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ABSTRACT

The genetic parameters controlling the expression of seed yield and some of
its components have been studied using generation mean analysis in three faba bean
crosses namely; C. 6/1148/94 x Giza 3/6/25,C. 8/1156/94 x Giza 3/6/25 and C.
9/1172/94 x Giza 3/6/25. Six populations of in each cross; P4, P2, Fq, F2, BCy and BC>
were used in this concem, to estimate additive (a), dominance (d) and (aa), (ad) and
(dd) types of epistasis according to Gamble's method (1962).

Significant additive gene effects were found for plant. height (cm) in all
crosses, seed yield/plant in the second and third cross and 100-seed weight (g) in the
third cross, indicting that selection after each generation of selfing would be effective
with such traits. On the other hand, the dominance effects were significant and higher
in magnitude than additive ones for plant height (cm) in the first and second cross,
number of branches/plant and 100-seed weight (g) in the third cross and number of
pods and seeds/plant in the second cross, indicating the possibility to increasing yield
performance via breeding procedure which emphasizes the dominance gene effects.
Significant (aa) and (dd) types of epistasis were found to be accompanied by the
significance of either F, deviation (E:) or backcross deviations (E) for plant height
(cm), number of branches/plant and 100-seed weight (g) in the third cross.

Significant positive mid and better parental heterosis were found for plant
height (cm) in first and second cross, number of pods/plant and 100-seed weight (g)
in all crosses, and seed yield/plant (g) in the second and third cross, due to
overdominance. Inbreeding depression values were significant for plant height (cm) in
first and second cross, and number of pods and seeds/plant and seed yield/plant (g)
in the second and third cross. Relatively high genetic gain upon selection was found
to be associated with moderate narrow-sense heritability (h%) values and relatively
high estimates of GCV% for number of pods and seeds and seed yield/plant (g) of the
third cross plants, indicating the effective of selection for these traits of the cross.

INTRODUCTION

Faba bean crop has atiracted the attention of most plant breeders to
improve its yield because of the importance of the crop for both human and
animal nutrition. Most of breeding programs are planed assuming the
absence or decrease of epistatic gene effects. Gamble (1962) reported that
epistatic gene effects are present in sufficient magnitude in quantitative traits
which may be alter the breeders account for the breeding method which must
be followed. For example, if the additive genetic variance is of major
importance, the intra-population selection will be considered as the most
effective procedure for gathering the favorable genetic constitutions. If
dominant variance especially overdominance is predominant, then the hybrids
program for commercial purpose may be the appropriate choice. On the other
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hand, if the epistatic variance is relatively high, more reliance should be
placed on selection between families.

Therefore, the estimation of gene action and the inheritance of the
traits especially seed yield/plant (g) is an interesting procedure for the
breeders in order to formulate the most efficient breeding methods to bring
about the maximum improvement of the attribute in question.

The aim of the present study is to elucidate the relative magnitudes of
the different types of gene action for yield and some of its components of faba
bean. Heterosis, inbreeding depression and genetic advance were the
another objective discussed in this study.

MATERIALS AND METHODS

The present investigation was carried out during the successive
seasons of 1999/2000, 2000/2001 and 20001/2002. four faba bean (Vicia
faba L.). Stocks namely; Giza 3/6/25, C. 6/1148/94, C. 8/1156/94 and C.
9/1182/94 were used to generate the experimental materials for this study.
The three initial crosses; C. 6/1148/94 x Giza 3/6/25, C. 8/1156/94 x Giza
3/6/25 and C. 9/1172/94 x Giza 3/6/25 are designated in the text as first,
second and third cross, respectively.

The original crosses were developed in 1999/2000 season under the
isolation  wirecages of Sakha Agriculture Research Station, Kafr EI-Sheikh. In
2000/2001 season F, plants were selfed and backcrossed to each parent
under the same wirecages to obtain the F;, BC; and BC, for each cross. The
resultant six populations; Py, Pz, Fy, F2, BC; and BC, were sown in an
experiment for each cross at the Experimental Farm, Sakha Agricuiture
Research Station during 2001/2002 season.

Each experiment consisted of two ridges for each parentand Fy's
three ridges for BC; and BC; and ten ridges for F, plants. Sowing took place
on one side of 3 mlong ridge, 60 cm wide with double seeded hills of 20 cm.
apart. All cultural practices were maintained at optimum levels for maximum
faba bean productivity.

With respect to data, seed yield/plant (g) and its components were
recorded on individual guarded plants for plant height (cm) number of
branches/plant, number of pods/plant, number of seeds/plant, seed yield/plant
(g) number of seeds/pod and 100-seed weight (g).

Statistical analysis:

A one-tail F ratio was calculated to test the significance of the F,

variance (VF,) from the environmental variance (Ve) as follows:
F= VFzNe ' v
The environmental variance (Ve) was estimated according to Mansur
et al. (1993) as follows: ' o
Ve=n"y (Np1 V1 + Npz Vg + Ney Vq), Vg = Vg, - Ve,
where: Ne = npy + np2 + Ngy and npy, Np2 and ngq are the number of
plants in the P4, P, and F, generation in each cross, respectively.
if the F-ratio was significant, Mahter's procedure (1949) was used to
calculated the components of the genetic variance.
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The six generation means in each cross were used to estimate six
parameters for gene effects, using the relationships given by Gamble (1962)
namely; main effects (m), additive (a), dominance (d) and the three digenic
types of epistasis; (aa), (ad) and (dd).

The significant of the three effects were tested by t-test:

t = effect/variance of effect,
where the variance of an effect is a linear function of the variance of its
mean.

To determine the relative contribution of epistatic gene effects in the
performance of the trait (s) in the question, F-deviation (E,) and backcross
deviation (E,) were measured as suggested by Mather and Jinks (1971),
where:

E1= F2-1/2 F1-1/4 1—31-1/4 1—32

S.E(Ey)=[VoF + 1/4VF,+1/16 VP, + 1/16 VP ,]'?
E2=BC1 +BCz- F1-1/2 ?1-1/2 Fz

S.E(E;) =[VBC;+VBC, +VF 1+ 1/4VP, + 114 VP ;"2

Heterosis and inbreeding depression were determined accordmg to
Mather and Jinks (1971).

Potence ratio was calculated according to Wigan (1944) and Mather
and Jinks (1971).

The genotypic coefficient of variation (GCV%) was estlmated as the
formulae developed by Burton (1952). Broad-sense heritability (H?) for F,
generation was estimated according to Mansur ef al. (1993). Narrow-sense
heritability (h ) for F; generation was calculated as proposed by Warner
(1952).

The expected genetic advance from selection (G,) was calculated as
the formulae proposed by Johnson et al (1955), using the selection
differential (K) equal 2.06 for 5% selection intensity and heritability in narrow-
sense.

Genetic advance as percentage of F, mean (Ga%) was calculated
following Miller et al. (1958).

RESULTS AND DISCUSSION

The data shown in Table (1) revealed that the differences between
each two parents were found to be, at least, significant for all studied traits in
the three crosses, except number of pods, seeds/plant and seeds/pod in the
first and second cross where the differences were not significant. On the
other hand, the genetic variance within F, population was also found to be
significant for all traits in all crosses. Consequently, the genetic parameters
needed in this concern were calculated.

The estimated mean effect parameter (m), which reflects the
contribution due to overall mean plus the locus effect and interaction of the
fixed loci, was found to be highly significant for all traits in the three crosses
(Table 2). Additive gene effects were found to be significant for plant height
(cm) in all crosses, seed yield/plant (g) in the second and third cross and 100-
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seed weight (g) in the third cross, the relative of some these effects to the
mean effects were higher in magnitude than for the dominance one,
especially for seed yield/plant (g) in second and third cross. This would
indicate that the additive gene effects were more important in the inheritance
of these traits. However, Saleh and Gitton (1994) reported that maximum
utilization of additive effects could be obtained by selection after each
generation of selfing.

Table (1): Number of plants, population mean and mean variance of
cross |, cross Il and cross lil for the studied faba bean traits.

Traits Statistics Cross | population
P4 P2 Fq F2 BC, BC,
Plant height n 30.0 30.0 30.0 150.0 | 40.0 40.0
(cm) g 121.33 105.00 128.17 | 119.50 [122.75( 116.75
S x 1.793 2.084 2.008 1.040 | 2.386| 3.141
No. of branches/ n 30.0 30.0 30.0 150.0 | 40.0 40.0
plant }‘_g 3.87 273 4.20 4.00 3.98 3.45
5% x 0.035 0.034 0.036 0.021 | 0.051 ( 0.067
No. of pods/ n 30.0 30.0 30.0 150.0 | 40.0 40.0
plant X 20.57 19.50 24.95 2277 121.08 | 20.77
St x 1.650 1.606 1.843 0.964 12990 2.496
No. of seeds/ n 30.0 30.0 30.0 150.0 | 40.0 40.0
plant X 61.30 55.50 70.25 61.30 |66.74 | 58.50
S% x 11.090 16.480 23.455 7.134 (18.123( 23.390
Seed yield n 30.0 30.0 30.0 150.0 | 40.0 400
(g)/plant g 52.44 41.84 59.99 §5.92 | 60.21 | 52.05
S x 12.924 12.445 16.149 7.335 [19.11 | 22.795
No. of seeds/ n 300 30.0 30.0 150.0 | 40.0 40.0
pods g 2.98 2.85 3.02 2,69 3.12 2.88
S x 0.007 0.006 0.011 0.005 (0.012| 0.014
100 seed weight n 30.0 30.0 30.0 150.0 | 40.0 40.0
(@) ‘)ZZ 8555 | 7539 95.40 91.22 |90.22( 88.97
S%x 1.82 2.401 3.984 1994 | 4761 | 5621
Cross ii population
Plant height N 30.0 30.0 30.0 150.0 40.0 40.0
{cm) ) g 122.83 110.00 126.50 | 116.63 | 124.88 {115.88
S x 1.763 1.851 1.871 1.186 | 2.958 | 3.245
No. of branches/ n 30.0 30.0 30.0 150.0 40.0 | 40.00
plant X 3.23 2.80 3.37 3.19 3.13 3.00
S x 0.034 0.030 0.041 0.014 | 0.046 | 0.041
No. of pods/ n 30.0 30.0 30.0 150.0 40.0 40.0
plant - };( 20.07 19.38 25.70 20.80 | 23.60 |21.78
Sx 1.855 1.605 1.754 1.080 | 2.973 | 2.710
No. of seeds/ n 30.0 30.0 30.0 1500 | 40.0 | 400
plant )2( 56.97 54.50 71.40 | 5869 | 68.45 |59.88
. S x 7.845 9.805 9.338 | 4.801 | 13.716 [13.554
Seed yield n 30.0 30.0 30.0 150.0 40.0 40.0
(g)/plant '); 56.02 40.84 68.16 60.85 61.89 |51.90
S%x 5.033 5778 4.790 4.028 | 12.071 [11.477
No. of seeds/ n 300 - 30.0 30.0 150.0 40.0 40.0
pods - X 283 2.81 278 2.87 282 | 275
8% x 0.003 0.002 0.003 0.002 0.005 | 0.006
100 seed weight] . n 30.0 30.0 30.0 150.0 40.0 40.0
Q) ¥ 98.40 7493 94.35 96.29 91.50 {96.03
Sx 1.843 1.934 1.942 1.734 | 4.890 |3.762
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Table (1) cont.
Cross Il population

P,y P2 Fq F, BC1 BC,

Plant height n 30.0 30.0 30.0 150.0 | 40.0 40.0
{cm) X 119.83 108.56 12150 | 118.83 | 120.88 | 109.63

s%x 2.120 2.184 1.905 0.909 | 2.945 | 0.923

No. of branches/ n 30.0 30.0 30.0 150.0 400 40.0

plant X 4.03 2.70 3.33 3.56 3.23 2.82

% x 0.018 0.019 0.020 0.013 | 0.036 | 0.020

No. of pods/ n 30.0 30.0 30.0 1500 | 400 40.0
plant X 26.97 20.45 29.43 23.44 | 2523 | 22.30

sy 0.695 0.706 0.741 0591 | 1512 | 1.178

No. of seeds/ n 30.0 30.0 30.0 150.0 | 400 40.0
plant X 66.90 59.75 71.53 6529 | 68.88 | 52.99

S 3.977 4.480 4,782 4.437 | 14.158 | 8.113

Seed yield n 30.0 30.0 30.0 150.0 | 40.0 40.0
(g)plant X 61.30 45.84 68.89 6191 | 6567 | 52.99

S x 5.756 6.533 6.475 | 5.266 | 13.788 | 8.374

No. of seeds/ n 300 30.0 30.0 1500 | 40.0 40.0

pods X 2.48 292 243 2.79 2.73 2.89

S2x 0.004 0.006 0.003 0.014 | 0.036 | 0.002

100 seed weight n 30.0 30.0 30.0 150.0 40.0 40.0
9 X 91.22 76.71 96.31 8582 | 9533 | 82.22

S2x 2.085 1734 | 2.395 1505 | 4567 | 0.779

On the other hand, the dominance gene effects were found to be
significant for plant height (cm) of the first and second cross, number of
branches/plant of the third cross plants, number of pods and seeds/plant in
the second cross, number of seeds/pod in the first cross and 100-seed weight
(g) in the third cross. The contribution of these effects to the mean effects
were higher in magnitude than for the additive one, indicating that the
dominance played an important role in the inheritance of these traits. Similar
results were detected in faba bean by Elliot and Whihington (1979), El-Hosary
(1981 and 1983), El-Refaey (1987), Henaway (1994a) and b) and E!-Refaey
(1998 and 1999).

The F, mean value would be expected to be intermediate between
mid-parent and F; value. If epistasis is present, it could be cause of F;
deviation from the expected value which expressed as (E;). Also, when no
epistasis is assumed, backcross performance would be expected to be near
the average of F; and recurrent parent performance. Appreciable deviation
from this expected value (E,) will be observed if epistasis is found (Table 2).

However, the digenic types of epistasis, i.e., (aa) and (dd) were found
to be significant for plant height (cm), number of branches/plant and 100-seed
weight (g) in the third cross. In most cases, the presence of these two types of
epistasis were accompanied by the significance of either F, deviation (E;) or
backcross deviations (E,). This would indicate that the epistatic gene effects
are important in the basis genetic mechanisms of these traits in the cross
refered.

it could be, also, observed that dominance x dominance (dd) type of
gene actions were relatively more important than the dominance effects,
moreover, the (dd) gene effects are mostly positive indicating an enhancing
effects on performance of the trait (s) in question, while the (aa) gene effects
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" Table (2): Estimates of F,-devlation (E), backcross deviation (E;), types of gene action using generation mean
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analysis of three faba bean crosses for the studied traits.

Traits Cross E, E, Gene action six parameters (Gamble procedure
m a d aa ad dd
Plant height - -1.17 -1.83 | 119.50* 6.00* 16.00* 1.00 -2.17 2.66
(cm) ] -4.83* -2.16 116.63** 9.00** 25.08** 15.00* 2.58 -10.69
1] 0.98 -5.19* 118.83** 11.25** -7.00 -14.30** 5.61* 24 67*
_|No. of branches/ | 0.25 -0.07 4.00™ 0.53 -0.24 -1.14 -0.04 1.28
plant 1l -0.01 -0.26 3.19** 0.13 -0.15 -0.50 -0.09 1.01
1] 0.21 -0.65* 3.56** 0.40 -2.18** -2.15** -0.26 3.46**
No. of | 0.28 -3.14 22.77* . 0.31 -2.49 -7.40 -0.23 13.68
“pods/plant i -1.91 -0.04 20.80** 1.82 13.54* 7.56 1.48 -7.47
' il -3.13* -5.61*" 23.44** 2.93 7.02 1.30 -0.33 9.92
" No. of | -303 -3.41 61.30* 8.24 17.13 5.28 5.34 1.54
seeds/plant Il -4.88 1.020 58.69** 8.57 37.57* 21.00 7.34 -24.29
i -2.14 -1.53 65.29** 4.43 13.71 5.50 0.86 -2.45
Seed yield | 2.36 513 55.92** 8.16 13.69 0.84 2.86 -11.10
(g)/plant - N 2.58 -2.74 60.85* 9.999* 3.87 -15.8 2.40 21.28
1] 0.75 -3.66 61.91** 12.68** 514 -10.32 5.08 17.65
No. of | 3.29* 3.32* 91.22** 1.25 8.43** -6.50** -3.83 -0.14
Seeds/pod ] 5.78* 6.51** 96.29** -4.53 -2.42 -10.11 -16.27 -2.91
i 5.68* -2.72** 95.82** 13.11 -15.84 -28.18 5.86 33.63
100-seed weight | -0.28 0.06 2.69* 0.24 1.34 1.23 0.17 -1.36
(9) i 0.07 -0.03 2.87* 0.07 -0.38 -0.34 0.06* 0.40
il 0.23 0.49 2.79** -0.16** -0.19* 0.08** 0.06* -1.06**
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are mostly negative giving a diminishing effect which apparently are an
undesirable form of epistasis.

However, the additive x dominance (ad) type of epistasis seems to be
less contributor in the inheritance of the studied traits, except plant height
(cm) in the third cross and 100-seed weight (@) in the second and their cross.
These results are in agreement with those reported in faba bean by Bond
(1966), El-Hosary (1981 and 1983), Mahmoud et al. (1984), Hendawy (1994a
and b) and El-Refaey (1998 and 1999).

Significant and/or highly significant positive heterosis over mid and
better parent were found for plant height (cm) in the first and second cross,
number of pods/plant in all crosses, number of seeds/plant in the second
cross, seed yield/plant (g) in the second and third cross, number of seeds/pod
in the third cross and 100-seed weight (g) in all studied crosses. In all cases
the heterotic effects were due to overdominance (P > +1), except one case,
i.e., 100-seed weight (g) in the second cross, where the heterotic effect was
due to partial dominance as pointed out in Table (3). However, the results
illustrated the important of epistasis as well as dominance gene effects in the
expression of the heterosis found in the present materials. Generally. Jinko
and Jones (1958) considered that dominance and epistatic gene effects as a
major source of heterosis.

The results shown in Table (3) indicating that the inbreeding
depression values were significant for plant height (cm) in the first and second
cross, number of pods and seeds/plant and seed yield/plant (g) in the second
and third cross, and number of seeds/pod in the first cross. The results of
heterosis and inbreeding depression were supported by similar findings
reported by Abdalla (1977), El-Hosary (1983), Bargale and Billore (1990), El-
Refaey and Radi (1991b), Hendawy (1994 a and b), Melchinger et al. (1994),
E!-Galaly (1997) and El-Refaey (1998 and 1999).

However, both heterosis and inbreeding depression share a similar
phenomenon .Therefore, its logical to predict that heterosis in the F, will be
followed by an appreciable reduction in F, performance. In most cases, the
obtained results were in good agreement with this prediction.

Estimates of coefficient of genetic variation (GCV%) were relatively
low for plant height (cm) and 100-seed weight (g) in all crosses and number
of seeds/pod in the first and second cross, while moderate estimates were
obtained for number of branches/plant. However, high values of (GCV%)
were found for both numbers of pods and seeds/plant and seed yield/plant
(9). Heritability values in broad-sense (H?) were relatively high for number of
branches/plant, number of pods and seeds/plant in the third cross, seed
yield/plant (g) and number of seeds/pod in the first and second cross and
100-seed welght (9) in all crosses. Moreover, the values of heritability in
broad-sense (Hz were in general higher than the corresponding values in
narrow-sense (h”) in all crosses for all studied traits, and the crosses differed
from one to another in their estimated values of H and h%. El-Hosary (1983),
El-Refaey (1987), Ramging (1997) and El-Refaey (1998 and 1999).

Swarup and Changale (1962) reported that it is impossible to
estimate the magnitude of heritable variation, when GCV% is used alone. The
heritable portion of the variation could be figured out with help of other
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Table (3): Estimates of mid (ﬁl; ) and better (ﬁ) parental heterosis, potence ratio (P), inbreeding depration (ID%),
heretabllity In broad sense (H?) and narrow sense (h?), expected (Ag) and predicted (Ag%) genetic
advance and genotypic coefficient of variation (GCV%) of three faba bean crosses for the studied traits.

Traits Cross Heterosiss (%) P 1D (%) Heretability (%) Genetic advance | G.C.V.
MP BP . H* h* Ag Ag % %
Plant | 13.26™ 5.63** 1.84 6.76** 62.27 58.26 14.9 12.54 87.25
height il 8.66** 2.99* 1.57 7.80** 69.18 60.58 16.65 14.27 9.51
il 6.40** 1.39 1.30 220 | 54.48 34.49 8.30 6.98 7.25
No. of | 27.21* 8.53 1.58 4.76 66.02 47.25 1.71 42.77 35.71
branches/ 1l 11.60 4.12 1.62 5.35 51.16 37.41 1.13 35.46 32.91
plant lil -1.04 -17.36*" -0.05 -6.80 70.90 57.87 1.67 47.00 33.20
No. of | 4.54* 21.31* 9.22 8.72 64.76 48.31 11.97 52.56 42.50
pods/plant ] 30.30**| 28.07* 17.41 19.07** 67.81 59.70 15.65 75.26 50.39
I 24.13** 9.13* 1.76 20.35** 75.81 55.92 10.84 46.25 34.96
No. of | 20.29* 14.60 4.09 12.74 52.32 44.83 30.21 49.28 38.60
seeds/plant I 28.11*] 25.34** 12.70 17.80** 62.52 48.54 26.83 45.72 36.16
i 12.96** 6.92 2.30 8.72* 80.17 45.11 23.98 36.72 35.38
Seed yield | 27.26** 14.39 2.42 6.78 62.27 47.33 32.34 57.84 46.81
(g)/plant I 40.62*| 21.57* 2.59 10.65* 74.18 44.11 22.33 36.70 34.79
i - [28.92* 12.88* 2.03 10.13* 76.24 57.41 33.24 53.69 39.64
" No. of 1 3.60 1.34 1.62 10.93** 66.67 54.29 0.94 34,78 25.40
seeds/pod [ -1.42 -1.77 4.00 -3.24 72.22 56.67 0.64 22.28 16.22
il -10.00**| -16.78"* -1.23 -14.81** 93.90 52.38 ° 1.6 56.05 50.33
100-seed | 18.565** 11.51** 2.94 4.38 72.57 61.15 21.79 23.88 16.15
weight (g) Il 8.87* -4.12* 0.65 -2.05 78.01 66.94 22.24 23.10 14.79
1] 14.740** 5.58** 1.70 0.51 j 72.48 52.15 16.14 16.85 13.35
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heritability and the genetic advance. Moreover, Dixit et al. (1970) pointed out
that high heritability is not always associated with high genetic advance, but in
order to make effective selection, high heritability should be associated with
high genetic gain.

From the above points of view, high genetic gain (Ag%) upon
selecting the highest 5% of the F, population was found to be associated with
relatively high narrow-sense heritability values and relatively high estimates of
GCV% for number of branches/plant in the first and third cross, number of
pods/plant in the second and third cross, seed yield/plant (g) and number of
seeds/pod in the third cross. This might indicate that selection for these traits
would be successful. Similar results were obtained by El-Refaey (1987),
Dawwam and Abdel Aal (1991), El-Refaey and Radi (1991a), El-Refaey
(1992), El-Refaey and El-Keredy (1992), Ramging (1997) and El-Refaey
(1998 and 1999).
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