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Abstract: The present investigation was carried out under insect-free cages during the three
successive seasons 2004-2006. A diallel cross excluding reciprocals among eight faba bean
genotypes was used to estimate the heterotic effects of F, crosses and F, populations
relative to their respective mid and better parents and combining ability analysis for yield
and some of its variables. Highly significant differences among the tested entries were
detected for different traits, indicating wide genetic variability for all traits. Heterosis
percentages relative to mid-parents were significantly positive in several crosses with a range
0f 15.6-19.7,38.0-59.8,85.0-131.4, 74.3-79.4, 54.4-127.2 and 69.8-142.0% for plant height,
number of branches per plant, number of pods per plant, mumber of pods per main stem,
number of seeds per plant and seed yield per plant, respectively. However, heterosis
percentages relative to better parent were significantly positive in some crosses and recorded
arange of 19.0-19.0, 54.2-73.7, 62.9-97.7 and 47.6-129.9% for plant height, mumber
of pods per plant, number of seeds per plant and seed vield per plant, in the same order.
Some crosses exhibited significantly negative heterosis compared to respective mid-parent
for days to flowering (from -9.0-23.5%). The ratios of (0°/0%) exceeded the unity for
number of pods per plant, number of pods per main stem and 100-seed weight indicating
that the genetic variation among these traits appeared to be additive. However, low (o /a})

(less than unity), revealed the predominance of non-additive gene action for days to
flowering, plant height, number of branches per plant, number of seeds per plant and seed
vield per plant. The three parental genotypes: Aquadulce, Luz and Giza 716 were found to
be a good combiners for 100-seed weight. Moreover, the parental genotype Geizera 2 was
a good combiner for both number of pods and seed yield per plant. Three parents Geizera
2, Giza 402 and Triple white were good combiners for earliness. Five crosses Geizera
2xGiza 716, Geizera 2xSakha 1, Geizera 2xGiza 402, Giza 716xSakha 1 and Giza
716xGiza 402 had significant Specific Combining Ability (SCA) for most studied traits.

Key words: Diallel, heterosis, mid-parents, gene action, GCA, SCA, faba bean

INTRODUCTION

Faba bean (Vicia faba 1..) is one among the most important nutritive seed legumes and widely
considered as a good resource of protein, starch, cellulose and minerals (Haciseferogullari e af., 2003)
for human in developing countries and for amimal feed, mainly for horses, chickens and pigeons, in
industrialized countries. In the Middle East and most part of Mediterranean, China and Ethiopia, faba
bean constitutes the main dish on the breakfast and diuner tables, particularly for low income groups.
Faba, a diploid species of 2n = 2x = 12 chromosomes, is botanically classified on the basis of seed
shape and weight into three common categories, small rounded seeds {1 em long), var. equina with
medium sized seeds (1.5 cm) and var. major with large broad flat seeds (2.5 cm) (Tamas et al., 1998).
Primarily, faba bean is a self-pollinating plant with significant levels of out-cross and inter-cross
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ranging from 20-80% (Suso and Moreno, 1999) depending on genotype and environmental effacts.
Plants that have greater access to pollinators usually produce more pods per plant, more seeds per
pods; longer pods and heavier seeds than encaged plants (Aouar-Sadli ef af., 2008).

The crop is becoming important in Saudi Arabia where it is consnmed as fresh bean pods, fresh
seeds or dry seeds. The normal growing season for faba beans is winter and it is harvested earlier before
the onset of high temperature. Despite the significance of faba bean in the Saudi Arabia, annual supply
from farm doesn’t cover the increasing demand of the growing population, a reason that justifies annual
import of large quantities of seeds. Faba bean is one of the most efficient fixers of the atmospheric
nitrogen and hence, can contribute to sustain or enhance total soil nitrogen fertility through biological
N,-fixation (Lindemann and Glover, 2003). Tt can thus successfully be incorporated into plant rotation
in Saudi Arabia intensive wheat production areas. Low production of faba bean in the Kingdom can
be related to several constraints, including the lack of research emphasis on this vital crop, lack of high
yielding varieties and abiotic stresses inflicted by harsh environmental conditions (hot winds, high
temperature, drought and salinity problems).

Therefore, the way to the expansion faba bean production as profitable ¢rop in Saudi Arabia lies
in giving more emphasis upon research focused on identification of high-yielding genotypes of good
adaptation to the local production conditions. In this regards, College of Food and Agricultural
Sciences, King Saud University, Riyadh, Saudi Arabia initiated breeding program on faba bean in the
carly nineties to solve some of the persisting problems in faba bean production in the Kingdom of
Saudi Arabia.

Literarily, genetic improvemeant of crop desired traits depends on the natiure and magnitude of
genetic variability and interactions involved in the inheritance of these fraits which can be estimated
using diallel cross techmque. This technique of crosses has been widely employed to estimate genetic
variances among parents of random individuals or inbred lines from a random-mating populations
through making crosses among different individuals to produce a new genetic combination of which its
performance negatively or positively may exceed that of the parents a phenomenon known as
heterosis.

Exploitation of heterosis through synthetics and ultimately hybrids could pay off improving yield
potential and its components in faba beans. Superiority of hybrids over the mid and better parents for
seed yield was formd to be associated with manifestations of heterotic effects in main yield
components 1.e., nnmber of branches, nnmber of pods, nmmber of seeds per plant and seed index. It
is clearly stated from the literature that heterotic effects ranges from significantly positive to
significantly negative for different traits and were very pronounced in F, of faba beans especially
crosses among widely divergent materials and less occurred in hybrids between local varieties
(Darwish et al., 2005; El-Hady et af., 20006, 2007; Duc, 1997; Schill ef /., 1998; Bond and Crofton,
1999; Filippetti ef af., 1999; Gasim and Link, 2007, Link ef af., 2008).

In addition, an inference can be made from diallel crosses about combining ability of the parents,
a general concept considered collectively for classification of an inbred line relative to its crosses
performance. Such information is helpful for breeders to identify the best combiners which may be
hybridized either to exploit heterosis or to buld up favourable fixable genes. Several researchers have
stated the significance of both general and specific combing ability effects for yield and other important
traits of faba beans (Abdalla ef al., 2001; Attia ez al., 2002; Attia and Salem, 2006; Ghaouti and Link,
2008). Kunkaew ef al. (2000) established that seed yield of azuki bean and some of its yield
component characters were poly-genetically controlled by additive gene effects. Although study of
heterosis of various faba cultivars has been done, further and detailed information is lacking about the
segregant gensration heterosis, therefore, the present investigation aimed to nnderstand the nature of
gene action and relative magnitude of heterosis and combining ability of cight faba bean diverse
genotypes including F, and F, generations using diallel cross mating design.
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MATERIALS AND METHODS

Eight diverse faba bean genotypes (Table 1) were crossed in an 8x8 diallel mating design excluding
reciprocals under insect free cage at Dirab Agnecultural and Experimental Research Station, College of
Food and Agricultural Sciences, King Saud University, Riyadh, Saudi Arabia during 2004/05 growing
season. Due to insufficient hybrids seeds of some crosses, re-hybridization was made during 2005/06
season and F, seeds were propagated from the resulted F, plants. The parents along with their derived
F,’s (28) and F, populations (28) were planted in 2006/07 growing season under insect free cage ina
randomized complete block design (RCBD) with three replicates. Seeds were planted on ridges,
2.5m long, 60 cm between, with single seeded hills, 20 cm apart, representing each parent as well as
their F;’s and F,’s by one, one and three ridges, respectively. Fertilizers were applied at monthly
intervals starting at two weeks from seedlings emergence at the following rates: 40 kg N ha™' as urea,
40 kg P,O, ha™! as triple super phosphate and 20 kg K,O ha™ as potassiwm sulphate.

Data and harvest were carried out on gnarded twelve plants in each experimental plot (parents,
F,’s and F,’s). The following traits were recorded: days to flowering, plant height (em), number of
branches per plant, number of pods per plant, mumber of pods per main stem, number of seeds per
plant, seed vield per plant (g) and 100-seed weight (g). Data were subjected to regular analysis
of RCBD on plot mean basis to test genotype variances following statistical model, considering cultivar
as fixed effects:

Yy=ptgtbitey (1

Where:

y; = Observation of ith treatment in the jthblock (i=1,2, ...,g=06;j=1,2,...b=10
i General mean

g; = Effect of the ith cultivar

b, = Effect of the jth cultivar

& — Experimental error

The heterotic effects of F, crosses and F, populations were estimated as percentage over mid and
better parents using the following formula:

F, — Midparent 100 (2)

Mid parent heterosis (Relative heterosis) (%) = -
Midparent

Better parent heterosis (Heterobeltiosis) (%) = MXIOO (3)
Better parent

Table 1: Origin and some featires of eight faba bean genotypes

Genotype Origin Flowering Seed size Remarks

Aquadulce  (P)) Germarty Late Large White hilum

Luz (P;) Spain Late Large White hilum

Geizera2  (P3) Sudan Early Medium Black hilum

Hessawy 2 (Py) KSA Early Medium Black hilum

Giza 716 (Ps) FEgypt Early Medium Tolerant to foliar diseases
Sakha 1 P FEgypt Early Medium Tolerant to foliar diseases
Giza 402 0] FEgypt Early Medium Tolerant to Orobanche

Triple white (Py) Sudan Early Medium White flower, hilum, seed coat
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Where:

MP the mid parent is calculated from mid parent =P‘;2P2 (4

The LSD for heterosis was computed following the formulae by Bhatt (1971).

Combining ability effects and variances were calculated according to Griffing (1956), method 2,
model 1 (all possible combinations excluding reciprocals) as follow:

M, =+ GCA, + GCA; + SCA, + ey (5)
Where:
M; = Observation of ith cultivar in the jth block
i = General mean

GCA, = Effect of the ith cultivar

GCA; = Effect of the jth cultivar

SCA; = Combined effect of two cultivars
& — Experimental error

The estimates of variance components of GCA and SCA were calculated as follows:

Sources of variation df Mean of squares Expected mean of squares
GCA n-1 Mg altai, + (n + Zu:“)

SCA n(n-1)/2 Ms o +0,

Error (r-D(p-1) Me o

Where:

Mg = Mean squares of GCA
Ms = Mean squares of SCA

Me = Mean squares of error
P = No. of populations

T = No. of replicates

n = No. of parental lines

The standard error (SE) of the estimated general and specific combining ability effects were
calculated as follows:

;14
B B 2o, {6)
SE (G,-G,) = L“”J
274
) = 2(n—1)ce} (7
SE(S,-8,.) =
-} - | 20
RESULTS AND DISCUSSION

Significance of Variances and Mean Performance

Mean squares of genotypes in F; and F, generations revealed highly significant differences among
tested genotypes for all characters under investigation which indicate a wide genetic variability for
studied characters and hence, the feasibility for genetic improvements using such genetic pools of faba
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Table 2: Observed mean squares of variances for different studied traits in F;, and F, generations

SOV df
Replication Genotypes Error
Traits 2 35 70 CV (%)
Days to flowering F, 6.29 135.36%* 6.69 5.26
F, 6.78 158.25%# 12.26 7.28
Plant height (cm) F 62.29 184.56%+ 63.92 7.78
F, 315.11 104.17%% 56.99 7.95
No. of branches per plant F, 2.69 2.35%% 0.53 15.01
F, 1.51 2.91%* 0.62 21.32
No. of pods per plant F, 47.62 212,43 26.14 23.70
F, 1.95 T6.22%% 14.84 25.42
No. of pod/main stem F, 2.07 5.63%* 0.82 23.70
F, 1.18 3.34%% 0.86 27.47
No. of seeds per plant F, 460.59 1090.97+# 149.86 20.97
F, 22.23 274,83 83.75 23.27
Seed yield per plant (g) F, 31.89 1938.35%% 85.86 20.57
F; 152.13 1557.28%* 35.20 20.74
100-seed weight (g) F 119.53 464,704+ 102.53 12.35
F, 3.11 87.36%* 109.08 13.56

#*#Rignificant at p<0.01 level

beans. On the other hand, as expected results of both populations F, and F, showed lower coefficient
of variability (CV %) revealing that these traits have not been greatly affected by enviroumental factors
(Table 2).

The change in the value of CV from low in the F,’s generation to moderate level in the F,
generation for number of branches per plant and munber of pods per main stem implied the possibility
of gene segregation in a manner that an advance generation of faba bean could be under large effect of
enviroumental factors, therefore, attention should be taken when considering such trait for selection
at later generations.

As far as mean performance is concerned. The parent Geizera 2 followed by Trple white
possessed the earliest plants and recorded 36.6 and 43.9 days, respectively (Table 3). Meanwhile, the
two parental genotypes: Luz and Aquadulee exhibited the latest plants with 68.5 and 65.1 days, in the
same order. The two parental genotypes Giza 402 and Hessawy 2 had tallest plants and recorded
108.8 and 105.5 cm, respectively, whereas the shortest plants belong to Luz (90.9 cm), followed by
Aquadolee (89.9 cm). Regarding number of branches per plant, the parent Luz recorded the highest
number of branches per plant (6.2) and Triple white had the lowest one (2.7). For number of pods per
plant, the two parents, Triple white and Giza 402 recorded the highest number of pods (30.1 and 21.9,
in the same order). Moreover, the parental genotypes Triple white had the highest values of pod
mumber main stem (6.7). With respect to number of seeds per plant, results showed that the parental
genotypes Triple white followed by Geizera 2 had the highest number of seeds per plant (62.9 and
54.1, respectively).

For seed vield per plant and 100-seed weight the two parents: Luz and Aquadulce possessed the
highest values of both seed vield per plant (42.2 and 38.38) and 100-sced weight (149.1 and 130.5),
respectively. It could be noticed that the parent Triple white is superior in number of pods per plant,
mumber of pods per main stem and mumber of seeds per plant and the two parents Aquadulee and Luz
are superior for seed vield per plant and 100-seed weight. Comparing the performance of crosses to
corresponding highest parents, one (P,xP;), four (P,xP., P.xP,, P;xP, and P,xP;) and seven crosses
(P xP,, PxP,, P,xP,, PyxPs, PyxP;, PP, and P,xP,) significantly exceeded the highest parental
genotypes for number of pods per plant, number of seeds per plant and seed vield per plant, in the
same order. Whereas, one F, cross (P,xP;) had the earliest plants (34.2 days). However, none of the
crosses exceeded their highest parents for 100-seed weight. It could be concluded that the above
mentioned parents and crosses would prospect in faba bean breeding and therefore may be valuable
for improving seed yield via its component characters.
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Table 3: Mean performance of eight faba bean parental genotypes and their F; and F, generations for yield and some of its

components
Daysto Plant Branches Pods Pods per Seeds Seedyield  100-seed

Genotypes flowering height (cm) per plant  per plant main stem  per plant per plant (g) weight ()
Adquadulce (P)) 65.1 89.1 52 73 21 293 83 130.5
Luz (P,) 68.5 909 6.2 79 20 28.8 422 149.1
Geizera 2 (P;) 36.6 100.6 4.1 19.5 47 54.1 26.8 50.0
Hessawy 2 (P,) 48.6 105.5 31 19.8 40 49.7 395 80.4
Giza 716 (P;) 50.2 919 1.9 9.8 24 28.7 303 105.7
Sakha 1(P;) 48.7 101.8 3.6 13.7 25 38.5 29.8 76.9
Giza 402 (P;) 46.0 108.8 4.4 219 3.8 48.0 339 70.6
Triple white (P,) 43.9 93.1 2.7 30.1 67 62.9 287 45.7
Crosses F, F, F, F, F, F, F, F, F, F, F, F, F, F, F, F,
P, =P, 634 61.7 1064 965 69 50 130 91 29 20 370 285 340 334 1483 1184
P, xP, 45.8 381 1063 980 39 22 136 176 43 39 386 522 245 261 63.8 501
P,xP, 435 450 1125 975 56 29 196 143 35 32 493 394 324 327 65.8 86.3
P, x P, 50.5 586 1035 879 43 37 90 96 16 26 30.8 306 348 305 1129 999
P, xP; 587 542 1072 922 52 33 190 76 24 25 76.1 294 615 219 80.8 745
P, xP,; 50.5 489 1107 962 41 29 167 108 22 26 65.1 269 499 233 75.8 85.5
P, %P, 512 489 952 961 48 32 123 88 28 21 620 336 453 225 734 66.7
P,xP, 41.7 342 985 852 41 26 201 131 35 35 50.5 412 260 21.0 512 509
P,x P, 47.5 3526 956 101.8 48 24 201 129 40 24 64.1 309 488 244 772 80.0
P,x P, 552 458 984 838 41 31 143 87 28 21 463 21.2 505 21.8 109.8 103.2
P,x P, 477 532 1012 845 57 44 158 111 23 23 644 399 623 300 97.5 74.4
P,xP,; 536 432 1097 905 61 4.0 239 127 29 28 653 351 647 302 98.9 86.5
P,x P, 512 463 912 910 49 35 224 160 37 34 63.0 525 474 326 750 631
P.xP, 457 441 1104 1010 40 34 159 202 42 43 551 462 397 337 §2.8 729
P,x P, 433 409 1139 1054 54 3.0 339 183 64 49 940 463 593 286 63.0 62.8
P,x P, 426 463 1212 940 50 38 332 160 44 28 1003 369 685 262 682 722
P.xP, 40.8 43.0 1092 901 54 28 347 113 51 23 939 242 555 209 59.1 86.1
P.x P, 41.5 394 1045 931 42 28 392 202 62 52 1025 477 443 192 43.1 41.0
P,x P, 487 448 1090 938 48 32 263 162 35 32 642 353 627 255 98.0 730
P, xP, 479 542 1137 965 41 38 217 219 36 47 562 469 472 330 84.0 71.8
P, xP; 472 456 1042 1002 4.0 35 226 154 31 3.0 461 343 340 259 70.5 753
P, x P, 494 473 993 971 49 31 296 187 54 42 694 404 446 24.7 64.4 61.5
P, x P, 48.8 531 1054 994 51 41 233 142 33 30 694 344 705 262 1016 762
P;xP,; 439 473 1060 954 50 38 337 178 32 34 51.1 41.0 445 306 883 704
P;x P, 48.0 46.5 951 936 44 33 218 171 39 40 483 464 405 28.0 83.5 60.4
P,xP, 487 480 1030 8§94 49 32 338 192 54 36 066.8 41.8 484 285 726 690
P;x P, 544 455 937 914 47 34 260 174 44 38 609 408 447 248 733 614
P;x P, 472 455 921 938 54 42 311 181 6.8 3.5 70.8 494 434 321 609 65.6
LSDy,, 559 7.57 1728 1632 1.58 1.71 1105 833 192 201 2647 19.76 2003 12.83 21.89 2258
LSD,, 421 570 13.02 1229 1.19 129 833 627 147 151 1993 14.90 1509 9.66 1649 17.01
Heterotic Effects

Values of heterosis percentages relative to rmid (MP) parents were significantly positive in four,
five, eight, two, twelve and eight crosses with a range of 15.6-19.7; 38.0-59.8; 85.0-131.4; 74.3-79.4;
54.4-127.2 and 69.8-142.0% for plant height, munber of branches per plant, number of pods per plant,
number of pods per main stem, number of seeds per plant and seed vield per plant, respectively
(Table 4). However, heterosis percentages relative to the better parents (BP) were significantly
positive in one, five, six and eight crosses with a range of 19.0-19.0; 54.2-73.7; 62.9-97.7 and
47.6-129.9% for plant height, number of pods, mumber of seeds per plant and seed vield per plant,
respectively. Based on the two estimates of heterosis percentage, one cross (P,xP;), five crosses
(P.xP,, P;xP,, PxP,, PoxP, and P,xP.), six (P, <P, PoxP., P.xP,, P.xP,, P,xP; and P;xP) and eight
crosses (P <P, P,xP,, P,xP,, PxP,, PyxP,, PyxP,, P,xP; and P,=P,) exthibited significantly positive
heterotic effects over both mid and better parents for plant height, number of pods per plant, number
of seeds per plant and seed yield per plant. None of the tested crosses significantly exceeded its
parents for 100-seed weight. With respect to days to flowering, seven crosses exhibited significantly
negative heterosis compared to the respective mid-parents and recorded a range of -9.0 to -23.5%.
It could be suggested that the heterotic effects for seed yield was associated with other components.
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Table 4: Heterotic percentage of F, relative to mid F) and better (BE) parents for different studied traits

Daysto Branches Pods Podsper Seeds Seed yield 100-seed

flowering Plant height  perplant per plant main sterm perplant per plant (g) weight (g)
Crosses MP BFP MP BPF  MF BP MEP BFP MP  BP MP EP MP BFP MP BFP
BxP, 5.2 26 182*% 171 220 118 707 &6 415 331 274 263 341 280 61 05
PP, -10* 51 121 57 -165 -256 12 304 243 92 75 287 246 359 293 511
Bx P, 235+ 105% 156+ 66 113 7.7 442 12 148 125 249 08 167 179 37.6% A9ge
PxP, -124¥ 06 143 126 -11 -167 55 .89 279 319 3 52 14 o1 44 135
BxP, 31 206% 123 53 80 06 813 389 43 A0 1246 OTTEE gDARE GOERE 220% 35 1%
BxP, 90%  98% 118 17 42 305 4.0 239 266 430 68.5% 357 302 304 2dewk 410

PxPB, 60 166% 44 22 -203  -30.0%F 340 -59.0% 371 587 344 15 353 184  -167 438+
PyxP, -207% 139* 29 21 22005 344k 463 2.9 45 255 218 67 -24.6 384 A4B6¥k g7
P,x P, -189* .23 -2.6 94 -130 226 44.8 15 343 ] 63.4%*F 290 194 157 -327%k 4532+
B,xP, 7.0 100 77 71 -164  344%F G20 463 282 167 61.0  &0.8 302 197 139 264%

P,xP, -185% .21 5.0 -0.6 82 -8.1 458 151 53 -6.7 91.3%* £7.2 T2o%k 476% 137 346%
P,xP, -64 165% 93 0.8 363k 232 60.0 9.1 00 246 70.0%* 36.0 £9.8%k 532% 100 -336%
ByxP, -20* 166% 08 2.0 257 295%k 181 255 -143  44.8% 374 02 338 122 -23.0 497+
P.x P, 720 249+ 71 46 97 177 -19.2 -19.7 -4.2 -113 6.3 19 19.8 05 27.0 30

P,xPy,  -03 0 183%k (83%k (37 424%* 335 131.4%F J37%%  Jo4kk 367 127.2%F 38wk 10778 9567k 191 A404%
B,xP, -01 164%F 197+ 190% 194 144 100.2%* J0.4%% 231 57 1167k 354%k 1420%F 1299% 75 113

PxP, -11 11.5% 42 03 s88¥r 317 g1 Sg.et 200 85 4. 1%+ T3tk 23.0%F 638% 21 -163
Pix Py 31 134* 7.9 3.9 -23.0 -386%F 58.0%* 301 82 80 V5.2 G20 597 54.4 -99 138
PxP, -14 02 104 33 146 -1.4 7.5 33.0 29 -125 63.8% 292 Tk SggE 53 =13
PxP -135 -1.4 9.7 77 -11e -170 294 9.6 130 %2 16 131 36.0 194 6.8 4.5
PxP, -02 26 -2.8 43 44 -19.0 8.2 32 -190 217 560 12 <15 -140 -67 <123
PPy 67 125% 0.0 5.8 -16.9  -29.00%F 185 -1.8 0e -189 232 103 307 12¢ 21 -189%
PxP, -12 02 8.9 36 2886 159 98.3%* £9.8 37.0 333 106.5%F 303%k 134.6%F 1328% 113 -3.9
P,xP, -86 -4.6 5.6 26  59.8% 398 112.4%* g1.1% 27 167 332 65 386 313 01 -1835
Pix Py 21 93* 238 21 -162 -36.2%* 93 217 -147  423% 53 233 37.4 412 103 -210%
Pox P, 2.8 59 -2.2 53 380% 114 89.5%*k 54.2% 743 430 54.4% 391 518 428 -1é -5.6
P.oxP, 17.5%F 239% 39 80 -168 3184 187 -137 -2.9 0 338w 201 -3.1 527 319 127 -4.6
PixPy 49 75 -8 -153 110 2232 19.6 33 31.0 2.0 277 126 386 280 48  -137

* **3ignificant at 0.05 and 0.01 levels of probability, respectively

Moreover, various cross combinations exhibited different degrees of F, superiority i some traits based
on the genes in parental combinations that may contribute directly or indirectly to the characters.
Different values of heterosis might be due to the genetic diversity of the parents with non-allelic
interaction which increase or decrease the expression of heterosis (Hayman, 1958). The heterosis
estimates for the majority of the traits indicate that there was sufficient genetic divergence among
the parents assessed, resulting in a favorable sitnation for breeding (Rarelli ef af., 2000). Even
in the absence of epistasis, multiple alleles at a locus lead to either positive or negative heterosis
(Cress, 19600). Pronounced and favourable heterosis have been obtained by several researchers for
faba bean traits which varied according to the cross combinations and traits (Due, 1997, Stelling, 1997,
Schill ef al., 1998; Abdulmula ef al., 1999, Bond and Crofton, 1999, Filippetti ef af., 1999,
Abdalla er al., 2001; Attia et al., 2002; Darwish ef af., 2005; Attia and Salem, 2006; El-Hady ez a/.,
20006, Gasim and Link, 2007, Ghaouti and Link, 2008; Link ez /., 2008).

Combining Ability

Mean squares of both GCA and SCA estimates were highly significant (or significant) in both
generations for all the studied traits. Moreover, the variances due to GCA were larger than those for
SCA for all variables except for seed yield per plant in F, generation (Table 5). The ratio of o° ;/0*;
estimates exceeded the unity for number of pods per plant (in F,), number of pods per main stem
(in F,) and 100-seed weight (in both generations). This indicates that most of the genetic varation
among the investigated genotypes for the mentioned traits appears to be under additive gene actions.
A direct selection could thus be useful for improving these traits. However, low o° /0, ratios (less
than umty), revealed the predominance of non-additive gene action for days to flowering, plant height,
number of branches per plant, mumber of seeds per plant and seed yield per plant. It could be
concluded that both the additive and dominance components seemed to have an important role in
controlling operating the inheritance of the studied traits, although the contribution of each component
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Table 5: Mean squares due to genotypes, general (GCA), specific (SCA) combining ability and ratios of additive (o%)
to non additive (0%) gene effects for vield and some of its components

Source Days to flowering Plant height Branches per plant Pods per plant

of

variance df Fy F, F, F, F, F, F, F,
Genotype 35 13536%%  158.25%% 184.56%%  104.17+ 2.35%% 2.9]%* 212,43 %% 76.22%%
GCA 7 158.18%* 161.58** 150.61 ** 65.28%* 1.11%* 1.06%* 200,33 ** 88.65%*
SCA 28 16.85%% 25 544 39.25% 27.094 0.70%* 0.95%% 3R A 9.60%
ng;"ci 0.97 0.63 0.62 0.47 0.08 0.02 0.55 1.70
Error 70 2.23 4.09 21.31 19.00 0.18 0.21 8.72 4.95
Source Pods per main stern Seeds per plant Seed vield per plant 100-seed weight (g)

of

variance df F, F, F, F, F, F, F, F,
Genotype 35 5,634 3.34%% 1090.97%% 274 83%% 464, 70%* B7.36%% 1038 35%* 1557.28%%*
GCA 7 6.34%% 3.18* G154 235 14%% 119,744 30.67% 2344, 03 1711.08**
SCA 28 0.76%* 0.59%* 293,53+ 55.73% 163.69%* 28.73%% 221.64%# 221.10%*
c’-’-gl;ci 1.14 0.86 0.14 0.65 -0.03 0.01 1.13 0.81
FError 70 027 0.29 49.95 27.92 28.62 11.73 34.18 36.36

* **Significant at 0.05 and 0.01 levels of probability, respectively

Table 6: General combining ability effects ('g)) for various traits

Days to flowering Plant height Branches per plant Pods per plant
Parent F, F, F, F, F, F, F, F,
Aquadulce 5.20%* 5,304 -0.37 -1.10 0.13 0.07 ST.620 -4.3 %
Luz 5.60%* 4.17%* 4,277 -4.00%* 0.56%* 0.50%* -4,88H# -3.68%#
Geizera 2 -G.80%*  .T.33 4.07* 1.33 -0.28 -0.40* 3.58 %" 1.99%#
Hessawy 2 -1.43*%* 017 3.13 4.53%% (.11 -0.10 0.12 2,364
Giza 716 -0.2 0.50 -0.97 -1.13 -0.38%* -0.23 -1.22 -1.51
Sakha 1 0.37 1.93%* 2.47 -0.27 0.03 0.13 0.68 -0.08
Giza 402 SLETEE 21,90 2.73 1.83 -0.31 -0.33 4.58%** 1.19
Triple white -1.03 -2.50%* -6.80%* -1.20 0.36* 0.37* 4.75%* 4.06%*
SE(a%) 0.44 0.60 1.36 1.29 0.12 0.13 0.87 0.66
SE 32@:352‘ 0.67 0.90 2.06 1.95 0.19 0.20 1.32 0.99

Pods per main stern Seeds per plant Seed vield per plant 100-seed
Parent F| F, F, F, F, F, F, F,
Aquadulce -1.00%* -0.64%F S10.80%%  .5,33% -2.55 0.98  14.35%* 14,89+
Liz -0.80%* -0, 71 % S770%E .63 3.42 215 21.79%* 18.13##
Geizera 2 0.90%# 0.63%F 11.83#%  501%* -3.45 -2.78%  20.70%* 215, 75%#
Hessawy 2 0.10 0.26 -2.20 1.91 -1.68 2.18 -3.46 -1.18
Giza 716 -0.50%* -0.14 -G.40%*  413% 1.88 -0.52 13.04%* 6,97
Sakha 1 -0.23 -0.18 4.57 -0.63 5.78%** -0.72 -0.64 -4.04
Giza 402 0.27 -0.11 3.00 -0.49 0.32 0.28 -7.08%# -0.78
Triple white 1.27%* 0.80%# TT0RE B28% -3.72 -1.58  -17.30%* -18.23%#
SE (%) 0.15 0.16 2.09 1.56 1.58 1.01 1.73 1.78
SE 52@;552‘ 0.23 0.24 3.16 2.36 2.39 1.53 2.61 2.70

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

bean faba varied according to trait and generation. These findings are coherent with that of
Bakheit ef al. (2002), where they compared top test cross and six population mating designs and found
that both of additive and non additive gene effect were significant for most of the studied traits.
Comparisons between GCA effects (0”) associated with each parent (Table 6), revealed that the
parent P, (Aquadulee) and P, (Giza 716) showed highly significant positive (o) effects for 100-seed
weight, whereas, P, (Luz) had positive {(0%;) effects for number of branches per plant and 100-seed
weight.  Moreover, P, (Geizera 2) and P, (Triple white) showed highly significant pesitive (0°,)
effects for number of pods per plant, number of pods per main stem and mumber of seeds per plant.
On the other hand, the three parents: P, (Geizera 2), P, (Giza 402) and P, (Triple white) showed
negative (0°;) effects for days to flowering and could be considered as sources for earliness in
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Table 7: Estimates of specific combining ability effects (o',

Daysto Plant Pods Pods per Seeds Seed yield 100-seed
flewering height () Branches perplant main sterm per plant per plant (g) weight (g)
Crosses F, F, F, F,__F F E, F, F, F E, F, E, F E, F,

PP, 368 409 815 677 112* 108 393 186 0% 030 -287 071 g8 139 3015% 841
PxP, -159 774 018 277 -071 Q70 421 486 062 064 -2074% 13.66% -1439% 081 -11.93 -26.08**
PP, -929FF 791 742 077 079 067 5359 116 075 Qo 363 376 -8.49 089 -27.11%* 445
Pxp; -349 476 219 477 028 013 -341 036 -065 040 -1017 079 872 126 3.53 0.93
PP, 392% -101 241 -130 032 -057 436 -307 009 010 2420% -371 13.38% 688 -14.93*% -1343
Pxp, -205 284 582 060 -0é8 -077 -187  -101 -075 037 1443 651 718 -6.54  -13.52 -5.65
PxF, -202  -191 032 363 -034 -080 -637 -587F -142% -163% 540 861 6.54 -5.68 570 -7.00
PP, -632F-1061% 395 700 -0.81 -114% 006 -014 -025 037 -11.84 163 -19.02%F 664 -31.91%* 38 55%
PxF, -5.69% 056 602 647 -031 -1.77%* 319 117 089 -060 1553 -561 221 -8.61% -23.12%* -14.03
PP, 078 711 073 620 -1od* 097 -114 131 015 -020 173 857 064 824 1 10w
PP, -749% 088 032 607 022 0004 -171  -007 -045 -016 .10 5.93 g8 -0.38 570 -1877F
PP, 055 738 839 -250 -111* 046 239 -001 -028 044 1166 079  15.88% 071 2.24 -7.86
Pxpy -20% 2311 042 120 -048 -090 089 046 -062  -023 463 969 258 349 -1148  -13.81
PxF, 472 372 032 013 112%* -013 -961* 083 -082 007 -1300 0.09 -0.26 5.66 2497+ 1282
PP, 118 028 809 1013 072 -007 1006% 236  212% 114 3053 &13 1584% 336 -11.36 -5.47
PxP,  -009 362 11.99% 207 1.39%F 056 7459% 107 -015 -116 2556%F 671 2054%F 122 152 14.91%*
PP, 028 446 -0.28 -8217 -061 003 526 -T01H 002 -156%k 2080%-1951%F 13.41% 511 4.86 2555k
Pxp, 032 1.06 459 -1.80 062 -1.004 909 087 035 044 2476% 461 6.44 -4.91 -0.92 -2.09
PP, 148 -344 402 -440 -078 -004 5386 033 -008 -0.16 1423 -177 1741% 461 6.40 -9.91
Pxp, -012 4.46 525 -260 -044 007 -071 456 002 154%F 440 6.3% -2.16 2.92 6.08 -0.06
Pxp, 158 -071 435 -103 -011 0Q0s -361 -337 -085 -053 -1284 -641 -9.69 -5.08 -101 0.25
Pxpy 262 156 019 -1.00 049 084 289 257 Q15 -053 546 251 5.0 -4.54 314 390
Pxp, -032 246 135 607 082 040 229 076 025 027 1280 009 17.94%* 133 7.21 -3.81
PP, -329 062 142 -037 -018 08 873% 283 025 020 -397 629 -2.59 2.29 0.26 -6.87
PPy 042 056 005 100 042 -050 -344 037 -058 -013 -1134 286 -2.56 182 5.81 -5.42
Pxp, 073 -014 502 -690 -0.24 -017 71k 273 1.82%% 057 073 646 -2.82 049  -170 -3.26
PP, 582% 183 48 220 042 -08 -101 -181 -018 -043 -964 587 212 -l.64 .28 6.63
PxB, 118 196 675 -163 042 026 009 -241 1.65%* -0.50 193 256 2.0 502 3.33 157
SE(d') 135 183 418 395 038 041 268 202 047 049 641 479 5.30 547 4.85 in
SE 200 271 619 585 058 06l 398 298 070 072 948 709 261 809 17 4.60
[CHES

* #*3ignificant at 0.05 and 0.01 levels of probability, respectively

breeding program. This findings is highly important for breeding early faba bean cultivars to be grown
during the cool season in Soudi Arabia. These results suggest that the mentioned parental genotypes
were good combiners for improving most studied traits. The significant relation between combining
ability results and the mean performance of parental genotypes indicates the efficiency of phenotypic
performance for detecting the potentiality of parents for inclusion in cross breeding programs.

Four F’s (P xP,, P,xP,, P,<P, and P,xP,) as well as two F,’s (P,<P; and P,xP.) ad highly
significant negative (o?;) effects for days to flowering (Table 7). Ouly one F, (P,xP,) exhibited
significant positive (o®;) for plant height. Moreover, three F,’s (P,*P,, P,xP, and P,xP,) showed
significant positive (0%} effects for number of branches per plant (Table 7). With respect to number
of pods per plant, five F\’s (P,<P;, P,xP,, P;xP;, P.xP, and P,xP,) had significant positive (0°;)
effects. Regarding number of pods per main stem, three crosses (P;xP;, PyxP, and P,xP;) showed
significant positive (0% effects. Five F’s (P,xP,, P,xP;, PxP, P;xP, and P,xPy) and ouly one F,
(P,<P;) had significant positive (0° ;) effects for number of seeds per plant. Whereas, two F,’s (P, <P,
and P;xP,) along with two F,’s (P;xP; and P,xP,) showed significant positive (0°,) effects for
100-seed weight. Moreover, seven F,’s (P, xP,, P,xP,, P.xP,, P;xP,, P.xP,, P,xP; and P,<P;)
possessed significant positive (0?;) for seed yield per plant. Thus SCA for seed yield per plant
seemed to be influenced by SCA for yield components.

It is evident from the results that some yield components are more important for yield expression
than others. In the selection program, however adjustments up to the desired levels of each component
may have to be made in order to obtain the maximum seed yield potential. GCA effects seemed to
provide appropriate criterion for detecting the validity of a line in hybrid combination (or synthetic
variety) but SCA effects may be related to heterosis (Peng and Virmani, 1999). It scemed that GCA
cffects were generally unrelated to SCA values of their corresponding crosses. In a cross showing high
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SCA, it might include only one good combiner, such combinations would show desirable
transgressive segregations, providing that the additive genetic system present in the crosses are
acting in the same direction to reduce un-derisible plant characteristics and maximize the characters in
view (Abdalla e al., 1999). Therefore, most of the carlier crosses may be of importance in traditional
breeding programs. These results are in full agreesment with Abdalla ef al. (2001), Attia et al. (2002),
Zeid (2003), Darwish et al. (2005), Attia and Salem (2006), El-Hady et al. (2006) and E1-Hady et al.
(2007).

In conclusion, the present results are highly promising to breed faba bean cultivars, hybrids or
synthetics possessing genetic factors for earliness and high yield potential. This findings is valuable
to utilize the cool season before the hot dry season.
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