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Abstract. The present investigation was carried out at the Agricultural
Research Station, Faculty of Agriculture, Alexandria University to
evaluate seven faba bean varieties (four local and three introduced) in
the diallele cross set. Twenty one crosses were constituted in the
winter season of 2006/2007, whereas parents and crosses were
evaluated in a yield trial, in winter season of 2007/2008, in a
randomized complete block design of three replications. Results
revealed highly significant variations within parents and F; genotypes
indicating a wide genetic variability for the studied characters and the
possibility of genetic improvement using such genetic pools of faba
bean. Several crosses recorded significant positive heterosis
percentages relative to mid parent and better parent for seed yield per
plant and 100-seed weight ranging from 17.46-84.95%, 22.47-
68.49%, 8.53-23.26% and 10.43-18.64% relative to MP and BP for
each character, respectively. Both general (GCA) and specific (SCA)
combining abilities were significant for all studied characters
revealing the important role of both additive and dominant
components in the inheritance of the studied characters. Giza Blanca
proved to be a good combiner for all studied characters except number
of pods per plant and maturity time. Several crosses exhibited
significantly positive SCA effects for studied characters especially
Giza 716 x ILB 450 and ILB 450 x Giza Blanca which exhibited
highly significant and positive SCA effects for seed yield per plant
and 100-seed weight. Heritability in narrow sense was high for 100-
seed weight (0.54) and short plant height (-0.51) while it was low for
seed yield per plant.
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Introduction

Faba bean (Vicia faba L.) is one of the main pulse crops grown for seed
in Egypt. It is widely considered as a good source of protein, starch,
cellulose and minerals for humans in developing countries and for
animals in industrialized countries (Haciseferogullari et al., 2003). In
addition, faba bean is one of the most efficient fixers of the atmospheric
nitrogen and, hence, can contribute to sustain or enhance total soil
nitrogen fertility through bidogical N,-fixation (Lindemann and Glover,
2003).

Faba bean is a self-pollinating plant with significant levels of out-
cross and inter-cross, ranging from 20 to 80% (Suso and Moreno, 1999)
depending on genotype and environmental effects. The genetic
improvement of crop desired traits depends on the nature and magnitude
of genetic variability and interactions involved in the inheritance of these
traits which can be estimated using diallele cross technique. This
technique may also result in the production of new genetic combinations
whose performance, negatively or positively, may exceed that of the
parents, a phenomenon known as heterosis. Exploitation of heterosis
could pay off improving yield potential and its components in faba beans,
where superiority of hybrids over the mid and/ or better parents for seed
yield is associated with manifestation of heterotic effects in important
yield components, i.e., number of branches per plant, number of pods per
plant and seed index. These heterotic effects may range from
significantly positive to significantly negative for different traits
depending on genetic make up of parents (Duc, 1997, El-Hosary et al.,
1997, El-Hady et al., 1998, Abdalla et al., 1999, El-Keredy et al., 1999,
Attia et al., 2001, Darwish et al., 2005 and El-Hady et al., 2006).

In addition, an inference can be made from diallele crosses about
general combining ability of parents and specific combining ability of
hybrids. Such information may be helpful for breeders to identify the best
combiners which may be hybridized to build up favorable fixable genes.
Several researchers have reported the significance of both general and
specific combining ability effects on seed yield and other important traits
in faba bean (Kaul and Vaid, 1996, EL-Refaey ef al, 1999 Attia and
Morsy, 2001, Attia et al., 2002 & Attia and Salem, 2006).
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The present study was carried out to investigate the nature of gene
action and specific combining abilities of seven faba bean diverse
genotypes and their F; generation using diallele cross mating technique.

Materials and Methods

Seven varieties of faba bean were crossed in diallele cross set. The
varieties were four local, i.e., Giza 716 (P;), Giza 461 (P4) and Giza
Blanca (Ps), Giza 843 (P¢) and three introduced from International Center
for Agriculture Research in Dry Areas (ICARDA), Aleppo, Syria, i.e.,
ILB 312 (P,), ILB 450 (P3) and ILB 648 (P7).

In 2006/ 2007 season, 21 crosses were constituted at Agricultural
Research Station, Faculty of Agriculture, Alexandria University,
Alexandria, Egypt. A yield trial the seven for parents and their crosses
was conducted in the winter season of 2007/ 2008. A randomized
complete block design with three replications was used. Each plot
consisted of one ridge of 4m length and 60cm width. Hills were spaced
20cm with two plants by hill. Cultural practices were adopted as
recommended for field beans production in the area.

At harvest, ten guarded plants were randomly sampled from each
plot to provide measurements for maturity date, plant height, number of
branches/ plant, number of pods/ plant, seed yield per plant, and 100-seed
weight. Data were statistically analyzed according Steel and Torrie
(1980).

Data were subjected to regular analysis of RCBD on plot mean basis
to test genotype variances following statistical model, considering
cultivar as fixed effects:

Y;; :T% +g; +b; + ey (1)
Where:

Y;; = Observation of ith treatment in the jth block (i=1, 2, ...., g=6; j= 1,
2,...,b=10)

+ 1/ = General mean
7

gi= effect of the ith cultivar
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b; = Effect of the jth cultivar
eijk = Experimental error

The heterotic effects of F1 crosses populations were estimated as
percentage over mid and better parents using the following formula:

F -Mid t
Mid parent heterosis (Relativeheterosis) (%) = o P 00 2)

Mid parent
F -Bett t
Better parent heterosis (Heterobeltiosis) (%) = — citer parent 100 )
Better parent
Where:
P1 - Pz (4)

MP the mid parent is calculated from mid parent =

The LSD for heterosis was computed following the formulae by Bhatt
(1971).

Combining ability effects and variances were calculated according to
Griffing (1956), method 2, model 1 (all possible combinations excluding
reciprocals) as follows:

M, =11} +GCA; +GCA; + SCA; +ey, )

Where:
M;; = Observation of ith cultivar in the jth block

i% = General mean

GCA; = effect of the ith cultivar

GCA, = Effect of the jth cultivar

SCAjj = Combined effect of two cultivars
eijk = Experimental error

The estimates of variance components of GCA and SCA were
calculated as follows:
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Sources of d.f. Mean of Expected mean  of
variation squares squares
GCA n—1 Mg Ge T Glsca + (N +2675ca)
SCA n(n-1)/2 | Ms 6% + 62gen
Error (r-1)(p-1) | Me G

Where:

Mg = Mean squares of GCA
Ms = Mean squares of SCA
Me = Mean squares of error
p = No. of populations

r = No. of replicates

n = No. of parental lines

The standard error (SE) of the estimated general and specific
combining ability effects were calculated as follows:

2 14
SE (G, —Gj)=[(121f62)} (6)
SE (Sj 'Sik)z[W}A (7)

Results and discussion

Variation and Mean Performance

Mean squares for the studied parents and their F; genotypes (Table 1)
revealed highly significant variations for all characters. That may
indicate a wide genetic variability for studied characters, which may
facilitate genetic improvement using such genetic pools of faba bean.
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Table 1. Mean Squares for genotypes and their general and specific combining abilities, and
gca/sca ratio for the studied characters.

Characters Genotypes | GCA SCA | GCA/SCA | Error
Plant height (cm) 467.28%* |55.57*%* 1195.84* |0.289 76.94
No. of branches/ plant 2.89%* 1.28%** 0.84** 1.519 0.093
Flower set 8.50** 0.51**  |3.76*%* 10.136 0.163
Pod set 4.64%* 0.30**  0.42*%* 10.699 0.029
No. of pods/ plant 64.64** |124.98** |20.17** |1.235 0.637
Maturity time (days) 113.93%*% |42.09*%* |36.33** |1.158 0.620
100-seed weight (g) 807.32** | 628.42%* |125.38** |5.012 0.797
Seed yield/ plant (g) 1190.94** |1391.10** |399.33** |0.979 30.90

* ** Significant at 0.05 and 0.01 levels of probability

Mean performance of parents and their F; hybrids are presented in
(Table 2). Regarding plant height, the two parents Giza 716 (P;) and ILB
312 (P;) had the tallest plants (132 and 133 cm, respectively), whereas
the shortest plants belonged to Giza Blanca (Ps) which recorded 104 cm.
The two parental genotypes Giza Blanca and Giza 843 (Ps) exhibited the
highest number of branches/ plant (6.0 and 6.3 respectively) and were
highly significantly superior to the remaining five parents. Giza Blanca,
also, recorded the highest percentage of flower set (89.97%), followed by
Giza 843 (86.07%), whereas ILB 648 (P;) recorded the lowest value for
that character (67.09%).

However, Giza 843 had the highest percentage of pod set (93.69%)
and the highest number of pods per plant (37), whereas ILB 648 and ILB
321 had the lowest percentage of pod set and Giza Blanca was
significantly inferior in number of pods per plant (23). On the other hand,
Giza Blanca had the significantly longest maturity period (165 days),
100-seed weight (119.8g) and highest seed yield per plant (89g)
compared to the other six parents.

Comparison of performance of F; hybrids to the corresponding
highest parents revealed that two (P;xP; and P,xP3), one (P,xPs3), seven
(P]XPQ, P]XP3, P]XP4, P]XP5, P]XP7, PQXP5 and P3><P5), four (P]XP3,
PixP4, PoxPs and PsxP;), four (P;xPs, PyxP3;, P3xPs; and P3;xPg), six
(P]XP3, P]XP4, P]XP6, P]XP7, P3><P6 and P3><P7) and ten (P]XP3, P]XP4,
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P1><P5, P1><P6, P1><P7, P2><P3, P3><P4, P3XP5, P3XP6 and P3><P7) F1 Crosses
significantly surpassed the highest parental genotype for number of
branches per plant, flower set, pod set, number of pods per plant,
maturity time, 100-seed weight and seed yield per plant.

Table 2. Means of parents and their F1 for the studied characters in 2007 season.

Plant No. of No. of | Maturity .
Genotypes height | branches/ Flower | Pod pods/ time 10.0 -ﬁeed Sefd yield/

(cm) plant set set plant (days) weight (g) | plant (g)
(P)) Giza 716 132 3.7 76.19 | 82.92 32 155 93 73
(P,) ILB 312 133 4.0 77.46 | 78.54 35 152 89 75
(P;) ILB 450 119 3.5 72.15 | 76.93 29 140 78.3 60
(P,) Giza 461 116 4.0 81.97 | 89.23 35 152 71 66
(Ps) Giza Blanca 104 6.0 89.97 | 78.57 23 165 119.8 89
(Ps) Giza 843 110 6.3 86.07 | 93.69 37 144 74.6 73
(P7) ILB 648 127 3.75 67.09 | 78.50 31 150 83.3 65
P, x P, 111 3.1 75.92 | 89.04 | 30.7 145 86.6 78
P xP; 109 4.4 67.90 | 84.40 | 34.7 143 105.2 123
P, x Py 115 4.0 74.75 | 93.16 | 39.1 157 100.4 94
Py x Ps 119 4.8 70.40 | 92.31 28.3 145 120.9 109
Py x Pg 113 4.1 81.13 | 88.30 | 33.2 148 103.3 101
P, x P, 114 4.0 71.64 | 88.71 32.8 146 102.7 98
P, x P; 115 5.1 79.16 | 75.0 24 157 72.8 76
Pyx Py 118 3.7 70.29 | 86.03 32 153 79.9 72
P, x Ps 120 33 7493 | 87.39 | 383 150 76.3 74
P, x Pg 118 4.0 81.77 | 86.12 | 314 153 76.3 74
P, x P, 119 3.8 72.28 | 78.52 | 30.8 151 74.3 71
Py x Py 127 2.8 68.66 | 57.34 | 345 155 78.2 74
P; x Ps 116 6.0 80.44 | 80.35 30.0 150 107.6 110
P; x Pg 122 4.4 79.11 | 85.31 32.2 153 92.9 92
P; x P, 120 4.2 69.62 | 77.72 | 30.0 150 91.6 90
Py x Ps 125 3.5 76.85 | 81.08 34.5 152 93.5 72
P, x Pg 113 5.2 84.02 | 91.46 36 148 72.8 70
Py x Py 121 3.9 74.53 | 83.86 33 151 77 67
Ps x Pg 107 6.2 88.02 | 86.13 30 154 97 81
Ps x P, 116 6.2 78.53 | 78.535 34 155 97 81
Pg x Py 118 5.0 86.58 | 86.095 34 147 79 69
L.S.D.oos 14.32 0.50 0.66 0.28 1.30 1.29 1.46 9.07
L.S.D.ooi 19.04 0.66 0.877 | 0.370 1.73 1.71 1.94 12.07

These findings may suggest that the above mentioned parents and F
crosses may be of value for improving seed yield of faba bean through
improvement of yield components.

Heterosis Compared to Mid (MP) and Better (BP) Parents

Values of heterosis percentages relative to mid parents (MP) were
significantly, or highly significantly, positive in four, six, one, six, siX,
four, eight and nine crosses with a range of 6.55-53.07, 15.86- 37.86,
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13.05, 8.22- 14.32, 13.77- 32.06, 5.53- 7.74, 8.53- 23.26 and 17.46-
84.95% for plant height, number of branches per plant, flower set, pod
set (Table 3), number of pods per plant, maturity time, 100-seed weight
and seed yield per plant, respectively (Table 4).

Table 3. Percentage of heterotic relative to mid (M.P) and better (B.P) parents for plant
height, No of branches/plant, flower set and pod set in faba bean F;.

Plant height (cm) No. of branches/ Flower set Pod set
Crosses plant

MP BP MP BP MP BP MP BP
P, x P, -16.00%* -16.50** |-19.48* | -22.5* -1.17 -1.31 10.29%** 7.38
P, x Py -13.14%* -17.42%* | 22.22% | 18.91 -8.45%* -10.88* 5.59 1.78
Py x Py -7.25%* -12.87** | 3.89 0.00 -5.47 -8.80 8.22% 12.34%*
P, x Ps 0.84 -9.84%* | -1.03 |-20.00% | -15.26%* | -21.75%* 14.32%* 11.32%*
P, x Pg -6.61* -14.39%* | -18.00 |-34.92%** 0.00 -5.73 0.00 -5.75
P, x P, -11.96%* -13.63** | 7.38 6.66 0.00 -5.97 9.91* 6.98
P, x P; -8.73%* -13.53** 36.00%*|27.50%* 5.82 2.15 10.79%** -4.5
P,x Py -5.22 -11.27** | 2750 | -7.50 | -11.82%* -14.24* 2.55 -3.58
P, x Ps 1.02 -9.77*% | -21.22% |-45.00**| -10.49%* -13.38* 11.29%* 11.22%*
P, x Pg -2.88 -11.27%* | -22.33* |-63.50%*  -1.21 -4.99 0.00 -8.07
P, x Py 53.07** 10.52*%* | -1.93 | -5.00 0.00 -6.68 0.00 -0.02
P; x Py 8.85%* 6.72%*% |-25.33%%-30,00%* -10.90%* | -16.23** | -30.98%* | -3573%*
P; x Ps 4.30 -2.52 |26.31*%*| 0.00 -0.76 -1.86 3.34 2.26
P; x Pg 6.55% 2.52 -10.20 [-30.15%* 0.00 -8.08* 0.00 -8.94
P; x P, -2.43 -5.51 15.86 | 12.00 0.00 -3.50 0.00 0.99
P, x Ps 13.63%* 7.75%  |30.00%* [-41.66** -10.6** -14.58%* -1.60 -9.13*
P, x Pg 0.00 -2.58  |37.86%*| 17.46 | -42.84%* -2.38 1.66 -2.38
P, x Py -0.41 -4.72 0.64 | -2.50 0.00 -9.07 1.81 -6.01
Ps x Pg 0.00 -2.72 0.81 -1.58 1.73 -2.16 0.00 -8.60
Ps x Py 0.43 -8.66* [27.17**| 3.33 0.00 -12.71* 0.00 -0.04
Ps x Py -0.42 -7.08 -0.49 |-20.63*| 13.05** 0.59 0.00 -8.10
Mean 0.64 -3.28 3.86 | -11.38 -4.68 -13.86 2.24 -3.38

*, ** Significance of the effect from zero at 0.05 and 0.01 levels of probability.

Moreover, heterosis percentages relative to the better parent (BP)
were significantly, or highly significantly, positive for three, one, three,
one, one, four and eight crosses with percentages ranging 6.72- 10.52,
27.5,11.22-12.34, 11.71, 6.25, 10.43-18.64 and 22.47- 68.49% for plant
height, number of branches per plant, pod set, number of pods per plant,
maturity time, 100-seed weight and seed yield per plant, respectively.
Based on the two estimates of heterosis percentages, three crosses
(PxP7, P3xP4 and P4xPs), one cross (P,xP3), three crosses (P1xP4, P;xPs
and P,xPs), one cross (P;xP4), one cross (P3;xPg), four crosses (P;xPs,
PixPs, P;xP7 and P3xPg) and eight crosses (P;xPs, P;xP4, P1xPs, P;xPg,
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PxP7, PsxPs, P3xPs and P3;xP7) exhibited significantly positive heterotic
effects over both mid and better parents for plant height, number of
branches per plant, pod set, number of pods per plant, maturity time, 100-
seed weight and seed yield per plant, respectively. None of the tested
crosses expressed significantly positive heterotic effects compared to the
better parent, for flower set. With respect to maturity time, four crosses
(P1xP,, P1xPs, P;xP7and P,xPs) exhibited significantly negative heterosis
compared to their respective mid parents with a range of -4.26 to -9.37%.

Table 4. Percentage of heterotic relative to mid (M.P) and better (B.P) parents for No of
pods/plant, maturity time, 100-seed weight in faba bean F;.

c No. of pods/ plant Maturity time (days) | 100-seed weight (g) Seed yield/ plant (g)
rosses
MP BP MP BP MP BP MP BP

Py x P, -8.35% -12.28* -5.53* -6.45%* -4.83 -6.88 5.40 4.00
Py xP; 13.77* 8.43 -3.05 -7.74%* 16.69%* 13.11* 84.95%* | 68.49**
Py x Py 16.71%* 11.71* 5.53% 1.29 22.43%* 7.95 35.25%%* 28.76*
Py x Ps 2.90 -11.56* SO.73%% | -12.12%*% | 12.78%* 0.91 34.56%* 22.47*
Py x P -3.76 -10.27* -1.00 -4.51 23.26%* 11.07* 38.35%*% | 38.35%*
P, x P, 4.12 2.50 -4.26* -5.80* 15.71%%* 10.43* 43.05%* | 34.24%**
P, x P; S25%* -31.42%% | 7.53%* 3.28 -12.97%* | -18.20** 12.59 1.33
P,x Py -8.57* -8.57 0.56 0.56 -0.12 -10.22% 2.12 -4.00
P, x Ps 32.06%* 0.85 -5.36% -9.09%* | -2585%* | -36.31%* 9.75 -16.85*
P, x Pg -12.70% | -15.13*%* 3.37 0.65 -6.72 -14.26* 0.00 -1.33
P, x P, -6.66 -12.00 0.00 -0.65 -12.22% -16.51* 1.42 -5.33
P; x Py 7.81 -1.42 6.16%* 1.97 4.75 -0.12 17.46* 12.12
P; x Ps 15.38%* 3.44 -1.63 -9.10%* 8.53* -10.18* | 47.65%* | 23.59%*
P; x Pg 2.42 -12.97* 7.74%%* 6.25%* 21.51%* 18.64** | 38.34** | 26.03%*
Py x Py 0.00 -3.22 3.44 0.00 13.36%* 9.96 44.00%* | 38.46%*
Py x Ps 18.96** -1.42 -4.1 -7.87%* -1.99 -21.95%* -5.26 -19.10*
P, x Pg 0.00 -2.70 0.00 -2.63 0.00 1.60 0.71 -4.10
P, x Py 0.00 -5.71 0.00 -0.65 -0.19 -7.56 2.29 1.50
Ps x Pg 0.00 -18.91%** -0.30 -6.66%* -0.20 -19.03** 0.00 -8.98
Ps x P, 22.92%%* 9.76 -1.58 -6.06%* -8.41% -19.3%* 5.19 -8.98
Ps x P, 0.00 -8.10 0.00 -2.00 -22.20 -5.16 0.00 -5.47
Mean 3.42 -5.67 0.61 -3.20 2.06 -5.33 19.89 10.71

*, ** Significance of the effect from zero at 0.05 and 0.01 levels of probability.

These data suggest that heterotic effects for seed yield per plant were
associated with other yield components, in several crosses, such as 100-
seed weight and number of pods per plant. Moreover, various cross
combinations exhibited different degrees of crosses superiority in some
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traits based on the genes in parental combinations that may contribute
directly, or indirectly, to the expression of these traits. In addition, the
heterosis estimates, compared to either MP or BP, for seed yield per plant
and its major yield components indicated that there was sufficient genetic
variability among the assessed parents to favor efficient breeding for
these characters. Positive and significant heterosis percentages over MP
or BP were reported by several researchers for faba bean characters
which varied according to the cross combinations and traits (Duc, 1997,
Stelling, 1997, Abdalla et al., 2001, Attia et al., 2001 and 2002, Darwish
et al., 2005, Attia and Salem, 2006, and El-Hady et al., 1998 and 2006).

General and Specific Combining Abilities

Mean squares for both general combining ability (GCA) and specific
combining ability (SCA) were highly significant, or significant, for all
studied characters (Table 1). This may indicate the important role of both
additive and dominance components in the inheritance of the studied
characters, although the contribution of each component may vary
according to character. The variance due to GCA, hence additive gene
action, was more pronounced for number of branches per plant, number
of pods per plant, maturity time and 100-seed weight. Meanwhile,
variance due to SCA, as an indicator of non-additive gene action, was
greater for plant height, flower set, pod set and seed yield per plant.
These findings are in agreement with those reported by Kaul and Vaid
(1996), El-Keredy, et al. (1999), El-Refaey, et al. (1999), Attia and
Morsy (2001) and Salama and Salem (2001).

Comparison between GCA effects associated with each parent (Table
5) revealed that Giza 716 (P;) showed positive and highly significant, or
significant, effects for number of pods per plant, 100-seed weight and
seed yield per plant, while it showed highly significant negative effect for
maturity time. That may indicate the possibility of using that parent as a
source for earliness and higher seed yield and yield components.
Similarly, Giza Blanca (Ps) proved to be a good combiner for all studied
characters except number of pods per plant and earliness. Giza 461 (P.),
Giza 843 (Ps) and ILB 648 (P7) revealed good combining ability for
number of pods per plant. On the other hand, both ILB 312 (P,) and ILB
450 (P;) were either of significant negative or insignificant effects for
most of the studied characters indicating their inferiority as sources for
yield improvement in breeding programs.
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Table 5. General combining ability effects of the five parents for the studied faba bean
characters.

Parents }f;l ]agnht t brI:r?(.:]?efs y Flower Pod st No. of pods/ ‘Maturity lOp-seed Seed yield/
(cm) plant set plant time (days) |weight (g)| plant (g)
Giza 716 (P)) -2.06 -0.166 0.194 -0.155 0.676* -0.896%* | 7.40%** 8.78%*
ILB 312 (Py) 4.63 -0.220* | -0.122 | -0.031 0.426 -0.144 -7.90*%* | -5.70**
ILB 450 (P3) 1.06 0.074 0.311 -0.234 | -1.546** -3.66** | -4.80** 2.07
Giza 461 (P,) 2.19 | -0.418** | -0.005 0.195 2.583** 1.65%* -7.90*%* | -9.90**
GizaBlanca (Ps) | 1.57 | 0.712** | -0.377 | 0.226* | -2.139** 2.98%* 13.00** 3.54*

Giza 843 (Ps) 1.44 | 0.370** | -0.37 | 0.430** 2.95%* -2.22%* | -5.50** -3.00
ILB 648 (P7) 1.40 | 0.370** | -0.369 | 0.400** 2.5%* -1.88%* | -4.86** -2.77
S.E. gi 3.00 0.11 0.27 0.10 0.28 0.27 0.32 1.89
S.E. gi-gj 4.70 0.17 0.42 0.16 0.45 0.42 0.50 2.98

*, ** Significance of the effect from zero at 0.05 and 0.01 levels of probability.

Four crosses (P3xP4, P4xPs, PsxPs and PsxP7) had significant positive
SCA effects for plant height (Table 6), while eleven crosses showed
significant positive SCA effects for number of branches per plant (P;xP»,
P|><P4, P]XPG, P|><P7, P2><P3, P3><P5, P4><P6, P4><P7, P5XP6, P5><P7 and
PsxP7). Regarding flower set, eight crosses exhibited significant and
positive SCA effects (P;xPs, P1xPs, P1xP7, PoxPs3, PoxP4, PoxPg, PoxP;
and PsxPgs) whereas five crosses showed significant and positive SCA
effects for pod set (P1xPs, PixP7, PoxPs, PoxP; and P4xPs). Nine Fy's
showed positive and significant SCA effects number of pods per plant
(P]XP3, P|><P4, P2XP5, PQXPG, P2><P7, P3><P4, P3><P5, P4><P5 and P4XP6)
while nine F;'s exhibited significant and negative SCA effects for
maturity time indicating their tendency to early maturity (P;xP,, P;xPs,
P|><P5, P]XP7, P2><P5, P2XP6, P3><P6, P4><P5 and P4><P7). Conceming 100-
seed weight, twelve crosses revealed highly significant and positive SCA
effects (P]XP3, P1><P4, P]XP5, P2><P4, PZXP6, P2XP7, P3><P5, P4><P6, P4><P7,
PsxPs, PsxP; and PexP7), while eight of these crosses exhibited highly
significant, or significant, positive SCA effects for seed yield per plant
(P]XP3, P1><P4, P]XP5, P2><P6, P3><P5, P4><P6, P4><P7 and P5><P6) in addition
to (P4xPs). These findings indicate that SCA for seed yield per plant may
be influenced by SCA for yield components.

GCA effects provide appropriate criterion for detecting the validity
of a genotype in hybrid combination, while SCA effects may be related
to heterosis. The results revealed that GCA effects, for some traits, were
related to several SCA values of their corresponding crosses, where the
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two parents P; and Ps, which exhibited significant and positive GCA
effects for 100-seed weight and seed yield per plant, produced crosses
enjoying positive and highly significant SCA effects for both traits. This
may indicate, in such combinations, that additive and non-additive
genetic systems present in the crosses are acting in the same direction to
maximize the characters in view (Abdalla, et al., 1999). These findings
are in agreement with Darwish, et al. (2005), Attia and Salem (2006) &
El-Hady, et al. (2006 and 2007).

Table 6. Specific combining ability effects of the different crosses for the studied characters.

Parents h ‘Plant brl;lel)él;):s/ Flower Pod set No. of Mfitrl:lreily 10.0 -seed ySiZT:ij/
eight (cm) plant set pods/ plant (days) weight (g) plant ()
Giza 716xILB312 -7.97 0.662%* -1.90%* -0.039 -2.41%%* -5.64%* -4.26%* -6.62
x ILB 450 -6.40 -0.362 -0.762 -0.003 3.57%* -3.92%* 11.21%* 30.81%*
x Giza 461 -30.68%* 0.433* -2.56%* -0.465* 3.84%* 4.94%* 9.47%* 13.38%*
x Giza Blanca 6.03 -0.124 2.27%* -0.630** -2.20%* -5.64%* 9.44%* 14.24%*
x Giza 843 7.00 0.550* 3.00%* 0.940%* -2.40%* 5.40%* -8.80%* -10.05%*
x ILB 648 6.30 0.490* 1.90%* 0.660** -1.90%* -6.66** -6.70%* -8.50%
ILB312xILB450 6.87 1.129%* 1.74%* -0.127 -6.88** 8.98%* -6.24%* -1.91
x Giza 461 -0.83 -0.200 2.20%* -0.456* -3.02%* -0.159 4.14%* 5.67
x Giza Blanca 0.56 -1.276%% | -1.75%* -0.013 8.01%* -4.40%* | -20.08** -6.48
x Giza 843 -1.20 -0.330 2.90%* 0.440* 3.00%* -3.90** 5.80%* 8.80%*
x ILB 648 -1.80 -0.350 2.10%* 0.500* 4.10%* 2.20%* 6.00%* 5.70
ILB450xGiza461 11.75% -1.110%* -0.317 0.097 1.46% 5.22%* -0.786 0.095
x Giza Blanca 0.13 1.114%* -2.19%* 0.283 1.68%* -1.02 7.29%* 21.95%*
x Giza 843 -1.80 -0.390 -2.80%* -0.390 -1.70%* -1.10* -8.16%* -3.00
x ILB 648 -2.20 -0.360 -1.20* -0.360 -1.20 0.99 -6.20%* -2.800
Giza461xGiza 12.18* -0.914** -1.49%* 1.587*%* 2.05%* -4.16%* -2.96** 26.48**
Blanca
x Giza 843 3.00 0.660* -1.00 -0.460* 2.4%%* 2.90%* 1.90%* 10.10%*
x ILB 648 -2.40 0.560* -2.80%* -0.360 -2.01%* -1.80%* 4.05%* 9.20*
Giza Blanca x 12.50* 1.100%* 3.40%* -0.290 -2.040%* 2.00%* 3.00%* 13.13%*
Giza843
x ILB 648 11.00* 0.880%* -1.00 -0.300 -1.10* 1.10* 4.20%* 6.70
Giza843xILB648 | -12.46* 0.842%* -0.246 -1.080%** -3.15%* 5.70%* 3.00%* 4.00
S.E.Sij 5.05 0.21 0.54 0.21 0.55 0.54 0.62 3.84
S.E.Sij-Sik 11.48 0.04 1.03 0.04 1.04 1.03 1.17 7.27
S.E.Sij-Skl 10.48 0.36 0.94 0.36 0.95 0.94 1.07 6.64

*, ** Significance of the effect from zero at 0.05 and 0.01 levels of probability.

Heritability in narrow sense (Table 7) was high for 100-seed weight
(0.54) and short plant height (-0.51), while it was low for the remaining
characters. These values may indicate the possibility of increasing seed
yield through selection for 100-seed weight which is an important yield
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component. Similar findings were reported by Salama and Salem (2001)
and Toker (2004).

Table 7. Estimates of additive and non-additive genetic variances and heritability of the
studied traits.

Estimates

Characters Additive Non-additive Heritability in

variance variance narrow sense.
Plant height (Cm.) -40.08 118.89 -0.51
Number of branches/ Plant 0.12 0.75 0.14
Flower set -0.93 3.60 -0.35
Pod set -0.04 0.39 -0.11
Number of pods/ Plant 1.37 19.54 0.07
Maturity Time (day) 1.64 35.71 0.04
100-seed Weight (g.) 143.73 124.58 0.54
Seed yield/ Plant (g.) 2.35 368.44 0.01

In conclusion, the present results reveal that several crosses are
highly promising to breed faba bean cultivars possessing genetic factors
for earliness and high yield potential.
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