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ABSTRACT

A ficld experiment was conducted during 2003/2004, 2004/2005 and
2005/06 growing scasons at Faculty of Agric. Menufiya Univ. Heterosis, potence
ratio, inbreeding depression, gene action, heritability and predicted genetic gain
for carliness, yield and yield components in the three crosses (M. 103 x [LB 938
(1), (T.W.) x Nubaria [ (11), and Giza 40 x Giza 461 (I1I) were studied, using the
six popuiations.

1. Results obtained showed significant positive heterotic effects for yield and
yield components in three crosses; however, highly significant negative
heterotic effects were detected for flowering date.

2. Inbreeding depression estimates were conflicting to heterosis estimates except
for flowering date in the three crosses, 100-sced weight and maturity date in
the first and second crosses and filling period and no. of branches / plant in the
second Cross.

3. Over dominance towards the higher parent was found for plant height in the
three crosses, no. of pods plant and 100-seed weight in the first and second
crosses, no. of branches in the second and third crosses and filling period in
the frist crosses. While, over dominance towards the lower parent was found
for filling period in the first and second crosses partial dominance 1owards the
lower parent has been detected for rest traits except no. of branches/plant in
the third cross. Complete dominance towards the higher parent for flowering
date in the third cross. o

4. Additive genetic effects were significant for all traits: while, dominance
cffects was significant for all traits except no. of branches in the first cross.

5. Additive x additive and dominance x dominance types of gene action was
found to be significant in must traits. ' ‘

6. Herilability estimates in broad sense were moderate to high with values
between 49.9%, for plant height to 97.1% for seed yield/plant in the second
cross, while, heritability estimates in narrow sense, were moderate to high for
all traits in the three crosses except plant height in the second cross and no. of
pods/plant in the third cross. with values between 19.92 for plant height in the
second cross to 79% for filling period in the first cross.

7. The predicted genetic advance from seclection was rather high for no. of
branches/plant and seed yield/plant in the three crosses, and for no. of
pods/plant in the first and second crosses. Also. the predicted genetic advance
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from selection was rather moderate for ne. of pods/plant 1n the third cross,
while, it was low for remain traits.

Key words: Faba bean, heritability, additive, dominance, gene effect, genetic
advance. '

INTRODUCTION

Faba bean (Vicia faba L.) is one of the most important economic
leguminous crops in Egypt. It is used mainly for human feeding also it's a cheep
protein source.

Improvement of earliness and highly yield potential are the primary
.objective of faba bean breeding programs,

Faba bean seed yield, as extremely complex character, is the results of
many growth function of the plant. Basic to progress improving quantitative traits
in plants is the relative importance of type gene action involved. After dividing
the genotypic variance into additive, dominance and epistatic variances by Fisher
(1918). Many genetic models were introduced to estimate the different genetic
effects (Hyman and Mather, 1955).

Estimation of genetic variance is very essential among the basic
information required for the broeders. Partitioning of the genetic variance should
definitely help the breeders. If most of the genes controlling yield proved to be
mainly of additive nature the crosses, the improvement of yield could be achieved
by simple selection. Poulsen {(1977) studied that although the major part of the
variation in sced yield was detected as additive genetic variance, dominance
cffects also played important role in the inheritance of this trait. El-Hosary
(1981), El-Refacy (1999), Farag and Darwish (2005), and Atiia, Sabah (1998),
and Attia, Sabah ef al, (2006). Reported that both additive and non additive
genetic effects controlled the genetic systems for yicld traits.

El-Hosasy (1981), Eil-Hady (1988) and Mohamed {2001) found that both
additive and dominant genc effects were the mostly contribution for flowering
date and other yield components. Manifestations of heterotic effects ranged from
significantly positive to significantly negative values (Poulesen, 1977, El-Hady,
1988, Mohamed, 2001, Darwish ef al., 2005). Heterosis may be occur in some
hybddsinlpmd‘thaeisinngaiﬁmdxﬁerembetmnmcpmmsmdved
in these crosses (Gad El-Karim, 1988).

Themamohjecﬁveofthemworkwanouudyﬂnmingmﬁml
aspects of earliness yicld and its components three in intervarictal crosses of faba
bean, ‘

MATERIALS AND METHODS

This study was carried out during three successive winter seasons of
2003/04, 2004/05 and 2005/06 at the Farm of Agric. Faculty of Agric. Menofiya
University at Shiben El-Kom. Six broad beans (Vicia faba L.) genotypes were
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chosen, each cv., possessed at least one or two of the characters to be studied
(Table 1). Six faba bean genotypes namely; Lines Moshtoher (M.)103, ILB 938,
TW, Nubaria 1, Giza 40 and Giza 461 were used to generate the experimental
materials used in this study.

The T.'W., Lin (M.) 103 and Rebaia 40 were early on securance, while
the ILB 938 and Nubaria 1 were laie and resistance to diseases.

Threy intial crosses (line M. 103 x ILB 938, T. W x Nubaria 1 and Giza
40 x Giza 461) were designated in the text as the first, the scond and the third
croses, respectively . and were devioped in 2003 / 04

The F, plants were selfed and backcrossed to each corresponding parent
in 2004/2005 season to produce BCl (F, x P,) and BC2 (F, x P,) generations. In
the winter season of 2005/06, parents F,, F;, BC,, and BC; populations of three
crosses were evaluated in a randomized complete block design with threc
replications. In each replicate, three ridges were allocated to each of the non-
segregating populations (P,, P; and F;), six ridges for cach backcross and ten
ridges for the F, populations. Each ridge of one side comprised of 15 hills spaced
at 20 cms. apart and 60 cms. widths .

Data were recorded on all guarded plants for flowering date, maturity
date, filling period, plant height, no. of branches/plant, no. of pods plant, 100-seed
weight and sced yield/plant.

The genetic variance within F; populations was firstly estimated. If that
variance i§ significant, various genetical parameters were then derived. Heterosis
(H%), inbreeding depression (1.D. %) and heritability in broad and narrow senses
were calculated according to Mather's Method, 1949. F, deviaton (El) and
backcross deviation (E2) werc estimated as suggested by Mather and Jinks
(1971). In addition, the six parameters model proposed by Gamble (1962} was
used to estimate different gene effects.

line
M.103 Giza 1 x Bakistani 112

moshtoher

Introduceed from .
ILB938 Colombia Colombia

Triple white | Mutation from Sudan
. )
{T.W) variety udan
Selected from Rina
Blance

" Nubaria 1 Spain

Giza40 | Selocted from Ribaya 40 | CEYPL-
Giza

Giza 461 Giza 3 x ILB 938 Eg”"‘
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RESULTS AND DISCUSSION

Number of plants, mean and variance values of eight studied traits for
parents, Fy, F;, BC, and BC,; of the three crosses are presented in Table (2). All
studied characters showed significant genctic variance in F; plants in the three
crosses, therefore, other parameters were studied.

Heterosis, inbreeding depression (1.D%), potence ratio, F; deviation (E; ),
back cross deviation (E;) and gene action in the three crosses of faba bean are
presented in Table (3). A highly significant negative heterotic effect was detected
for flowering date in the three crosses (Table 3), reflecting the possibility of
producing earlier hybrids of faba bean. Similar results were reported by E-Hosary
{1981 and 1983).

Earliness, if found, is favourable to escape destructive injuries caused by
stress conditions. Besides, breeding early maturity cultivars may allow intensive
production. The three crosses expressed significant negative heterosis for
flowering time. Hence, it could be concluded that both populations are valuable in
breeding for carliness, as flowering time is a good indicator of ¢arliness.

Heterosis and inbreeding depression result from a similar phenomenon,
therefore, it is logical to anticipate that heterosis in the F, will be followed by an
appreciabie reduction in the F; performance. In most cases, results obtained were
in agreement with this expectation.

Highly significant negative heterotic effect for filling period was
detected in the third cross, while the first and second crosses showed positive
significant heterosis, but insignificant inbreeding depression was detected in the
first cross.

Maturity date in the third cross showed negative significant, but
insignificant in breeding depression was detected. While maturity date in the first
and second crosses did not show any heterosis. However, a highly significant
value for inbreeding depression was detected.

Highly significant positive heterotic effect to mid-parents value was
found for no. of pods/plant and 100-sced weight in the three crosses, no. of
branches/plant and secd yield/plant in the first and second crosses, and plant
height in the second cross. These results are in ¢lose harmony with El-Tabbakh
and Ibrahim (2000), Farag and Helal (2004), Farag and Darwish (2005) and
Attia, Sabah er al (2006). Number of days to flowering, number of days to
maturity and filling period are the main characters for earliness. Hence, heterotic
decrease shown in any of the three characters may lead to considerable carliness
increase in hybrids. Also, no. of branches/plant, no. of pods/plant and 100-seed
weight are the main components for seed yield/plant. Hence, heterotic increase
shown in any of the three components may lead to considerable yield increase in
hybrids as shown in Table (3).



Table (2): Number of plants, mean (X) and variance (S%) vatues for the six populations of the faba bean crosses for the studied
traits.

Days to
flowering

Maturity

No. of
branches/

_plant

No. of
pods/plant

X

§*

X

SI

X | §

X

ST

X

50
100
65
5i6
55
75

2.66
276
1.06
8.66
524
6.07

157
173
I6l
151
155
165

1.23
0.51
267
20.4
8.07
3.67

2731077
5179
400 | 1.03
382433
16 | 215
83 | 2.56

26.5
386
73.0
239
260
70.6

23.23
153
249
95.6
51.6
342

25.0
154.6
64.3
65.1
72.82

52
85
65
55.1
53
65

223
32
1.5

56l

471

3.82

140
172
156
145
150
165

1.53
20
205
16.04
3.69
532

2221356
35 1 1.59
4201222
442 823
30 | 369
6.0 1367

315
272
0.4
223
299
73,0

274
218
232
723
511
328

56.9

689
2991
54.54

53.34

143 7491 34.

55
60
55
49.6
52

205
1.64
310
7.2
37

165
162
153
155.8
164

1.23
3.69
277
11.39
46
5.35

30 {082
42 |0139
53 [ 1.56
40 4365
2543277
6.0 | 2.02

388
290
323
21.2
200
29.8

131
10.56
8.2
232
168
19.5

622
86.56
63.7
21.2
6182
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Table (3): Heterosis, inbreeding depression, potence ratio (P), F, deviation (E,}, back cross deviatien (E;) and different types of

Heterosis
Y |de sion.|. . i
“MP* aa ad
-]13.33%* . . . . X 33.6%* | 5.00%¥
511 . ) . ) ) 12.06%* | 15.56%% | 4.50%* 15.4%% [ 55 1%*
-4 354 . ) ‘ . . 3.10* 5.6* 1.6%* 15.9%% | 49 6**
242 ) . ) . . 32.0%* 36.0%% | 22.00%* | 24 .(%x | 15] 0%
date 0.00 . . . . ) 50.0*%% | 50.00%* 1.0 -56,00%* 145.0
-6 424 . . . . 1. 14.3%* 24 R** 2.5%% -39 8*¥ | [55 B**
Filli 6,.59%* ; . ) . ; 6.0* -12.0%* -3.0%* Bk 98 0%+
illing 12.82%* | 12. . , . . 24.0%% | [24% | 5% | 4% | 96.4%*
period -7.55%« K . . . 24.8%% | 328+ | -20% | -68.8*% | 102.8%*
586 ) . . G ]| 212.52% | -13.9%¢ | S3.80%* | 93 6%
25.96%* K . . T6.82** | 556%* | 23 2% | G 2%k | 79 O%*
1.24 . . . . 75 5% 74.0%% -8 3%k | T3 (F* | 102 5%
1.65 . : -0.15 1.92 , 4. 59%* 4.52%* -5 5%+ -B.45%*F | 3 RI*k
46.85%* , 0.89 1.94%* R 1.66 0.32 -2.36%* -4.2% 4. 42%%
47228 . -0.45 -0.40 . 2.70% 1.00 -2.90** -0.20
124.24%* . -28.87%* | -8 O6** 3. J38** 97.6%*% | -38.6%% | .79.65%*
37,724 .9 =12.62%* | 33.23%%+| 43, 127%% | 116.9%*% | -45.2%% | _]83 4**
-4.72 4. , -11.93%* | .16 40** ) 13.32%% | 14.92%% [ -]4.7%% | 17.88**
19.17* . . 893 -34.14%* . =91.0%* [ -10.90%* | 3 7]** 172 3%+
28.10%* . 27.80%* | .10 48** . =114.03%%} 132 2%% | -8 32%* 153.9*
5, 77%* . -10.62 3.72 ) 53.B5%% | 10 9** 36, 1** =57 3%#
255 8** b ~34 T2%* | 60.05%* . 130.09%* | 18.96** | -26.1** 10]1.1%*
42 98+ .3- =21.86%* | 43.39** . 200.1%% | 174.1%* | -104 6%* | 260 7**
=14, 33** . 0261 | -47.79%* | .5 B4** . 179 5%+
I-M.103 x ILB 938 IT1- T.'W x Nubartia 1 HI - Giza 40 x Giza 461
*and** verily the significance at 0.05 and 0.01 levels of probability. respectively.
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As to inbreeding depression, highly significant positive values were
obtained for flowering date, no. of pods/plant, and secd yield/plant in the three
crosses, maturity date in the first'and the second crosses, no. of pods/plant and
100-seed weight in the third cross. While, for 100-seed weight in the second cross
gave highly significant negative value of inbreeding depression,. This is logic and
expecled since the expression of heterosis in F, will be followed by a
considerable reduction in F; performance.

Over dominance for high or low parent was detected for filling period,
ptant height, no. of pods/plant and seed yield/plant in the three crosses, no. of
branches/plant in the second and third crosses. Complete dominance for flowering
in the third cross and maturity date in the second cross.

Partial dominance towards the better parent was found for no. of
branches/plant in the second cross. While, partial dominance toward the lower
parent was found for flowering date in the second cross and 100-seed weight in
the third cross. Absence of dominance was obtained for maturity date in the
second cross. The potence ratio values indicated that there were all types of
dominance; i.c. over, complete, partial and no. dominance for all characters under
study. Generally, potence ratio values were found to follow the same pattern of
heterosis degree in all traits of the three crosses. These resulis of heterosis,
inbreeding depression and potence ratio were supported by similar findings
obtained by Bargale and Billor (1990), Melchinger et al. (1994), Farag and Helal
(2004) and Farag and Darwish (2005).

Significant F; deviation (E,) was obtained for plant height, no. of
pods/plant and seed yield/plant in the three crosses, flowering date. and maturity
date in the first and second crosses. This result reveals that the :pistatic gene
effects might have a major contribution in the inheritance of these characters.

Significant negative BC deviation (E;) was obtained for flowering date
in the three crosses, no. of pods/piant and seed yield/plant in the first and third
crosses, and 100-seed weight in the first and second crosses. Concerning filling
period in the third cross, and no. of branches/plant, no. of pods/plant, and seed
yield/plant in the second cross they gave significant positive BC deviation (E;).

(For estimating various types of gene effects, the variety with a high
mean value in cach trait was usually considercd as Py). In all traits the miean éffect
of parameter (m) was highly significant (Table 3). The estimates of parameter (a)
are quite small in magnitude relative parameter (d) in all crosses under study
(Table 3). '

Additive gene effects (a) were highly significant for all studied traits in
all crosses. These results indicated the potentiality of improving the performance
of these traits by using pedigree selection program. The dominance effect (d) was
highly significant for atl studied traits in all crosses except no. of branches/plant
in the second cross. Morcover, the additive gene effects were more important and
greater than the dominance gene effects (Table 3). Dominance gene action would
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tend to favor the production of hybrids, while, for additive gene action, the
significant siandard seclection procedures would be effective in bringing about
advantageous changes in the characters.

The estimated value of additive x additive (aa) epistatic type was highly
significant for all traits, except for no. of branches/plant in the second and third
crosses. Also, the additive x dominance gene effect (ad) was highly significant for
all traits, except maturity date in the second cross. Generally, significant one or
more of the three types of cpistatic gene effects were exhibited in the three
crosses for all studied traits (Table 3).

The epistatic type of dominance x dominance was found to be significant

for all traits under study except number of branches/plant in the third cross.

_ Significat the cpistatic type of gene action were reported by El-Hosaary, 1981,
Hendawy (1994), El-Refacy (1999) and Farag and Darwish (2005).

Heritability in broad and narrow sense, genetical gain and genetic
coefficient of variation (G.V.C.%) for the studied traits are presented in Table (4).

Broad scnse heritability h* estimates ranged from 49.97% for plant
height in the second cross to 97.1% for seed yield/plant in the second cross.

Narrow sense heritability (h’n) estimates ranged from 19.92% for plant
height in the second cross to 78.3% for 100-seed weigh in the first cross.

Such results agreed with those obtained from gene action studie (Table
3). Similar results were obtained by Dawwam and Abdet-Aal (1991), Hendawy
(1994), Ramgiry (1997} and Farag and Darwish (2005).

Genelic coefficient of variation (GCV¥%) showed high values for no. of
branches and seed yield/plant in the three crosses, no. of pods/plant in the first
and second crosses. Concermning no. of pods/plant in the third cross and 100-seed
weight in the first cross, they gave moderate values for genetic coefficient of
variation (GCV). The other traits had low values of GCV% (Table 4). (It is used
alone, this will be casier when the heritability estimates and genetic gain were
available (Swarup and Chaugale, 1962)). The genetic advance under selection
depends on the amount of genetic variability, the magnitude of masking effect of
the environment and density of selection that is practiced. - :

. In terms of the progress expected, the effect in fulure gencrations, due to
the non-additive variance, is included in study was derived by using heritability in
narrow sense. The predicted genetic advance was rather moderate for no. of
branchies/plant no. of pods/plant, seed yield/plant in the' three crosses, plant
height, and 100-sced weight in the third cross, and filling period in the first cross.
The other traits had low predicted genetic advance. In the present investigation,
moderate heritability values were detected for all studied traits in the three crosses
except plant height in the second cross and no. of branches/plant and no. of
pods/plant in the third cross whereas low values were detected. Therefore,
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selection for these traits could be affective and satisfactory for successfial
breeding purposes. These results are in agreement with those found by Dawwam
and Abdel-Aal (1991), El-Refaey (1999) and Farag and Darwish (2005).

Table (4);: Heritability estimates, genetic agvance (Ag) and genetic advance
expressed as percentage of the F; mean (g%) and genotypic and
phenotypic cofficent of variation of variamce of the three crosses
of faba bean for the studied traits.

Hertability Genetic advance
Broad Narrow
since since Ag Ag %
Flowering 75.06 5448 | 3.30 6.4
b ae 60.19 479 233 4.24
6831 4592 | 165 3.02
) 9279 6691 | 623 4§12
M:f;:“y 88.40 750 | 619 | 426
77.49 74.0 54 332
Filling 90.44 79.0 9.91 1011
period 90.22 45.0 2.41 2.50
85.63 70.0 7.79 6.97
Plant 83.18 58.0 5.06 546
height 49.92 1950 | 271 3.39
85.90 7053 | 1239 ] 1214
[ No. of 64.67 570 244 | 6396 115579
| branches/ 70.15 55.3 3.26 73.91 |147.84
plant 65.59 3448 | 136 | 3392 | 6766
No. of 7738 44.6 898 | 3758 | 753
[ pods/plant 66.60 4195 | 735 | 3301 | 66.1
; 57.81 29.8 287 | 1357 | 272
89.12 783 | 2033 | 2441 | 48.83
lﬁ'l‘i";ft" 71712 | 536 | 934 | 925 | 1845
welg 69.93 4252 3923 ] 65 | 1314
Sced 9514 4852 | 2672 { 4103 | 83.11
yield/plant 97.09 783 | 33.25 . 121.88
54.92 4995 | 7.08

The expected response to selection, which varies with the phenotypical
standard deviation of population means, and which is a measure of ihe total
variability of the trait, could therefore, reflects the total response that could be
realized by breeding techniques.
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