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ABSTRACT

The present study was carried out at Sakha farm, Sakha Agricultural Research Station (SARS), Kafr
El-Sheikh, Egypt, during the three summer seasons of 2017, 2018 and 2019. Four crosses of soybean, each
with six populations (P1, P2, F1, Bcl, Bc2 and F2) were tested for yield and some growth attributes. The results
showed that: Over dominance was observed for flowering date in crosses | and 11, for maturity date and plant
height in cross 11 and seed yield per plant in all crosses, while partial dominance was observed for the remaining
crosses for most traits. Significant negative heterosis were detected for flowering date for mid-parent in the first
cross, significant positive heterotic effects were detected for other traits. The additive effect (a) was highly
significant in positive or negative direction in all crosses for all traits, except in the four crosses for number of
seeds per pod and 100 seed weight, crosses | and 11 for flowering date. Additive x additive types of gene action
were found to be significant for most traits of all crosses, also additive x dominance and dominance X
dominance types of gene effects were found to be significant for most traits. High narrow sense heritability
values were obtained for plant height and number of seeds per pod in the first cross. While, the lowest estimates
was resulted for number of seeds per pod in the second cross, number of branches per plant in the first cross
and seed yield per plant in the fourth cross.

Keywords: Soybean, gene effect, heritability and genetic advance.

INTRODUCTION

Soybean (Glycin max (L.) Merril 2n=40) is one of the
most important legume crops for oil and protein production. .
Soybean 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. Moreover 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 yield
and yield components to meet the increasing demand for oil
and protein production (Talwar et al., 1986)

Information about the types and magnitude of genetic
variation and the relative importance of additive and non-
additive gene action would assist soybean breeders in carrying
out the most suitable breeding programs for soybean
improvement. Accordingly, the Plant breeder usually has in
mind an ideal plant that combines maximum number of
desirable characteristics. One of the aims of virtually every
breeding project is to increase the yield. Early maturity is
another important character since it free land 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 Talwar and Sharma (1986). 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. Moreover in
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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
yield and yield components to meet the increasing demand for
oil and protein production. The present investigation was
designated to estimate the gene action, heritability, heterosis
and predicated genetic gain for some agronomic characters in
four soybean crosses.

MATERIALS AND METHODS

The present study was carried out at Sakha farm,
Sakha Agricultural Research Station (SARS), Kafr EI-Sheikh,
Egypt, during the three summer seasons of 2017, 2018 and
2019. Four soybean genotypes of wide divergent origin were
used as parental material; namely, Gizalll , Quinitz, L86-K-
96 and Toano. The genotypes Quinitz and L86-K-96 belong
to the maturity group Ill; i.e; it requires 110 days from sowing
to the maturity, while the genotypes Giza 111 and Toano
belong to the maturity group IV,V it requires 120,130 days to
maturity respectively .Four crosses; namely, cross | (Giza 111
x Toano), cross 1l (Giza 111 x Quintz), cross 11 (L86-K96 x
Quinitz) and cross IV (Quinitiz x Toano) were made in 2017.
In the second season parents and Fi’s of each cross were
planted. F1 plants in each cross were self-pollinated and back
crossed to both parents to obtain the F2,s and the back crossed
seeds. Crosses between the parental varieties were repeated to
obtain F hybrid seeds.

In the third season (2019), the six populations; namely
(P4, P2, F1, BCy, BC; and F,) of each cross were arranged in
(RCBD) with three replications. Each consisted of two rows
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for non-segregating generations; i,e; P1, P2 and F1, four rows of
back crosses whereas the F, population was presented by eight
rows. 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, 20, 40 and 80 plants were kept with
caution for non-segregating generation, back cross and F, and
were tagged in each one of the three plots. A total tagged plants
for each cross was 60 Py, 60 Py, 60 F1, 120 BC4, 120 BC; and
240 F, plants. nine agronomic characters related to seed yield
were chosen for this study these characters were; flowering
date, maturity date, plant height, number of branches per
plant, number of pods per plant, number of seeds per plant,
number of seeds per pod, 100 seed weight and seed yield per
plant.
Statistical analysis

Statistical analysis was used to calculate the means and
variances for the six generations. Population means and
variances were used to estimate the type of gene action for each
character.

A one-tail F-ratio was calculated to test the significance
of the F, variance from environmental variance, as follows:

F. variance
F= Environmental variance

If the F-ratio was significant, Mather’s procedure
was used to calculate the components of genetic variance.
Heterosis and inbreeding depression were
determined according to Mather and Jinks (1971). The
two estimates of epistatic deviation (E1) and (E2) were
calculated as the deviation of segregating populations;
i.e., F2 and (BC: and BC,) from their non segregating
populations (F1 and mid-parents).
Ei= Fo—Y%F1-Y%P1-%P2
Ex= BC1+BC2-F1—-%P1-% P2

E: being the epistatic deviation of F, and E; the
epistatic deviation of BC: + BC, (Mather and Jinks,
1971). The relative of potence ratio (P) was used to
determine the degree of dominance and its direction
according to (Mather and Jinks, 1971) as follows:

Potence ratio = ((F1 — M.P) / % (P2 —P1))
Where, p; the mean of low parent and p, the mean of the high

parent.

The six population means in each cross were used
to estimate the six parameters for gene effects using the
relationships. Given by Gamble (1962); namely, a, d, aa,
ad and dd. Where a= additive effect, d= dominance
effect, aa= additive x additive types of epistasis, ad=
additive x dominance types of epistasis and dd=
dominance x dominance types of epistasis.

Mather (1949) derived the expected genetic
variance of VBC;, VBC; and VF; interms of additive
(1/2D) and dominance (1/4H) genetic variance as
follows:

D= 2VF2 - (VBC1 + VBC))
YaH = VBC: + VBCz2 - VF2 - VE

The variance of each of the genetic variance
components was estimated as linear function of the
variance of the mean squares. The variance of a mean
square was calculated as a given by (Anderson and
Bancroft (1952). The standard error of the estimate is the
squar root of variance.

Heritability estimates were calculated in the F2
generation as follows:

H 2 (broad sense)= (2.D+ Y4 H) / (%D +¥%H + E)
h? (narrow sense)=%D /(%2 D + % H + E)
E= VP:1+ VP2 +VF1/3
Expected and predicated values of genetic
advance (GS and GS %) were calculated according to
Johanson et al (1955)
Genetic advance as percent of the F, mean (GS %)
was calculated as given by Miller et al, (1958).
GS =KX h?1 X &ph GS % = (GS/ F) x100
Where;

K=selection differential (K = 2.06 when selection intensity 5%),
phenotypic standard deviation of F,.

RESULTS AND DISCUSSION
Generation means:

Table 1 shows that the difference between each
two parents were found to be significant in all studied
traits in the four crosses. The Fi’s were intermediate
between there parental genotypes for the time required
for flowering and maturity, while F2’s later than their F1’s
in all crosses. While, back crosses were closer to back
cross parent. Consequently, the genetic parameters
needed in this concern were calculated.

The parent Toano was the shortest plant height
(about 52 cm.), the parent Quinitz was the earliness
variety for flowering and maturity (about 32 and 110
days) and the L86-K96 line was the highest for number
of branches per plant (4.93).

Table 1. Average and standard error values of the
parents, F1, F2 and back crosses for studied
characters in the four soybean crosses.

Character Gene- Cross Cross Cross Cross
ration | 1 11 \Y
P1 37451022 38344020 45054025 34.02+0.75
1 P2 5073+021 3223+020 3373+022 4800+1.17
flowering F1 43124020 36.23#021 4803+026 4150+149
date Bcl 4011+021 404020 44001023 36.15+251
Bc2 44144020 3800+021 52004027 44.00+2.31
F2 48164022 4200+0.22 50444026 4265+3.16

P1 129444019 125404032 122.77+0.28 110.01+2.06
P2 13174021 109.90+0.36 111.70+0.31 132.00+1.85
(2Qmaturity F1 130114028 118.35+040 12647+0.33 124.63+1.68
date Bcl 130354021 122.33+0.36 125.00+0.33 1115.35+354
Bc2 13354+0.28 118004040 131.00+0.33 1126.00+3.77
F2 138.11+0.19 130.00+0.32 130.39+0.28 1118.35+4.50
P1 115624033 117.25+061 65004035 71.35+1.79
P2 52774021 68114066 52441040 56.22+2.05
(3) plant F1 122224034 9835+0.73 89644041 91.13+252
height (cm) Bcl 120004021 118354067 7186040 80.28+3.74
Bc2 95214034 85+0.72 69551041 71.10+387
F2 1254028 1124061 61004035 72.32+4.72
P1 3881014 3914014 493+014 4.17+158
P2 4741009 4074017 4084012 4.77+139
F1 420+016 4484015 5914016 6.00£1.26
Bcl 3774009 400017 4454012 4504231
Bc2 3874016 4204015 4224015 4224254
F2 3444014 4304014 4724014 4084288
P1 11501+1.00 118.34+102 11813+1.23 114.36+652
P2 134804085 1135+1.09 12280+1.19 13300+4.63
(5)No. of F1 126.12+192 16850+1.43 191554130 187574743
pods/plant Bcl 120.11+0.85 110.35+1.19 155.11+1.22 155.00+8.68
Bc2 128.12+046 10000+142 162.00+1.19 141.00+9.39
F2 11824+1.00 10524+1.02 14255+130 128.92+9.85
cross |  (Giza 111 x Toano) cross Il (Giza 111 x Quintz)
cross 111 (L86-K96 x Quinitz) cross IV (Quinitiz x Toano)

(4) No. of
branches /
plant
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Table 1. Cont.

Ge_ne- Cross IV
ration

P1 29325+258 30295+1.71 266.63+2.16 25502+11.23
P2 265561224 25317+158 268.70+2.05 26201+12.87

Character Cross | Cross Il Cross I

negative direction in all crosses for all traits, except in the
four crosses for number of seeds per pod and 100seed
weight, crosses I and 11 for flowering date. Dominance gene
effects (d) were highly significant for seed yield and its

Ofbie Bl S st oriea s TS SR e o s st ke o
olant Bl 30000:224 26825158 328601206 AL001825 Perp _ V) and 2UU-s 9
Bc2 257.28+322 247.00+1.89 324.00+2.36 284.82+17.35 Or Crosses (“ and |V) which exhibited |n5|gn|f|cant value.
F2 274944258 241504171 304374216 2065+1899  Thus would suggest that dominance gene effects have a
P1 2554003 256:007 2224006 2230.19 significant contribution to the inheritance of these traits in
P2 1974003 223+007 211007 1974014 these crosses.
gﬁ?)ﬁf)d E'B:cll g-%-g@ g-iﬁ-gg g-ﬁﬁ-gg 33(2);“82(5) Table 2. Estimation of individual scaling test for
Be? 2014004 2474066 2001008 2024039 detect_lng _non-al!ellf: interactions for yield
F2 2334003 2304007 2144006  227+050 contributing traits in §oybean.
PI 1643t005 16433010 11143012 14074039  character  Cross Scaling tests
(8)100- P2 17474007 14074011 14474011 1747+049 aﬂ bﬂ ¢ - d _
seed weight F1 17802017 15353010 16202015 15174066 . I 035 557 1822 1207
M) Bcl 17224007 1600:010 1428:010 1403146  (L)flowering 1l 566 777 2543 6
Bc2 1598+017 15004009 1520+015 14224131  date m 506 524 9.94 4.88
F2 1700+005 1500010 1505+0.12 1265+172 v 35  -150** 560** 5.3
P1 4818+0.38 49.77+069 28974028 35.88+157 | 115 527 3108** 12.33**
() Seed P2 3843+030 35624086 3643:028 3791191 (Qmaturity Il -B40** 1310** 47.70** 20
ieldper L 5719123 6756:096 6925:034 660113231  date I 076 383 1415 478
yl P Bel 51664030 42044086 46924028 47844262 IV 463 463 -17.86**  -430**
PINLOM) oo 41660123 30224095 4992034 4050+269 | I 6501 4742 8717~  3479%*
F2 46744038 3743067 4995:027 36.76+283 Fmi)igh?m Il 6955** -4560** 6595  21.00%*
cross | (Giza 111 x Toano) cross Il (Giza 111 x Quintz) I 160** -3263** -9.63** 10.70**
cross 1 (L86-K96 x Quinitz) cross IV (Quinitiz x Toan) (cm) IV 1343** -2048** -20.25** -6.60**
Scaling test: (4) No. of | 054 051 -2.59 -0.77
The results obtained in the present investigation  panches/ I 038 054 012 04
for individual scaling test are presented in Table (2). All  plant II{} 12‘71 'i-gg 4;1222* %75%
nine quantitative characters for four crosses contributed | _E) o _A: B~ 2000~ _1'1 =
significantly in individual scaling tests, indicating the  (5)No. I 6634 Q153 14787 500
presence of epistasis. The results of gene effects are  of pods/ Nl 117 D50 641> 3054w
presented in Table (3) are discussed as below. Individual plant IV 807 -3857** -106.82** -38.16™*
scaling test i.e. A, B, C and D of Mather (1949 ) were ON I -1455%* -7230** -101.65**  -7.40**
used to detect presence of epistasis by using the data of (()f)segds / Il -206.31** -199.33** -470.44**  -3240**
various generations in all four crosses. The results of this iy I -30.32** -4505** -16308™  -4386™*
study can help in devising proper breeding strategies as IV -819%* -127.53** -216.76™*  -40.52**
per trait desired._A and B testes provides evidence the  (7)No. III 8‘32 :é'gi _'&5’3 _%1351
presence of all types non- allelic gene interactions. The  of seeds/ I 0.04 045 0,09 016
significant of C scale suggests (dd)type of epistasis. The pod v ol 051 024 032
significant D scales reveal (aa) gene interactions, | 217 297 150 08
significant of C and D scales indicates (aa) and (dd) type (8)1(?0' i 258 002 0.8 -0.88
of gene interactions . The test of adequacy of scales is (Zer?,]) el Il 211 3.06 219 062
important because in most cases the estimation of v -158 08 864 -313
additive and dominance components of the variance are (g seed |70 23157 -1403 - 071
made assuming absence of gene interaction. These result  yield per - -17.30 -38.89%* -/0.80 -130
. . 1l -13.83 028 -2267** -4.56
were in agreement with those reported by Raut (2002), plant (gm) NV  824% 2089%% 5880  -1483
Adsul et al. (2016) and Thakare et al. (2017){ . *and **significant at 0.05 and 0.01 levels of probability, respectively.
The values of A, B, C and D should significantly  cross1  (Giza 111 x Toano) cross 1l (Giza 111 x Quintz)
differ than zero within the limits of their standard error. ~ cross Il (L86-K9 x Quinitz)  cross IV (Quinitiz x Toano)

However , the results table (3) indicated that, the values
of scaling test were significantly differ than zero for all
studied traits in all crosses, which mean the presence of
non- allelic gene interaction and the six parameters model
must be done in all cases.

Type of gene action using generation means:

The estimated values of the six parameters
describing the nature of gene action are presented in Table
(3), the estimated mean effect (m) which reflects the
contribution due to the overall mean plus the locus effects
and interaction of the fixed loci was highly significant. The
additive effect (a) was highly significant in positive or

The interaction between additive x additive (aa) was
also highly significant for all studied traits in the four crosses
except number of branches per plant for crosses (I, Il and
IV) also, number of seeds per pod and (I, Il and 1V) which
exhibit non-significant. The additive x dominance effect
(ad) was significant and highly significant for all studied
characters in all crosses except Flowering and maturity date,
number of seeds per pod and 100-seed weight in crosses (l,
Il and V) were non-significant, also number of pod per
plant in crosses (1 and V) showed also non-significant. The
dominance x dominance effect (dd) was insignificant in
crosses (1, I, 11l and V) for plant height, number of pods
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and seeds per plant and seed vyield plant, either non-
significant was observed for number of seeds per pod for
crosses (I, 1l and 1V) and 100-seed weight for crosses ( Il
and IV) . While positive and negative significant, highly or
significant were observed for the remaining of the studied
characters in those crosses. Generally, significant one or
more of the three types of epistatic gene effects were
exhibited in all crosses for all the studied traits. Therefore, it
could be concluded that, homozygous x homozygous and
heterozygous x homozygous non- allelic interaction were
more important than the heterozygous x heterozygous
interaction in the inheritance of most studied traits. The

epistatic gen effects were important than additive and
dominance El-hosary Hosary (1981), Talwar and Sharmaet
al. (1986), Toledo (1996), Bastawisy et al. (1997) El-hosary
Hosary et al. (2002), Rahangdale and Raut (2002), Datt et
alet al. (2011), Bhor (2014), Adsul, et al(. 2016) and
Thakare et al. (2017). gen effects for most of the traits .
These result were in agreement with those reported by El-
Hosary (1981), Talwar et al. (1986), Toledo (1996),
Bastawisy et al. (1997) El-Hosary et al. (2002), Rahangdale
and Raut (2002), Datt et al. (2011), Bhor (2014), Adsul, et
al. 2016) and Thakare et al. (2017).

Table 3. Gene action parameters using generation means in the four soybean crosses characters.

Gamble parameters

character Cross - 3 q pvy gy aa
| 48.16 -4.03 -25.11%* -24.14** 2.61 30.06**
(1) flowering 1 42 2.00 -11.29** -12.00** -1.06 -1.43
date Il 50.44** -8.00** -9.61** -9.76** -5.15** 9.58**
v 42.65 -8.00** -10.10** -10.60** -1.00 15.60**
| 138.11 -3.19** -25.12%* -24.66** -2.06 18.24**
. 1 130 4.00** -40.15 -40.00** -9.2 323
(2) maturity date 1l 130.39%* -6.00% -10.32%* -9.56%* -1.54% 4,97
v 118.35 -11.00** 12.23** 8.60** 0.01 0.66**
| 125 24.79** -31.56** -69.58** -6.63** 51.99**
(3) plant height 1 112 33.00** -36.33** -42.00** 8.43** 18.05**
(cm Il 71.85** 11.00** 9.35** -21.40** 4.89** 52.43**
v 72.34 9.28 40.66** 13.20** 1.61** -6.15**
| 3.44** -0.11** 1.77** 1.54 -0.01** -0.49**
(4) No. of 1 4.30** -0.20** -0.52 -0.8 0.08 1.72**
branches / plant Il 4.72%* 0.24** -0.09** -1.52** -0.19** 5.02**
v 4.08** 0.28** 2.85** 1.12 0.08 1.98
| 118.24** -8.01** 24.72** 23.50** 1.88** -17.91**
(5)No. of pods / 1l 105.00** 10.00** 52.07** -10.00** 7.60** 147.87**
plant Il 142.23** -7.00** 130.82** 65.08** 1.84** -63.75**
v 128.92** 14.00** 140.21** 76.32** 23.32** -45.82**
| 274.94** 42.72*%* 56.70** 14.80** 28.87** 72.05**
(6)No. of seeds / 1l 2415 21.40** 226.90** 64.80** -3.49** 340.84**
plant Il 304.37** 4.60** 252.41** 87.71*%* 7.36** -12.34**
v 292.65** 56.18** 257.69** 81.05** 59.67** 54.67**
| 2.33 0.49 -0.01** -0.3 0.2 0.9
(7)No. of seeds / 1l 2.3 -0.03 0.85 0.62 -0.2 -0.41
pod Il 214 0.12 -0.19* -0.32** -0.01** 0.73**
v 2.27 0.18 -0.42 -0.64 0.05 1.04
| 17 1.24 0.75** -1.6 0.26 1.70**
(8)100- seed 1 155 0.12 1.86 1.76 -1.06 -4.32
weight (gm) Il 15.05 -0.92 2.16** -1.24** 0.75** 0.29**
v 12.56 -0.19 7.16 6.26 0.01 -3.88
| 46.74** 10.55** 12.48** -1.41%* 5.67** 16.86**
(9) Seed yield per 1l 37.43 3.72%* 39.47** 14.61** -3.36** 41.58**
plant (gm) Il 45.81** -2.32** 44.67%* 9.11** 2.41** 4.44%*
I\ 36.76 7.34** 58.78** 29.66** 8.36** -0.53**
*and **significant at 0.05 and 0.01 levels of probability, respectively.
cross| (GizalllxToano) cross |l (Giza 111 x Quintz) cross 11 (L86-K96 x Quinitz) cross IV (Quinitiz x Toano)

Heterosis, inbreeding depression, F2 deviation and
potence ratio

The data presented in Table (4) indicated that heterosis
over mid and better parent for all characters were highly
positive & negative significant flowering date in the first cross,
maturity date in the first, second and third crosses and number
of seed per pod in the first cross over mid parents, and also,
number of seeds per plant and number of seeds per pod in the
fourth and third crosses over better parents. The inbreeding
depression was positive and negative highly significant for all
traits studied except, flowering date in Cross (Il and 1V),
maturity date in cross (1, 11 and I\V/)100- seed weight in cross I

were non-significant. Significant effects for the both heterosis
and inbreeding depression seem logic since the expression of
heterosis in F1s was followed by considerable reduction in the
F, performance. Also, reduction in values of non- additive
genetic components is expected caused by means of inbreeding
depression. In addition, the conflicting estimates of heterosis
and inbreeding depression were associated in most traits.
Potance ratio were less than unity but not equal zero for most
traits concerning yield and its components, indicating partial
dominance. The presence of heterosis over better parent with
respect to the crosses(l, 11, 11l and IV) for flowering date and
seed yield per plant , number of pods and seeds per plant in the
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second third crosses, which would indicate that progeny of
these crosses could by used inbreeding program for high
yielding ability . Similar findings were also reported by Talwar
and Singh (1983), Malik (1987), Bastawisy et al. (1997),
Habeeb (1998), Khattab (1998), Rahangdale and Raut (2002),
Mansour (2002), Chandel et al. (2013), Abirami et al. (2014),
Bhor (2014) and Adsul et al.(2016).

Table 4. F2 deviation (Ez1), Bach cross deviation (Ez),
heterosis, inbreeding depression percentage
and potence ratio for character studied in
four crosses of soybean.

Heterosis  Inbreeding Potence

Character Cross (E1) (B2 MP. BP. dep[;zslon rggl)o
1 I 375% 255** -220** 1514** -1169** 015
flowering Il 824**1048** 2.03** 11.70** -1667** 0.23
date i 249 009 031 561 502 -005
IV 140%* 250%* 1.22%*% 2206** 277 007

I 504 094 035 052 615 04

;ﬁammy Il 1847%*1692** -013 1249 -1017** 001
date i 35 230 06 301* -31 017
IV 447 -463* 3.00** 1330** 504 -0.33

| -1145%*-1533** 4516™* 571** -2.27 121

;)Slantheiht Il 3161**4222** 6.12** -1612** -1388** 0.23
(cm) I -241%* -1552** 52.21** 37.89** 19.84** 503
IV -5.06™* -353** 43.12** 27.72%* 2062** 358

-4 I 095%*-123** 566* 319 1810** -2.37
No. of Il -003** -046* 668 1230** 1434** -269
branches/ Il -050%* -1.75** 31.78** 20.28** 2040** 333
plant IV -1.06** -155* 4052** 34.23** 32.00** 865
5 | 2214** 2633 097 -644** 625 -012
No. of Il 9.73% 1947+ 4491** 41.96™* 37.50** 2165
pods / plant Il -1660** -066 5219** 4221** 2581** -7.14
IV 2671 -15.25* 51.66** 41.03** 31.27** -6.68

-6 | 4521%* -B541** 1500 957** 1443** 303
No. of Il -2412%* -1583 58.30** 4529** 4513** 651
seeds/ Il 4077+ 3768 6267* 6098** 2880** -50.59
plant IV 5419~ -67.86* 68.33** 503 3275 5056
7 I 006 001 1283**1294** 1910 -214
No. of Il -002** 0.29** 9.39** 234** 1221** -136
seeds / pod i -002* 021* 644> 045 404 -108
IV 006 02 301 044 216** -169

-8 I -076%* 03 1521** 934 449 24
100-seed Il 084** 256™* 066** 657 -098 08
weight Il 055% 047* 2651** 11.96** 7.10** 24
(gm) IV -216 -119 7.13** 673 1721** 45
9 | -1235%*-1127** 32.07** 18.70** 1827** -2.85
seedyield Il -1.73** 385** 5824** 35.74** 4460** -351
perplant 1l -567** -6.78** 10552**80.23** 33.85** 7.52
(gm) IV -1470** -1457** 89.28** 83.12** 44.32** 2867

*and **significant at 0.05 and 0.01 levels of probability, respectively.
cross |  (Giza 111 x Toano) cross Il (Giza 111 x Quintz)
cross 1 (L86-K96 x Quinitz) cross IV (Quinitiz X Toano)

Talwar (1983), Malik (1987), Bastawisy et al (1997),
Habeeb , (1998), Khattab (1998), Rahangdale,(2002),
Mansour, S.H.(2002), Chandel et al (2013), Abirami,et al
(2014) Bhor (2014) and Adsul, et al.(2016), F, deviation (Ez)
and back cross deviation (Ez) for all traits studied were either
positive or negative significant or highly significant, however
(E1) for maturity date and 100-seed weight in crosses (Il and
IV), (Ey) for maturity date and 100-seed weight in crosses (1
and IV) also, in both (E1) and (E>) for number seeds per plant in
crosses (I and 1V) were non-significant. Over dominance was
observed for flowering date in crosses I and 11, for maturity date
and plant height in cross Il and for seed yield per plant in all

crosses, while partial dominance was observed for the
remaining of crosses for most of traits.

These results are in agreement with those reported
by El-Hosary (1981), Talwar and Singh (1983), Talwar
et al. (1986), Malik(1987), Bastawisy et al. (1997),
Mansoure (2002), Rahangdale and Raut (2002), Datt et
al. (2011) and Adsul et al. (2016).

Heritability and genetic advance:

Heritability values are important to the breeder since it
quantifies the expected improvement upon selection to achieve
genetic improvement through selection, heritability must be
reasonably high._In the present investigation the data in table (5)
showed high values of heritability in broad sense were
obtained. The high broad sense heritability values were
obtained for plant height, number of seeds per plantand number
of seeds per pod in the first cross being ( 96.75, 94.59 and 94.98
respectively ).

Table 5. Heritability in broad and narrow senses and
genetic advance for character studied in four
crosses of soybean.

characters Cross Heritability Genetic advance

Broad sense Narrowsense AG A G %

) I orer e300 te6  4ap
L':t‘g’e“”g I 7050 60.11 311 617

IV 8623 83.40 543  12.74

2 I 92.81 86.16 826 598
matrity 64.71 50.24 351  2.70
plon i 80.18 66.67 532  4.08
IV 8310 68.11 632 534

I 96.75 92.86 1637 13.10

@plant 1l 58.14 33.10 389 347
height cm) 11l 79.38 73.50 716  9.96
IV 7942 70.07 682  9.43

| 63.06 39.75 101 2934

f)‘gme gfl o 73.95 69.52 208 4826

olant m 7516 60.00 189  40.14

IV 8058 58.74 349 8555

| 94.59 85.78 5586 47.24

G)No.of 1l 75.31 59.89 1664 1585

pods/plant Il 7457 58.24 1619 1138
IV 6215 44.12 931 722

I 94.49 8202  106.94 38.90

ggl’g’s"}"f I 61.56 4553 1438 5095
lant I 5498 52.19 1923  6.32
IV  57.96 27.25 1123  3.84

I 94.58 93.82 138 5938

(MNo.of 1l 37.68 29.13 029 1251

seeds / pod Il 57.14 37.14 045 21.15

IV 80.07 76.00 078 34.48

I 90.46 85.04 333 1961

ggéﬁo\f\)’éight N 7991 58.65 141 911

M 69.14 65.48 168 11.16

(@m) IV 9051 69.48 246 1957

I 92.43 82.04 2609 5581

(?glgeegr 0 8917 8000 2580 68.94
y| tp I 66.78 59.69 356 7.76
plant@m) |y, 5534 22.78 133 361
cross | (Giza 111 x Toano) cross Il (Giza 111 x Quintz)

cross 111 (L86-K96 x Quinitz)  cross IV (Quinitiz x Toano)

Meanwhile, the lowest estimates was resulted for
number of seeds per pod in the second cross, number of seeds
per plant in the third cross and seed yield per plant in the fourth
cross being (37.68, 54.98 and 52.34 respectively ). High narrow
sense heritability values were obtained for plant height and
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number of seeds per pod in the first cross being (92.86 and
93.83 respectively). Meanwhile, the lowest estimates was
resulted for number of seeds per pod in the second cross,
number of branches per plant in the first cross and seed yield
per plant in the fourth cross being ( 29.13, 39.75 and 22.75
respectively ). The values of heritability in narrow sense which
indicate to the proportion of phenotypic variance that results
from additive genetic variance, were high in magnitude but
were lower than their corresponding broad sense values. The
estimates of genetic advance from selection 5% superior plant
of the F, generation reflected high values for number of seeds
per plant, number of seeds per pod and seed yield per plant in
the first cross being ( 106.94, 55.86 and 26.09 respectively ).
Low values for the traits of all crosses for number of seeds per
pod, 1.38,0.29, 0.45 and 0.78 and for 100-seed weight, 1.41and
1.68 in the second and third crosses respectively. While the
genetic advance as percentage of F, mean (G.S/F2%) ranged
from 7.22 to 47.24 for number of pods per plant, from 3.84 to
38.90 for number of seeds per plant, from 12.51 to 59.38 for
number of seeds per pod, from9.11 to 19.61 for 100-seed
weight and from 3.61 to 68.94 for seed yield plant of all the four
crosses. The genetic advance under selection depends on the
amount of genetic variability, the magnitude of masking effect
of the environment and intensity of selection that is practiced.
In terms of the progress expected, the confounding of non-
additive with the additive genetic variance will have an effect
in future generations, due to the non-additive variance included
in the estimates. Therefore, the expected genetic advance for
characters in this study was derived by using heritability in
narrow sense. Present findings are in agreement with the
findings of by, El-Hosary (1981), Talwar and Singh (1983),
Budak (1986), Talwar et al. (1986), Malik(1987), Halvankar
(1993), Bastawisy et al. (1997), Mehetre et al. (1998),
Mansoure (2002), Rahangdale, (2002), Sayad et al. (2005),
Shinde (2010), Datt et al. (2011) and Adsul et al.(2016).

CONCLUSION

Mean values of F1 from all crosses exceeded than
of better parent for most of the yield contributing
characters viz., plant height, primary branches per plant,
clusters per plant, pods per clusters, pods per plant, 100
seed weight and seed yield per plant. The gene action in
four crosses was mostly additive and additive x additive
contributed with greater magnitude towards yield and
yield contributing characters viz., number of primary
branches per plant, number of clusters per plant, number
of pods per cluster, 100 seed weight and yield per plant.
These characters can be improved by progeny row
selection from respective crosses. The high magnitude of
dominance effect suggested that selection of high
yielding genotypes could be postponed till later
generation when the dominant effect would was
diminished. Additive x additive types of gene action were
found to be significant for most traits of all crosses, also
additive x dominance and dominance x dominance types of
gene effects were found to be significant for most traits, also
additive x dominance and dominance x dominance types of
gene effects were found to be significant for most traits.
Revealed that, the trait can be improved by selections in
Fs generations onwards. The selection in early
generations would not be effective for want of fixable

components of variation. Such gene effects can however,
be exploited by intermitting the selected segregates and
delaying the selections to the advanced generation.
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