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Abstract

A half diallel set of crosses involving six parental lines of faba
bean were evaluated in a randomized complete block design in two sea-
sons. Significant seasons mean squares were detected for all traits ex-
cept no. of branches per plant. Significant mean squares for genotypes,
crosses and genotypes x seasons were detected for all studied traits.
Significant mean squares for heterosis were detected for most traits. Six
crosses in the combined analysis, i.e., 1.31 x R.B., 402 x R.B., 61/1311
x F.402,1. 131 x Giza 1, 1. 131 x 61/1311/66 and 61/1311/66 x R.B.
showed high desirable heterotic effects relative to the better parent for
seed yield/plant up to 87.1%.

The variance associated with general combining ability (GCA) was
significant for all traits except no. of seeds/pod and no. of pods/plant in
the combined analysis. Specific combining ability (SCA) mean squares
were significant for all traits. GCA/SCA ratio of less than unity was dete-
rected for seed yield/plant and no.of pods/plant. However, GCA/SCA ra-
tio above unity was detected for flowering date, no. of branches/plant
100-seed weight. Interaction mean squares involving GCA and SCA with
seasons were significant for all the studied traits. The parental lines I.
131, M-3 and F. 402 had significantly positive GCA effects for seed
yield/plant. The combinations (1. 131 x G.1), (1.131 x R.B.), (61/1311/
66 x M-3), (61/1311/66 x F.402), (F.402 xR.B.), (L1311 x 61/1311/
66 x M-3), (61/1311/66 x F.402), (F.402 x R.B.), (L131 x 61/1311/
66) and (M-3xR.B.) exhibited desirable (SCA) effects for seed yield plant
and the latter cross M-3 x R.B. for total shedding. Also, they appeared to
be the most promising in breeding for high yielding potential.

INTRODUCTION

Faba bean (Vicia faba L.) is an important leguminous crop in Egypt and in-
creasing its yield is a primary goal of the plant breeder. Yield is a complex char-
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acter and is an ultimate product of the action and interaction of a number of quantit-
ative characters, which are known to be controlled by different sets of polygenes. In
faba bean, yield is made up of several components, including number of pods per
plant, no.of seeds per pod and 100-seed weight. The way in which these characters
are inherited is thus of considerable importance to the breeders. Genetics of yield
and its components in faba bean has been studied by several workers (Bond, 1967,
1989, Mahmoud, 1977; El-Hosary, 1985, 1987, 1988 and 1989; Polignano et
al.1989; Hendawy et al 1988; El-Hosary and Sedhom, 1988 and El-Hosary et al.
1992). Also, the number of investigations on heterosis and combining ability in faba
bean had increased greatly since the discovery of cytoplasmic male sterility and
fertility restoration which enhanced the possibility of developing faba bean hybrids
for commercial production. In addition, a knowledge of the magnitude of the genotype
X year interaction is particularly interesting to plant breeders. This because they
reflect fluctuations in environment which for the most part cannot be predicted in
advance and hence can only be encounterd developing hybrids or varieties in which
developmental sequences are canalized along a pathway that leads to high perfor-
mance.

The present study was carried out to estimate heterosis and combining ability
for characters of croses between yield and its components. Therefore, inquiries
about the projected populations aiming to improve yielding potentiality of Egyptian
faba bean could be made.

MATERIALS AND METHODS

) Six faba bean genotypes, namely; I. 131 (P1), Giza 2 (P2), 61/1311/66
(P3), Mutant-3 (P4), Family-402 (P5) and Reina Blanca (P6) were used in this
study. The parents P1 and P6 are introductions from Libya and Spain, respectively;
P2, P3, and PS are local Egyptian varieties, while P4 is a mutant variant of Giza 2
treated by. 0.25 DES. All possible crosses without reciprocal; between the six par-
ents were produced twice in 1994/95 and 1995/1996. The 15 crosses and the six
parental lines were sown in a randomized complete block design with three replica-
tions on Nov. 20 both in 1995/96 and 1995/1996 at the Agricultural Experimental
Station, Moshtohor, Egypt. Plots consisted of one ridge 4 m long and 60 cm. wide
with single-plant. Hills spaced 20 cm. apart on one side of the ridge. common cultu-
ral practices were followed for good faba bean production. Data were recorded on
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10 guarded plants randomly chosen from each plot for flowering date, plant height,
number of branches/plant, number of seeds/pod, number of pods/plant, 100-seed
weight, seed yield/plant and total shedding percentage. Data of plot means were
analized for combining ability and estimation of genetic effects according to Griffing
(1956) method 2 model 1 for each season. A combined analysis of the two seasons
was carried out whenever homogeneity of variances was detected. Heterosis ex-
pressed as the percentage deviation of F1 or F2 mean performance from better par-

ent was also compouted .

RESULTS AND DISCUSSION

The combined analysis of variance of the data for growth, yield and its com-
ponents is presented in Table (1). Mean squares for seasons were significant for all
studied traits except number of branches per plant and total shedding%, indicating a
significant season effect of the performance of most faba bean traits. For most
traits the mean values in the second season were higher than in the first one.

Significant differences among genotypes were detected for all the studied
traits in the combined analysis, indicating wide diversity between the parents used.
Significant genotype x season interaction mean squares were also obtained for all
traits.

Results also showed that mean squares due to parents were significant for all
the traits, except number of seeds per pods and total shedding percentage. Signifi-
cant mean squares due to the interaction between parental varieties and seasons
were obtained for all traits except number of branches per plant and yield per plant.
These findings indicate that parental lines differed in their mean perfomance in most
traits under test. Also, it revealed that parental lines varied in their response to
seasonal changes in all traits except number of branches and yield/plant.

The mean performance of the parents from the combined analysis is given in
Table (2). Mutant-3 (M3) was earliest to flower and produced significantly higher
seed yield and number of pods per plant. The parental lines Riena Blanca (RB) and |
131 were best in 100-seed weight and number of branches per plant but had the
shortest plant height. Line I. 131 was lowest in total shedding. While it expressed
moderate values for the other traits. Giza 1 was highest in number of pods per plant
but showed moderate values for the other traits. Lines 61/1311/66 and F.402 gave
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the highest values for number of seeds per pod and plant height, respectively but
were intermediate in yield and other traits. It is interesting to note that the superi-
ority of the two parental lines I. 131 and Mutant-3 in seeds per plant. resulted from
a high seed index and a high number of pods per plant, respectively. The same con-
clusion was reached by El-Hosary (1987) and El-Hosary et al. (1992).

Data presented in Table (1) show that crosses mean squares were significant
for all the studied traits, revealing an overall differences between these hybrids.
Significant interaction between F1 hybrids and seasons was detected for all traits
indicating variable response to environmental fluctuations.

The mean performance of F1 crosses is presented in Table (2). It is noticed
that all crosses surpassed the highest parent for each studied trait.

Results indicated that cross 61/1311/66 x G.1 was the earliest in flowering
and the cross 61/1311/66xR.B. was latest. For plant height, The cross | 131 x F.
was highest and F. 402 x R.B was lowest in plant height.

The cross F. 402 x R.B had the greatest number of branches per plant and the
cross . 131 x F. 402 had the least number of branches. The general mean of hybrids
was within the range of parental lines for number of seeds/pod.

The cross I. 131 x M-3 showed the highest value for number of pods per plant.
However, the cross 61/1311/66 x R.B had the lowest value of number of pods per
plant. The cross I. 131 x R.B had the highest values of seed index. On the contrary,
the cross G. 1 x 61/1311/66 in the combined data gave the lowest expression in
this trait. In the combined analysis, the cross I. 131 x R.B had the highest seed yield
per plant followed by crosses I. 131 x G. 1.131 x 61/1311 /66, 61/1311/66 x M-
3, 61/1311/66xF.402, and F. 402 x R.B.

The high seed yield per plant in cross 61/1311/66x M-3 could be attributed
to the high number of pods per plant while the high seed yield/plant of other hybrids
could be attributed to a high seed index or an increased number of pods per plant.
The cross M-3 x R.B. gave the lowest total shedding value but showed no significant
superiority in yield.

Correlation coefficients between means of F1 hybrids and mideparent values
for each studied trait are presented in (Table 2). Significant positive correlation co-
efficient values were detected for number of branches per plant and 100-seed
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Table 2. Mean performance over seasons for faba bean parents and thier F1 crosses.

v TL-HOSARY et a/

Genotypes Flowring
C-E
1.131 56.99
F-H
G.1 52.83
F-H
61/1311/66 52.83
1
M.S 47.33
AB
F.402 56.33
B-E
R.B 57.66
A-C
1.131XG.1 59.50
F-H
1.131x61/1311/66 53.16
A-C
1.131 xM.3 54.83
B-D
1.131xF.402 58.50
C-E
1.131xR.B 57.16
H
G.1x61/1311/66 51.00
F-H
G.1xM.3 53.33
E-G
G.1xF.402 54.83
E-G
GG.1xR.B 55.00
B-D
61/1311/66xM.3 58.83
GH
61/1311/66xF.402 52.00
A
61/1311/66xR.B 62.16
E-G
M.3xF.402 55.00
D-F
M.3xR.B 56.00
B-E
F.402xR.B 57.66
r 0.18

Plant
date (days) height (cm)

GH
77.48
B-E
88.10
B-F
87.80
A-C
91.80
A
97.95
1
65.23
E-H
81.03
E-H
81.13
E-H
80.56
A-C
92.02
E-H
80.97
A-D
90.40
B-G
85.50
F-H
79.20
AB
92.80
D-H
82.00
C-H
83.40
B-F
87.70
A-C
90.70
B-G
85.61
H
75.33

0.07

nches/

plant

D-G
4.14
FG
3.74
FG
3.73
G
3.54
G
3.58
BC
4.99
BC
5.06
C-F
4.33
C-G
4.21
E-G
4.00
BC
5.01
C-F
4.48
B-D
4.93
C-F
4.43
BC
4.94

BD

4.98
B-E
4.61
B
5.48
CE
4.41
BC
4.99
A
6.38

**

0.61

/pod

EF
3.4
D-F

3.36
E-F
3.53

3.24
EF
33
EF
3.56

3.79
A-D
3.66
AE
3.59
C-F
3.41

3.79
AD
3.66
AC
3.71
EF
3.3
EF
3.28
BF
3.43
AF
3.58
AF
3.58
AF
3.46
AF
3.51
AB
3.76

0.09

/plant

GH
14.24
B-F
18.33
H
13.41
D-G
17.78
F-H
15.46
H
12.88
AB
21.66
A-C
21.49
A
23.36
A-D
21.19
B-F
18.20
E-G
17.99
GH
14.44
C-G
17.64
AB
22.36
A-E
19.88
A
22.94
GH
14.21
A-E
20.98
AB
22.14
AB
21.79

-0.11

D-F
61.42
|
44.50
D-F
61.13
HI
50.69
EG
57.90
CcD
65.55
B
79.23
(o3
71.78
DE
63.44
CcD
66.81
A

93.74

HI
50.58
FH
55.58
D-F
60.87
GH
52.01
B
74.26
F-H
54.67
B
75.61
D-F
60.27
DF
62.66
B
76.87

>k

0.09

No.of bra- No.of seed No. of pods 100-seed Seed yield
weight (g) / plant (g)

HI
27.03
J
21.01
I
24.74
FG
31.98
|
25.27
J
24.06
B
49.61
BC
48.30
D
43.66
DE
41.76
A
54.74
FG
31.67
GH
30.21
FG
32.48
FG
32.85
B
50.85
B
49.34
E
39.13
F
35.07
CcD
44.81
B
90.53

0.25

Total
shedding

78.65
CF
80.58
AB
82.65
D-F
81.70
D-F
81.71
B-D
85.89
D-F
83.80

78.83
D-F
82.40
D-F
80.88
BC
78.34
B-E
84.81
EF
80.59
D-F
82.07
CF
83.21
CF
83.08

78.08

78.66

91.33

79.35

78.20

D-F
80.94

| : Values followed the same letters are not different at probability 0.05 by Duncan's (L.S.R.) test.

r : Correlation coefficient between mid parent and F1 mean performance.
* and ** significant at 0.05 and 0.01 levels of probanility, respectively.
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weight, indicating good agreement between mid parent values and F1 performance.
Correlations involving other traits were not significant indicating that certain high
and low parental lines may produce outstanding F1 hybrids. That the mean perfor-
mance of the parental lines related to the average performance of their crosses
were previously shown by El-Hosary (1985 and 1988), El-Hosary and Sedhom
(1988) and El-Hosary et al. (1992).

The mean squares for parents vs. crosses which is a measure of average het-
erosis was of appreciable magnitude for all traits except plant hight (Table 1). This
component interacted significantly with seasons for number of seeds per pod, 100-
seed weight and seed yield per plant. These results indicated that, heterosis was af-
fected by seasonal changes. The same trend was obtained by El-Hosary (1987).

Mid-parent and better parent heterosis percentage averaged over seasons for
all traits studied are presented in Table (3).

For plant height, four crosses exhibited significant positive heterotic effects
relative to mid parent in the combined analysis. Positive heterosis for plant height
was reached before by El-Hosary (1987), Hendawy et al. (1988), and El-Hosary et
al. (1992). Concerning number of branches per plant, nine and seven crosses expre-
seed significant positive heterotic effects relative to mid-parent and better parent
in the combined analysis, respectively. These results are in harmony with that re-
corded by El-Hosary (1988). For number of seeds per pod. Six and three crosses
significantly exceeded the mid parent and better parent in the combined data, re-
spectively. With respect to number of pods per plant, most hybrids were either
equal to or significantly superior to the mid-parent in the combined in the combined
analysis, while eight crosses showed significant positive heterotic effects relative
to better parent. Both crosses 61/1311/66 x F.402 and I. 131 Xx F.402 and [. 131 x
61/1311/66 gave the highest values for this trait at the combined analysis. Signifi-
cantly positive heterotic effects for number of pods per plant over the better parent
were recorded by Mahmoud (1977), El-Hosary (1987), El-Hosary and sedhom
(1988) and El-Hosary et al. (1992). For 100-seed weight ten and six hybrids
showed significantly positive heterotic effects relative to midparent and better par-
ent in the combined analysis, respectively. These results are in harmony with Mah-
moud (1977), El-Hosary (1988), El-Hosary and Sedhom (1988), Hendawy et al.
(1988), and El-Hosary et al. (1992). Concerning seed yield per plant, al[ hybrids
were equal to or significantly superior to the mid and/or better parent. In the com-
bined analysis, the six crosses i.e. I. 131 x R.B. x F. 402, 61/1311/66 x F.402,
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1.131 x G1, I. 131 x 61/1311/66 and 61/1311/66x R.B. showed high desirable
heterotic effects relative to better parent in the F1 generation with the greatest ad-
vantage being (87.1%). Heterosis values for seed yield per plant were generally
higher than for individual components of yield (Table 3). The components of yield for
individual crosses also showed in most cases high heterosis for seed yield of faba
bean. [Bond (1967 and 1989), Mahmoud (1977), El-Hosary (1987 and 1988), El-
Hosary and Sedhom (1988), Hendawy et al. (1988), and El-Hosary et al. (1992)). 1.
The cross M3 x R.B. had significantly negative heterotic effect relative to mid par-
ent. None of the hybrids had significantly negative heterosis relative to better par-
ent for this trait. Significantly negative heterosis effects for shedding were ob-
tained by El-Hosary et al. (1988) and El-Hosary et al. (1992).

Analysis of variance for combining ability as outlined by Griffing's (1956)
method 2 model 1 in the combined data for all the studied traits is shown in Table
(4). The variance associated with general combining ability (GCA) was significant
for all traits except number of seeds per pod and number of pods per plant. Specific
combining ability (SCA) mean squares were significant for all characters under
study. It is evident that non additive type of gene action was the more important
part of the total genetic variability for number of seeds per pod and number of pods
per plant. For the other studied traits, both additive and non additive gene effects
were involved in determining the performance of single cross progeny. High (GCA) /
«(SCA) ratios which exceeded unity were detected for all studied traits except seed
yield per plant. Such results indicated that additive and non additive x additive types
of gene were more important. For the exceptional trait. however, non additive type
of gene action seemed to be more prevalent. The genetic variance was reported to be
. mostly additive for yield and its compohents (El-Hosary, 1987, 1988 and 1989; El-
Hosary et al. 1992 a and b).

The interactions between seasons and both types of combining ability were
significant for all the studied traits. Thus the magnitude of all types of gene action
would vary with season. It is evident that mean squares of (SCA) x season was
higher than (GCA) x season for all traits except 100-seed weight, total shedding %
and number of seed/pod. Thus non additive effects were much more influenced by
the environmental conditions than additive genetic effects in these traits. These con-
clusions are in agreement with Poli'gnano et al (1989). For the exceptional trait,
however, the higher magnitude of (GCA) x season interaction showed that the addi-
tive and additive x additive effects were more affected by environment than the
nonadditive effects.
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Estimates of (GCA) effects for individual parental lines in each trait from the
combined analysis are presented in Table (5). High negative effects for flowering
date and high positive effects for other traits would be useful for the breeder. The
variety G. 1 showed significant negative effects for flowering date. Also, the lines
61/1311/66 and M. 3 showed significant negative effect for this trait, indicating
that the three parental lines are good combiners for earliness. For plant height, sig-
nificant negative GCA were detected for R.B. and I. 131, suggesting the possibility
of utilizing these parents in breeding short varieties. On the other hand, large posi-
tive GCA effects were detected for M.3 and F. 402, hence can be use& in breeding

tall varieties.

The parental variety R.B. appears to be an excellent parent in breeding varie-
ties characterized by higher number of branches per plant. Rine Blanca and I. 131
showed significant positive GCA effects for seed index, and I. 131, M. 3 and F. 402
had large positive GCA effects for seed yield/ plant. Line I.131exhibited the highest
GCA effect and Giza 1 was the poorest combiner for seed yield/plant. It is wo-
rthnoting that the parent possessing high GCA effect for seed yield might show the
same for one or- more of the traits contributing to seed yield. For ‘example, I. 131
showed the highest positive GCA effects for seed yield, 100-seed weight and num-
ber of pods. These findings are in agreement with those obtained by Bond (1967), El-
Hosary (1988), Hendawy et al. (1988) and El-Hosary et al. (1992). However, the
parental line which had high GCA effects for yield components may not necessarily
be a high combiner for seed yield as observed for R.B. which had the highest positive
effects for seed yield. Similar results were obtained by El-Hosary (1987 and 1988)
and El-Hosary and Sedhom (1988).

Significant correlation coefficients between parental performance and GCA ef-
fects were obtained for all traits except number of seed/pod, number of pods per
plant and seed yield per plant and total shedding% (Table 5). These findings indicate
that performance of the parental lines was a good indication of thier GCA. Thus, se-
lection of parents based on mean performance of GCA would have the same efficien-

cy.

For the traits where no significant correlation was detected between per se
performance and GCA, hybrids with high performance for these traits could be ex-
pected by crossing parents of low or high performance meain. A rather good agree-
ment between ranking the parental lines according to their GCA effect and ranking
parental performance was reported by Bond (1967), El-Hosary (1987), El-Hosary
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and Sedhom (1988) and El-Hosary et al. (1992).

Specific combining ability effects for cases where SCA was significant are
presented in (Table 6). Large effects were prevalent for seed yield per plant than
for any of its components. For flowering date, two crosses exhibited significant
negative specific combining ability effects. Results indicated that crosses I. 131 x
61 /66 and 61/1311/66 x F.402 had the best desirable (SCA) values for this trait.
Regarding plant height, three crosses showed significant positive (SCA) effects.
while two crosses had significant negative effects. But the rest of crosses showed
the highest desirable (SCA) effect for height followed by crosses I. 131 x F. 402 and
61/1311/66.

Two crosses showed significantly positive (SCA) effects for number of bra-
nches per plant. The cross F. 402 x R.B. had the highest (SCA) effect for this trait
followed by cross I. 131 x G. 1. The crosses I. 131 x G. 1 and G. 1 x M. 3 had signif-
icant (SCA) effects for number of seeds per pod. For number of pods per plant, six
crosses gave significant positive (SCA) values. Meanwhile, the cross 61/1311/66
x F. 402 gave the highest (SCA) effects followed by cross G. 1 x R. B. for this-trait.

Considering 100-seed weight, six crosses had significant positive (SCA) ef-
fects. The crosses I. 131 x G. 1 and 61/1311/66 x M. 3 had the highest desirable
(SCA) effects for this trait. Also, the cross M3 x R.B. had the highest desirable
(SCA) effects for total shedding percentage. '

Regarding seed yield/plant, seven crosses showed significant positive (SCA)
effects. In conclusion, the best combinations were 1.131 x G.1, I. 131 x R.B, 61/
1311/66 x M3, 61/1311/66 x F. 402, F. 402 x R. B.and I. 131 x 61/1311/66.
Theses crosses also had the highest mean values in the combined analysis. These
crosses are the best combinations showing significant (SCA) effects for seed yield
per plant and most of yield components. The cross M3 x R.B. showed high SCA cross
for yield per plant and total shedding.

In crosses showing high SCA and one of the parents has involving only good
GCA desirable transgressive segregation may be expected as a results of additive
genes from one parent with the complementary and epistatic genes present in the
cross. Therefore, the above crosses appear to be useful for initiating a selection
program to improve yield and economic traits.
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