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ABSTRACT

Five parental lines of field beans (Vicia faba, L.)
were combined in a diallel cross to obtain information on
the magnitude of genetic variation and heterosis expressed
in the F,'s using the procedure of Griffing (1956). The
studied characters were; number of branches per plant,
plant height, pod height, number of pods per plant, number
of seeds per pod, 100 seed weight and seed yield per plant.

Differences among genotypes, parents and crosses were
found to be significant for all traits studied.

Both general and specific combining ability mean
squares were significant for all traits studied except for
number of seeds per pod where general combining ability
did not reach the significant level. The magnitude of the
ratios of GCA/SCA which exceeded the unity, revealed that
non-additive type of gene action were the most important

expression for all traits except plant height and 100-seed
weight.

The parental lines Giza-2 and NEB-319 were the best
combiners for stem shortness and low pod possition. Giza-2

and NEB-8 expressed highly significant positive GCA effect
for seed yield per plant.

Heterotic effects relative to better parent being of
85.25% and 71.76% for seed yield per plant in the two
crosses i.e., (NEB-8 x Equadoles) and (I-131 x NEB-319),
respectively.,

These two crosses also expressed the highest positive
SCA values for seed yield/plant, indicating that the two
crosses may be of specific interest in hybrid faba bean
breeding programme.

INTRODUCTION

The faba bean, Vicia faba L. is the most important species
among vetches, Several varieties are cultivated throughout the
near East and the Nile Valley, in Northern Africa, Turkey, in parts
of India and Burma and in many parts of Western Asia. It considered
as a popular diet in most of Arab countries. As the world population

increases, there would be an increasing need for more plant protein,

especially in the developing countries.
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Faba bean crop has attracted the attention of geneticists and
plant breedérs to improve the yield, because of its importance for
both human and animals nutrition. Their aim was confined in
a selection and using different methods of evaluation such as
determination of combining ability. Both general and specific
combining ability had been shown by many investigators e.g., Bond
(1966) who found that most of the variability between crosses was
attributed to general combining ability (GCA). Poulsen (1977) and
El-Hosary (1981) obtained highly significant general and specific
combining ability variances for most of the characters studied.

The aims of this study are té establish (1) the magnitude of
heterosis for yield and some of its components in a five-parental
diallel crosses among adapted and exotic parental strains, (ii) the
effectivness of both general (GCA) and specific combining (SCA)
ability to choose the most efficient breeding procedure, and
(i1i11) the importance which should be accorded to the parental lines
in a breeding programe depending upon their general and specific
combining ability effects.

MATERIALS AND METHODS

This investigation was carried out at Shebin El-Kom Experimental
Station during the two successive seasons 1985/86 and 1986/87. Five
faba bean varieties (Vicia faba, L.) of wide divergent origins were
used as parental lines in the present investigation, i.e., Giza-2
‘ (Egypt), NEB-319 and NEB-8 (Syria, ICARDA), Romi Equadols (France)

and I-131 (Libia).

A diallel cross set involving the five parents was made in the
winter of 1985/86 in a wire cage green house under normal condition.
The ten possible F1 hybrids with their respective parents were sown
in the field in 1986/87, using a randomized complete block design
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with three replications. Each plot consisted of one ridge of four
m. length and 60 cm. width., Hills were spaced by 20 cm. with one
seed per hill in one side of the ridge. Dry method of planting was
used and the rest of cultural practices were followed as usual for
the ordinary faba bean fields in the area.

The traits studied were; number of branches per plant, plant
height (cm), pod height (cm), number of pods per plant, number of
seeds per pod, 100-seed weight and seed yield per plant (gm). The
data were recorded on ten individual plants per plot, randomly
sampled from the guarded plants.,

General and specific combining ability estimates were obtained
by imploying Griffing's (1956) diallel cross analysis designated as
method 2 model 1. Heterosis expressed as the percentage of F; mean

performance from better parent.

RESULTS AND DISCUSSION

Table (1) presents the analysis of variance for both general
(GCA) and specific (SCA) combining ability as well as GCA/SCA ratios
for all characters studied. Number of branches per plant did not
show any significant differences for genotypes, GCA and SCA. These
results are disagreement with those obtained by Bond (1966),
El-Hosary (1981) and (1987).

Differences among genotypes, parents and F; hybrids were found
to be significant for all traits except number of branches per plant.
F, means were found to be significantly lower than parental means
for only number of seeds per pod. Though, there were no significant
differences between parents and their F; hybrids for the rest of the
traits investigated.
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For number of seeds per pod, significant SCA along with insigni-
ficant GCA variances were obtained revealing that the non-additive
type of gene action being the more important part of the total
genetic variability in this trait. Concerning the other traits
examined, the mean squares associated with both general and specific
combining ability was significant, indicating that both additive
and non-additive types of gene action were involved in determining
the performance of these characters. To reveal the nature of genetic
variance which had the greater role, GCA/SCA ratio was computed.

For both plant height and 100-seed weight, high ratios which exceed
the unity were detected, revealing that the largest part of the total
genetic variance associated with these traits being a result of
additive and additive by additive types of gene action. With respect
to the other four traits, however, non-additive gene action seemed
to be high in magnitude indicating its importance as a major contri-
butor in the inheritance of these characters. The types of gene
action reported by Abdalla and Fischbeck (1980), Hassan (1982),
Mahmoud et al. (1984) and El-Hosary (1987) among stocks of Vicia
faba L. is rather confirmed by the type of variation found in the
present study.

Estimates of GCA effects "éi" for individual parental lines in
each trait are presented in Table (2). High positive values would
be of interest under all traits in question, except for both plant
height and pod height, where high negative values would be useful
from the breeder point of view. Concerning pod height, Giza-2 showed
significant negative GCA effect. Giza-2 and NEB-319 had the highest
significant negative GCA effects for plant height and proved to be
good combiners for stem shorteness. For seed yield per plant, Giza-2
and NEB-8 had considerable significant positive GCA effects, and
proved to be good combiners in this concern, Giza-2, appeared to

be good combiners in this respect. For number of pods per plant,
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Table (2); Estimates of general combining ability effects.

Pareat Plant Pod :::h of 100-seed Ml. s
yie
height height e weight -
plant plant
Giza-2 R R X - T R W 11.50:
NEB-8 26.39°"  -0.17 14.59 23.35 16.47
1-131 8.29 - Q30 i R30S 5Y |
Bquadoles 59.29"°  0.20 939 533 2057
NEB-319 -54.21""  -0.03 AR Rl i VAT
L.s.n.o.os'(gi-&.,) 3,91 0.34 1.36 3.37 1.47
L.S.D.y 09 (&1‘33) 5.28 0.46 1.83 4.56 1.99

® and ** ; Significant differences from zero at 0.05 and 0.01 levels of
rrobability, respectively.
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NEB-8 amd Equadols possessed considerable positive GCA effects for
number of pods per plant amd comsidersd to be the best combimers
im this concerm. The results obtaimed hereim were fomnd to be
agreed with those obtzimed by Leffel and Veiss (1958), Wieber et al.
(1970), Paschal and Wilcox (1975), El-Hlosary (1981), El-Hosary et
al. (1986) and Mahmond amd Al-Ayobi (1986).

From the results obtaimed here, it is clear that the wariety
which had high GCA effect im seed yield per plant was also found
to be good combinmer for ome or two traits of yield componemts. For
instamce, the best combimer for seed yield, NEB-8, was the best
combiner for mumber of pods per plant and 100-seed weight. Howewer,
the variety which had high GCA effect for some yield components may
not mecessarily had high GCA effect for seed yield per plamt. For
example, though NEB-319 was the best combimer for 100-seed weight,
it had significant megative GCA effect for seed yield per plamt.

Specific combiming ability effects for all possible combimations
with respect to the traits studed are presented im Table (3). The
most desirable imter and imtra-zllelic imteractions were represented
by cress (NEB-8 x NEB-319) for plamt height, crosses (I-131 x
Equadols) and (I-131 x NEB-319) for pod height and mumber of pods
per plamt, crosses (G-2 x I-131) and (WEB-B8 x Equadols) for mumber
of seeds per pod, crosses (NEB-8 x Eguadols) and (I-131 x NEB-319)
fot seed index and crosses (G-2 x NEB-8), (NEB-B8 x Equadels) and
{I-131 x NEB-319) for seed yield per plamt. It is known that SCA
would mot contribute directly to the improvement of autogamous
crops except where commercial exploitation of heterssis is im hand.
If the crosses exhibiting high specific combining ability imvelve
one or two cultivars which also proved to be good general combimers,
they might be exploited for breeding improved varieties as well,
Therefore, the two crosses (G-2 x NEB-8) and (NEB-8 x Equadols)
might be of great importance in breeding programmes whether toward
hybrid faba bean or for conventional breeding procedure.
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Table(3): Estimates of specific combining ability effects for the crosses studied.

Plant Pod No. of lo. of 100-seed Seed
Cross seeds pods yield
beight height per pod per plant weight rer
rlant
Giza-2 x NEB-8 20.22"F  0.21 -0.38""  -0.81 3.87 5.55"
x I-131 10237 -0 77 0.38°"  —d.49e 0.05 -9.27""
x Equadols  10.71""  -0.44 -0.30™* 0.26 -17.05" " -9.39" "
* % »n s 2
x NEB-319 14.41 -0.24 -0.10 -1.20 w1304 -4.40
NEB-8 x I-131 - 1.98 -0.13 -0.24" -2.99"" 4.16 0.25
x Equadols  20.59°  1.53° 0.5t  -s.70™" 33T 16,56
x HEB-§19 = mgdiis e A 0 49 0,86 = 462" <13, 79"
I-131 x Bquadols - 0.98 -0.65 "  0.08 5.00"% - 8.52"" - 3.32""
x NEB-319 4.81 K EaRERE T g 8.80" 4.82" 17.20"%
Equedols x NEB-319  2.49 -0.32 0,58 1.3 -10.84"" - 3.56""
L'S'D°o.05(§13'§1k) 9.58 0.84 0.37 3.33 8.26 3.61
L°S’D'O.01(Sij-sik) 12.89 1.12 0.50 4.48 11,12 4.86
L‘S'D'O.OS(éiJ-ékl) 8.74 0.76 0.34 3.05 7.54 3,29
1.03 0.46 4.09 10.15 4.43

L'S'D'o.o1(513‘sk1) 11.77

* and ** , Significant differences from zero at 0.05 and 0.01 levels of

probability, respectively.
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Heterotic effects for each trait relétive to better parent
are presented in Table (4). Heterosis may result from simple gene
action namely dominance effects, especially over-dominance or in
conjunction with epistatic effects, i.e., dominance x dominance and
dominance x additive types of gene action. Specific combining
ability effects illustrate perfectly these types of gene actions.
Significant heterosis was detected (Table 4) for most of the crosses
* which show the positive high values of SCA effect (Table 3) for yield
and some of its components. The cross (NEB-8 x Equadols) expressed
highly significant heterotic effects for seed yield per plant (85.257)
and seed index (122.83%). The cross (I-131 x NEB-319) showed signi-
ficant heterotic effect for seed yield per plant (71.76) and number
of pods per plant'(103.132) + These two crosses (NEB-8 x Equadols)
and (I-131 x NEB-319) which expressed both heterosis and SCA effects
for seed yield per plant and at least one of yield components, may
be of specific interest in hybrid faba bean breeding programmes.
Significant hybrid vigour was previously reported for; plant height
by Bond (1966) and El-Hosary et al. (1986), for number of pods by
Bond (1966), Hassan (1982) and El-Hosary et al. (1986), for number
of seeds per pod by Hayes and Hanna (1968) and El-Hosary (1981) and
El-Hosary et al. (1986) and for yield by Mahmoud (1977) and El-Hosary
et al, (1986).

From the foregoing results, it could be concluded that both
plant height and seed index had considerable amount of fixable
genes, i.e., additive gene action, Hence, their improvement could
be achieved by selection. For the rest of the traits studied, the
best methods for their improvement, may be those which the prevalent
role of dominance type of gene action is involved. In cases where
structuring of hybrid varieties is economic, e.g., the use of male
sterility and fertility restoring genes for example, the two crosses
(NEB-8 x Equadols) and (L-131 x NEB-319) would be an outstanding

ones.,
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Table (4): Percentage of heterotic effects relative to better parent for
studied traits.

Plant Pod No. of No. of 100~ Seed
Cross height ~helght ;::d' ;::a :::ght ;::ld
pod plant plant
Giza-2 x NEB-8 8.03 17.46"" -20.94™" -34.46"" =10.95 - 8.34
| x I-131 2.32 30,177 5.26 R 531,56 =68.62""
x Equadols = 0.17 13 chat3ets?  CaUEIT b <6436 T ~T5.87
x NEB-319 -17.02 E58 i W e AT T eds.20" . =49.95
 NEB-8 x I-131 2.22 28.57:: -15.48" -44.35:: 37.14:: 7.27
x Equadols 30.99 46.98 12.14 -45.92" " 122.83 85.25 "
x NEB-319 BTN TR | ) Gl T Y fn i e Y S L R 1 B | i
| 1-131  x Bquadols 11.73 S vl29 e 0n9y 15.22  =30.89""  -21.46
| x NEB-319 7.38 19.28"" -30.00"" 103.13™ -28.03"" 71.76""
' Equadols x NEB-319  15.67 S NBE LTS et LAY =52.31 " | =43.52°

# and #** ; Significant at 0.05 and 0.01 levels of probability, respectively.

53



Minufiya J. Agric. Res. Vol.13 WNo.l, 1988

Abdalla, M.M.; and G. Fischbeck (1980). Potentiality of different
subspecies and typean ;fl(!mid- faba, L.) for breedimg. Z.
Pflanzenzuchtyg. : 111-120.

Bond, D.A. (1966). Yield and components of yield im diallel crosses

inbred lines of winter beans (Vicia faba, L.). J.
Agric. Sci., 67: 325-336.

El-Hosary, A.A. (1981). Genetical studies on field beens (Vicia
faba, L.). Ph.D. Thesis, Fac. Agric., Minufiya Univ.
El-Hosary, A.A.; H.A. Dawwem and A.A. Newar (1986). Heterosis and
. ability in some top crosses of field beeams
m(!ic;n“&h. L.). Annals of Agric. Sci., Moshtohor, 24(2):
El-Hosary, A.A. (1987). Heterosis and combining ability in diallel
crosses among seven varieties of faba bean. Egypt. J.
Agron. (in press).
Griffing, B. (1956). Concept of general and specific combining
ability in relation to diallel crossing system. Austr. J.
Biol. Sci., 9: &63-493.
Hassan, H.F. (1982). Hybridization and its effect in characteristics
- of field bean (Vicia faba, L.). Ph.D. Thesis, Fac. Agric.,
Al-Azhar Univ.
Rayes, D. and A.S. Hanna (1968). Studies in field beans Vicia faba,
L. (III)-Variation in self-fertility in a diallel cross.
Z. Pflanzenzucht., 60: 315-326.
Leffel, R.C. and M.G. Weiss (1958). Aanalysis of diallel crosses
among ten varieties of soybean. Agron. J., 350: 529-34.
Mahmoud, S.A. (1977). Heterosis and combining ability in some broad
bean (Vicia faba, L.) diallel crosses. Yougoslavian J.
Agric., Novi. Sad., XXV: 73-79 B. Roj. 1-2 Godina.
Mahmoud, A.A.; S.M. Abdel-Sayed; M.M. Ashry; A.A. Abdel-Raheem and
- M.A. Ismmil (1984). Genetic analysis of some yield
X characters and protein content in field beans. Egypt. J.
Genet. Cytol., 13: 297-397.
Mahmoud, S.A. and D.Y. Al-Ayobi (1986). Combining ability for
yield and its components in broad bean (Vicia faba, L.).
Annals of Agric. Sci.,; Moshtohor, 24(4), 923-1936.
Paschal, II, E.H, and J.R, Wilcox (1975). Heterosis and combining
gbility in exotic soybean germplasm. Crop Sci., 13:344-349.
Poulsen, M.H. {1977). GCenetic relationships between seed yield
components and earliness in (Vicia faba, L.) and breeding
implications. J. Agr. Sei., . 89: 643-654,
Weber, C.R.; L.T, Empig, J.C. Thorne (1970). Heterotic performance
and combining ability of two-way F; soybean hybrids. Crop
Sci., 10: 159-180.



	30001
	30002
	30003
	30004
	30005
	30006
	30007
	30008
	30009
	30010
	30011
	30012

