa) vaiue for yield per plant in
cross | was insignificant. The additive x dominance effect (ad) was highly
significant in cross | for all traits, except for the number of seeds per plant,
while in the cross Il it was significant only for the number of seeds per piant
and for 100-seed weight. The dominance x dominance effect (dd) was aiso
highly significant for all yield traits, except for the number of pods per plant in
cross li.

Inbreeding depression % was highly significant for ail of the studied
traits in both crosses. The results of inbreeding depression are in accordance
with those of heterosis, and this is expected since the heterosis in F; are
always foliowed by F, depression.

The estimates of genetic advance from selection 5% superior piants of
the F, generation reflected high values for the traits of number of pods per
plant 30.16, 29.58, number of seeds per plant 39.15, 45.72, low values for
number of seeds per pod 0.51, 0.54, 100-seed weight 142, 1.12, and
intermediate values for seed yield per plant 6.72, 7.57. While the genetic
advance as percentage of F, mean (G.S/F2 %) showed high values for the
number of pods per plant 25.47, 35.70 and intermediate for the remaining yield
characters, the values ranged between 9.71%, 8.23% for 100-seed weight to
21.88%, 25.00% for the number of seeds per pod.

These data strongly reflect the presence of non-allelic gene interaction
in the inheritance of these characters in both crosses. Heterosis mainly
contributed by dominance components, which were two to many time higher
than the additive component. Both heterosis and inbreeding depression are
comrelated phenomena, therefore, it is logical to predict that heterosis in F; will
be followed by an appreciable reduction in F, performance. These resuits are
in agreement with those reported by Weber ef a/.(1970), Thseng and Tseng
(1873), El-Hosary (1981), Bastawisy ef al.{1997) and E-Hosary ef al.(2001).
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Earliness and some growth attributes:

Table (1) shows that Fy's were intermediate between their parental
genofypes for the time required for fliowering and maturity, while F.’'s were later
than their Fy’'s. While, backcrosses were closer to the backcross parent. The
parent Dsgaee was the shortest piant height (about 42 cm) and the highest for
the number of branches per plant (7.17 branches).

The data presented in Table (2) indicated that the additive and
dominance effect estimates “a, d” for all characters were significant and highly
significant in the two crosses studied. Estimates of additive x additive gene
effects “aa” were not significant for the number of branches per plant, flowering
date and maturity date in cross |. The additive x dominance gene effects “ad”
for the plant height and flowering date in cross | were not significant.
Dominance x dominance gene effects “dd” were not significant for the number
of branches per plant in cross |i.

Heterosis for plant height and maturity date in both crosses and
flowering date in cross | exhibited highly significant negative value. Minimum
value was observed for plant height in cross |l (-23.88), the maximum heterosis
value was for the number of branches per piant in cross |l (44.9).

Significant negative inbreeding depression was observed for plant
height and maturity date in the two studied crosses and the flowering date in
cross i.

F, deviation (k1) and backcross deviation (E3) for earliness and plant
height were either positive or negative, but both were highly significant,
however, the number of branches per plant in cross | was insignificant.

Partial dominance was observed for the number of branches per plant
in both crosses and flowering date in cross |, towards higher parent. Moreover,
ptant height data in both crosses and flowering date in cross | were partially
dominant towards lower parent (Table 3). Broad sense heritability estimates for
piant height and flowering date in cross it were above 80%. However, broad
sense hentability estimates for flowering date in cross | and number of
branches per plant and maturity date for the two crosses indicated that these
characters were affected by additive and non-additive gene actions. Narrow
sense heritability estimates were low for plant height in ¢ross |i; i.e., 23.64%.

Genetic advance expressed as a percentage of the F> mean for plant
height, flowering date and maturity date for both crosses were (7.21-5.61%),
(6.18-7.49%) and (1.41-1.0%), respectively, however, for the number of
branches per plant were 27.74 and 50.82 for both crosses.
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This means that when heritabifity estimates are high the selection is
effective in early generations, therefore, additive gene effects were thought
important. The obtained data indicate the predominance of additive gene
effects in determining the tested characters. Such results were previously
recorded by Mahmoud and Kramer (1951), Caviness (1968), Raut ef a/.(1988),
Mansour (1991), lbrahim ef al.(1996), Ragaa Eissa ef a/.(1998) and El-Hosary
et al.(2001).

Thus, it can be recommended that hybridization followed by selection
are the most suitable breeding programs to improve soybean for earliness and
yield components.
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