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ABSTRACT

. Production of grain legumes is limiting by the usual array of pathogenic that
affect plants. The present study was conducted during 2005/06, 2006/07 and 2007/08
seasons at Sakha Agricultural Research Station (SARS). A quantitative analysis were
done by using six generations mating design between five faba bean parental
genotypes namely; Rena Mora, Sakha1, Giza 3, Sakha 2 and T.W to produces three
crosses namely; Rena Mora x Sakha1, Giza 3 x Rena Mora and Sakha 2 x T.W. The
parental genotypes could be arranged in to three groups. The first group included;
Rena Mora, Sakha 1 and Sakha 2 where it is considered as the most resistant group
to chocoiate spot and high yielding ability. The second group included Giza 3 which is
moderate resistant to chocolate spot and the third group include T.W as susceptible
genotypes with low vyielding potentiality. The data revealed that, the parental
genotypes and their crosses had the highest value of variation according to relation to
chocolate spot reaction and maturity date. Heterosis over mid and better parent for al}
traits were highly significant except chocolate spot reaction in the two crosses; (Rena
Mora x Sakha1) and {(Sakha 2 x T.W.) relative to mid parents. And also, for no. of
pods/plant in the ¢ross; (Rena Mora x Sakha1) relative to batter parent. Potence ratios
were exceeded unity for most traits indicating over dominance. On the other hand, the
values of this parameter were less than unity in the cross; (Sakha 2 x TW.) for
maturity date, no. of branches/plant. seed yield/plant(g), 100 seed weight and
chocolate spot reaction, indicating partial dominance. The inbreeding depression
estimates were highly positively significant for no. of pods/plant, no. of seeds/plant
and seed yield/ plant(g) in the two crosses (Rena Mora x Sakha1) and (Giza 3 x Rena
Mora). The additive type (a) was significant positive of negative values in alf of
crosses for ali traits except in the cross; (Rena Mora x Sakha 1). For dominance effect
{d) it was and higher in magnitude than that of additive type of gene effects. The
additive x additive gene effect was highiy positive significant in most crosses except in
the cross; (Rena Mora x Sakha 1) for no. of branches/plant. However, highly
significant positive epistatic gene action (ad) was observed in the first cross; (Rena
Mora x Sakha 1) for no. of branches/plant, no. of pods/plant, no. of seeds/plant and
chocolata spot reaction. Hertahbility values in broad-sense were generally higher than
the corresponding values in namow-sense in all crosses for all traits."The addifive
genes seems to play an important role of the inheritance of maturity date, no. of
branches/plant, no. of pods/plant and chocolate spot reaction in the cross; Rena Mora
x Sakhat, where the differences between broad and narow-sense heritability were
closest. The indirect selection in the progeny of the crosses; Rena Mora x Sakha 1
and Giza 3 x Rena Mora and direct selection in the progeny of the cross (Sakha 2 x
T.W.) would be fruitful due to the high values of narrow-sense heritability and the
prediction genetic advance in these cases. The fingerprinted by SDS-PAGE of water-
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soluble proteins were performed in two crosses. The results reveled that bands
number 2, with MWs 152KDa. was found only in cross Giza 3 x Rena Mora and also
exist in the parental genctypes Giza 3 and could be considered as specific bands
{positive markers) for these cross. These results support the validity of seed protein
electrophoresis as a powerful tool for cultivar identification, clarifying taxonomic
and evolutionary problems and studying genetic diversity of Vicia faba.
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INTRODUCTION

Faba bean crop has attracted the attention of most plant breeders to
improve its vield because the importance of the crop for both human and
animal nutrition. chocolate spot, due to the fungus Botrylis fabae, is the most
destructive leaf disease of faba bean crop in the world. The losses as a resuit
to foliage diseases infection were estimated to_be more than 55% for
susceptible cultivar Rebaya 40 which was left for natural infection at Sakha
{(Mchamed et al. 1980). Damages caused by foliar pathogens affecting supply
and translocation of photosynthates are prime importance. Although chemical
control may provide partial protection, it is costly for small farmers, reduces
the crops profitability, and is harmful to the environment. Therefore, selecting
resistant varieties is an efficient option to control the disease and an
appropriate strategy to promote the development of sustainable agricutture.
In this regard, formal plant breeding programs have mainly focused on the
production of input responsive and broadly adapted cuitivars that show high
performance over a wide range of environments. Therefore, cultivars offered
by formal plant breeding have to be “distinctive, uniform and stable.
Reviewed the confributions of plant breeding facing these problems showing
resistance to chocolate spot (Botrytis fabae) has been identified in ICARDA
lines coming from Ecuador (Bond ef al., 1994). The improvement of seed
yield and yield stability are the primary objectives of most faba bean breeding
program, in Egypt; The challenge in breeding faba bean resides mainly in its
reproductive system being partial aliogamous. The genetic variability within
open-poliinated faba bean varieties and the proportion of heterosis occurring
under partial allogamy was studied by Ebmeyer and Stelling (1994). Their
results showed that 70% of heterosis for grain yield was achieved for crosses
between inbred lines of different varieties and that heterosis could be ufilized
in open pollination. Characterization of the genetic variation in the available
germplasm is important for further improvement of crop yield and to impart
resistance to biotic and abiotic stresses (Kour and Singh, 2004). The
separation of seed protein components in polyacrylamide gels are mostly
informative at the species and infra-specific levels (Nei ot al, 1979 and
Coocke, 1984). Seed protein data have, therefore been applied to study
genetic diversity at interspecific levels {Signor et al, 2005; Mustafa et al.,
2008; Sammour ef al,, 2007) and also for cultivar identification (Sammour,
1988, 1990a, 1992; and Thanh et al., 2006). Electrophoretic techniques offer
an exceptional opportunity to study the substructure differences in protein
ameng different genotypes. Nevertheless, SDS-PAGE was used to
differentiate between V. faba cultivars (Stegemann 1983) and to identify
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inbred lines (Gates and Bouiter 1978). On the other hand, several
researchers have found a greater amount of variation in seed storage protein .
fractions, legumin and vicilin (Gatehouse ef al., 1980). The aim of the present
study was to study of genetic diversity and inheritance of earliness, chocolate
spot disease resistance, and seed yield and its components of faba bean
(Vicia faba L) crosses and their parents through the six generations mean
analysis.

MATERIALS AND METHODS

Field Experiments: The present study was carried out during 2005/06,
2006/07 and 2007/08 seasons at Sakha Agricultural Research Station
(SARS). In the 2005/06 season five parents of faba bean genotypes namely;
Rena Mora, Sakha1, Giza 3, Sakha 2 and T.W were grown and crossed
under free insect cage at SARS to produce F, seeds. Three crosses were
produced namely; Cross | (Rena Mora x Sakha1l), cross Il (Giza 3 x Rena
Mora) and cross Il (Sakha 2 x TW.). The origin, Pedigree, disease reaction
and other agronomic characters of these materials are presented in Table (1}.
In the 2006/07, F's and their parents for each cross plants were sown under
wirecages, F, plants were selfed and backcrossed to each parent to cbtain
the F3, Bcyand Be, . In 2007/08 the six generations of all crosses were tested
under natural infection at early sowing dates in the November 1** (Early
date). The experiment was arranged in a randomized complete block design
with three replications. The plants were grown in ridges of two meters long
and 60 cm. wide. Hiills were spaced 20 cm. apart with one seed per hill. Plots
varied in size; 15 rows for F,, three rows for Bey, and Be; and three rows for
Py, P; and F,. All cultural practices were done as usual with ordinary faba
bean culture. Data were taken on plants of the six populations in each cross
for the following characters:

Table 1: The Pedigree , diseases reaction and agronomic characters of
five parental faba bean varieties used in the present

study.
No. Parents Pedigree Disease | Earliness Agronomic traits
of
reaction | Maturity | Seod coat color| Seed
size
1 Fena Mora (R.M) | Introduction from R Medium Violet (B.H*) Large
Spain
2 akhal Giza 716 x R Very Early | Light brown {B.H) IMedium
620/283/85
3 (Giza3d 461/845/83 x561 MR Medium | Light brown (B.H) [Medium
/2076 85
4 PSakha 2 X, 9521265 HR Late Light brown Large
W.H™)
F T W, Introduction fiom | H.S Eacty While (W.H) | Small
Sudan

I
Reaction for chocolate spot :- H.R = Highly resistant, R= Resistant, M.R = Moderate
rosistant, S= Susceptibie and H.S = Highly susceptibie. “B.H = Black Hilum *"W.H=
white Hllum ‘
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maturity date, no. of branches/plant, no. of pods/plant, no. of
seeds/plant, weight of 100 seeds, seed yieldiplant and chocolate spot
reaction under the natural infection. The resistance to chocolate spot caused
by (Botrytis fabae) diseases were determined as in Table (2) with the
adjusiment of grading system from 0 to 9 for the increasing lesion percentage
of leaf, flower and stem area covered by lesions, according to the scale of
Bernier ot al. (1984),

Table 2: Rating scale for chocolate spot (Botrytis fabae).

[Rate [Description
ET7 No disease symptom, or very small specks (Highly resistant)
ew smali discrete lesions {Resistant)
ISome coalesced lesions with some defoliation (Moderately resistant)
7 Large coalesced sporulating lesions, 50% defeliation, some dead plants (Susceptible
9 nsive lesions on leaves, stems and pods: sever defoliation heavy sporulation:
_stemn girdiing: blackening and death of more than 80% of plant { Highly susceptibie)

Statistical analysis: All the genetic analysis was done using means and the
variance for P4, P;, Fq, Bcy, Bey and F, populations. A.B.C and D scaling test
of Mather (1949) were used to test the adequacy of the additive-dominance
model and also, to study the non-allelic interaction. The Gambile (1962)
procedure's was used to estimate the genetic variance of generation mean
and gene action (type of gene effects). 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) and estimates the heritability. Heterosis and
percentage of inbreeding depression (1.D %) were measured according
{Mather and Jinks, 1971). The nature and type of dominance were
determined by means of potence ratio method (P} which can be defined
according (Smith, 1952). Expected values of genetic advance (GS) was
calculated according to Johanson ef al. {1955} using the selection differential
(K} equal 2.06 for 5% seleciion intensity. Prediction genetic advance as
percent of the F; mean (G5 %) was calculated as given by Miller af al,
(1958).
Blochemiczl identification: SDS-Polyacrylamide Gel Electrophoresis (SDS-
PAGE) total seed protein was extracted from the five Vicia faba genotypes.
These protein extractions were analyzed using SDS-PAGE according to the
method of Laemmii (1970). A dendrogram was constructed through the
complete linkagejoining rule. Nei's similarity index (Nei and Li, 1979) was
calculated also among the studied genotypes where:
Nei's similarity index = The Nc. of bands in common among all genotypes
Total No. of bands

RESULTS AND DISCUSSION

The data in Table (3) showed the mean performance, variance, mean
-—-variance and coefficient of variation for the six populations of the crosses
among different traits. Significantly differences were observed among most
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genotypes for measured traits. The parental genotypes could be arranged
into three groups. The first group, included the genotypes of Rena Mora,
Sakha 1 and Sakha 2, which are considered to be the most resistant group to
chocolate spot with high yielding ability where the yield values were: 74.43,
65.11 and 71.02, respectively in addition it is had less rating scale value of
chocolate spot reaction; 3.17, 3.33 and 3.00, respectively. The second group
included Giza 3 which is moderate resistant chocolate spot (5.57). The third
grobp include; TW as susceptible genotypes (7) accompanied with low
yielding ability (54.38). The data in Fig. 1A, showed the relation between six
populations of the three crosses and their reactions to chocolate spot (A) and
maturity date {B). The low infected genotypes are generally accompanied by
relatively better host reaction, and higher percentage of fruiting plants and
higher seed yield. Fig. 1B, showed that the genotypes differed in the values
of maturity date and can classified these genotypes into three groups; the first
one included the very earliness genotypes T.W. and Sakha 1 with 144.00
and 144.83days from the sowing date to full maturity phase, the second
group included the moderate value in earliness 155.43 days for Giza 3 and
155.17 days for Rena Mora, and the third group included lateness genotype,
Sakha 2 with 165 days. The difference between the studied crosses with
respect to chocolate spot resistance and earliness traits could be observed
from the fingers 1A and 1B, respectively. Also, significant genetic variance
were detected for all traits in the three crosses and therefore, genetic
parameters were detected as reported by Khalil et al. (1993b) and Attia ef a/.
(2006). The data showed also that Fi's were intermediate betwesen their
parental genotypes for the time required for maturity, while, F,'s later than
their Fy's in all crosses. While back cross were closer to back crosses parent,
The F's means for the yield and its components traits were higher than those
three parents, except no. of branches/plant for the combinations of Sakha2 x
T.W. and 100 seed weight for all crosses, this was reflected in the
appearance of positive highly significant heterosis for theses characters
(Table 4)
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Fig. 1: Frequency distribution curves of chocolate spot reactions for six generauons(A) choceolate
spot reaction in the left and (B) for earliness in the right.
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Table 3: Mean performance (x), mean variance (8%) and coefficient of variation (C.V.%) for the six populations of the

crossaes for different traits
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Tahble 3:cont.

raits ass T P P2 Fi F2 BC1 BC2
go. 30 30 30 150 45 45
. 63.30 85.50 103.93 76.90 102.23 104.95
57 0.113 0.096 0.023 0.191 0422 0.381
CV. % 2.81 1.98 0.80 6.95 4.26 3.72
No. 30 30 0 150 45 45
IX 113.90 62.97 116.53 74.30 93.28 72.40
No. of seeds/plant I E’ : 0.022 0.633 0.009 0.117 0.317 0.341
V% 0.71 1.53 0.54 3.56 261 3.11
[No. 30 30 30 150 45 45
" X 80.20 70.43 85.00 81.00 84.15 86.20
3 . 0.148 0.045 0.009 0.027 0.082 6.077
cV. % 2.63 1.65 0.62 2.50 242 2,04
Traits Cross P1 P2 Fi F2 BC1 BGC2
No. 30 30 30 150 45 45
| X 7443 8511 114.35 89.48 112.88 108.38
57 0.076 0.050 0.030 0.133 0.334 0,448
CV.% 2.02 1.88 0.83 5.00 3.43 3.50
No. 30 30 30 150 45 45
Seed yieid / " X 55.65 74.78 112.66 75.74 87.55 82.10
plant{gm) . 0.022 0.033 ~0.008 0.117 0.317 0.341
V% 145 7.33 0.46 5.53 431 4.50
iNo. 30 30 30 180 45 45
" X 71.02 54.38 87.00 §4.30 6.6 97.72
r 0.058248 0.014938 | 0.021202 0.051628 0.072102 0.13661
V. % 1.86 1.23 7.19 4.33 1.80 2.39
Traits Cross P P2 Fi F2 BC1 BC2
No. 30 30 0 150 45 4
| X 117.67 76.19 170.03 113.75 109.74 103.64 .
57, 0.485 0.166 0.053 0.142 0.420 0.440
v % 3.24 2.03 114 4.05 3.06 4.04
No. 30 30 30 150 45 4
100-s0ed " X 78.16 114.87 100.09 102.98 9540 112.22
weight{gm} 57 . 0.044 0.061 0.038 0.114 0.331 0.422
CV % 1.44 1.18 1.06 .01 4.04 3.66
o. 30 30 30 150 45 a5
" 88.62 64.36 78.96 " 79.43 118.46 113.57
S 0.361 0.025 0.032 0.103 0.275 0.285
CVv.% 37 1.35 1.25 4.05 2.97 2.97

+{ Rena Mora x Sakha1) il (GIza3 x Rena Mora) _Ill {SakhaZ x T.W.)
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Tablo 4: Heoterosis over mid Parent (M.P) and better parent (B.P), inbreeding depression{l.D.%) and potence ratio

for ali studies traits in three faba bean crosses.

i Heterosis Inbreeding Depression

 [Teaits ross MP B.P {i.D%) Potence ratio (P)

na Mora x Sakhal -6.89" -4 86" -7.63* -3.22

IGiza 3 x Rena Mora 4.01** B.63** 3.22 1.64

. Malurity date ISakha 2 x T.W. 2.19* 9.56" -1.92 0,33

Rena Mora x Sakhai -8.67 -4.21 -16.89 -2,60

" IChocolate spoGiza 3 x Rena Mora -32.62* -17.39 -12.84 -1.97

action [Sakha 2 x T.W. -2.96 45.56" 0.96 0,08

[Rena Mora x Sakhat 58,75** 28.30™ 32.68™ 2.48

Mo, of branches/Giza 3 x Rena Mora 36.65 14.58 35.80* 1.90

lant Sakha 2 x T.W. 40.09" -18.28** 47.93" 0.56

Rena Mora x Sakhai 41.60** 2.18 81.10** 1.08

iza 3 x Rena Mora 33.66" -1.82** 34.44™ 0.93

No. of pods/ plant § akha 2 x T.W. 25.36"* 9.30" 11.04 1.73

Rena Mora x Sakhal 39.70* 21.56™ 35.15* 286

No. of seedsAGiza 3 x Rena Mora 31.78* 2.31* 56.84** 1.10

iant Sakha 2 x T.W. 12.86** 5.99"* 4.94% 1.96

Rena Mora x Sakhat 63.90* 53.63" 27.80* 9.57

Seed yields planiGiza 3 x Rena Mora 3221 17.78* 48.74" 2.63

Kom) ISakha 2 x T.W. 6.86* -5.65 4.20 0.52

Rena Mora x Sakhat 13,52+ -6.49™ -3.27 0.63

100-seed  weightiGiza 3 x Rena Mora 37 1287 -2.81 0.17

gm} 1Sakha 2 x T.W. 3.23 -10.90** -0.59 0.20

gy

P Tvy
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The data presented in Table 4 indicated that heterosis over mid and
better parent for all traits were highly in negative or positive direction, except
chocolate spot reaction in two crosses (Rena Mora x Sakhat) and (Sakha 2 x
T.W.} over mid parents, and alsg, in no. of pods/plant for cross (Rena Mora x
Sakha1) over the better parent. The inbreeding depression estimates were
high significant in positive direction for no. of pods/plant, no. of seeds/plant
and seed yield/ plant (g) for the two crosses (Rena Mora x Sakha1) and (Giza
3 x Rena Mora), and also for no. of branches in the crosses (Giza 3 x Rena
Mora) and (Sakha 2 x T.W.). However, it was negative significant for maturity
date in the cross; (Rena Mora x Sakha1). Potence ratios were exceeding
unity for most traits concerning yield and its components, indicating over
dominance. On the other hand, the values of this parameter were less than
unity but not equal zero in cross; (Sakha 2 x T.W.) for maturity date and
chocolate spot reaction, indicating partial dominance. The presence of
heterosis over better parent with respect to the cross; (Rena Mora x Sakhat)
for maturity date and chocoiate spot reaction in negative direction and no. of
branches/plant, no. of seeds/plant and seed yield/plant in positive direction,
which would indicate that the progeny of this cross could be used in breeding
program for maturity, chocolate spot reaction and high vyielding ability.
Moreover; the progeny of the crosses; (Rena Mora x Sakha1l) and (Giza 3 x
RenaMora) could be used in breeding program for high yielding potentiality
due to the presence of useful heterosis as the resuits indicated. Inbreeding
depression ranged from 27.8% to 61.1% in the cross; (Rena Mora x Sakha1)
and from 34.44% to 56.84% in the cross; Giza 3 x Rena Mora for no. of
branches/plant, no. of pods/plant, no. of seeds/plant and seed vyield/plant.
However it might be concluded that one generation of selfing has been
sufficient to bring about an inbreeding depression that could negate most of
heterosis obtained from crossing for these fraits. These results are in
harmony with those reported by Abdalia (1977), El-Rafaey and Radi (1991},
Hendawy ef af (1994), El- Hosary ef al 1997, El-Hady &t al. (1998), Toker
{2004) and Attia at a/. (2006).

The estimated values of different scaling test according to Mather
{1949} and Hayman and Mather (1955), as weli as six-parameters describing
the nature of gene action and their test of significance according to Gambie
(1962), for ail studied trails are presented in Table(5). (A) and (B) and tesis
provides evidence of all types of non-allelic gene interaction. The significance
of C scate suggests {(dd) type of epistasis. The significant D scale reveals
{aa) gene interaction, significance of C and D scales indicaies {aa) and (dd)
type of gene interaction. The test of adequacy of scales is important because
in most cases the estimation of additive and dominance components of the
variance are made assurning absence of gene interaction. The values of A,
B, C., and D should significantly differ than zero within the Limits of thelr
stander error. However, the results (Table 5) indicated that the values of
scaling tests were significantly differ than zerc for all studied traits in afi
crosses, except maiurity date of the second cross, indicating that the
additive-dominance model is inadequate to interpret the gene effects (Mather,
1549).
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Table 5: Mother's scaling test for average addictiveness, Gamble's parameters for determining gene action, broad
{H) and narrow heritability(h“n), Genetic advance (Gs %) as percentage of F; means and phenotypic
variance components for three faha hean crosses for all studied traits.

Tralts T Waturity date Chocolate spot Reaction | No. of branches/plant No. of podsipiant
Genolypes [T 7 T T W T m I I O | m
- T-Scaling test:
A 16.03* -1.82 4.2 0.33 108 3A7~ [ 3.00" [-7.03™ [ 3.70™ | BB~ B 9.52
) 20477 | 058 71887 | 048 | 273" | 1.50% 1357 | 1,47~ 0. B | 273 | BT
& I510°F | -7.60 BOD™ | 2.277= | 1. -0.43 | -1.67 | -3. 3677 | 3347 | 9687 | 023 |
] 5707 | 255 407 o.as;r*_ 0.33 | 080 [ A.707 | 2357 | 320" | 606" | 3.20° | 798" |
- Gane ct:
149,18 | 15485 | 15L18™ | 368" | 8.63°° | 4.33° [ 5. 5407 | 345~ | 22357 | 24057 | .35 |
ive  (a) 0.95 3.10% 0.97% 0.25° | 0.9 0,85 . 4.75% | 0.25° 437 |_B. -1.83"
ominance 1.20 11.27% 11.33™ | -1.89°% | -2.16°" | -1.33_| 5.5 2737 | .85 | 44.52™ | 14. Z1.37" |
aa 11.40* 5.10* 8157 | -1.70% | -0.65 | -1.20~ | 3.40 |-4.  6.40 | 33.05% | 6.4 4 55+ |
a 222" -0.67 881 | 0.42* | 0.0b 0.65™ 10.18 qe | -2 B3 Kl -2.48 .13
dd) 47.90 .2.60% -34.30 1.19 | 2.5 283 [543 | 1320 | 893 | -34 4 403 -29.
ﬂ]-_Phonoj}gc Varlance Componenis:
Additive varlance{D} 50.44 20.19 4. 0. 0.92 0.6 0.90 0.74 0.04 8.87 17, 6.25
Dominance variance (H} B.97 21.49 5.75 0.07 {017 0.76 008 | 047 | 0.2 1.23 1 147
nvironmental varlance (E)f 1.20 0.71 0.72 0.23 0.25 0.24 0.5% 0.35 0.2 0.81 0 134
o of dominance
arlance .42 1.03 1.19 0.44 0.43 1.11 0.26 0.47 2.57 0.37 0.29 052 -
. 05.48 9568 B2.58 48.05 | 66.6 67.54 47.47 | 51,017 | 3087 8532 9475 19.44
n 8760 | 62.35 48.34 43.86 | 61.1 41.88 5.86 15.89 | 727 79,79 90.89 .
Gs% 9.69 517 2.04 0.60 1.09 0.74 .84 1 0.08 3.88 5,84 297
| ( Rena Mora x  Sakhat) ‘ ] {(Glza3 x Rena  Mora) m (Sakha2 x T.W.)

‘e 30 TV ‘BjE)SON OqQy
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Table 5: Cont.

Traits No. of seeds/plant Seed yleld/plant{gm 100-eeed welght{gm i
Genotypes i I 1] [ i [ N i il ] ] 1] | i
[-Scaling test:
37.22* -43.88" 310 46.30" -12.34" 78.54** -§.22"* 11.55™ £9.34™
E 20.47+ -34.70* 16.97™ 27.94™ 4411 57.42* 2147 g.48* 83.82"
-49.07+ ~112.73* 3.3/ -10.34** -§2.77™ 2.20 41.10* 17.73* 6.81*
F -§3.38** -17.08* -8.35" -42 29 -18.16™ -69.08™ 13.92* -165 -73.17
li- Gene Effect
76.90* 74 3" 81.00* 89.48™ 75.74" 64.30* 113.75" 102.98" 7943
Additive a} -2.73™ 20.88™ -2.05* 4.52** 545" 2.24* 5.89™ -16.82" 4.89*
ominance (d} 136.28* 62.25" 26.38"" 129.16™ 63.76** 142 46" -14.74** 6.38* 148.81*
aa) 106.75** .15 16.70"* 84.58* 36.92* 136.16"* -27.85% 33N 146.34"
{ad) 8.37* -4.59" -6.93** -0.14 -4.68 -6.08** -14.85" 1.03 -7.24%
{dd) -164.43* 44.43* | -36.7m -158.82** 20.13" 27412 14.50* -24.34* -299.49
Ill- Phenotyplc Variance Components
|Additive varlance(D) 45.97 4.08 1.87 14.26 14.37 13.56 12.02 4.74 14.14
ominance variance(H} 13.22 17.19 4.36 45.28 38.86 0.08 32.88 53.05 16.69
nvironmental
ariance{E} 2.28 0.65 2.00 1.54 0.64 0.93 6.96 1.41 4.16
o of dominance
variance 0.54 206 1.49 1.78 1.64 0.08 1.65 3.34 1.09
H 91.90 80.60 50.64 92.24 96.34 87.81 66.92 91.67 72.86
Hn 80.34 28.08 24.06 35.65 40.96 87.54 28.27 13.91 45.81
Gs% 8.85 158 1.00 3.28 3.53 502 269 1.18 3.71

| { Reha Mora X Sakhal)

Il (Giza3 x Rena Mora) _1ll {Sakha2 x T.W.)
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The estimated mean effect parameter (m), which reflacts the
contribution due to the over-all mean plus the locus effects and the interaction
of the fixed loci was found to be highly significant for all traits of the three
crosses,

The additive type (a) was significant in positive or negative direction
in all crosses for all fraits, except in the ¢ross (Rena Mora x Sakha 1} for
maturity date, and also, for dominance effect (d) where its highly in
magnitude than that of additive type. The additive x additive gene effect was
highly positive significant in most crosses; except in the first cross; (Rena
Mora x Sakha 1) for no. of branches/piant. However, significant positive
epistatic gene action (ad) was observed in the first cross; (Rena Mora x
Sakha 1) for no. of branches/plant, no. of pods/plant, no. of seeds/plant and
chocolate spot reaction. The same trend was found with respect fo
dominance x dominance (dd). While positive or negative significant, were
observed for the remaining of the studied characters in these crosses.
Generally, at least one of the three types of epistatic gene effects were
significant in each crosses for ail the studied fraits. It could be cbserved that
the significant (aa) type of gene effects appeared to be contributed more to
the performance of yield and its components than do the significant {ad) and
(dd) gene effects. However, the (aa) gene effects were relatively more
important than the (a) effects, but-generally-less important than the (d)
effects, moreover, the (aa) gene effects are mostly positive, indicating an
enhancing effects on performance of the traits (s) in question, while the (dd)
gene effects are negative in most cases giving a diminishing effects which
apparently are undesirable form of epistasis. These result were in agreement
with those reported by Heial {1997}, El-Refaey, 1999; El-Hifny ot al. (2001).
Kalia and Sood (2004), El-Hady et al. (2006) and EL-Galaly et al (2008).
Heritability values are important to the breeder since it dquantifies the
expected improvement upon selection, To achieve genetic improvement
through seleciicn, heritability must be reasonably high. in the present
investigation, the data in Table {5) showed high values of heritability in broad
sense ranged from 30.97% to 95.48% for no. branches/plant in cross (Sakha
2 x T.W.) and cross (Rena Mora x Sakhat) for maturity date, respectively. it
could be observed that heritability values in the broad-sense were generaily
higher than the corresponding values in narrow-sense in all crosses for all
studied fraits, moreover, the crosses differed from one to anather in their
estimated vaiues of heritability in broad and narrow-sense. However, high
heritability values in broad sense were detected in all crosses for maturity
date, no. of pods/plant and seed yield/plant. Moderate estimates of broad
sense heritability were observed in all crosses for 100 seed weight and
chocolate spct reaction, while relatively low estimates were recorded for no.
of branches/piant, where the lowest value was detected in the cross;{Sakha2
x TW.). The additive genes seems to play an important role of the
inheritance of maturity date, no. of branches/plant, no. of padsi/plant and
chocolate spot reaction in the cross; (Rena Mora x Sakha 1) where the
differences between broad and narfow-sense heritability were cdosest
Narrow-sense heritability estimates were relatively high in the cross (Rena
Mora x Sakha1) for maturity date, crosses (Rena Mora x Sakhat) and {Giza 3
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x RenaMora) for no. of pods/plant, cross (Rena Mora x Sakha1) for no. of
seeds/plant and cross (Sakha 2 x T.W.) for seed yield/plant, while the lowest
of values (h,) were observed in the cross (Sakha 2 x T.W.) for no. of
branches/plant, in the crosses (Giza 3 x RenaMora) and (Sakha 2 x T.W.) for
no. of seeds/plant and the crosses (Rena Mora x Sakha1) and (Giza 3 x
RenaMora) for 100-seed weight. Johanson et al. (1955) reported that
heritability estimated along with genetic gain are usually more useful in
predicting the resultant effect of selection than heritability values alone. From
this point of view, the progeny of the cross (Rena Mora x Sakha 1) for
maturity date and no. of seeds/plant, the progeny of cross (Giza 3 x
RenaMora) for no. of pods/plant and in the progeny of cross (Sakha 2 x
T.W.) for seed yield/plant. However, the indirection selection in the progeny of
the crosses (Rena Mora x Sakha 1) and (Sakha 2 x T.W.) and direct
selection in the progeny of the cross (Sakha 2 x T.W.) would be fruitful due to
the high values of narrow-sense heritability and the predicted genetic
advance in these cases. These results are in agreement with those reported
by El-Hady et al. (1997), Kalia and Sood (2004), Attia et al. (2006) Al-Ghamdi
(2007). and El-Galaly et al.(2008).

Proteins fractionation:

This study was conducted to study the genetic variations among two
crosses and three parental genotypes by using SDS-PAGE
electrophoresis for total seed proteins Fig. 2. The data in Table 6 showed that
the maximum number of 33 bands and the lowest number of bands (30
bands) was found in the Giza 3 and the rest of genotypes had 31 bands.
Bands number 16 and 23 with MWs 83, 58.30 and 63 KDa, respectively,
were absent in Giza 3 and Giza 3 x Rena Mora, so it could be considered as
common bands the other genotypes. On the other hand, band nc. 16 was
present in R.M. and absent in Giza3 but the combination between both hah
not this band. Thus, this finding might due to the switch off genes of this band
of protein. ,

Figure 2: Electlrophor.e.v.ic~ ';.)étfe.rhs of SDS-PAGE for total soluble protein
of five Viciz faba genotypes.
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Fascaled Distacos Closter Combioe
CAss a 3 10 13 20 25
Labal T =~ - * — .

Eana Moxa 3

R.M.x Sakha 1 4 —-3 j

Sskha 1 ] J
Siza 3 Y

Cizx Ix k.M. 2 —---——----|

3: based boretlc datx of tocal seed proteiny ding to Dic
Fig. Dendrexnm o::lrcmrp Groups}o‘m pre according to Dice

Table(6): Analysis of protein banding patterns by SDS-PAGE for total
soluble protein of five Vicia faba genotypes.

Band No. LIW Genotypes
Gizadx
Giza 3 R.M. Rena Mora |R.M. x Sakha 1 Sakha1

1 272 1 1 1 1 1
- 192 1 1 0 0 0
B ay 1 1 1 1 1
4 170 0 1 1 1 - 0
5 1135 1 1 1 1 1
6 117 1 1 1 1 1
7 [112 1 1 1 1 1
B 103 1 1 1 1 1
08 1 1 1 1 1
4] B2 1 1 1 1 1
11 0 1 1 1 1 1
[12 87 1 1 1 1 1
3 ] 1 1 i1 1 1
14 B85 1 1 1 1 1
15 84 1 il 1 1 1
16 B3 0 0 1 1 1
17 0 1 1 Q 0 1
[18 78 1 1 1 1 1
19 75 1 1 1 1 1
Po 73 4 1 1 1 1
21 B9 1 1 1 1 1
22 55 1 1 1 1 1
23 B3 0 0 1 1 1
P4 Is9 1 1 1 1 1
5 i55 1 1 1 1 1
@ % 1 1 1 1 1
[27 1 1 i 1 1 1
28 50 1 1 1 1 1
20 4o 1 1 1 1 1
30 1 1 1 1 1
31 47 1 1 1 1 1
32 il 1 1 1 1 1
33 5 1 1 1 1 1
otal & 30 31 3 31 31

Bands number 2, with MWs 192KDa., was found oniy in cross Giza 3 x
Rena Mora and aiso exist in the parental genotypes Giza 3 and could be
considered as specific bands (positive markers) for these cross. And the data
in Table 6 reflect the same direction in the seed protein banding patterns
especially for band no 2. The data & SDS-PAGE were lcaded to the
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computer program (SPSS windows version 10) to get a dendrogram for
genetic distance and similarity matrix as shown in Table 6 and Figure 3. The
dendrogram classified the five genotypes into two groups. The first group
included three genotypes were Rena Mora, Rena Mora x Sakha 1 and Sakha
1. While the other group included Giza 3 and Giza 3 x Rena Mora.

Also, in spite of the narrow variation in the number of bands in all
genolypes, the Nei's similarity coefficient (Table 7) among all the studied
genbtypes was small (0.918 to 1.0), indicating a narrow genetic variation
between five genotypes for seed proteins. This genetic variation may be
indicated in the polymorphism exhibited in the minor bands and in the
major bands intensities. These findings are similar with those reported by
Sammour (1992), Abd Ei-Halim, (1994) Zeicl (2003) and Sammour,
(2005). Total protein analysis on the importance of heterosis and its
usefulness in the improvement of Vicia faba {Abd EL-Makscud et al.
2007). These results support the validity of seed protein electrophoresis
as. a powerful tool for cultivar identification, clarifying taxenomic and
evelutionary problems and studying genefic diversity of Vicia faba
(Ladizinsky and Hymowitz, 1979; Cooke, 1984; Sammour, 1990a; Signor
et al., 2005; Mustafa et al., 2006; Thanh et al., 2006, El-Rodeny, 2006,
Abd El-Zaher and Sammour et al., 2007).

Table 7: Genetic simiarity index (Dice measure) among faba bean
genotypes based on total seed proteins electrophoretic.

Giza3 x R.M. x Sakha
Genotypes Giza 3 RM. Rean Mora 1 Sakha 1
iza 3
IGiza 3 x R.M. 0.984
Rean Mora 0.918 0.935
|R.M. x Sakha 1 0.8 0.935 7.000
Bakha 1 1 0957 0.935 0.968 0.568
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