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ABSTRACT: Twenty one hybrids, developed by crossing 7 female parents
and 3 male parents in top crosses scheme (7x3). They were evaluated for -
hybrid vigour, gene action, combining ability, degree of dominance and
inbreeding depression for 10 traits. Significant differences were found
between either parents or F, crosses in all traits. Mean squares of entries,
parents, crosses, heterosis, females, males, and female x male were
significant to highly significant in ali traits, except some ones. For ail traits,
except average pod weight and total green pod yield the estimated additive
genetic variance values were higher, suggesting that the total genetic
variability associated with these traits were results of additive and additive x
additive types of gene action. Average degree of dominance {ADD) values
were more than one for pod weight and total green pod yield, suggesting
dominance or over-dominance influenced the expression of these
characters.

The cultivars Aquadulce, Mansoura-1 and Reina Mora showed significant
GCA effects in 7, 4 and 5 traits, respectively. Therefore, they could be the
best donor genotypes for breeding program. Highly significant positive or
negative specific combining ability {SCA) effects were detected for most
traits. The best F, crosses were "Kassasein-7 x Reina Mora” and
“Kassasein-1 X Luz De Ofono” for yield and its components.

Significant positive or negative heterotic effect to high parent's value was
detected for aill studied traits. The crosses “Aquadulce x Luz De Otono”,
“Kobrosy x Reina Mora” ,” Aquadulce x Reina Mora” and” Mansoura-1x
Nubaria-1” gave the highest HP-heterosis values as 61.12% for total green
pod yield, 9.62% for seed index, 3.89% for pod weight, and 3.56% for number
of pods per plant, respectively. While, in relation to the check cv., they gave
5|gn|f‘ icant heterosis values as 84.48, 22.94, 31.61 and 38.84%, for these tralts
respectively.

All F, populations gave positive inbreeding depression values for plant
height, number of pods per plant, pod weight, seed index and total green pod

yield. Therefore, F; populations are not suitable for commercial production in
broad bean crop.

Key words: Broad bean, Heterosis, Combining abmty and Inbreeding
depression.
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INTRODUCTION

Cultivated broad bean (Vicia faba L.) is used as vegetable, fresh or
canned, green or dried for human consumption since it is rich in calories,
minerals, vitamins and proteins. In development of high yielding cultivars,
the breeder often faces with the problem of selecting parents. The selection
of parents has consequently to be based on complete genetic information
and knowledge of combining ability of these parents. Combining ability
analysis is considered to be an efficient technique not only for selection of
desirable parents and crosses, but it also characterizes nature and
magnitude of gene action in the expression of a trait. Additive and non-
additive genetic effects could be determined from the estimates of combining
ability as general (GCA} and specific (SCA).

Basic information on the relative proportion of additive and non-additive
gene effects for complex traits used for studying the inheritance pattern and
could be used in formulating an efficient breeding program to achieve
desired genetic improvement. Where both additive and non-additive gene
action are important, it is advisable to adapt recurrent selection for handiing
such population. Farag (2007) and Farag and Helal (2004) reported that both
additive and non-additive gene actions were important to control most of
studied traits. They added that GCA was greater than that of SCA for ail
characters, except some ones. The same conclusion was reported by El-Hady
et al., {1991, 1997), El-Refaey (1999),) and Attia et ai.,(2006). If the additive
gene action appears to be more important, plant breeder through exact
designed selection program must expect a maximum improvement in this
particular character. El-Hosary {(1985) reported that additive and additive x
additive types of gene action were more important expression for ali traits,
except seed yield per plant, while, Farag and Darwish (2005)found that
additive x additive type of gene action was significant for all traits, except
first fruiting node , number of seeds per pod .Also, El-Tabbakh and lbrahim
(2000} indicated that additive and additive x additive types of gene action
controlled some traits ; i.e., number of branches/ plant and number of pods/
plant, while the non additive gene action controlied the inheritance of plant
height and seed yield/ plant. El-Hosary et al.(1986) indicated that additive
gene action was the dominant component for all traits.On the other hand, the
presence of a relatively high non-additive (dominance and epistasis) gene
action suggests that a hybrid program wilt be performed good prospects for
the character(s). Salama and Salem (2001) and Salama and Mchamed (2004)
found that the non-additive genetic components were more important in the
inheritance of 100-seed weight, seed number per plant and pod number per
plant. El-Hady et al., (2006) found that dominance genetic variance was more
important than additive one for all characters.
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Information on heterosis and combining ability helps the breeders to
choice the suitable parents for the breeding programs. El-Refaey (1999)
found high significant positive heterosis over both mid and better parents for
plant height, number of pods, seed yield/ plant. El-Tabbakh and Ibrahim
(2000} and Rabie et al., (2004) reported that heterosis values relative to better
parent differed for plant height, 100- seed weight, seed yield per plant,
number of branches per plant and number of pods per piant. Farag and
Darwish (2005) and Salama (2005) found that significant positive heterosis
effects to mid-parents were detected for all studied traits. Over dominance
for the higher parent was found in number of seeds per pod and totai green
pod yield. Manifestation of heterotic effects ranged from significantly positive
to negative values (El-Hady et al., 1891 and1997, Salama and Salem, 2001,
Salama and Mohamed, 2004, Attia et al.,, 2006 and Farag, 2007).These
differences may be due to genetic differences of the parents and/or non-ailic
interaction.

Regarding the inbreeding depression, El-Refaey (1298}, Farag and
Darwish (2005} and Attia et ai., 2006 found that highly significant inbreeding
depression values were observed for most traits. Farag and Helal (2004)
found that all F; populations gave positive values for plant height, number of
pods per plant, pod weight, total green pod yield. Also, Rabie et al., (2004)
showed that some crosses expressed significantly positive inbreeding
depression for number of branches, pods, seeds and seed yieid per plant.

The main targets of the present investigation were to estimate general
and specific combining ability effects, Heterosis, average degree of
dominance and inbreeding depression, to be employed in improving yield
and it's components as weill as growth characteristics in some broad bean
cultivars.

MATERIALS AND METHODS

This investigation carried out during three successive winter seasons of
2004/05, 2005/06 and 2006/07 at the Experimental Farm of El-Gemmeza
Agricuiture Research Station, Gharbia Governorate. This experiment involved
seven broad bean cultivars (females) and three broad bean cultivars
(maies).The female parents were(P;) Mansoura-1, (P;) Kassasin-1, (P,)
Kassasi-7, (P4) lcarus , (Ps) Agquaduice , (P;) ILB 4728, (P;) Kobrosy, while the
male parents were {P;) Nubaria-1, (P;) Reina Mora, and(P;,) Luz De Otono.
The parents number 1, 2, 3 and 8 are from Egypt; 4 and § were from Syria and
§, 7, 9 and 10 are from Spain. In 2004/05, the crosses along with 10 parents;
i.e., 7{females} and 3{males) were generate the experimental materials used in
this study. In the winter season of 2005/06, total entries being 31(ten parents,
and twenty one F; crosses) were evaluated in a randomized complete block
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design with three replicates and the data were recorded. Some of the F,
plants were selfed to produce the required F; seeds. in the final season,
2006/07, the 10 parents, 21 F, crosses and 21 F; were sown in a randomized
complete block design with three replications. In each replicate, three ridges
were allocated to each of the non-segregating populations (P, P; and F,) and
ten ridges for the F, populations. Each ridge of one side comprised of fifteen
hills spaced at thirty centimeter apart within ridges of sixty five-centimeter
widths. Recommended agronomic practices were carried out as usual for the
ordinary broad hean fields in the area. The cuitivar Aquadulce, which is
widely grown, was used as check.

Observation and measurements were recorded on ten, ten and twenty five
guarded plants per plot for parents, F, and F,, respectively .The following
characters were recorded: plant height, number of branches per ptant (at the
end of the growing season), first pod height, number of pods per plant,
number of seeds per pod, pod weight, pod length, pod diameter, seed index
(100-green-seed weight) (at harvesting time) and total green pod yield.

Statistical and genetic analysis:

Statistical analysis was performed according to Snedecor and Cochran
{1982). The analyses of generai and specific combining abilities were
computed using the iine x tester procedure suggested by Kempthorne (1957).
Average degree of dominance (ADD) was worked out as (O0°D [ 0°A)* given
by Comstock and Robinson (1952). Average degree of heterosis was
expressed as the percentage increase or decrease of the F, performance
from the high (Hp) or better parent (Bp) values. inbreeding depression (1D %)
was calculated as the differences between the F; and F; means expressed as
a percentage of the F,.

RESULTS AND DISCUSSICN
Combining ability

Analysis of variance along with the estimates of general (GCA) and
specific (SCA) combining abilities for some plant and pod characteristics are

presented in Table {1). Significant differences were detected among all
genotypes, parents, and crosses for all the studied traits.

Data in Table (1} 1 reflected highly significant mean square values in ait
source of variations; i.e., entries, parents, crosses, heterosis , females
;males, and female x male for most traits. The significant of variance due to
entries, parents, crosses and females were significant to highly significant in
all traits, except the number of branches per plant, suggesting the existence
of non-additive gene action. Also, mean ‘squares of the crosses vs. parent's
comparisons were sighificant for all traits, except number of pods per plant,
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indicating the expression of heterosis effects for the remaining traits. Mean
squares of male parents were found to be significant and highly significant
for all traits, except for number of branches and number of pods per plant.
Highly significant mean squares of female X male parent’s interaction were
obtained for afl traits, except for number of branches per plant, humber of
sesds per pod, pod weight and diameter, indicating that females did not
express identical orders of ranking for the performance of their crosses with
each tester. Highly significant differences for both general and specific
combining abilities were found for all characters {Table(1) indicating the
importance of both genetic variances for the inheritance of these traits.
Similar results were obtained by El-Refaey (1999}, Farag and Helal{2004),
Farag and Darwish(2005) and Attia et ai. (2006 ).

Table(1): Analysis of variance of combining ability, gensetic components of
variance and average degree of dominance (ADD} for broad bean
plant and pod characteristics.

) pod | Total
Plant |Branch| First | Seed Pod Pod Pod Seed [number/{ green
SOV. {df} .t pod jaumberj = length Index
number| height | /pod | weight damater piant podyieldi

Entries {30175.63] 1.9 | 87.31* | 0.56** | 131.35 | 18.05* | 0.09™ |1660.4*} 36.73* {53374.2"
Parents(P) | 8 1127.45*| 0.85 | 50.36™ | 1.3¢* [ 75.69™ [33.08*] 011" }12B5.4™} 4176 |17319.1"

Crosses(C); 20| 55.96™ [ 1.2 | 9065* § 0.24™ | 102,00* | 578 | 0.07*" |1423.5"| 35.56" |30331.6"]

Heterosis;
Pys) 1 13002.8"| 563 {38591~ 076" 112191811280 0.25" |9772.7"| 14.79" 8387231
{ Pys.

Lines{L)| 6 | 84.74™ | 147 |188.50™| 0.32* [ 103.65™ ) 747" | 019~ 27206} 73.56 }41600.5"

Testers{T){ 2 {126.74™| 014 |113.84* 0.50™ | 20.76™ |22.74~| 0.06° |2921.4™| 0.40 [E962.4™

H’\e Xtester
{Lxmn

Emor 160 832 0.81 2,03 0.064 0.518 | 0.470 | 0.008 335 2447 297.2

127 3128 | A1 | 3786 4G | 114717 226" 1 04821 | 525.37 | 22,42 j2B502.1

GCA 9| 4177~ | 006" | 847 | 0.016* | 4136™ j§0.405* ) G.009" [140.55™| 349 ) 18323~

SCA 20] 7.324= | 0.06* | 11.94 { 0.015* | 38.065~ | 0.598* | 0.0032 -183.91'"‘ 6.66 | 9431.6"

o’A 8.353 0.13 18.97 | €.033 8.272 ; 6.810 | ©.099 | 281.06 6.98 - 36646
o Aot D 1.140 1.98 1.59 2132 0.217 1.353 | 5.930 111 1.048 ‘ 0.388
ADD 0836 | 071t | 0.754 0.685 2145 § 0.860 | 0.411 0.764 | 0877 1.604

***  Significant at 0.05 and 0.01 levels of probability, respectively.
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For all traits, except average pod weight and toial green pod yield, the
estimated additive genetic variance values were higher (more than one)
suggesting that the total genetic variability associated with these traits were
a result of additive and additive x additive types of gene action which was
further confined by O°A / O°D and by the degree of dominance whose value
was found below unity. The same results were obtained by Farag and Helal
(2004 ).Since there was predominance of additive gene effect for zall above
traits, significant advancement could be achieved in the segregating
generation through conventional breeding method’s such as pedigree and
bulk selection method. Average of dominance (ADD) which was found to be
more than one for average pod weight and total green pod yield(2.156 and
1.60,respectively(Table 1) suggest that dominance or over-dominance
influenced the expression of this character. High average degree of
dominance revealed predominance of non-additive type of gene effect for
these traits. Salama and Mohamed (2004}, found that the average degree of
dominance was more than unit for all character, except plant height.
Recurrent selection could be useful for the development of this character.

Analysis of variance along with the estimates of general (GCA) and
specific (SCA) comhining abilities for all plant and pod characteristics are
presented in Tables (283). General combining ability (GCA) effects were
significant for most traits under study .For plant height; the female parents
showed values ranged from -3.65 (in Aquadulce cv.) to 5.46 (in Kassasein-7
cv.} (Table 2). Therefore , the cultivars Kassasein-7,ILB4726, and Rina Mora
can be considered as good donor and may be used for increasing plant
height through breeding programmes, since they showed the highest
positive significant GCA values.On the other hand the cultivars Aquadulce,
and Nubaria-1 gave the highest significant negative values(-3.651and -3.281
,srespectivaly) . These resuits recommend that, these cultivars may be used
as good donor for decreasing plant height in broad bean.

Concerning number of branches per plant, three cultivars Mansoura-1,
Aquadulce and Reina Mora showed positive significant GCA values. For that,
these cultivars can be used as a good donor for increasing number of
branches per plant.
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Table (2} General combining ability effects for broad bean plant and pod

characteristics.
First | Seed pog | fotal
£ Character Piant { Branch pod | number Pod | Pod | Pod { Seed! —. . | green
F] Genotype height | number height | Ipod welght | length diameter| indax plant ;:eol‘:!

Female parents:
Mansoura-1 089 1 049" ;441" 019" {544 043! 006 | 05 | 406" j-26.08"

2 Kassagein-1 -2.05" 002 : -6.70™ 0.09 |27 (141 0.08% ) 577 1 2722 1.90.33

3 Kassasein-7 5.46™ | -0.31* | -0.84 D317 ]-1.67 -0.26 | 016 [-24.4) 090 |.59.52

4 icarus 034 ] 009 | 034 | 009 [A.74%) 028 0.09" |88 2.25% | 23.46

5 Aquatulce -3.65 1 0.19* | 1.50* 0.19* {188 11" 0.26 | 143% | 241 [118.79*

6 iLB 4726 234 ;7 0.06 | 579 { 006 |A48™ [-0.67| -0.40" | 148 | 349" | 903

7 Kobrosy 0.86 | 013 | 498 | 043 ]3.44* 1.0.88*| -0.00% | 201 | -2.40% | 24.84*

1SDakp. 605 203 017 0.951 0.17 0.48 | 0.46 0.06 386 1.08 22.78

—r 0.01 2.7 0.22 | 1.265 0.22 064 | 061 { 008 | 543 1.43 30.29
Male parents

8 Mubaria-1 -3.28+ 008 | 2.39" £.08 |4.30 [1.20~ [-0.06™ }-156*] 007 |24.16~

9 Reina Mora 201~ ) 021~ | 295 | oz~ [0.9z*h23™ | 004 1037 pAa2" | 4577

10} Luz De Ofono 1.27 -0.12* 0.56 0.42" |-0.38* {003 | 0.06* 5.4 0.48* -8.38

LSDatp. 0.05 1.43 0.12 0.673 0.12 0.34 | 032 | 0.04 273 0.76 16.12

] 0.0 181 | 046 [ 0894 ] 018 | 045 (0430 ! 0057 | 363 | 104 | 2142

** Significant at 0.05 and 0.01 levels of probability, respectively

As regards to general combining abilities {GCA) effects, the negative
values denote desirable values to first pod height. Data in Table (2) showed
that, from 10 parents, five ones showed significant negative GCA values
ranging from -0.34 (lcarus cv.) to -7.00 (Kassasein-1 cv.}. The remaining
pbarental cultivars showed significant positive GCA values. The cultivars; i.e.,
Kassasein-1 and Mansoura-1 showed highly significant negative GCA values,
indicating that these two parents had desirable genes for short height to first
pod and considerable good combiners for breeding to short length to first
pod. In contrast, the cultivars |LB4726 and Kobrosy may be posse's genes of
late first pod height since they reflected the highest positive GCA values.

Relating to number of seeds per pod, average pod weight, length, and
diameter, the parental cultivars Rina Mora, ILB 4726, Kassasin-i and
Aquadulice showed high positive significant values (0.21, 4.48, 1.41, and 0.25,
respectively). Therefore, they could be considered as good combiners for
breeding to farge number of seeds per pod, heavy, long, and wide pod. The
cultivars Kobrosy {for seed index), Mansoura-1 (for number of pods per
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plant), and Aquadulce (for total green pod yield) gave high positive
significant GCA values (20.13, 4.06 and 118.79, respectively). For the previous
results these parental cultivars could be considered as the best combiner
cultivars for seed index, number of seeds per pod and total green pod yield
and could be used as donors for breeding to these traits.

Generally, the cultivars Aquadulce Mansoura-1 and LB4726( female
parents) ,Reina Mora and Luz De Otono (male parents) showed significant
GCA effects in 7,4.4 and 5 fraits, respectively(Tabie 2). For that these cultivars
could be used in broad bean breeding programs.

Table 3 : Estimates of specific combining ability effects for broad bean plant
and pod characteristics.

Character Plant Branch | First Seed Pod Pod Pod Seed pod Totat
height numbecl | pod | pumber weight | length | diameter | index number? green
Cross Plant | height { /pod plant  {pod yield

1x 8 1424 0095 |-249* | 0283 | 043 | 0.206 0.040 1472 | 2.723" | B3.67T

1x8 0919~ [ 0.048 §-2.65" | 0.100 | 242" | -0.809%") 0075 5.795 -1.667 10.76

1x 10 -2.043 0048 | 544 | Q83 ) -2.63 | 0603 | D114 -4.623 1057 | -84.44

2x8B 2745 -0.429 1 3.09™ | 0150 [ 549 | 0.628 0.050 |-15.138~ ] .3.537~ | 33.75~

2x9Y -6.697 [ 0.048 1.88* 0033 | 149" | 0653 ! -0.075 -3.002 0713 | 2864

2x 10 3946* | 0381 |-437 | 0483 | 699" | 0025 0.026 18,140 | 4.250™ | £2.39™

3xd 0.8568 0343 | 2.03* | -0.078 | -5.21" | 1.028* ! 0.008 10573 | 2.209° | -62.83*

3x 9 2697 0.341 0.18 0419 ) 9.49% | -0.287 0.047 B.071" | -2.164% |154.43"

Ix 10 -3.565° | 0.492 | 2.84™ | D.1B9 [ -4.29" | 0741 | -0.055 -2.502 0.045 | -91.60*

4x38 0,532 | 0.317 .81 0472 1 294" |-D.950*| -0.086 -16.413"| -1.932 | 34.46™

4x9 2,463 0828 | -1.98° | 0.022 ) -3.427 [ 0198 | 0.006 | 21824} 0.278 |-93.35%

4% 10 -1.632 | -0.508 1.47 -0.194 0.48 1.148 0.450 -5.511 1.654 | 5889

5x8 <2887 | 0.206 |-3.04* | 0050 | -6.85 | -0338 | 9.8 | 14660~ [ 2483 |-1228%

Ex 9 1.008 £.063 C.84 0200 { 2357 | 0Bt GOIT {12053 D70 | Sd.4e¢

§x i0 1.378 @270 | 219" [ 0450 | 459 | -0.575 ] 0059 -2.608 2014 | 6842

6x8 0.890 -0.206 1.84* | 0097 | 265" { 0188 ; -0.030 9.57¢™ | -1.558 | 2113

6x 9 -1.414 ¢ -0.063 192" | -0.033 | 8.45" [ 0.997 | 0.052 5966 | 3772 |-86.65%

6x 10 0.224 0.279 | -3.76" | 0.050 | 579 [-0.808*] 0.082 -3.604 -2.215* | 65.52

7 x8 | .210 | 0805 | 282+ | 0.106 058 103831 0007 2081 -0.090 12.72

7x 9 1.019 2.048 0.20 § 0241 | 361 | 0.038 0.077 1373 0.663 | -68.33"

x 10 1090 | 0952 | -2623* | 0106 [ 3.03* } 0.)48 0.070 0.708 -0.574 | 8561

L5.0.005| 3.528 0.961 1.647 { 0238 | ©.332 | 0.792 0.105 6.687 1.506 19,905

0.01 4.698 1,198 21481 | 9317 [ 1108 | 1053 0.139 8.823 2.403 | 26.477

** Significant at 0.05 and 0.01 levels of probability, respectively.
1=Mansoura-1; 2=Kassasein-1;3=Kassasein-T; 4= lcarus; S=Aquadulce; 6= ILB 4726; 7=Kobrosy
8= Nubaria-1 ; 9= Reina Mora ,and 10= Luz De Otono.
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Estimates of specific combining ability effects (SCA) showed significant
and highly significant positive or negative values for all traits (Table 3). The
best F, crosses were "3 x 9" for total green pod yield and pod weight was; “4
x 9” for seed index and "2 x 10"for first pod height, number of pods per plant
and plant height. Since they showed that the highest popular values. These
combinations could be considered the most desirable for all traits. It could be
said that, the best F; crosses were 3 x 9 (Kassasein-7 x Reina Mora) and 2 x
10(Kassasein-1 x Luz De Otono) for improving hroad bean yield and its
component, These top-ctosses might be of interest in breeding programs
towards pure line varieties as most of them involved in more than one trait in
view,

Heterosis and inbreeding depression

Heterosis values which were calculated as percentage increase or
decrease over the high parent for the studied characters are presented in
Table (4). For plant height, 14 F; crosses showed significant to highly
significant HP-heterosis values ranging from 5.20 in the cross "5x10" to
20.41% in the cross "7x10", suggesting over-dominance forthe high parent.
With regard to branch number per plant, 12 F,; crosses gave HP-heterosis
values ranging from 1.65 in the cross"” 6x10" to 24.94 in the cross "3x8",
suggesting over-dominance for the high parent. Concerning to the height of
first pod on the stem, 13 F, crosses gave negative significant HP-heterosis
values ranged from -40.49 in the cross "2x10" to -3.33 in the cross "1x10",
suggesting over-dominance towards the better parents {poded at low-height).
Over-dominance toward the long height was detected in five ones; i.e.,
"3x10", "6x8", "6x9", "7Tx10" and "7x8", sthce the HP-heterosis values ranged
from 3.58 to 24.49. The overall means of heterotic effect relative to high-
parent for plant height, branch number per plant and first pod height were
8.60, 3.07 and -6.48, respectively.
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Table (4): Average degree of heterosis (ADH %) based on high parent (Hp)
and inbreeding depression (ID %} for morphoiogical characteristics of
broad hean crosses.

. . Branch First pod Sesd number .
Character |Piant height| number height pod Pod weight
ADH% ADH%
Cross ADH%{ D% ADHY 1D0% D% 0% | ADH% 0%

1X8 7.70*{7.60| 14.78* | 2.37 }-21.08™ |-3.456] D.70™ | -6.06 }24.34"] 6.94

1X8 17.39"9 211 6.24" |-1.9%]-34.61" | 142 | -4.58* | -8.94 [-21.67*] 8.26

1X10 13.98**]7.52| 11.41** {10.50] -3.33 { 4.65 | -3.40™ | 3.12 ;-30.84™] 13.31

2X8 6.23" |5.88| 9.95" |9.80]-12.70" | 875 | 8.51™ | -2.40 |89.70*;, 7.56

2X9 1.89 }9.59] 1.81* | 568 |-28.04*| 2.22 | -7.80" | -4.27 |-10.25" - £.80

2X10 10.75“"12.341711.11** 17.50/ -40.49* ) -2.17 | -12,93* | 530 |-32.87* 6.25

3X8 7.B2*(1.43] 2494 | 1.621 -4.57 | 564 | -6.32" | 542 [2242*| 3.64

IX9 13.20"13.18 -7.04* ;) 5.52 | -8.91* | 7.48 | -18.44* [ 11.28 {16.61™] 7.92

3IX10 7.36™18.65; 1647~ }19.33] 8.04* [11.28] -13.61 | 551 [-23.98*) 6.09

4X8 -1.96 0.54--4.50** 8.07 | -15.16** | 4.64 ; 4.61* | 1211 171.52"| 1747

4 X9 403 11.29 6.24* |[-6.29]-20.69* | 2.21 { -11.67* | -24.57 |-29.21"] 8.58

4X10 6.36 [9.06; -9.05~ [-3.75! -7.45 |14.56] -17.01* | -22.84 ; -5.68**( 0.29

5X8 -2.48 (592 1.30 [ 5.03 |-11.00" 9.54 | -11.46* | 8.15 [13.99* 7.42

5X9 4.91 1284 -7.04™ | 9.06 | -6.96" | 466 | -2.84 | <2149 | 3.89™ %.08

5X10 | 5.20% (536! 1.85* |2.64 | 00.56 (10.12] -14.06* | -1.84 (24.08*| 5.26

6 X8 10.41*95.72| -2.58* |-2.68 | 22.08* 9.56. .83 2.52 Hor.2rt 8.2

6X9 114.51 8.77 -‘2.58*“-2.15 8.82* (11.25] -9.74* | 551 i-25.00* f11.62

6X10 15.1577110.69% 1.65* [14.96! 0098 | 7.25 | -§.84™ | 973 13877 7167

TX8 482 1088 1429 | 7.94 [ 2443 | 588 | 2.26™ | 11.08 ;33.48*"| 6.74

7X9 18.873.62} -7.04 | B65| 1.78 | 245 -16.83 | 14.88 [-11.66™| 6.07

X190 2041 5,11 -16.67" | 258 | 3.58 ([11.25) -11.56 | 8.49 [2408*| 3.89

Overall mean| 8.60 .7.05 307 ;552 684 615! .79 -0.50 { 15.92 7.64

*** Significant at 0.05 and 0.01 levels of probability, respectively,
1=Mansoura-1; 2=Kassasein-1;3=Kassasein-7; 4= \carus; 5~Aquadulce; 6= LB 4726; 7=Kobrosy
8= Nubaria-1 ; 9= Reina Mora ,and 10= Luz De Otono.
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On the subject of seed number per pod and pod weight, 5 and 12 F,
crosses gave positive significant heterosis values ranged from 0.70 to 8.51%
and from 3.89 to 107.27 %, respectively, suggesting over-dominance for the
high parent. The overall means of heterotic effect relative to high-parent were
-7.19 and 15.92%, respectively, for these traits.

About the pod length and diameter, four F, crosses for each trait gave
significant average degree of heterosis vahles ranged from 4.07 in the
cross”1x8" to 18.58% in the cross” 2 x 8" for pod length and from 3.41 in the
cross "5 x 10" to 8.25 in the cross "3 x 8" for pod diameter (Table 5),
suggesting over-dominance for the high parents. Also, 16 and17 F, crosses
gave negative significant heterosis values, suggesting partial-dominance.
The overall means of heterotic effect relative to high-parent were -6.24 and -
5.79%, respectively.

Obtained average degree of heterosis values for seed index, number of
pods per plant and total green pod yield {Tabie 5) showed that 6,9 and 10
crosses significantly surpass their respective high parents in these ftraits,
respectively, suggesting over-dominance towards the high parents. Parfial-
dominance was detected in 4 F; crosses for seed index and 11 ones for
number of seeds per pod. The overali means of heterosis effect relative to the
high-parent were 0.21 for seed index, 5.80 for number of pods per plant and
20.86 for total green pod yield. Similar results were obtained by El-Hosary et
al.,(1998), El-Tabbakh and Ibrahim (2000} and Farag and Helal {2004).

In the main, estimates of HP-heterosis showed over- dominance in 4
crosses for pod length, in 4 crosses for pod diameter, in 5 cross for number
of seeds per pod, in 6 crosses for 100 green- seed weight, in 9 for number of
pods per plant, in 10 for total green pod yield, in 12 crosses for pod weight, in
12 crosses for iumber of branch per plani, in i3 crosses for first pod height,
and in 14 ones for piant height{Tabies 4&5}. Lastly, the crosses “5 x 107, “7 x
97,7 5 x9” and”1 x 8” gave the highest HP-heterosis values as 61.12, 9.62,
3.89, and 3.56% for total green pod yield, seed index , pod weight and number
of pods per plant, respectively. While, in relation to the check cultivar, they
gave significant heterosis values as 84.48, 22.94, 31.61 and 38.84%, for these
traits, respectively.
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Table 5: Average degree of heterosis (ADH %) based on high parent (Hp) and
inbreeding depression (ID%]) for yield and its components in broad
bean crosses.

Character Pod tength Pod diameter | Seed index |pod number/plant Totat ‘?':; n pod

Cross ADH% | 1D% 1 ADM% | D% |ADH% | 1D% | ADH% | D% | ADH% | ID%
18 4.07 143 | 437 | 1.8t | 413 | 2064 3.56™ | 24.91 |41.16"| 25487
1Xe -22.27 1 2.65 591 | 545 | 2.05 | 4.03 | 2193 | 13,97 | 693 3292
1X10 -£.67 9.97 | 1345 | 298 1 ..73 8.28 | 25.80" 3.72 £95 | 21.70
2X8 18.58™ | 4.01 | -2.23* | 1579 13.76*( 0.56 | -38.17 | 9.66 | 13.04 } 2118
2X9 -13.30* | B.37 | -AT.B7™ | 397 | -4.43 1346 962 | 2072 | 147 | 2058
2X 10 0.02 -6.47 | 8.22" | 10.24 | 10.51" | 6.60 | 12.48* | 1152 | -7.44 6.48
3x8 1047 | 210 8.25~ 176 |-10.24*| 570 | -14.86" | 1259 | 4.73 30.40
3X8 1913 | 1142 | 135" | 4.03 H552* 1036 -17.69™ | 9.58 | 26.91 28.83
3X10 284 | A.7T9 | 062 | 247 ; 909 1 816 | B4l ) 183 | TA2 31.85
4X8 =232 | 1.4} 1.890™ 318 [21.04™ 4.82 | -17.97 | 1422 14117 3414
4%8 -18.83* | 426 [ 1441 768 | 1.06 | 3.97 | 685" | 547 | -3.01 | 2151
4X1¢ -2.98+ 889 -7.29"™ | -16.37 | -7.80 | 6.56 1.7 749 |39.91~| 2322
5 X8 10,47 | 1492 8147 | <1030 | 11.36* | 1.76 | 3. 71 441 | 2867 | 2168
5X9 762 | 1276 | 4057 | 1162 | 065 | 370 | 1823 | 28.24 {41127 | 2823
5 X10 4,74~ 8.52 J.4™ 6.13 110127¢ 3.19 | 1116 | 2995 |61.12=| 2597
6 X3 0.02 8.94 ST.39™ | <266 | 941 | 7.81 | -34.847 | 1294 | 35617 | 23.65
6X9 -15.25** | 3.66 | -17.72 | 9.15 379 | 017 3.99% 4.78 -4.36 20.34
6X10 -15.38" | 562 | 651" | 180 | 9.947 [10.72 | -19.99" | 20.85 [35.40"| 7.78
7X8 -2.54 2.52 464" | 307 | 685 | 7.67 | -27.32™ | 1113 [ 3713 ] 26.01
79 -20.48* | 11.20 | 1847 | 9.06 | 9.62° [ 7.04 | 1173 | 922 | 184 31.08
o Apar~ | 463 | 636 | 350 l14se| 986 | 687~ | 11.50 [30e1=] 1570
Qverall mean .24 488 5.79 085 | 0.21 | 6.87 5.80 13.31 | 2088 | 23.77

A
** Significant at 0.05 and 0.01 levels of probability, respectively.
1=Mansoura-1; 2=Kassasein-1;3=Kassasein-7; 4= Icarus; 5=Aquaduice; 6= ILB 4726; T=Kobrosy
8= Nubaria-1 ; 9= Reina Mora ,and 10= Luz De Otonc.

Relating to the inbreeding depression in Tables(4&5), it was noticeable
that all crosses showed positive values for plant height, number of pods per
plant, pod weight, seed index and total green pod yield. it ranged from 0.64 to
43.18, from 3.72 to 29.95; from 0.29 to 17.17, from 0.56 to 20.64 and from 6.48
to 34.14 %, respectively. The remaining traits showed positive and negative
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ID%. The results of heterosis and inbreeding depression were supported by
Bargale and Billore {1990}, Ei-Refaey (1999), Farag and Helai(2004), Rabie et
al., {2004), Farag and Darwish(2005) and Attia et al., (2006 ).
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