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ABSTRACT

A diallel cross excluding reciprocals among six parents of soybean namely L86-K-73,
Giza111, Giza22, H88L1, H155 and DR101 was utilized fo estimate heterotic expression
and combining ability for earliness traits, growth characters, yieid and its components viz.,
number of pods/plant, number of seeds/pod, humber of seed/plant, seed yield/plant{gm),
100-seed weight(gm), oil percentage and protein percentage. The parent L86-K-73 behaved
as the earliest one and best in protein content , while parent (Giza111) was the best for
plant height, number of pods/plant, number of seeds/plant and seed yield/plant. The parent
DR101 the Lest for number of branches/plant and gave the highest mean value in oil
percentage.

The hybrid produced from the (L86-K-73 X H155) was the earliest one among fifteen
crosses and gave highest mean value for protein percentage.While the hybrid {Giza111 X
HB8L1) performed the highest mean value for number of pods/plant, number of seeds/plant
and seed yield / plant. Highly significant negative heterotic effects relative to mid-parent for
flowering date was detected for two crosses and four crosses exhibited highly signiicant
positive heterotic effects to better parent for plant height. All crosses expressed highly
significant positive heterotic effec::; for number of pods / plant and number of seeds / plant
Highly significant mean squares due to both general and specific combining ability were
detecled for ali trails except number of seed/pod. Mareover high G. C. A/ S. C. A ratio
which largely exceeded the unity were obtained for earliness traits, number of branches /
plant, number of pods / plant and number of seeds / plant indicating that the additive and
additive x additive interaction types of gene action were predominant in controfling these
traits.

High heritabitity values in narrow and broad sense were detected for flowering date,
maturity date, yield components, oil and protein content.

Key words: Soybean, Heterosis, Combining ability and heritability.

INTRODUCTION

The soybean (Glycine max (L.) Merrill), a native of eastern Asia, is one
of oldest crops of that area and it considered as a vital leguminous crop.

The soybean is a crop with many uses .t provides human food, animal
feed and materials for many industrial uses .As a source of protein, oil, and
fat, it compliments the contribution of most other major crop

In Egypt, soybean is an important food legume crop that was
introduced in the 1970"s and gained local interest since then soybean
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product commercially since 1972, when about 2800 feddans™ were. grown
this area has increased about 112,000 feddans in 1986

The primary geal of the researcher effort is to increase y:eld The
average seed yield increased from 400 Kg/feddan year 1972 to more than
1500 Kg/feddan year 2008*. Early maturity is another important character
since it frees land quickly, often allowing an additional planting of the same
crop or other crop in the same year.. The plant breeders are interested in
the determination of gene effects to establish the most advantageous
k-eeding programs for the improvement of the desired characters (Tawar ef
al., 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 40
to 48 % protein (Brim and Burton, 1979).In Egypt, the quantity of oil seeds
production including main oil crops; i.e., cotton, sesame, flax and peanut, is
far from being sufficient for excessive demand. Therefore, Egyptian plant
breeders intensified their efforts 1o increase soybean yield and yield
components to meet the increasing demanded for oil and protein
production. Such improvement is strongly dependent up on the genetic
improvement of soybean germplasm ( Bastawisy et al., 1997 and El-Hosary
et al., 2001). To achieve such goals, it is important to study the type and
mode of gene actions that influence agronomic traits. Combining ability
analysis helps the breeder to identify and select superior genotypes for
seed yield and major yield attributes.

Diallel rrossing analysis is an excellent tool providing the breeder with:

{I) The nature and amount of genetic parameter.

(M) General and specific combining ability of parents and their hybrids,
respectively. There are two main approaches to achieve there objectives,
namely Griffing's approach and Hayman's approach.

Heterosis effects for hybrids over their mid and better parents were
reported by many authors (Konieczny, 1986; Raut et al 1988 and Loiselle
ef al, 1990).

The main objectives of the present investigation are:

a) To study the heterosis of early maturity traits such as number of
days to inflorescence, days to maturity, maturity period, yield and yield
components characters such as number of seeds / pod, 100-seed weight,
seed vield / plant and the number of branches / plant.

b) To estimate the relative importance of general combining ability
{g. c. a) and specific combining ability (s. c. a).

c) Investigate of genetic components ie. additive variance, non-
additive variance, environmental variance and heritability.

*Mmlstry of Agnculture and Land Reclamation, Department of Statistics.
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MATERIALS AND METHODS

Two varieties and four lines of soybean (Glycine max L.Merrilf)
were used as parents in 2008 and 2009 seasons. Table (1} shows the code
number, genotype names, pedigree, maturity group, origin, growth habit,
pubescence color and flower color of the parents.

Table (1) code humber, genotype names, pedigree, maturity group,
country of origin, growth habit, pubescence color and flower color.

. Country
Code . Maturity Growth  Pubescen-ce  Flower
number Genatype Pedigree group 0?'19@ habit color color
Selected fom L73- | ,

1 LB8-k-T3 4673 100-105 USA iD Gray White
dayes
1%

2 Giza 111 Crawford X Celest 120-130 Egypt 1D Tawny Purple
dayes
v

3 Giza 22 Forrest X Crawford 120-130 . usa 1.0 Tawny Purpie
dayes
1

4 HBBL1 G21 X LB6-K-73 115-120 Egypt 1.D Tawny White
dayes
n

5 H 155 G 111 X L86-K-73 115-120 Egypt Lb Gray Purpie
dayes
v

6 DR 101 Selected from Elgin 130-140 USA D Tawny Purple
dayes

i.D- Indeterminate D- Determinate i- Group (1)
iil- Group (3) V- Group (4) V-Group (5)

A half diallel cross set involving the six parents were made during summer
season 2008 at ltay El-Barud (Zarzora) Agricuitural Research Station. In
summer season 2009the six parents along with their offspring's were growth in a
randomized complete block design with three replicates. Each plot consisted of
four ridges of four meter long and 60 cm width, area of plot = (9.6 m®). Seeds
were sown in hills and spaced at 20 cm with one seed /hill on one side of the
ridge. Phosphors fertilizer was applied in the form of calcium superphosphate
(15.5 % P,0Os) at the rate of 150 kg/feddan. Potassium fertilizer was added in the
form of potassium sulphate (48 % K,O) at the rate of 50 kg/feddan. Both of
phosphorus and potassium fertilizer were added during the soil preparation and
incorporated into the soil before irrigation. Nitrogen fertilizer was added in form
of ammonium nitrate (33.5 % N) at the rate of 25 kg/feddan applied before the
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first irrigation, in addition to Rhizobia inoculation (Rhizobium japonicum domiati).
The Herati method of planting was used in whish the soil wa Irtigated before
sowing. All cultural practices were carried out as recommended for growing at
the proper time. . 1

Data of the following traits were recorded on ten garded individual
plants chosen at random from-each plot.
1 - Number of days to inflorescence (days): It was estimated as the number of
days from sowing to the appearance of the first inflorescence on the main stem.
2- Number of days to maturity (days): It was estimated as the number of days
from sowing to the maturity of about 95% of the pods.
3-Maturty period {days): t was estimated as the number of days between
flowering and maturity dates.
4- Plant height {cm):
5- Number of branches / plant:
6- Numbe:- of pods / plant.
7- Number of seeds / pod.
8- Number of seeds / plant.
9- Seed yield (g/plant).
10- Weight of 100 seeds in grams.
11- Oil content {%):
Oil percentage in soybean seeds was determined according to the extraction
method described by A.Q.A.C. (1975) by using Petroleum ether b-p= (62 68)
as a solvent.
12- Protein content (%):

Protein percentage in the seeds of soybean was calculated by
multiplying total nitrogen percentage by 6.25 N%. The nitrogen percentage
was determined using the Micro-K;eldahl method as described by A.C.A.C
(1975).

Statistical Analysis:

The ordinary analysis of variance for randomized complete blocks
design was firstly performed for F, diallel set according to Snedecor and
Cochran {1967). A one tail F ratio was used to test the significance of
different sources of variation.

Heterosis was expressed as the deviation of F1 from mid-parent

mean (MP ) and better-parent mean ( BP ), (Mc*her and Jinks, 1971)
General and specific combining ability estimates were obtained by

employing Griffing's diallel cross analysis (1956) designated as method 2
model 1.
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Estimation of genetic variance i.e additive, non additive and heritability
according to Singh and Choudhary (1976).

RESULTS AND DISCUSSION

Analysis of variance for all characters are presented in Table
(2).The obtained results showed that genotypes mean squares were highly
significant for all traits except number of seeds/pod indicating wide diversity
between the parental genotypes of this studies

The mean performance of the six parental genotypes and fifleen
crosses for the studied traits are shown in Table(3). It is ciear that variety
.86-K-73 behaved as the earliest one for flowering date , maturity date and
maturity period (29.13 , 98.57 and 69.43 days) respectively. The parent
Giza111 recorded the highest values with respect to plant height, number
of pods/plant, number of seeds/plant and seed vield/plant (gm) while parent
L86-K-73 produced the lowest value for these traits The highest number of
branches was observed in the parent DR101 followed by H88L,, while the
lowest number was in parent L86-K-73. .

For 100- seed weight, parent DR 101heavyer one (18.2g) and parent
L86-K-73 lightest parent (10.3g). Concerning oil and protein percentage,
parent Giza22 gave highest value for oil content (21.90%) and parent
H88L, gave high value for protein content (50.30%)..

liis also ciear from data in Table(3} that the F1 cross (L86-K-73xH155)
expressed the lowest value for flowering and maturity dates (31.67 and
109.27 days) respectively.

The cross {L86-K-73xH88L1) produced the tallest plants (153.80), where
as cross (H88l1xH155) the shortest plants.

The cross (Giza111xDR101) gave the highest value for number of
branches/plant {10.23), whereas cross (L86-K-73xGiza111) gave the
iowest value for this trait (5.27) The cross (Giza 111xH88L1) had the
highest mean values for number of pods/ plant, number of seed/ plant and
seed yieid /plant.

For oil content, the cross (H155XDR101) gave highest mean value
(22.17%) followed by cross (Giza111xH155), (20.73%), while the cross
{Giza 22xDR101) gave the lowest mean value (15.87%). For protein
content, the crosses (L86-K-73xH155) and (H88L1xH155) were superior
(49.47% and 48.83%), while the cross (H155xXDR101) gave the lowest
mean for this traits.

Heterosis expressed as the percentage of F1 mean performance from
its mid and better parent average values for all studied traits are presented
in Table{4 and 5) respectively.
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For flowering date, two crosses expressed significant negative
heterosis relative to mid-parent value (L86-K-73xGizat111) and cross (L86-
K-73xH88L,).Highly significant positive heterosis relative to better parent
expressed for all crosses

For maturity date, six crosses significant positive heterosis relative to
mid-parent, while all crosses significant positive heterosis relative to better
parent. .

Concerning maturity period, one cross (Giza22xH155) expressed
significant negative heterosis relative to mid-parent value and also to better
parent value (-4.96 and -4.59) respectively.

For plant height, six crosses exhibited highly S|gn|fcant positive
heterotic effects to mid-parent. However the highest heterotic effects were
detected for the cross (L86-K-73xH155). To better parent showed that
highly significant negative and positive heterotic effect for eight and four
crosses respectively. ‘

With regard to number of branches/plant, eleven and eight crosses
showed highly significant positive heterotic effects relative to mid-parent
and better parent, respectively.

The results were agreement with those previously obtained by
Habeeb et al (1988}, El-Hosary et af (2001), Mansour et al (2002) and
Fayiz (2009).

For number of pods/plant all crosses showecd a highly significant positive
heterosis percentage relative to mid and better parent. Moreover, the
desirable heterotic effect this traits was detected for the crosses (L.86-K-73
XH88L1) and (Giza111 X HB88L1) relative to mid -and better parent
respectively.

For number of seed/plant, five and two crosses showed significant
positive heterotic effect to mid and better parent values, respectively.

Concerning number of seed/plant, all crosses expressed highly
significant positive except two crosses not significant relative to mid-parent,
whiie four crosses not significant relative to better parent

With regard to seed yield/plant, seven and four crosses exhibited highly
significant favorable positive to mid and better parent value. However, the
cross(L86-K-73 XH155) exhibited the best heterosis for mid and better
parent (98.79% and 42.52%) respectively.

As for 100-seed weight, significant positive heterotic effects were
detected for seven and three crosses relative to mid and better parent.

Among those are Shang et af (1992}, Ibrahime et a/.(1996), Bastawisy
et al.(1997), Mansour ef al.(2002), and El-Garhy et al (2008). They reported
that, heterosis was significant positive or negatlve for yield and its
components traits.
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Regarding oil percentage, four and three crosses expressed highly
significant positive heterotic effects relative to mid and better parent values
respectively. Moreover the crosse(H155 X DR101) was the best since it
had the highest heterosis value to mid-parent (8.3%), while cross {(Giza22
X DR101) gave highest heterosis value to better parent (10.29%)

For protein percentage , four and three crosses exhibited significant
positive heterosis relative o mid and better parent respectively. The cross
(Giza22 X DR101)gave highest value (10.45%) to mid-parent, however, the
cross (L86-K-73 X H88L 1) gave highest value (5.59%) to better parent.

Similar results were obtained by Brim and Brurton (1979}, Wehrmann &t

af {(1987), Fahmi et al (1999) and Chen et al (2008).
Regarding oil percentage, four and three crosses expressed highly
significant positive heterotic effects relative to mid and better parent
respectively. Moreover, the cross(H155 X DR101} was the best since it had
the highest Heterosis value (8.3%) to mid parent and cross (H88L1 X
DR101) (10.29%) to better parent.

Data presented in Tabie (6) indicated that highly significant mean
squares due to both general (gca)and specific(sca) combining ability for all
traits studied except number of seed/pod. High gcafsca ratio which largely
exceeded the unity for seven characters, such results indicated that
additive and additive by additive types of gene action were important role in
the inheritance for these traits.

Estimates of general combining ability effects (§i) of each parent for all
studied traits are presented in Table (7). From Table (7) it was observed
that the high negative (§i) values were required to develop earlier varieties.
The parent L86-k-73 expressed high significant negative (§i) effects for
flowering date, maturity date and maturity period. Therefore this parent
could be considered a good combiner for earliness among the studied six
parents.  Parent genotype H88L1 was the best combiner for piant height,
number of branches/plant, number of pods/plant, 100-seed weight and
protein percentage. Whereas parent Giza22 was the best combiner for oil
percentage.

Specific combining ability effects (§ij) for all studied traits are presented
in Table (8). Resuits indicated that three crosses expressed significant
negative (S.C.A) effects for maturity date. Moreover the cross (Giza 111 x
H88L1) had the highest desirabie S.C.A effects for this trait followed by the
cross (Giza 22x H155).

Moreover, the cross(H88L1 X DR101) had the height significant
positive values for s.c.a effects for plant height, number of branches/plant,
number of seed / plant, seed yield/plant and protein percentage. Cross
(LBB-K73 X Giza22) had height positive significant value §.C.A effects for
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oil percentage. Other crosses had negative or positive significant S.C.A
effects.

Through appropriate selection programs (pedigree selection, modified
single seed or single pod descent) desirable segregates may be obtained
from such crosses.

Estimates variances of the genetic and environmental components.
heritability for all studied characters are given in Table (9). From these data
it's clear that confirmed the additive yenetic variance. For all traits, where
non additive variance was more important than additive gene action in
controlling the inheritance.

Narrow sense heritability estimates were low for plant height and
number of branches/plant, intermediate for maturity period 0.54 and high
for flowering date and maturity date {.91,and .90) respectively. The results
from table (9) also heritability estimates ranged from 0.03 for seed
yield/plant to 0.21 for protein content. These results revealed that dominant
genetic variance more important for these traits. Such results indicated that
bulk method may be useful in this respect.

These results are in full agreement with those obtained by Kunta et &/
(1985), lbrahim ef af (1996), Bastawisy et af (1997), El-Garhy et af {2008)
and Fayiz (2009).
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Table {2): Mean square of all tralts studies for half diallel crosses soybean.

160-

Flowering Maturity Maturity Plant %0 oot N Noor  Seed  seed Ol Protein
date date period height pods/ seeds/ yield/ content content
S8.0.v D.E (days) (days) (days) {em) ?rs;nci: es plant seeds/ plant plant{g) Weight % %
plan pod ®
Block 2 0.56 1.45 2.57 6.53 0.69 31.24 0.004 B88.14 78.26 0.18 2.24 1.47

Genotype 20  [12.11**  289.50%* (5.46%*%  1509.78%+ 7.89%+ 4153.03%% 0.04  T9BRADHF  TSTIOMF  [T32** B6I%F 29124+

Error 40 2.8] 1.51 4.26 9.24 0.09 33,30 001 1534 10.34 0.66 0.85 0.96

NS: Not significant
* : Significant at 0.05% level of probability
** Significant at 0.01% level of probabllity

(eyseq eqes "8y 08y ) "soy dUTY APY [
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Table (3} Mean performance of all traits studied for half diallel crosses of soybean,

Flowering Maturity Maturity Plant No. of No.of - No.of No.of yield 100-seed  Oil - Protein
Genotypes date date period height branches pods seeds  seeds Iplant Weight Content content
(days) (days) (days) (cm)  /plant /plant  fpod  /plant ® 14] % %
?3:(6];11(1. 29.13 98.57 69.43 5437 4.13 103.80 217 22687 2337 10.30 18.67 48.79
Gizs 111(P2) 4117 120.70 79.53 139.87 7.60 14026 240 33413 57.80 17.30 18.40 41.13
Giza 22(P3) 43.27 122.87 79.60 13047 7.17 12707 237 30105 50.28 16.70 21.90 43.30
HBSL1(P4) 36.57 116,97 80.40 121.37 8.13 134.63 201  263.57 4436 16.83 18.40 50.30
H 155(P5) 35.20 114.20 79.00 112.97 6.13 163.77 227 23517 41.08 17.47 21.20 42.93
DR 101{P6) 51.57 138.87 87.30 128.07 833 111.53 247 27505 50.06 18.20 18.73 43.43
PixP; 33.60 110.57 76.97 103.93 527 17910 237 42265 6243 14.77 19.67 44.13
PyxPy 3633 113.07 76.73 139.40 8.17 162,53 236 35220 5646 16.03 17.87 40.i10
_PyxP, 31.73 11530 83.57 15380 10.03 21093 227 47570 8230 17.30 19.50 44,13
PyxPy 3167 109.27 77.60 130.80 6.17 137.53 233 31990 5064 15,83 16.73 49.47
_PxP; 40.37 121.23 80.87 126.47 1.17 12897 227 28923 50.62 17.50 18.47 46,43
P;xp, 41.57 120.00 78.43 9423 917 197.97 220 43543 62.70 14.40 20,60 45.47
BaxP, 37.97 11730 79,33 134.13  9.57 23110 230 527.57 9829 18.63 18.27 46.43
PPy 38.33 118.77 80.43 112.63 10.17 169.80 223 37590 70.67 18.80 20.73 40.70
_PuxPy 48.57 130.83 82.27 115,53  10.23 15590 210 33563 35.82 16,63 17.90 42.83
Papy, 40.17 119,90 79.73 101,09 8.07 219.50 203 43933 61.95 14.10 15.13 42.83
PxPs 41.83 117.20 75.37 121.67 7.17 157.63 227 36550 6298 17.23 17.00 41.90
_PyxP, 41.97 133.07 §5.1¢ 147830 8.43 173.17  2.17  376.07 6581 17.50 15.87 47.90
Pap; 35.33 117.20 81.87 83.50  7.03 177.63 2,13 38277 3931 10.27 18.17 48.83
PPy 4327 13533 87.07 117.17 8.07 197.67 217 42903 7208 16.80 i7.03 43.43
PexPy 44.23 135.57 91.33 93.23  6.07 J81.43 207 36080 46.90 13.00 22.17 39.63
L.S.D 0.05 2.77 2.03 3.41 5.02 (.49 9.52 0.17 2044 531 1.34 1.52 1.62
L.S.D 0,01 3.91 2.71 4.56 6.71 - 066 12.714 022 2734 711 .78 2.03 2.16

{vyseg Bqes BV D] ) 59y OUBY APV [



1102 “(#) 91 "ToA

TIi8

Table (4): Heterosis of mid-parent (MP) of all traits studied for half dfallel crosses of soybean

Flowering Maturity Maturity Plant No. of No.of No.of No.of S.”d [00-seed Qi Protein
Crosses date date period . height branches pods seed seed ;[:: " Weight comtent  conteat

{duys) (days) (days) {em) f plast fplant fpod fplant @ & o %
Pyxfy 4414 0.35 334 7014 -10.14% 46.77F% 349+ 50.69%  28.14** 7037 6.09** -1.85*
PyxPy 0.36 212+ 297 59.464* 4460 40.80%*  1.32** 33.43*%  4998**  18.74%*  .1193%¢ 1292t
P.xP, 3417 6.99% 11,55+ 75.03%+ 63.62%* 16934 561+ 93.99%s  SRATEY 2749 5 |E¢e -10.940¢
PyxPy; -1.54 2714 4.56%* 56.33** 2027 32500 495 AT FRTETE 1397 L1610 TRTF
PPy 005 214 .20 38.64% 15.09* 19794+ 2.16* 1515 50.62%%  22.80**  -3B0** (.59
PaxPy -1.54 -1.47 -1.43 ~27.61** 24,17+ 48, 11%*%  JTOSY 37400 L146B*% L1529 -223% L0
PysP, »2.32 -2 -0.79 2,69 21.68% 6B.14%* 451 T6.33%%  -14.30%%  9.14%+ -0.71 0.77
PPy 0.38 L12 1.47 «}0, 914+ 48.14%* 39.16% 47+ 32.06* 730 B11s* 577 -3.16%"
FaxPy 243 -0.03 -14 ~7.03% 12000 30.68**  -13.03% 1652 1877+ .631%* 604 130
PaxPy 0.63 -0.02 -0.34 L1640+ 5,49+ G7.75%  -16.00%*  SS5.62*¢ 072" .15.92%%  .5.06* 348t
PyxPy 6.61%* -1.13 4,96+ 4.24 782 JGTTH LLI6MT 3632t 2400 082 L B AANE K Al
PyxP L16 158 1.98 18.93** 877 48.16**  -1533**  30.56**  3L14%* 029 -23. T8 1045
PPy -1.55 1.40 172 -28.74%+ -1.407* 45.02%% 046%™ S340% 3BRI%e 40)2%* 823% 3474
PxPg 9.534+ 579 3840 6.05%* -1.94% 60.60%  291%*  5931%%  2R4S5%* AQ1Fe -1020% L7340
PaxPy 1.95 1.14%% 9.84% 22647 -16.04%* 68.54** 1266 4143 219 -2T03% 3304 -§.22%*
LSD00S 240 1.76 .95 435 0.4 825 0.14 17.68 4.6 1.16 1.32 140
LSDO0M 322 235 3.93 5381 0.57 11.03 0.i8 369 6.14 1.54 1.76 L.87
P1- L B6-K-T3 P2- Giza 11 P3- Giza 22 P4. H88L1 P5.H 155
P6- DR 101

NS:Not significant *and** significant at0.05 and 0.0 levels of probability, respectively.
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Table (5): Heterosis of batter- parent {BP): of all traits studied for half diallel crosses of soyhean.

Flowering Maturity Maturity Plant No.of Neof  Noof  Noof  Seed 100-50ed  OR Protein
Crosses date date " peried beight branches pods seeds seeds }:ﬂ‘: ¢ Weight  Content  Content

{days} {days) (days) {em) I pinnt Jplant fpod Iplant ® [£3] % %
PixP; 15350 12,174+ 10.86%* 25,744 30,66 27.69% L1250 265 -11,7%% ~f4.624% 0 55¢* 5.36%"
PPy 24723 14,71 10.5%* 1571+ 13,95+ 27.9%¢ «2,954¢ 17 447 -4.01%+ -17.81%%  Jig4es
PxP, 8.93¢* 16,97 2037 26,75%» 23.37% 55.98* 461 B0AR%* 21920 207% J227% 559
PixPy 8720 10,854 11,774 15.73¢e 0.65%* 32,54 2.64%% 35.8% 42,524+ -9.39“‘_ 1.39 -21.08+*
PixPe 38.50% 2299 16.44% -1.28 «13.930* 15.64%* 524 516 [0.67%% 385 ) -4.84%* -6.39%*
Pysly 697 0.58 ~i.38 ] -32.63%* 20.66* 41.15%%  .B33e= 3032*  1631*  -16.76% 501 -5 54
PxP, 383 0.28 -0.25 4.1 17.71%* 64.76%* «§.17%% 5799 23854 T.60% «8.413¥ 0,714
PixPy 8.89** 4,00 I8 =19.48+* 33820 28.06%%  .T.08%¢ 125 0.40 T.6Ew =5, 194 -2.22%
PP 17,97+ §.39% 344 =174 22.81%+ 11.15* -14.98%* 045 4:92 -8.53%+ -1.38 -9.28**
P;xP, 9.84* 2.5 .16 =16.71*¢ 0. 144 63.04%%  -14.35%F  4593%¢  4521%* .1622'F  .14.85¢ -12.68%
PyxPs £3.83* 243 o4 5G** 1.00 1] 24,0548 422 21.38* 17574 137 =3.23%e 2237
PyxPy 10,854 8.3+ 1.34 15.41% 1.2%* 36,284 L1215 249+ 046" 385 10.20% -27.53%
PPy 0.37 2.63* 3.6* 312 135 31948 617w 4523% 437 4] 21%% 392 <1420
PPy 31.99% 1570 1022+ 0.3 3120 46.82%%  -12.15%*  ELT78**  40.34%* 769 -13.66%*  -13.69%
PPy 25.65%¢ 18,710 330 w2128 =27.130 1563%% 1619 3Li8%* 649t S2B5TFS BUTS 4.58%
L.SDo0.os mm 203 3.4 50 0.5 9.52 0.17 20,44 5.31 1.34 1.52 Lé2
L.8.D 0.01 mn m 4.56 5.1 0.65 1274 0.22 1734 I 174 2.3 216
P1- L 86-K-73 P2- Giza 11 P3. Giza 22 P4- HB8L1 P5- H 158
P&- DR 101

NS:Not significant

*and** significant at0.05 and 0.01 levels of probability, respectively.
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Table {8): Mean square of General and specific combining abitity {G.C.A, 5.C.A} and G.C.A/ 5.C.A ratio of all tralts studied for
half diailel crosses soybean,

Minturity

Maturity

Nowof

Ng,of

Seed yield

100-seed

8.0V BF E::eﬂn! date period :;];:;’ height | enches ﬂ?;:ftpodu seeds ?‘:'0{ seeds iplant weight oul Protein
T am tdays) (days) 1 pint fpou  (PIRN © ® gontent tamtent
G.CA 5 43296 LORL.64%+ 184,97+ 1519271 16.24% 4723.18%* 096 0633.79% 8277 &, 125 6.38** 15.29%
8.CA i 5164 28,574 25.63** 1606.62** 5.10% 3962984+ 0.03 T440.26** 782.12%* 21.05% 9.36%+ 3373
G.CAMSCA 819 42.30 722 0.98 318 119 2 1.29 0.87 0.29 0.68 045
Error 40 282 1.51 4.26 9.25 009 31330 0.01 1534 1034 .66 0.85 0.96
Table (7): General combining ability {G.C.A) e_ffects of all traits studied for half dialle] crosses of soybean,
Floweri  Maturity Maturity Plant No.of Ne.of No.of No.of Sfm;:l 100-seed Odl Protein
S0V ngdate date period height  branches pods seeds seeds ;l;:m " weight content  content
(days) (days) (days) (em) 1 plant fplant fpod Iplant @®) €3] Yo Y%
L 86-K-73, -8.79**  -546** -3.67%* ~122%  02¢ -13.91*  0.08* 763 S2.63%% L0604 (.55 0.93*+
Giza 511 0.51 -0.42% -0.94* 3.40%% 059 9.55%+ 007+ 4D.56%*F 688+ 020 -0.28 -0.15
Giza 22 2.02%* 0,844+ ~1.18%* -0.29 0.29* 4.87* -0.03% 5.57 -0.13 0.47%* GGl -0.87**
H88L1 -l46%*  .041% -1.05%* 3.00%% 049 21.01**  .0.05** 245 1.62%* (.48 -0.66%*  0,59%
H 155 -2.06%*  -1.98%* 2.1 ~363% 0,60 -11.80%* .0.02 SA28TH S6.507F  L0.65%* 035 048%
DR 101 6£.78%%  T.43% 4.66%* -1.25%  0.61% 9,724+ 005%* LM 0.77 0.10 0.13 -0.98%=
S.E(gi) 0.54 0.39 0.67 088 0.1 1.856 0.03 10.87 1.03 0.26 0.3 032
S.E(gi-g]y 084 0.6] 1.03 1.52 0.21 2.89 0.05 16,22 161 0.41 0.46 0.44

NS:Not significant  *and** significant at0.05 and 0.01 levels of probability, respectively.
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Table {8 ): Specific combining ability {S.C.A) effacts of earliness and growth traits for half diallel crosses of soybean.

) No.of Noof No,of Seed 100-seed

Flowering . Maturity  Maturjty  Plant N-O'Of ‘pods/plant  seed seed yield weight on Protein
Crosses date date period height - branches /pod Iplant ' Iplant &) content%  content

(days) (days) {days) {cm) / plant g %
PxP,; -0.88 0.13 101 23.75%% 143+ 20,894+ 0.04 9.28 325 171+ .86 4,12+
PuxP, 0.35 L37* 1.01 15.29%%  .59%* 9.01+ 0.08 15.63 TG 0.85 1.86%* -1.20
PixP, 0.77 4,855+ 5.62%* 740" 0.79%* 41.26** -0.01 113,15%*  24.64"* 097 -0.43 4,314+
PixPs -0.24 Q.39 063 13.84%¢  -0.24 0.68 0.02 2064 7.62%* 2.73** 2,05 -2.95%+
PxF )38 -1.07* -0.69 2L.53%*  1,62%* -9.97* 0.23** 18,60 0.66 2124 0.4 -0.99
PPy 0,71 .74 002 13.38**  -0.20 2098+ -0.04 4236 -4.15 -0.62 -1.45* =301
PaxP, -0.84 219 -1.35 18.90%%  2.1§%* 37.06%* 0.02 108.51%%  28.31* 0.64 1.56* -0.77
PyxPs 0.13 0.85 0.72 10.83%*  .0.71%* 9.48*% 0.04 20,14 16.81*¢ 030 -1.434 4.67**
PaxPy 1.52*% 0.5 -2.02* 0.9 -0.04 -6.50 0.02 «28.71 -3.24v* 122 «0.30 3.10**
PyxP, -0.14 -0.85 -0.71 10.27%* 0,02 31,05 0.11 37.13 220 171+ -0.63 1.88*
PyxPs 2.12% -1.98** -4.10%+ 3.64 [.53%* 14.00+* 0.01 26.59 §.21%* 3.00°* 1.49* -3.38%¢
PyxPy -0.59 047 -1.05 -0.89 1.274* 15.45%* -0.0% 28.53 .36t 0.09 -1.79* -0.22
PyxPy -0.9 -0.73 0.17 3.85¢ -0.94%* 5.85 0.93** 1488 -13.71%  1.40¢ £.97 -3.63%*
PP 3.19%¢ 398+ 0.79 22.58** 0,00 23.81%* 0,02 55.56% 11.95%* 0.94 -2.55% 3,834
PxP, +0.23 5.79%* 6.03%* 6. 78%* 0.50%* 40.39** -0.01 50.62** -4.74% 1,37+ «1.70* -3,50%
S.E(sif} 1.23 0.9 1.51 2.22 0.22 422 0.07 23.75 2.35 0.59 067 Q.72
S.E (sij-sik) 222 1.63 2.73 4.02 0.16 7.63 013 4293 425 147 132 13

P1- L 86-K-73 P2- Giza 111 P3- Giza 22 P4- HB8L1 P5-H 155 P&-DR101

N3:Not significant

*and™ significant at0.05 and 0.01 levels of probability, respectively.

(eyseq vqes Ty 0B] ) 'S0y OLBY ‘APY [



1107 “(#) 91 '[OA

918

Table (8): Estimates of additive and nonadditive genetic variance, environmental variance and heritability for all characters
among half diallel crosses of soybean,

Flowering Maturity Maturity  Plant ~ Noof  No.of ’:f‘? No of S;'ij .:,3:& oit Protci
Estimates date date period height  branches pods seeds seeds lylant weight conteni% G rmf;“y
(days)  (days) (days)  (em)  /plant jplant fplam P o comients’e
/pod ® ()
i‘:“gﬁ:: 8695 22402 2984 2684 279  190.05 0008 54823 2486 373 075 461
N‘:fm:“ 234 2406 2137 49737 301 92968 002 128686 3717 1539 851 18.77
E“‘jan"{'m““:"" 2846 3553 2278 14775 327 19990 003 8602 23102 698 255 7.88
Heriuabilityin 5 ¢ 087 069 0.78 064 085 048 068 063 073 075 0.75
broad sense
Heritability in o 9.7 04 0.04 031 014 014 02 004 014 007 0.15
Narrow scnse
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