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Abstract: A set of five parental half diallel crosses in faba bean (Vicia faba L.) was evaluated to study combining
ability and heterosis of some yield characters under saline and non-saline conditions. Significant genotypic differences
among the parents and their hybrid were observed for almost all characters. Mean squares due to GCA and SCA were
significant for flowers number per plant under control and 5000 ppm , pods no. per plant under 1000 and 5000 ppm,
pod length under all saline treatment seeds no. Per pod under 1000 ppm and 100 seeds weight under control, 1000 and
3000 ppm revealing the presence of both additive and non-additive gene effects for these characters. Mean squares due
to GCA only were significant for flowers no. per plant under 1000 ppm, pods no. per plant under control and 3000 ppm,
pod length under control, seeds no. per pod under 3000 and 5000 ppm and 100 seed weight under 5000 ppm indicating
that these characters were mainly controlled by additive gene effects. The parents which showed better combining
ability were Giza 717, Giza 429 and Giza 417 for pods number per plant under 5000 ppm, Giza blanka, Giza 717 and
Giza 429 for pod length under 5000 ppm and Giza blanka and Giza 429 for seeds no. per pod under 5000 ppm. The
ratio o> A / ¢* D showed a predominance of dominant gene action for all characters under all treatments except for
number of flowers per plant under 3000 ppm and number of pods per plant under control which are mainly controlled
by additive gene action. The hybrids which have been identified as promising genotypes based on the significance of
heterosis under control were(P;xP,) for flower number per plant , pods no. per plant and pod length and (P,xP,) for 100
seeds weight , while the promising hybrids under salinity were (P,xPs) and (P,xPs) under 1000 and 5000 ppm
respectively for flowers number ,(P,xPs) under 1000 ppm and (P;xP,) under 3000 and 5000 ppm for number of pods per
plant , (P;xPs) under 1000 and 3000 ppm and (P,xP;) under 5000 ppm for pod length , both (P,xP,) and (P,xPs) under
1000 ppm , (P;xP4) under 3000 ppm and (P;xP4) under 5000 ppm for number of seeds per pod and (P;xPs) under 1000
ppm , (P,xP;) under 3000 ppm and (P xPs) under 5000 ppm for 100 seeds weight , meanwhile the promising hybrids
based on the significance of both SCA and heterosis were , (P4xPs) and (P,xP; ) respectively under 5000 ppm for
flowers number per plant , (P,xPs) under control and 5000 ppm and (P;xP;) and (P;xPs) respectively under 3000 ppm
for pods number per plant , (P,xP,) and (P,xPs) respectively under 1000 ppm and for seeds number per pod.
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INTRODUCTION

Increasing the area of faba bean and some of the
main legume crops which provide the Egyptians with
cheap protein foods consider one of the most important
aims of agriculture policy in Egypt.

Salinity in soil and irrigation water is a problem that
restricts yield and yield components of various crops
.Faba bean area can be increased by using under ground
water and El-salam canal water which considered low
quality irrigation water for most crops. Increasing area
unit productivity through utilizing salt tolerant varieties
produced from breeding programs must be an important
aim of faba bean breeders. Successful hybridization
program depends upon genetic information about the
nature of gene action which controls the characters
under study beside identification of promising parents
and crosses. Many investigators studied the genetic
behavior of growth and yield characters in fada bean
under salinity and drought conditions; AL-katib et al.
(1994), Shao et al (1994),Ashraf and Waheeb(1998).

EL-Bendary (1998) , Dua (1998) , El-Hosary et al
(1998), Chauhn and Singh (2000) and El-Hosary et
al. (2002).The present investigation was conducted to
study heterosis as well as combining ability for flowers
number per plant, pod number per plant, pod length,
seeds number per pod and 100 seeds weight (gm).

MATIRIALS AND METHODS

Five broad bean varieties obtained from the
agriculture research center namely; Giza blanka as P1,
Giza 717 as P2, Giza 429 as P3, Giza 417 as P4 and
Giza 674 as P5 were used and evaluated at the
Experimental farm of the faculty of Agriculture , S.C.U.
Diallel crosses were made between the five parents
during the season 2003-2004 to obtain ten F1 hybrids.
During the season 2004-2005, seeds of the five parental
genotypes and their Fl,s were sown in plastic pots,
containing air dried sandy soil in randomized block
design with three replicates, each replicate represented
by five pots, each pot contain four plants for control and
the salt treatments. Three concentrations of salt
irrigation (1000ppm-3000ppm-5000ppm) were prepared
by resolving 1, 3 and 5gm of sea salts respectively in
one litter of irrigation water as salt treatments beside the
control (Oppm) were used. The other normal agricultural
procedures were applied. Five plants from each replicate
were randomly chosen for recording the observations
for five yield characters, flower number/plant ,pods
number per plant, pod length, seeds number per pod and
100 seeds weight (gm).The analysis of variance for
combining ability was done following Griffing b (1956)
mode! 1-method 2. Heterosis was measured as a
percentage of increase or decrease in Fi* s over better
parental values according to Bhatt (1971).
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RESULTS AND DISCUSSION

The analysis of variance for five yield studied
characters (Table, 1) showed significant differences
among the parents and their hybrids for almost all
characters under saline and non-saline treatments
,suggesting the presence of considerable genetic
variability for these characters .Mean squares due to
general combining ability (GCA) (Table,1) were
significant for " all the studied characters under all
treatments, except for flowers no. per plant
under3000ppm and seeds no. per pod under control
indicating the importance of additive effects in  the
genetic control of these characters .Meanwhile, mean
squares due to specific combining ability (SCA) were
significant for flower numbers under control and
5000ppm, pods number per plant under 1000 and
5000ppm, pod length under all saline treatments, seeds
number per pod under 1000ppm and 100seeds weight

under control, 1000ppm and 3000ppm, revealing the °

importance of non additive effects also in the genetic
control of these characters. Data in table (1) showed that
variances due to GCA were higher than their respective
SCA for almost all characters suggesting the
predominance of additive gene effects in controlling
these characters. Similar results were reported by Ashraf
and waheeb(1998),El-Hosary et al (1998), El-Hosary et
al(2002)and Aly and Ammar (2003).

Data in (Table, 2) showed that the parents which
had positive and significant general combining ability
effects were Giza717, Giza 429 and Giza 417 for pods
number per plant under 5000 ppm , Giza Blanka, Giza
717 .and Giza 429 for pod length under 5000 ppm and

Giza Blanka and Giza 429 under 5000 ppm for seeds

no. per pod suggesting that these characters were
controiled by dominant genes and that these parents are
good combiners for the three characters under 5000 ppm
saline treatments . These results indicated that the parent
Giza 429 which had high and positive GCA for the three
characters under S000 ppm is considered the best
combiner under saline treatments, in the same time the
parent 674had negative and significant GCA effects for
the same characters under the same saline treatments.

The estimates of the specific combining ability
effects (Table, 2) showed that the crosses which had
positive and significant SCA effects under normal
conditions were(P,xP;) and (P2xP5) for pods number
per plant and (P2 x P4) for pod iength . Meanwhile, the
crosses which had positive and significant SCA effects
under saline ireatments were {(P1 x P3) and (P4xP5)
under 5000 ppm for flowers no. per plant, (P1xP4) and
(PZxPS) under 1000 ppm, (PixP2), (P2xP5), (P3xP4)
and (P3xPS) under 3000 ppm and (P1xP4), (P2xP5) and
(P3xP4) under 5000 ppm for pods no. per piant,
(PIxP2) , (P1xP5) and (P3xP4) under 1000 ppm and
(PixP5) and (P2xP4) under 3000 for pod length
and(P1xP4),(P2xP4) , (P2xP5) and (P3xP5) under 1000
ppm for seeds no. per pod. The crosses which had
negative significant SCA effects under normai
conditions were (Pl x P2), (Pl x P5) and (P4 x P5) for
pods number per plant and (P4 x P5) only for seeds
rumber per pod.

Under saline treatments the crosses which had
negative significant SCA effects for flowers number per
plant were (P1 x P5) , (P2xP4) and (P3 x P5) under
5000 ppm , for pods number per plant were (Pl x P2) (
Pl x P5) and (P4 x P5) under 1000 ppm , (Pl x P3), (P2
x P3) and (P4 x P5) under 3000 ppm and (P4 x PS5)
under 5000 ppm , for pod length were (Pl x P3) ,(Pl x
P4) and (P2 x P5) under 1000 ppm , (P2 x P5) under
3000 ppm and (P3 x P4) under 5000 ppm and for seeds
number per pod were (P1 x P2) , (Pl x P5) (P2 x P3),
(P3 x P4) and (P4 x P5) under 1000 ppm and the crosses
(P1 x P3) only under 5000 ppm .

Most of the crosses which had positive significant
SCA effects values under the saline treatment 5000 ppm
for most characters involved at least one good general
combiner parent. These results showed that none of the
crosses exhibited significant and positive SCA effects
for every character under normal or saline treatments, so
no single cross could be considered the best hybrid. The
cross (P2 x P5) exhibited significant desirable SCA
effects for pods number per plant under normal and
saline treatments and for seeds number per pod under
1000 ppm . In some crosses , the two involved parents
had high GCA effects but gave low SCA effects such as
(P4 x P5) , (P3 x P4) and (P3 x P5) for flower number
under control , 1000 and 3000 ppm respectively , (P4 x
P5) under control , 1000 and 3000 ppm and (P2xP3) and
(P2xP4) under 5000 ppm for pods no. per plant
LP1xP2) under 5000 ppm for pod length, (P1 x P3) and
(P3 x P4) under normal condition , (P4 x P5) under
1000 ppm , (Pl x P3) and (P1 x P4) under 3000 ppm
and (P! x P3) under 5000 ppm for seeds number per
pod and (P3 x PS) under 1000 ppm and (P3 x P4) and
(P3 x P5) under 3000 ppm for 100 seeds weight . Jinks
and Jones (1958) suggested that the low values of SCA
effects in such cases might be attributed to some
internal cancellation of favorable genes or to genetic
similarity of the involved parents, at the same time , low
GCA and high SCA values were observed in the crosses
(P2 x P3) under control , (P2 x P5) under 1000ppm and
(P! x P2) and (P! x P3) under 5000 ppm for flowers
number per plant , (P1 x P3) and (P2xP3) under control
, (P1xP2) under 3000 ppm and (P1xP5) under 5000 ppm
for pods number per plant, (P2 x P4) and (P2 x P5)
under control , (P2 x P4) and (P3 x P4) under 1000 ppm
, (P2 x P3) and (P2 x P4) under 3000 ppm and (P4 x P5)
under 5000 ppm for pod length , (Pl x P3) and (PI x
P4) and (P2xP4) under 1000 ppm and (P2 x P5) under
5000 ppm for seeds number per pod and (P2 x P4)
under 1000 ppm and (P2 x P3) and (P3 x P4) under
5000 ppm for 100 seeds weignt , this might be attributed
due to the genetic diversity among the parents (Table,2).

The ratio between additive and dominance variance
(c*A/o’°D) revealed that additive gene action were more
important for flowers number under 3000 ppm and for
pods number per plant under controi. Meanwhile
dominant gene action was more important in the genetic
control for all the characters under all treatment except
for flower number under 3000 ppm and number of pods
per plant under controi. The results revealed the
importance of both additive and dominance effects for
all the characters under saline and non saline treatments.



Table (1): Mean squares for five yield characters under saline and non-saline treatments

Source of Flowers no./plant Pods ne./plant Pod length Seeds no. /pod 1oo seeds weight
Variance d.f -

Cen, 1000 3000 5000 Cont. 1000 3000 5000 Cont. 1000 3000 5000 Cont. 1000 3000 5000 Cont. 1000 3000 5000

ppm  ppm  ppm ppm  ppm  ppm ppm . ppm  ppm ppm  ppm ppm ppm ppm ppm
Genotypes 14  473* 41.7¢ 153 22.5¢ 3.4+ 1.4* 24 1.1* 20.6 23% 28% 3.7 1.0* 0.6* 1.1*  14* 1524* 1363* 3583* 261.9*%
GCA 4 71.1* 684* 221 163* 69* I'g*  56% 23+ 6.2* 44*  29*  6.0* 0.64 036* 1.8« 31* 121.7* 60.6* 585.5% 473.9*
SCA 10 17.8* 210 637 193* 091 064* 033 0.86* 0.6 0.74* 1.1* 0.74* 031 0.33* 0.13 024 895* 101.8* 135.8* 113.8

* Significant at 0.05 probability level
Table (2): General and specific combining ability effects for five yield characters under saline and non saline treatment
Flowers no. / plant Pods no. / plant Pod length Seeds no. / pod Loo seeds weight

con, 1000 3000 5000 cont. 1000 3000 5000 cont. 1000 3000 5000 cont. 1000 3000 5000 cont. 1000 3000 5000

ppm ppm ppm ppm ppm ppm ppm  ppm ppm ppm ppm  ppm ppm  ppm ppm

P1 -3.00 -3.00 -2.60 -0.10 -1.10 -040 -0.80 -0.3* 0.70 1.10 0.80 0.7* 0.10 0.00 0.40 0.3* 4.20 1.80  -1.60 6.00
P2 -1.50 -1.50 -0.02 -1.80 -020 -060 -0.80 0.3* -1.00 -0.60 -0.70 0.1+ -040 -030 -0.7* -05* -090 -390 -13.10 -7.30
F3 -0.60 0.40 0.40 -0.50 -0.10 0.20 0.80 0.5* 1.10 -040 -0.20 0.6* 0.20 0.00 0.30 0.8* 3.50 0.90 240  -490
P4 4.40 4.40 1.60 0.50 1.30 040 -0.60 03* <050 -0.50 -0.10 -0.10 030 0.00 0.20 0.10 -029 -130 490 -3.10
P5 0.60 -0.30 0.50 11.90 0.10 0.30 020 -0.7* -0.30 040 030 -13* -020 020 -0.10 -0.7* -390 240 7.50 9.40
PixP2 -4.10 -2.30 -0.50 140 -0.8* -0.5* 0.3* -030 -050 0.8« -060 -040 -040 -0.3* 0.10 0.10 1050 7.80 -520 1.40
P1xP3 -1.00 1.90 3.10 3.6* 0.10 0.10 -04* -050 050 -04* 030 0.70 -030 0.10 -030 -0.5* 1.60 3.10 930  -4.90
PixP4 2.00 4.80 -1.20 -1.80  0.9* 0.8* 0.20 0.7+ - -0.30 -0.8* -0.60 0.20 0.30 0.4* -020 020 -4.00 -11.50 -850 -2.70
P1xPS 3.10 -0.60 -1.40 -3.2* -02* -04* -0.10 0.10 0.30 0.5* 0.8* -040 040  -0.2* 0.40 030 -8.10 0.60 4.40 6.20
P2xP3 0.80 -0.30 -0.50 -0.10 020 -020 -04* -0.10 -0.60 -0.10 0.50 0.50 020  -0.3* 0.20 030 -5.70 -260 4.80 10.70
P2xP4 2.80 1.00 0.60 -2.1*  -030 -0.10 -020 -050 0.8* 0.10 0.9* 0.00 0.40 0.4* -0.10 -0.40 -2.10 2.00 440  -6.70
P2xP5 0.60 1.70 0.40 0.80 0.9* 0. 7* 0.3* 0.8* 030 -0.8* -08¢ -0.10 -020 0.2* -020 0.10 -2.70 -720 -400 -530
P3xP4 -0.40 -1.20 -1.50 -1.00 -0.10 -0.20 0.5* 0.6* 0.10 05 060 -090 -020 -0.3* 0.30 040 -030 120 -4.80 2.20
P3xP5 0.70 3.40 -1.10 -2.4* -020 030 03* 010 -0.10 0.10 -020 -0.30 030 0.5* -020 -020 440 -1.70 -430 -8.00
8.90 7.20

_PaxPs -4.30 -4.60 2.10 4.9* -0.6*  -0.6* -0.5% 7 -0.8* 7:-0.60" " 0.20%¢0.20: :%0.70 5 = -0.5%- #-0.5%sm-0.10.-. -0.20 6.40

a
i e k- 3

8.30

ueag eqe,] Ul SJUSUIIEAI] AUI[eS- UON PUE SUJ[ES JOPUN SI9)OBIEY)) P[AIX JO SISA[EUY d1jouan)




Table (3): Addetive (6” A) and dominance (¢” D) genetic variance and the ratio 62 A/ ¢ D for five yield characters under saline and non-saline treatments

[43

Source of Flowers no./plant Pods no./plant Pod length Seeds no. /pod loo seeds weight
variance
Cont. 1000 3000 5000 Cont. 1000 3000 5000 Cont. 1000 3000 5000 Cont. 1000 3000 5000 Cont. 1000 3000 5000
ppm  ppm  ppm ppm  ppm  ppm ppm  ppm  ppm ppm ppm  ppm ppm  ppm ppm
a' A 530 270 3.30 0.70 2.70 0.10 0.50 0.50 0.60 0.10 0.80 0.10 0.10 0.20 0.60 0.02 50.20 19.50 92.70  83.30
D 84.00 36.00 170 2540 240 3.00 3.80 5.10 6.30 0.90 3.60 1.90 0.60 0.60 0.90 160 115.00 137.70 202.70 111.80

‘Al¢*D 0.06 0.08 1.90 0.03 1.10 0.03 0.10 0.10 0.10 0.10 0.20 0.10 0.20 0.30 0.70 0.01 0.40 0.10 0.50 0.70

Table (4): Expression of hetrosis % over better parental values in ten F1 hybrids for five yield characters under saline and non-saline treatments

Flowers no./plant Pods no./plant Pod length Seeds no. /pod loo seeds weight
Cont. 1000 3000 5000 Cont. 1000 3000 5000 Cont. 1000 3000 5000 Cont. 1000 3000 5000 Cont. 1000 3000 5000
ppm  ppm  ppm ppm ppm  Ppm ppm  ppm  ppm ppm ppm  ppm ppm  ppm ppm

PIxP2 (1)  .044* .043* -0.05* -0.08* -0.71* -0.55% -0.73* -020* -0.42* 038 -0.09* 050 -045% -036%* 0.17* 0.50* 0.05* 0.06* -0.29* -0.08*
PIxP3(2) .023% -0.48* 000 0.19%* -0.53* -025* -045* -020* -0.08%* O0.11* 035 067 -033* -0.18% 0.13* 060* 0.01* 0.06* 0.09* -0.13*
PIXPA(3) (19 (021% -0.15% -035% -0.12¢ 000 -0.36% 020% -035% 006* 000 0.10% -009% -0.09% 029% 060* -0.11* -0.13* -0.10% -0.07*
PIXPS () o5« 023 -039% -023* -0.53* -027+ -0.55% -020% -027* 048 032 -021* -018 -0.18% 000 000 -0.16% 005% 001* 0.14%
PIXP3G)  002¢ -023% 000 -041* -008* -033* -0.14* 080* -0.05* -0.08%* -0.09* 0.17¢ -027* -030% 000 0.60* 006* -001* -0.06* -0.01*
P2xP4(6) 036 030 -0.04* -0.38% 0.7+ -0.18% -0.33* 0.40* -0.03* -001* 000 000 000 0.13* -040 -033* -0.04* -0.02* -0.15% -0.22*
P2xPS(7) 004+ 0.02* -0.12¢+ -005% 0.17* 000 -0.33* 060% =008 -0.01* -024* -029* -0.33* 0.13* 050 -0.50 -0.06* -0.09* -0.22% .0.17*
P3xP4(8) 033+ .0.08% -0.14* -021* 036* -0.08* 0.44* 083* 010+ 00 -0.18* -0.07% -025% -027* 0.0  0.67% -0.03* 002* -0.08% -0.20*%
P3xP5(9)  o.18* -0.08* -0.18% -021* 00 00 022* 00 0.10* 008 -0.03* -021* -025%* 00 -020* 0.0  00I* 003* -0.10% -0.18*

PAxXP5 (10) g5+ -0.17* 033 022% -0.18% 0.17¢* -027* -0.40* -047* O0.11* 006% -0.20* -036% -027* 0.14%* -020* -0.09* 0.11* 024 0.10*

* Significant at 0.05 probability level
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The most useful method for using SCA is the
utilization of heterosis. Heterosis over better parent
(Table, 4) showed that the crosses which had positive
and significant heterotic effect over better parent and
considered the best crosses for flowers number per plant
were (Psx Py) and (Ps x Ps) under control, (P, x P;) and
(P, x Ps) under 1000 ppm and (P, x Ps) and (P, x P3)
under 5000 ppm respectively. For pods number per
plant the best cross which had positive and significant
heterotic effects were (P; x P;) under control, (P4 x Ps)
under 1000 ppm, (P; x Py) and (P; x Ps) respectively,
under 5000 ppm. The best crosses which had positive
and significant heterotic effects over better parent for
pod length were both (P; x Ps) and (P; x Ps) under
control, both (P, x P;) and (P4 x Ps) under 1000 ppm ,
(P4 x Ps)under 3000 ppm and (P2xP3) and (P1xP4)
respectively, under 5000ppm.However the crosses had
positive and significant heterotic effects over better
parents and could be considered the best crosses for
seeds number per pod were both (P, x P,) and (P, x Ps)
under 1000ppm , (P; x Py), (P4 x Ps)and (P, x P,)
respectively, under 3000ppm and (P3xP4) ,all of (P, x
P;y) , (P, x P;) and (P; x P;)and (P, x P,) respectively,
under 5000ppm for 100seeds weight the crosses which
had positive and significant heterotic effects and
considered the best crosses were (P, x P;) and (P, x P,)
under control , (P4 x Ps) and both (P, x P2) and (P; x P5)
under 1000ppm respectively , (P, x P;) and (P, x Ps)
under 3000ppm respectively, and (P; x Ps)and (P4 x Ps)
under 5000ppm.
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