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HETEROSIS, GENE EFFECT, HERITABILITY AND
GENETIC ADVANCE'OF SOME QUANTITATIVE
CHARACTERS ON SOYBEAN CROSSES

R.A.L. Abou Mostafa
Food Legumes Res. Section, Field Crops Res. Inst, ARC.

ABSTRACT.

Four crosses of soybean (Quinitz x Giza 22), (Giza 22 x Ware),
(Crawford x Quinitiz) and (Crawford x Ware), each with six
populations (P, P, I, Bey, Be; and F3) were tested for yield, some of
yield components and some growth attributes. Significant negative
hesterosis were detected for flowering date for mid-parent in the four
crosses, significant positive heterotic effects were detected for other
traits .Over dominance towards the higher and lower parent was found
for plant height, first pod height, number of branches per plant, number
of pods per plant, number of seeds per plant, 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. Partial
positive and negative dominance was found for flowering, maturity
date and filling period. Highly significant positive value in breeding
deperission were detected for filling period, plant height, frist pod
height, number of branches per plant, number of seeds per pod, 100—
seed weight and seed yield per plant, while highly significant negative
values were detected for flowering and maturity date of inbreeding
depression. Highly significant E, and E; were detected for all
studied traits of all crosses, except number of seeds per pod in the
first cross. Additive gene effects were significant exhibited in all traits,
except flowering, maturity date, filling period, number of pods per
plant, number of seeds per plant, number of seeds per pod and seed
yield plant in the first cross were non-significant. Also, some traits of
thé second cross such as first pod height, number of branches per plant
and number of seeds per plant were non-significant. Dominance and
additive x additive types of gene action were found to be significant for
most traits of all crosses, respectively. Also additive x dominance and
dominance x dominance types of gene cffects were found to be
significant for most traits. Heritability estimates in broad sense were
high to moderate in magnitude with values between 60.49 for number
of branches per plant to 97.53% for number of seeds per plant. The
predicated genetic advance was rather moderate for number of pods
per plant and seed yield plant, while was high for number of seeds per
plant and low for the remaining traits in most crosses.
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INTRODUCTION

Soybean (Glycin max (L.) Merril 2n=40) is one of the most
important legume crops for oil and protein production. Information
about the types and magnitude of genetic variation and the relative
importance of additive and non-additive genc 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 advantagecus breeding programs for the
improvement of the desired characters (Tawar et al, 1989),
especially for soybean because it is an important source of protein
and oil, its seeds contain about 14 to 24% or more cil 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. Such improvement is strongly dependent upon the
‘genetic improvement of soybean germplasm (Mansour, 1991;
Ibrahim et al., 1996; Bastawisy et al,, 1997 ; Ragaa Eissa et al..
1998; Fahmi er al., 1999 and El-Hosary et al., 2001). For achieving
this goal, many genetic models were proposed by Mather (1949),
Gamble (1962), Hyman and Mather (1955) and Mather and
Jinks(1971). The present investigation was designated to estimate
the gene action, heritability, heterosis and predicated genetic gain
for some agronomic characters in four soybean crosscs.

MATERIAL AND METHODS
The present study was carried out at Sakha farm, Sakha
agricultural research station (SARS), Kafr El-sheikh, Egypt, during
the three summer seasons of 2003, 2004 and 2005. Four soybean
genotypes of wide divergent origin were used as parental material:
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namely, Crawford, Giza 22, Quinitz and Ware. The genotypes
Quinitz and Ware belong to the maturity group III; i.e; it requires
110 days from sowing to the maturity, while the genotypes Giza 22
and Crawford belong to the maturity group IV it requires 120 days
to maturity.
Four crosses; namely, cross 1 (Quinitz x Giza 22), cross 11

(Giza 22 x Ware), cross III {Crawford x Quinitz) and cross IV
" (Crawford x Ware) were made in 2003. In the second season
parents and F1’s of each cross were planted. F1 plants in each cross
were self-pollinated and back crossed to both parents to obtain the
F2,5s and the back crossed seeds. Crosses between the parental
varieties were repeated to obtain F1 hybnd seeds.

In the third season (2005), the six populations; namely (Pt,

P2, F1, BC1, BC2 and F2) of each cross were arranged in (RCBD)
with three replications. Each consisted of two rows for non-
segregating generations; i,¢; 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 P, 60
F;, 120 BC;, 120 BC, and 240 F, plants. Eleven agronomic
characters related to seed yield were chosen for this study these
characters were flowering date, maturity date, filling period, plant
height, first pod 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= F> variance
Environmental variance

If the F-ratio was significant, Mather’s procedure was used to
calculate the components of genetic variance.
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Heterosis and inbreeding depression were determined according to
Mather and Jinks (1971). The two estimates of epistatic deviation
(Ey) and (E;) were calculated as the deviation of segregating
populations;ie., F2 and (BC, and BC;) from their non segregating
populations (F, and mid-parents).

E|= F2—1/2F|—l/4P|—%P2

E.= BC,+BC,-F, - P, -2 P;
E; being the epistatic deviation of F; and E, the epistatic deviation
of BC, + BCy(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:

F1 -M.P
Y2 (P2 —Py)

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 (1/41)
genetic variance as follows:

“D=  2VF,-(VBC; + VB(G,y)

“aH=  VBC,+VBC;~- VF,-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:

(Potence ratio) =

"D+ Y%H
“"D+Y%H+E

“D
“D+WUH+E

h? (broad sense)=

‘h? (narrow sense) =
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E= VP|+VP2+VF|/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= Kxh;sx oph
GS % = % X 100, Where; K=selection differential

(K = 2.06 when selection intensity 5%), o Ph = phynotypic
standard deviation of F3.

RESULTS AND DISCUSSION
Earliness if found is favorable to escape destructive injuries
caused by cotton leafworm and white fly.

Generation means

Table (1) shows that F;’s were intermediate between there
parental genotypes for the time required for flowering and maturity,
while Fy’s later than their F;’s in all crosses. While, back crosses
were closer to back cross parent. The parent Ware was the shortest
plant height (about 46 cm.), the parent Quinitz was the earliest
variety for flowering and maturity (about 32 and 105 days) and the
parent Crawford was the highest for number of branches per plant
(5.23) .. The F, means for the yield characters were higher than
those four parents, except number of seeds / pod for crosses II and
IV, 100. seed weight for cross IV, this was reflected in the
appearance of positive highly significant heterosis for the following
traits; number of pods per plant, number of seeds per plant, number

~ of seeds per pod, 100 seed weight and seed yield (Table 2).

Table (1) : Average and standard error values of ihe parents, F,, F; and back
crosses for studied characters in the four soybean crosses.

Character No. of plants | Generation Cross | Cross {1 Cross [11 Cross 1V

60 P, 32132014 38.73+0.16 37.75+0.18 38204020

60 P, 38.88+0.15 35.40+0.15 31534010 | 35732018

(1) flowering 60 Fy 34734027 | 35352014 | 33304018 | 3583023
date 120 Be; 36284027 | 40.07x032 34162019 | 40031039
120 Bc: 36532029 |- 4093029 33384020 | 4294104

240 Fy 18.8640.23 40.6510.28 36.78+0.17 41.9340.32

60 P 105674023 | 121.68+0.13 | 118132018 | 118472023

60 P, 121.98+0.24 | 127.16740.14 | 10580022 | 126.83+0.19

{2) maturity 60 Fi 113.45+0.26 | 124.0320.19 | 113.1840.26 | 120.2740.28
date 120 Be, 113024035 | 123932034 | 115484029 § 119814046
120 Be, 11330046 | 128924029 | 11241035 | 121.1420.53

240 F; _ 1E8. 704035 | 128134030 | 113.02+0.30 | 123.04+0.46
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Table (1): Cont.

Character | No. of plants | Generation Cross i Craoss [1 Cross 111 Cross IV
60 P, 7350025 | 8295020 | 80382020 | 8027+0.2%
60 P . 83.10:027 H 023 74.27£0.19 91.1040.24
(3) filting 60 F, 78.72+030 88 6840 32 79.88+0.29 84.43+0.29
period 120 B 76.740.46 83.8740 41 81.32%0.34 80.28+0.42
120 Be; 76.73£0.58 | 87.99+037 | 79.03+0.37 78.19+0.50
240 F, 79.9040.44 87.48+6 36 76.2440.34 81.11+0.43
60 P, 66.75+0333 88 484020 86971019 87.35+0 19
60 P, 88.3540.21 46 000 15 67284018 46.28+0.15
{4) plant 60 F, 100004044 | 102534024 | 81.70:025 | 104 4240 33
height {cm) 120 Be, 77.43£0.73 88.2740 53 81924043 88 88+0.32
120 Bcy 82.42:0.77 7118061 72.10£0.47 69.43+£0.36
240 Fa 75,2240 6] 75.504] 55 659.95+043 71.34+0 30
o} P, 6.02+0.10 B OB+ 12 8.15+0.13 §.37:0.13
60 P, 7.82+013 7.1049.12 6.5040 14 6.93+0.13
(5) first pod 60 F, 9.52+0.17 12654016 7.78+0.15 151020 16
height (cm) 120 Be, 5.6010.16 3314022 7472016 9421020
120 Be, 6.81x0.15 8.2340.26 6.3440.14 7.65+0 21
240 F,; 6.4140.14 8.7340.24 6.30+0 13 9.28+0.19
60 P, 4 28009 4.1240.10 523010 5.12+0.09
(6) No. of 60 P2 4.13+0.10 3.5240.07 4.17:008 36740 06
bmnchi:s! 60 F, 6.35+0.07 6224012 7.22+6.10 9.214+0.16
plant 120 B, 4.90+:009 473010 5.2840.10 5.104+0.09
120 Bc, 4331008 4.94:0.09 445101 4.85+0.12
240 F; 4.460.07 4 364008 4.3040 10 4.66+0.08
60 Py 19031074 | 1174520 7Y 122.140.72 123.4040 74
60 P T18.4241 28 | 91.9340.59 | 120580 84 92.68+0 54
{)No. of 60 F. 173.3322.52 | 176.65£1.35 | 17092%195 | 1 86.70+1.66
pods / plant 120 Bc, 125434232 | 1442142 41 | 133 8022.11 158.53+2.60
120 Be, 130.44+) 98 | 124 31192 | 127.03+2.27 146.14+£2.61
240 F; 113.8121.78 | 12043+2.04 | 115.05+1 90 136.80+2.53
60 P, 258014208 | 277411 82 | 27946621 81 | 276 7321 .58
60 P, 259.0242.11 | 191.06%1.58 | 256.72+1 45 | 1936621 47
{8) No. of 60 Fy 433.5123.18 | 418572228 | 454.06%2 36 415.684+2.78
seeds / plam 120 B¢, 293.4444.33 | 372.76+4 (9 | 332.3845054 | 363.4247.01
120 Beca 302.1764.79 | 269354476 | 319.9126.20 | 310.34+526
240 Fy 269.804.22 | 284.07x4.09 | 272.5245.60 | 304.16+5.00
[1] Py 2174017 23:0.02 2.28+0.02 2.25+0.03
! o0 Py 2.2040.02 2.08+0.02 2.13+0 0] 2.09x0.02
{(9)No. of 60 F\ 2.5240.02 2.4110.03 2674002 2.24+0.04
seeds / pod 120 Bc, 2.38+0.03 2.63:0.05 2,500 03 2.3430.06
120 Bca 2.3320.03 21840 04 2.5240.04 2.14+0 05
240 Fy 241003 2.37130.05 2.35x0.03 2.36+0.05
1] P, 14.0010.06 12,63+004 13,4840 06 13.45+0.08
o0 P; 13.2240.03 18.05+£0.05 142940 05 18.1320.05
(10) 100- seedi 60 Fy 15841007 18.58+0.11 15.62+0.09 16912019
weight (gm) 120 Bc, 15172009 [ 15844013 [ $4.0560.10 { 1607015
120 Bc; 14.4740.32 16.56+0.13 14 98+0.09 16.82+0.17
240 F, 14.0020.10 17.1540.12 15.04+0.08 16.15=0.13
60 Py 36.0440.27 3438007 37611020 37.510.20
(11) seed &0 P, 34 244028 3447028 366940 20 35.08+0.20
vield per pla 60 F 68.7340.59 778340 87 F0.96+0.68 68.69x0.57
i (gm) 120 Be, 44 644072 59.43+1 02 469040 .86 58.18%1.31
gm 120 Bg 4531085 | 48132133 | 48154107 | 53132112
240 F; 37.6640.68 493414099 41.08+091 49.33+1.08
Cross | Quinitz x Giza 22, Cross 11 Giza 22 x Ware, Cross 11l Crawlord x Quinitz, Cross IV Crawford x Ware

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

Heterosis, inbreeding depression, F; deviation and potence ratio

The data presented in Table (2) indicated that heterosis of
mid and high parent for all characters were highly positive &
negative significant except maturity date in crosses 1 and I, cross I

for filling period for mid-parent, cross 11 and IV for flowering date
for better parent were non-significant.



J. Agric. Res, Kafer EI-Sheikh Univ., 33(2) 2007 318

Table (2) :F, deviation (E), Bach cross deviation (E,}, heterosis, inbreeding

depression percentage and ‘potence ratio for character studied in four
crosses of soybean.

. i nbreedi Poltence ratio
Character [Crass {E) (LI] MPH c.cro”sB.P. dip?t::if;l:lﬁfo s
T | 374% | 257 | -Zig™ 8097+ SYETID 23
() ] 415ies | gsgee | gpave -0.14 14994+ 103
Rowering | 1y | 5 gpes -0.41 -3.87% 561% 10464+ 043
date | gy | ss3ee | rgaees | 307+ 0.28 -17.02%* 092
T | 507 | 096 033 7365+ 463% 0.05
(2) maturity] §1 | 128.33%* ] 430 032 193¢+ 33y 0.14
date Wy 045 | 273% | 1.09ee 6.98%* 014 0.20
IV | 158%% | ) 97% | .194%e 1.52%% =231 ~0.57
[ | 133%% | 3579+ 0.51 TG 1agr 0.08
G)filling | 11 | 86.82% | 4.18%= | |57+ 6.9]%+ 135+ 030
period | IH | 237 | 304% | 331 7.550+ 4.56% 084
IV 1 -305% [.11.66% ] .[dg* 5,150 394+ -6.23
T |1335% | -1770°% | 28.05¢+ 13.19%* 24785+ 308
(yplam [ 11 ] 57.85+ 1.1033%= | 52.40% 14.58++ 26.37%+ -1.66
heiht (cm) | 11 | -946% | 481% | 5930+ £6.06** 14384 046
IV _1-1428% [ -1202%*| 5627t | 19.54+¢ 3168 -1.83
1] -18i%e { 303% | 3750 | Sg.1a%* 32.66% 28D
(5) firstpod] 1F | 620%% | -376%* | 66.63%% | 73 (7ee 30.96% 10.29
height (cend} UE | -1.25%% | -1.30%+ | g0+ 19.69%+ 1906 | 056
IV | -2.09% | -568% | 9730% | j17.80%+ 38,52 16.40
®No.of| | | OB I3 IT5089%% | 4336 30, 72%+ 2836
mranches /| 1 | 316** | 039% | a2880¢ | sop7ve 20,894+ 8.00
ot U} -165%% | -223%+ | s355% | 3g04es 40.36% 472
P IV 1 -2.14% { -366* | 109.78% | 70ggee 49.44%+ ~6.65
(NN of | | {2234 (36047 | 26.18%% | 45.62%% 3334 11947
;1 1 1933 ameet ggyes | s04gee 26.74%* 564
P‘:‘" T {-31.23% [ -31.73%¢ | 40519+ | 3070+ 12,684 46.56
PIant 1 v 110570 993« | 728pee 51.29%% 26.73%* -5.12
@ No.of | | | 7628 106415 T €769%% | 6737 37765 “146.08
wedss | 0 [19066*1 820 | 3062%% | s3p40r 32.13% 459
Ul |-BRS56** | 6086+ | 6037%% | g247ee 30.98% 16.35
plant IV {-2027%% 1 2289% | 76.74% 503 2683+ 435
1 0.06 0.60 15.38%% | 15.07%% 4440 -12.40
ONo.of | B | 226% | p20s | ga5es 3435 1.54 1.66
seeds/pod) 1§ 000* ] Gier | 21.00% §4.61#* 11.87%* 6.25
! v { 06* 0.08 3.0 4.44%% 558 -0.24
amioe. | 1 | 0707 | 030 16494+ 13.14%* TNILD 591
dweignd N1 ] 15534 | cse | gpq3ee 2.94%+ 7.6+ 119
PO B a1 | 028% | ager | 1247ee 9310 3.73ee 424
(gm) w1 020 0,19 7.13%* 6,734 4.5 0.48
{51) seed U 1-1427%* | .1393%*] o559+« 90, 70** 1530+ 3738
viddper | 1 | 2763% L a7ies | 6 1ee | 125790 3661 2143
lant gmy] 1 | -1298%+ (130700 | 91000+ | gge7ee 42,124+ 7298
P IV ] -3.16% | 633%* | goagss | g3i3es 28.18%* 26.72
E; refer to F, deviation E: refer to Be-deviation. ’

* and ** significant at 0.05 and 0.01 levels of probability, sespectively.

The inbreeding depression was positive and negative highly
significant for all traits studied except, maturity date in cross I and
plant height in cross IV were non-significant, while were significant
for filling period in crosses 1 and I1.
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F, deviation (E;) and back cross deviation (E;) for all traits
studied were either positive or negative significant or highly
significant, however (E|) for maturity date and (E;) for flowering
date in cross HI were non-significant.

Over dominance was observed for flowering date in cross II,
for plant height and first pod height in crosses 1l and IV and for
- number of branches per plant in all crosses, while partial dominance
was observed for the remaining of crosses for most of traits
Over dominance towards both the higher and lower parents was
detected for yield and yield components such as number of pods per
plant, number of seeds per plant, number of seeds per pod, 100 seed
weight and seed yield per plant in all studied crosses, except
number of seeds per pod and 100-seed weight for cross IV were
partial dominance.

Inbreeding depression % was haghly significant for all the
studied traits in the four crosses except number of seeds per pod in
cross 11 (Giza 22 x Ware) and cross 1V were not significant..

Type of gene action using generation means:

The data presented in Table (3) indicated that the additive and
dominance effect estimates (a, d} for all characters were significant and
highly significant in the four studied crosses except a few cases.
Estimates of additive X additive gene effects “aa” were significant and
highly significant in the four studied crosses except crosses Il and IV
for flowering date, crosses I and I for first pod height and cross 1 for
number of branches were non-significant. The additive X dominance
gene effects “ad” for all traits was significant and highly significant in
all crosses except crosses 11 and 1 for Hlling period, first pod height
and cross {1 for plant height were mon-significant. Dominance x
dominance gene effects “dd” were nmon-significant in cross If for
maturity, plant height and number of branches per plant, also for first
pod height in cross III.

Regarding to yield characters, the estimated mean effect(m)
which reflects the contribution due to the overall mean plus the
Jocus effects and interaction of the fixed loci was highly significant.
The additive effect (a) was highly significant in the second cross
{Gizn 22 x Ware) for all studied traits except number of seeds per
plant, while was highly significant also for 100-seed weight only in
the first cross (Giza 22 x Quinitz ) and was insignificant for the
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remaining traits in the same cross. Regarding to crosses 1 and IV
were significant and highly significant for ail studied traits except
number of seeds per plant, number of seeds per pod and seed yield
plant for cross Il (Crawford x Quinitz).

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

character Cross m a D aa ad dd
0 ] 3886*% | 026 | -10.59%¢ | 9% | 3.12°° 163°
fowesn 1 4065** | 086* | 23 -0.62 22530 | -1653%*
Bl m 36.78%* | 0.783%% | .1341% | -1207%% | -233*%. | 1288
datc v 41.93** | o1+ | 291 178 4.14%* | 1857
1 TIB71**F | D28 | -2258%% | 22200 | 788% | 2412%%
2y maturity] 11 12813* | 498** | 723%% | 6g3te | 224%* 195
date m H302% | 3070 | agger 3.68* | 3.10%* | 9.150%
IV j123.04%s | 133 | 1265t | p7ee | 285 | a2
1 79.85%¢ 002 | -1207%% | 1247 | 480°* | 19.60°¢
G)filting] 1 8748+ | 43¢ | 4g0¢ | g2+ 028 14.58%*
period m 7624 | 228 | 183100 | 15750 | g7 | 2203
W BLUISY | 207% | 876* | 751%* | 749+ | 3033+
i 7522%% | 4984 | 4127°% | 18.82%% | 58265 | 165§%%
@ptat {1 75.50% | 1708+ | 52.19% | 16900 | 4 16%s 3.75
Ineight (cm)| 111 69.95%* | 982+ | 32700¢ | 2820%+ { 903 | -1860%
v 71.34** {1945+ | 688ser | 3125¢¢ | .y08* 5414
1 641+ 021 378 1.18 0.69** | a87**
(5) firstpod| 11 8.73%+ 0.08 321 185 0.42 9.25%*
height cm)] 11 630% | 113se | ogges | 2470e 030 0.18
v 928%* | 176%* | 445% | .290% | yo5%% | 14735
Groof] I 446% | 057 | 216 0.62 049+ | 203
Aol 4364 024 4250 | g5+ | g sqee -1.07
'a“f s l 430% 08T** 4.6T% 2,154+ 0.33¢ 2324
plant v 465 | 025% | 608% | 126* | -047** | 606°*
1 11381 | 502 |.113.24% | 3648 | 548 1560 |
(MNo.of| 1 12941%¢ | 19.96*¢ | o146** | 1550 720% 6.03
pods /plam] T | 11505 | 678% | 110.71%* | 6143%+ 572 2.03
W1 13680% | 12.40% | 14078** | 62.12%¢ | 306 | .gjogee
@Noof| ] 269.79% | 874 | 28701 | 112020 1 833 80.81°
et I 284.07% | 10341 | 334.76* | 1470200 | g2.73%¢ | .13 520e
m L 2msss | 1247 | 20047% | 21450+ | 100 7478
plant
IV 30416 | 53.09%* | 31136%* | 130.88%* | 1155 | 176.65%¢
1 Ta1e+ 0.04 011 023 0.06 023
ONo.of| 1 237+ | 0asse 0.35 015 033+ 055
seeds /pod| 11 2354 0.02 109** | 062+ 009 | 091
W 236v | pigw 041 047 0.12 032
a0 100, 1 14025 | 071%% | 344% | 3.10% 033% | 3.59%+
ed weigh] 1 1715%% | 072%* | 056 | -380*% | 199% | gg3ee
N b o1soder | ogg3es | 537 [ 250% | gsaee | g7
(&m) W 16.15%* | 076 | 230% 118 1.5R* -1.55
1 '37.66*% | 068 | 6283 | 2934%% | .187 .39
(;1:1} ds‘;‘: i 49.34%% | 1130% | 6116% | 17.75% | 1134 | 534
ot oy | 11 4108 | _125 | soe1vr | 2579% | .1m 034
P W 49.33% | 505 | 57710 | 2531%¢ | 3g3¢ | .3797%s

m sefer to mean effect of F; gencration | ]
* and ** significant at 0.05 and 0.01 levels of probability, respectively,
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Dominance gene effects (d) were highly significant for seed yield
and its major components in the four crosses except number of
seeds per pod for crosses I, Il and 1V and 100-seed weight for
crosses I and Il which exhibited insignificant value. Thus would
suggest that dominance gene effects have a significant contribution
to the inheritance of these traits in these crosses. The interaction
between additive x additive (aa) was also highly significant for all
studied traits in the four crosses except number of pod per plant for
cross II and number of seeds per pod in crosses I, II and IV, 100-
seed weight in cross IV which exhibit non significant. The additive
x dominance effect (ad) was significant and highly significant for
all studied characters in all crosses except number of pods per plant,
number of seeds per plant and number of seeds per pod in the three
crosses I, Il and IV were non significant, also seed yield per plant
in crosses I and III showed also non significant.

The dominance x dominance effect (dd) was insignificant in
crosses 1, II and III for number of pods per plant and seed yield
plant, either non significant was observed for number of seeds per
plant for cross III, number of seeds per pod for crosses I and II and
100-seed weight for cross 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. These result were in a grement with those reported by El-
hosary (1981), Bastawisy et al (1997) and El-hosary et al (2002).

Heritability and genetic advance:

The data presented in Table (4) indicated that broad sense
heritability estimates for flowering date, plant height and first pod
height in cross II were above 91%. However broad sense
heritability estimates for maturity date and filling period in cross IV
were also above 90 % indicated that these characters were affected
by additive and non-additive gene actions. In the same time these
traits in same crosses showed high values for narrow sense
heritability above 87%.

Genetic advance expressed as percentage of the F» mean for
flowering. maturity date and filling period for all crosses were (3.44 -
“7.65 %), (6.65 — 12.23 %) and (7.73 — 12.11 %) respectively, however
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for plant height, first pod height and number of branches per plant
were (9.8 — 16.37 %), (2.86 — 6.72 %) and (1.01 — 2.22 %) for all

Crosses,

Table (4) Heritability in broad and narrow senses and genetic advance
of the four crosses for the studied characters,

characters Cross Heritability Genetic advance

Broad sense | Narrow sense AG AG%

(1) flowering 1 88.85 46.98 344 8.84
dale n 92.79 75.56 6.66 16.39

1 79.89 6795 379 10.30

v 89.90 731 1.65 18.25

(2} maturity l 87.67 60.30 6.65 5.60
date i 92.8) 86.16 825 645

1 85.88 8474 825 730

v 93.47 82.87 12.23 9.94

(3) filling 1 89.9¢ 55.64 173 068
peried 1 86.96 7147 878 1005

I 87.78 84 87 9.14 11.99

Vv 90.50 87.00 12.11 14.93

{4) plant 1 9224 50.09 9.80 13.03
heiht (em) 1 96.75 92.85 1637 21.68
' 1 94.15 9221 12,719 i8.28

v 84.51 71.06 1.56 10.59

(5) first pod I 74.83 69 55 3.00 46.77
height {cm) H 9143 89.55 6.72 76.94
m 71.89 66.77 2.86 4541

v 86.85 85.57 535 51.62

(6) No. of 1 60.49 5199 1.18 26.42
branches / I 63.06 39.75 1.01 23.16
piant m 76.19 73.39 222 51.69

v 55.02 38.25 1.05 2247

- (TyNo. of 1 77.33 52.95 29.99 2635
pods / plant 1] 94.60 85.78 55.86 43.17
1 88.40 67.02 40,63 3331

v 95.31 94.45 76.39 55.84

(8) No. of 1 91.15 8253 111.03 41.15
seeds / plant 1 94.48 82.02 10694 37.65
m 97.53 89.83 160.60 58.93

A 9712 93.29 178.69 58.75

{9No. of 1 83.47 64.11 0.52 21.46
seeds / pod 1 93.58 93.83 138 58.37
i 93.47 79.07 0.82 3495

v 90.68 83.77 1.30 54.87

(10) 100- ; g1 82.14 2.56 18.23
seed weight i 90.46 85.04 3133 19.44
(gm) m 77.40 4296 1.03 6.88

v 71.60 56.56 242 15.01

(11) seed H 91.07 63.83 13.85 3677
yield per ! 9243 82.04 26.09 52.87
plant (gm) 1 94.53 86.08 2496 60.76
v 97.05 73.32 2533 15.34
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This means that when heritability estimates are high the
selection is effective in early generations, therefore, additive gene
effects were though 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 (1969), Raut et al. (1988), Mansour
(1991), Ibrahim et al (1996). Ragaa Eissa et al. (1998) and El
Hosary et al. (2001).

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

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 (4)
showed high values of hertability in broad sense were obtained.
This parameter measures the proportion of phenotypic variance in
population that is due to genetic differences, the highest values
obtained was above 95% for number of pods per plant in cross IV,
above 97% for number of seeds per plant in the two crosses III and
1V, whilc was above 94% for number of seeds per pod in cross II,
91% for 100-seed weight in cross I and 97% for seed yield plant in
cross IV. The values of hentability 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 heigh values for the traits of four
crosses for number of seeds per plant, 111.03, 106.94, 160.6 and
178.69, low values for the traits of all crosses for number of seeds
per pod, 0.52, 1.38, 0.82 and 1.30, 100-seced weight, 2.56, 3.33,
1.03, and 2.42 and intermediate values for number of pods per plant
2999, 55.86, 40.63 and 76.39, seed yield plant, 13.85, 26.09, 24.96
and 25.33. while the genetic advance as percentage of F, mean
(G.S/F2%) ranged from 26.35 to 55.84 for number of pods per
plant. from 37.65 to 58.75 for number of seeds per plant, from
21.46 to 58.37 for number of seeds per plant, from 6.88 to 19.44 for

L)
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100-seed weight and from 15.34 to 60.76 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.

These data strongly reflect the presence of non allelic gene
interaction in the inheritance of these characters in all crosses.
Heterosis mainly contributed by dominance components, which
were two many times higher than the additive component. Both
heterosis and inbreeding depression are correlated phenomena,
therefore, it is logical to predict that heterosis in F, will be followed
on appreciable reduction in F, performance these results are in
agrement with those reported by Weber et al (1970), Theng and
Tseng (1973), EL-Hosary (1981), Bastawisy et al, (1997), El-
Hosary et al. (2001) and Mansoure (2002).
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