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 This study was carried out during 2011/12, 2012/13 and 2013/14 growing seasons. A 

diallel cross-excluding reciprocals was done among six parents of faba bean 

representing sspPaucijuga and minor, equina and major types of sspeu-faba. Results 
showed significant differences between parents, F1's and F2's for different studied traits. 

Giza 40 was the earliest parent followed by Cairo 33, whereas Paucijugawas the latest. 

Nubaria 1 and Spanish parents had highest values for seed dimensions. The F1 and F2 
hybrids had very close values. F1 had means of 147.47 days to 90% maturity, 15.49cm 

for first pod height, 1.28cm seed length, 0.80cm seed width, 0.40cm seed thickness and 

1.13cm seed shape index. Corresponding values for F2 were 149.24 days, 16.65cm, 
1.28cm, 0.82cm, 0.41cm and 1.14cm. For heterosis values, out of 15 hybrids, 

significant cases were 7 for days to 90% maturity (DM), 11 for first pod height (FPH), 

15 for seed length (SL), 14 for seed width (SW), 15 for seed thickness (ST) and 14 for 
seed shape index (SSI). Heterobeltiosis reached significance in 7 cases (DM), 12 for 

(FPH), 15 (SL), 13 (SW), 15 (ST) and 15 (SSI).Inbreeding depression or gain reached 

one case (DM), 14 for (FPH), 15 (SL), 14(SW), 13 (ST) and 15 (SSI). Hybrids with 
Paucijuga have inferior values than hybrids between eu-faba types. Seed dimensions 

might have reached a plateau of the major type, but selecting transgressivesegregants 

may improve seed dimensions. General and specific combining ability were estimated 
and indicated variable effects in direction and magnitude. Correlation coefficient 

indicated that the four seed dimensions are significantly and positively correlated. 

Nubaria 1 parent showed unilateral incompatibility. 
 

 
© 2015 AENSI Publisher All rights reserved. 

To Cite This Article: M.M.F. Abdalla, M.I. Abd El-Mohsen, M.M. Shafik., S.R.E. Abo-Hegazy and Heba A.M.A. Saleh., Investigations on 

faba beans, Vicia faba L. 37. Earliness and Seed characteristics of F1 and F2Diallel Crosses  Adv. Environ. Biol., 9(18), 190-196, 2015 

 

INTRODUCTION 

 

 Faba bean (Vicia faba L.) is an important pulse crop in Egyptian agriculture. It has high nutritive value with 

very cheap protein content. The seeds and green pods may be used to prepare many local popular dishes which 

are used almost daily by Egyptians in their meals. Moreover, faba bean is used with other leguminous crops as a 

break in the crop rotations of cereals and oil crops. In this manner one feddan (4200 m
2
) of faba beans may add 

to the soil about 200 Kg of nitrogen (through atmospheric nitrogen fixation), and about six tons of organic 

matter
(1)

. Therefore, such pulse crop helps to keep the soil fertile and productive. 

 Faba beans is known to suffer from narrow genetic base. Therefore, crosses were tried to enrich variability in this 

crop. Estimates of heterosis in faba bean were reported to be significantly positive or negative when hybrids were 

compared to mid or better parents [2, 3, 4, 5, 6,7,8]. 

 Inbreeding in hybrids (F2 populations) may lead to depression (F1 better than F2) or may lead to gain (F2 is 

superior to F1) [2,9,10,11,12]. 

 Combining ability is import to help faba bean breeders to identify and choose best parents to be hybridized to 

explore heterosis and or to build up synthetic variants [13,14,15]. 

 The excellent work of  Muratova [16]
 
has helped to classify faba bean subspecies and types. V. faba was divided 

into two subspecies. The first is subspecies Paucijuga with small seed sizes and weight, small flowers, pods, 

leaves……….etc. The second subspecies is eu-faba which was reclassified into three types that are 

commercially cultivated: minor, equine and major. They have seed size and weight of ascending order: minor 
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being the smallest and lightest, major is the largest and heaviest and equina lies between both in seed size and 

weight. 

 What will be outcomes of crossing between ssp and types of V. faba concerning earliness and seed 

characteristics? What will be the magnitude of heterosis in F1 and inbreeding effects in F2? and the reflection of 

parents and hybrids on combining abilities? 

 

MATERIALS AND METHODS 

 

 The present investigation was conducted during the three growing seasons: 2011/12, 2012/13 and 2013/14, at 

Gemmeiza Research Station, ARC, Egypt using ssp Paucijuga and eu-faba of Viciafaba. Six faba bean genotypes 

were used in this study. Names, type, pedigree and characteristics are shown in Table (1). A diallel-mating excluding 

reciprocals was carried out among the six faba bean genotypes under insect free cage during 2011/12 season. In 2012/13, 

the parental genotypes were planted again under insect free cage and re-hybridized to secure more F1 hybrid seeds. The 

F2 seeds were obtained from the F1 plants raised under cages. In 2013/14, an experiment was conducted in open field that 

included six parents and each of 15 F1's and 15 F2's. A randomized complete blocks design with three replications was 

used. Each entry was represented by one row in parents and F1's and four rows in F2's.  Seeds were planted in rows of 2.5 

m long, 50 cm between with single seeded hills of 20 cm apart. Cultural practices were applied as recommended. At 

harvest ten guarded plants were taken at random from each experimental plot in parents and F1's and 36 plants in F2's. 

The data were recorded for days to 90% maturity (DM), first pod height (FPH), seed length (SL), seed width (SW), 

seed thickness (ST) and seed shape index (SSI). 

  Data were analyzed according to Griffing [17]method 2, model 1. In this approach, the combining ability 

variances and effects were estimated.  

 Heterosis was determined as deviation of F1from mid parental value or from better parents. Appropriate LSD 

(CD) test was made for the significance of the F1's from the mid and better parent values and for the F2 from F1 values 

as outlined by Singh and Narayanan  [18]. 

 
Table 1: Pedigree and characteristics of faba bean parental genotypes used in the present study.  

Name Type Pedigree Characteristics 

Nubaria 1  (P1) Major Individual plant selection from Spanish variety Colourless  hilum, resistant to foliar diseases 

Giza 40  (P2) Equina Individual selection from Rebaya 40 (FCRI) Early flowering and maturity. 
NA 112 (P3) Paucijuga* Introducionfrom Pakistan. Dark coloured. Very small seeds. 

Camilina(P4) Minor Introducion from Ethiopea.. Small seeds 

Spanish (P5) Major Introducion from Spain.. Large  seeds 
Cairo 33 (P6) Equina Individual selection from breeding program (FACU) Colourless  hilum, tolerant to Orbanche. 

FCRI = Field Crops Research Institute.FACU = Faculty of Agriculture, Cairo University (see Abdalla [19] for details). * following (16) 

classification. 

 

RESULTS AND DISCUSSION 

 

 The analysis of variance (Table 2) revealed highly significant differences among genotypes for different 

studied traits. Parents and crosses along with parents vs. crosses mean squares were highly significant for 

different studied traits in most crosses indicating superiority of crosses over parents. The results indicated wide 

genetic variability for all variables in the materials under study. Results presented in Table (2), revealed highly 

significant mean squares due to GCA and SCA for all traits in both generations. The ratio of general to specific 

combining ability variances as an indication of the relative importance of the two types of gene action was more 

than unity for all characters except germination percentage(Table 2), suggesting the predominance of additive 

types of gene action controlling these traits and therefore selection would be effective for improving these traits 

in early generation. Similar results were obtained. [4,6,11,20] 

 The mean values of parents along with F1's and F2's for all studied traits are presented in Table (3). 

Significant differences were detected between either parents or F1's and F2's for studied traits. However, the 

most early maturing stock was Giza 40 (141 days to 90% maturity) and NA 112 was the latest in maturing 

(157.33 days). Concerning first pod height which is a measure of early flowering and pod set (the lower position 

indicates earlier pod set) showed minor Camilina to have pod height of 11.0cm but majorvarities Nubaria 1 and 

Spanish  set pods at 19.0 and 23.0cm respectively indicating late flowering and consequently late pod set. The 

most late flowering (flowered after 71 days- 
(21)

 and the most late maturing stock Paucijuga  - NA 112 (DM 

157.33 – Table 3) sets first pod at 13.0cm. One my think that is indication of earliness. However, this is a false 

indication for early flowering, compared to the relatively earlier flowering and earlier maturing Giza 40 and 

Cairo 33 that set pods at 15.67 and 17.33cm respectively. To explain such “false’’ indication one has to check 

the relative plant heights of these genotypes. From the results of Abdalla [21] 
 
who investigated these materials, 

plant heights of  Paucijuga , Giza 40 and Cairo 33 were 46.09cm, 83.3cm and 83.3cm respectively. The relative 

ratio of first pod height to plant height will then be 28.3% for Paucijuga18.8% for Giza 40 and 20.8% for Cairo 

33. This indicates that Paucijuga set first pod at relatively higher “ distance” at the plant height than both Giza 
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40 and Cairo 33 and first pod height remains a good criterion for early flowering and early pod set. Such 

confliction may have not occurred if first pod height trait was measured in this study as first podded node and 

not as height in centimeters. 

 
Table 2: Significance of mean squares for different traits of six  faba bean genotypes and their crosses in F1 and F2 generations. 

S.O.V . df DM FPH SL SW ST SSI 

F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 

Genotypes 20 79.60** 67.12** 30.58** 41.66** 2.75 0.57** 2.75 0.30** 0.01** 0.006** 2.29** 2.10** 

Parents(P) 5 97.87** 97.87** 38.19** 38.19** 1.15 1.15 0. 

60 

0. 60 0.009 0.009 4.26 4.26 

Crosses 
(C) 

14 62.56** 60.55** 29.76** 43.09** 3.48 0.40 3.69 0.21 0.006 0.0052 1.656 1.39 

P vs. C 1 226.8** 5.34** 4.13** 39.13** 0.41 0.08 0.35 0.04 0.004 0.0001 1.39 1.27 

GCA 5 70.84** 56.04** 25.50** 32.81** 1.32 0.60** 1.16 0.33** 0.004** 0.005** 2.30** 2.16** 

SCA 15 11.76** 11.15** 5.09* 7.58** 0.78 0.05** 0.84 0.02** 0.001** 0.001* 0.25** 0.21** 

GCA/SCA  6.02 5.03 5.01 4.33 1.69 11.78 1.38 14.25 2.95 4.01 9.05 10.19 

Error 40 0.61 1.25 3.05 2.35 0.69 0.001 0.66 0.001 0.0004 0.001 0.004 0.004 

* and ** indicate significant at 0.05 and 0.01 level of probability, respectively. 
DM= Days to 90% maturity, FPH= First pod height, SL=Seed length, SW= Seedwidth , ST= Seedthickness , SSI= Seed shape index. 

 

 The mean values of parents showed wide variability with respect to seed dimensions with a range of 2.05 –

0.53, 1.44 – 0.33, 0.47 – 0.33 and 2.95 – 0.50for seed length, seed width seed thickness and seed shape index, 

respectively. Parent 5 (Spanish) had the highest values of seed length, seed width and seed shape index (2.05, 1.44, 

and 2.95, respectively), and Nubaria 1 followed it in seed length, seed width and seed shape index (2.05, 1.41 and 

2.89), respectively.  

 Days to 90% maturity of plants averaged 147.47 in F1 hybrids and ranged from 141.33 days (P4 x P2) to 

155.0days (P5 x P3). Parent 2 (Giza 40) was the earliest maturing parent and most of F1 hybrids involving this 

parent were also early in maturity. On the other hand, parent 3 (NA 112) was the latest parent in maturity 

(matured later than parent 2 by about 16 days). Most F1 hybrids involving this parent were also late in maturity 

(Table 3). The F2 hybrids matured after 149.24 days. Days to 90% maturity in F2 hybrids ranged from 142.17 

days (P6 x P2) to 154.83 days (P5 x P3). Parent 2 was the earliest parent in ripering whereas parent 3 was the 

latest one. It seems that F1 and F2 offspring inherited flowering and maturity characteristic of parents. The 

overall differences between F1 group of hybrids and F2 group was about 2 days in maturity, F2 hybrids matured 

later than F1 (Table 3). 

 First pod height as reported previously is criterion of early flowering and pod set. Data in Table 3 showed 

this trait to average 15.49cm in F1 hybrids with range between 6.33cm (P3xP2) and 19.33 cm (P5xP1). The F2 

hybrids carried first pods at a range from 9.33 cm (P3xP2) to 22.17 cm (P5xP4) with an average of 16.65cm 

(Table 3). Both groups of hybrids carried the first pods at almost equal heights with only about one centimeter 

difference. 

  Concerning seed dimensions, characters which are ignored by most plant breeders, their data are presented 

in Table (3).  Data on seed dimensions indicated that seed length averaged 1.28cm for F1that  ranged from 

0.34cm (P3 x P2) to 2.03 cm (P5 x P4). The same trait in F2 hybrids varied between 0.80cm (P3 x P1) to 1.79cm 

(P5 x P4) with an average of 1.28cm. In  both groups of hybrids minimum values derived from hybrids having 

Paucijuga  as parent and maximum values derived from hybrids having Cairo 33 (equina) and Spanish (major) 

as parents. These data reflect the parental characteristic becausePaucijuga  had the least seed length and major 

had largest one.  

 Seed width, seed thickness and seed shape index behaved similar to seed length. Means were very close in 

F1 and F2 groups of hybrids, highest values were recorded for hybrids (F1 or F2) with a major parent involved in 

hybridization and lowest values were recorded for hybrids having Paucijuga  as parent. 

  
Table 3: Mean performance of faba bean parents, F1 and F2 crosses for various studied traits. 

PARENTS AND 
HYBRIDS 

DM FPH SL SW ST SSP 

F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 

Nubaria 1  (P1) 154.67 19.00 2.05 1.41 0.45 2.89 

Giza 40      (P2) 141.00 15.67 1.28 0.80 0.44 1.03 

NA 112      (P3) 157.33 13.00 0.53 0.33 0.33 0.18 

Camilina   (P4) 154.33 11,00 0.84 0.59 0.37 0.50 

Spanish     (P5) 150.67 20.33 2.05 1.44 0.43 2.95 

Cairo 33    (P6) 152.00 17.33 1.39 0.75 0.47 1.04 

P2x P1 145.33 149.17 15.00 17.17 1.25 1.32 0.69 0.75 0.39 0.42 0.86 0.99 

P3x P1 153.33 153.17 17.00 15.83 0.79 0.80 0.53 0.49 0.34 0.35 0.42 0.39 

P4x P1 151.33 154.33 15.67 15.50 1.53 1.35 0.74 0.77 0.34 0.38 0.88 1.04 

P5x P1 150.33 152.83 19.33 21.17 1.76 1.78 1.23 1.28 0.44 0.45 2.17 2.28 

P6x P1 143.33 145.50 17.67 18.50 1.26 1.42 0.79 0.93 0.44 0.43 1.00 1.32 
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P3x P2 144.00 146.83 6.33 9.33 0.34 0.54 0.34 0.42 0.32 0.37 0.12 0.23 

P4x P2 141.33 147.67 12.33 13.67 0.84 1.01 0.57 0.65 0.35 0.41 0.48 0.66 

P5x P2 146.00 144.33 14.00 16.83 1.68 1.73 1.16 1.17 0.48 0.47 1.95 2.02 

P6x P2 142.33 142.17 16.33 15.67 1.39 1.26 0.82 0.78 0.44 0.45 1.14 0.98 

P4x P3 153.33 153.33 14.67 15.00 0.83 0.88 0.56 0.56 0.42 0.39 0.47 0.53 

P5x P3 155.00 154.83 18.33 17.17 1.95 1.45 1.11 0.91 0.42 0.42 2.17 1.32 

P6x P3 146.33 149.50 14.00 15.17 0.91 1.03 0.62 0.66 0.40 0.41 0.56 0.68 

P5x P4 151.67 149.17 17.33 22.17 2.03 1.97 1.24 1.21 0.40 0.37 2.52 2.38 

P6x P4 145.33 149.00 17.00 17.50 1.20 1.23 0.75 0.79 0.40 0.44 0.90 0.97 

P6x P5 143.00 146.83 17.33 19.00 1.43 1.42 0.90 0.89 0.40 0.40 1.29 1.27 

Mean 147.47 149.24 15.49 16.65 1.28 1.28 0.80 0.82 0.40 0.41 1.13 1.14 

C.V.% 0.04 0.06 0.92 0.77 4.63 0.21 6.68 0.32 0.44 0.48 0.45 0.41 

LSD 0.05 2.24 3.19 4.99 4.38 0.244 0.10 2.32 0.10 0.06 0.07 0.19 0.17 

* and ** indicate significant at 0.05 and 0.01 level of probability, respectively. 

DM= Days to 90% maturity, FPH= First pod  height , SL=Seed length , SW= Seedwidth , ST= Seedthickness , SSI= Seed shape index. 

 

Estimates of heterosis and heterobeltiosis: 

 Estimates of heterosis (performance of F1 relative to mid parental values) and heterobeltiosis (performance 

of F1 relative to the better parent) are presented in Table (4). There were great variation in the estimates 

according to parental combinations and traits. For heterosis values out of 15 hybrids, significant cases were 7 for 

days to 90% maturity and 11 for first pod height. Concerning heterosis for seed dimensions cases of significance 

from the 15 hybrids were 15 for seed length, 15 for seed width, 15 for seed thickness and 15 for seed shape 

index.  

  For estimates of heterobeltiosis, data in Table (4) indicated that from 15 hybrids, 7cases were significant for 

days to 90% maturityand 12 cases for first pod height. Heterobeltiosis for seed dimensions indicated that the 

significant cases of the 15 hybrids were 15 for seed length, 15 for seed width, 15 for seed thickness and 14 for 

seed shape index.  

 The great numbers of estimated significant hetrosis and heterobeltiosis reflect the wide variability between 

parents as belonging to ssppaucijuga and the minor, equina and major types of sspeu-faba. 

 

General combining ability (GCA): 

 The discovery of combining ability of parental lines furnishes useful information for selecting proper 

parents for crossing and adjust suitable breeding scheme. 

 The results presented in Table (2) indicated that mean squares due to general combining ability were highly 

significant for all traits in both F1 and F2 generations except seed length and seed width in F1. Data of GCA 

presented in Table (5) showed Giza 40 and Cairo 33 to show negative (useful) GCA effects for days to 90% 

maturity. These two varieties may be used to develop early maturing cultivars. Data on seed characteristics 

indicated slight GCA effects except the seed shape index which showed all the parents to have GCA effects.  

 

Specific combining ability (SCA): 

 Mean squares due to SCA (Table 2) were significant for all studied traits, except for the traits of seed length 

and seed width in F1 crosses. Similar findings which recorded highly significance for almost all studied traits 

were reported by [8,9,14,15,22]. 

 Datapresented in Table (6) indicated that hybrids between sspeu-fabatypes that have significant negative 

(useful) SCA effects in F1 (P5 x P1, P6 x P1, P4 x P2, P6 x P4 and P6 x P5) and those in F2 that have significant 

negative (useful) SCA effects(P6 x P1, P5 x P2, P6 x P2, P5 x P4 and P6 x P5) could be used to develop new 

cultivars characterized by earlier maturity. Earlier flowering and earlier pod set may be developed from hybrids 

of eu-fabassp that contributed to significantly negative first pod height trait: P5 x P2, P6 x P5 (both in F1) and P4 x 

P1, P6 x P2 (both in F2) (Table 6). Hybrids involving paucijugaparent may improve days to flowering and 

maturity too, but its seed will not be acceptable for human consumption in Egypt. 

 Data of SCA for seed dimensions (Table 6) showed 3 hybrids in F1 and 11 hybrids in F2 to have significant 

SCA for seed length. One hybrid in F1 and 13 in F2 showed significant SCA for seed width. For seed thickness, 

9 hybrids in F1 and 9 in F2 showed significant SCA. The trait seed shape index indicated 11 hybrids in F1 and 12 

in F2 to have significant SCA. It is worth to record that not all hybrids with significant SCA in F1 had also 

significant SCA in F2. Some hybrids may show significance only in F1 or only in F2. Moreover, the sign (+ or -) 

may differ in F1 than F2 hybrids. Unfortunately data presented in Table (6) do not indicate much possibilities to 

improve seed dimensions into positive direction (large seeds) most significant SCA are of negative sign. May be 

seeds of parent Camilina (minor) could be improved from hybrid with the Spanish parent. The results obtained 

from these parents and hybrids may indicate that seed dimensions could not be improved above the present 

major type. The major type is assumed to be the most recently evolved type 
(23)

, compared to “older” evolving 

types: equina and minor. Seed size might therefore have reached “plateau” of major type. However, indications 
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point to possibility of improving seed weight (seed index) from same materials by selecting 

transgressivesegregants from F2 hybrids. 

 In the case of seed dimensions (Table 7), most inbreeding effects in F2 are of inbreeding gain. This means 

that transgressivesegregants played a role in this situation. This indicates the possibility of improving seed 

dimensions by selecting appropriate transgressivesegregants.This may result in overcoming assumed 

“plateau”of seed dimensions. 

 
Table 4:Heterosis (%) in F1 over mid (MP) and better parents (BP) for studied traits. 

Cross 
DM FPH SL SW ST SSI 

MP BP MP BP MP BP MP BP MP BP MP BP 

P2 x P1 -1.69 3.07* -13.46** -21.05** -25.05** -39.09** -37.76** -51.18** -12.69** -13.97** -56.05** -70.21** 

P3 x P1 -1.71 -0.86 6.25* -10.53** -38.34** -61.24** -39.46** -62.56** -11.97** -24.26** -72.55** -85.45** 

P4 x P1 -2.05 -1.94 4.44 -17.54** 6.36** -25.08** -26.09** -47.63** -16.94** -24.26** -47.72** -69.52** 

P5 x P1 -1.53 -0.22 -1.69 -4.92 -14.17** -14.17** -13.82** -14.81** -0.75** -2.94** -25.64** -26.44** 

P6 x P1 -6.52** -5.70** -2.75 -7.02* -26.80** -38.60** -26.74** -43.84** -5.76** -7.75** -51.65** -65.36** 

P3 x P2 -3.46* 2.13 -55.81** -59.57** -62.73** -73.70** -40.00** -57.50** -15.65** -26.52** -80.00** -88.31** 

P4 x P2 -4.29** 0.24 -7.50* -21.28** -20.63** -34.38** -17.31** -28.33** -13.93** -20.45** -36.28** -53.25** 

P5 x P2 0.11 3.55* -22.22** -31.15** 1.00** -17.92** 3.27* -19.68** 9.92** 9.09** -1.93** -33.90** 

P6 x P2 -2.84* 0.95 -1.01 -5.77 4.50** 0.48* 5.81** 2.50 -3.65** -7.04** 0.15 -8.80** 

P4 x P3 -1.60 -0.65 22.22** 12.82** 22.25** -0.40* 22.46** -3.98* 20.00** 12.50** 43.88** -2.08** 

P5 x P3 0.65 2.88* 10.00** -9.84** 51.81** -4.56** 24.81** -23.15** 10.53** -3.08** 38.95** -26.44** 

P6x P3 -5.39** -3.73* -7.69* -19.23** -4.53** -34.13** 15.08** -16.89** 0.83** -14.79** -21.31** -55.20** 

P5 x P4 -0.55 0.66 10.64** -14.75** 40.81** -0.81** 2.37 -13.89** -0.83** -7.69** 46.94** -14.58** 

P6x P4 -5.11** -4.39* 20.00** -1.92 7.65** -13.70** 12.22** 0.00 -6.30** -16.20** 4.05** -28.00** 

P6 x P5 -5.51** -5.09** -7.96* -14.75** -16.70** -30.13** -18.11** -37.73** -11.76** -15.49** -38.57** -56.27** 

 

Table 5:Estimates of the general combining ability effects (gi) of parental lines in the F1 and F2 crosses for studied traits. 

PARENTS 
DM FPH SL SW ST SSI 

F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 

Nubaria 1 (P1) 1.54* 2.15* 1.64 1.07 0.51 0.21** -0.03 0.16** 0.004 0.009 0.31** 0.45** 

Giza 40     (P2) 
-

4.96** 
-

4.39** 
-

1.78 
-1.06 0.18 -0.04 -0.23 -0.05 0.004 0.02 -0.24** 

-
0.18** 

NA 112   (P3) 3.25** 2.44** 
-

1.65 
-2.56* 

-

0.56 

-

0.43** 
-0.40 -0.29 -0.03* 

-

0.04* 
-0.55** 

-

0.70** 

Camilina(P4) 1.37 1. 78 
-

1.32 
-1.06 

-
0.28 

-
0.12** 

0.22 
-

0.08** 
-0.02 -0.02 -0.29** 

-
0.26** 

Spanish (P5) 0.83 -0. 89 2.18 3.24** 0.32 0.36** 0.65 0.28* 0.02 0.001 0.93** 0.75** 

Cairo 33 (P6) 
-

2.04** 
-1.10 0.93 0.36 

-

0.18 
0.03 -0.21 -0.03 0.02 0.02 -0.15* -0.07 

S.E. gi 0.25 0.36 0.56 0.49 0.27 0.01 0.26 0.01 0.01 0.01 0.02 0.02 

S.E. (gi - gj) 0.39 0.56 0.87 0.77 0.42 0.02 0.41 0.02 0.01 0.01 0.03 0.03 

* and ** indicate significant at 0.05 and 0.01 level of probability, respectively. 
DM= Days to 90% maturity, FPH= First pod  height , SL=Seed length , SW= Seedwidth , ST= Seedthickness , SSI= Seed shape index. 

 
Table 6: Estimates of the specific combining ability effects (Sij) of diallel crosses for studied traits of F1 and F2 generations . 

HYBRIDS 
DM FPH SL SW ST SSI 

F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 

P2 x P1 0.08 4.03** -0.51 2.02* 2.85** -0.14** -0.06 -0.16** -0.02* -0.01 -0.43** -0.44** 

P3 x P1 -0.13 -2.80** 1.36 -1.15 -0.64 -0.27** -0.05 -0.27** -0.03* -0.04* -0.56** -0.63** 

P4 x P1 -0.25 2.20** -0.30 -1.98* -0.18 -0.22** -0.45 -0.14** -0.04** 0.01 -0.35** -0.51** 

P5 x P1 -0.71* 2.86** -0.14 1.39* -0.56 -0.06 -0.40 0.03* 0.01 0.04* -0.31** -0.05 

P6 x P1 -4.83** -4.60** -0.55 0.60 -0.56 0.05 0.02 0.08** 0.004 -0.03* -0.44** 0.12* 

P3 x P2 -2.96** 0.40 -5.89** -1.36* -0.77* -0.07* -0.03 0.0004 -0.05** 0.01 -0.32** 0.03 

P4 x P2 -3.75** 5.40** -0.22 -0.19 -0.54 0.05 -0.42 0.01 -0.04* 0.04* -0.21** 0.05 

P5 x P2 1.46* -3.26** -2.05* 0.18 -0.31 0.17** -0.27 0.11** 0.05** 0.01 0.10 0.31** 

P6 x P2 0.67* -3.72** 1.53* -1.61* -0.10 -0.15** 0.25 -0.04* 0.01 -0.01 0.31** -0.24** 

P4 x P3 0.04 -2.10* 1.99* 1.64* 0.20 0.17** -0.26 0.07** 0.07** -0.001 0.11 0.22** 

P5 x P3 2.25** 1.90* 2.15* -1.98* 0.71* -0.27** -0.15 -0.13** 0.03* 0.03* 0.56** -0.62** 

P6x P3 -3.54** 0.11 -0.93 1.23 0.17 0.25** 0.23 0.17** 0.01 0.02* 0.09 0.33** 

P5 x P4 0.79* -5.43** 0.82 7.52** 0.51 0.38** 3.09** 0.16** -0.005 -0.06** 0.66** 0.59** 

P6x P4 -2.67** 0.78 1.74* 1.39* 0.17 0.06 -0.26 0.09** -0.01 0.05** 0.12 0.14** 

P6 x P5 -4.46** 1.45* -1.43* -0.23 -0.20 -0.28** -0.55 -0.21** -0.05** -0.04* -0.72** -0.66** 

Sij 0.70 0.99 1.55 1.36 0.74 0.03 0.72 0.03 0.02 0.02 0.06 0.05 

SiJ- Sik 0.96 1.37 2.14 1.88 1.02 0.04 1.00 0.04 0.03 0.03 0.08 0.07 

* and ** indicate significant at 0.05 and 0.01 level of probability, respectively. 

DM= Days to 90% maturity, FPH= First pod  height , SL=Seed length , SW= Seedwidth , ST= Seedthickness , SSI= Seed shape index. 

 

Inbreeding effects: 

 Data in Table (7) showed effects of inbreeding (F2 values compared to F1 values). Inbreeding showed either 

depression or gain. The results indicated that inbreeding was significant in only one case (out of 15 hybrids)for 

days to 90% maturity, 14 cases for first pod height, 15 cases for seed length, 14 cases for seed width, 13 cases 

for seed thickness and 15 cases for seed shape index. Majority of inbreeding effects for seed dimensions were 

inbreeding gain where F2 values were higher than F1 values. This situation may have occurred due to 

combination of remnant heterosis and transgressivesegregants in F2. 
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Correlation coefficients: 

 Correlation coefficients between the 4 seed characters were calculated (seed length, seed width, seed 

thickness and seed shape index). Data are presented in Table (8). All the 4 seed characters were positively and 

significantly correlated. This means that selection of any of these characters would be accompanied by 

improvement of other characters as well. 

 
Table 7:  Inbreeding effects (%) in F2 for studied traits. 

HYBRIDS DM FPH SL SW ST SSI 

P2 x P1 -2.64 -14.47** -5.6** 08.70** -7.69** -15.12** 

P3 x P1 0.11 6.88** -1.27** 7.55** -2.94** 7.14** 

P4 x P1 -1.98 1.09 11.77** -4.05** .11.77** -18.18** 

P5 x P1 -1.66 -9.52** -1.14** -4.07** -2.27** -5.07** 

P6 x P1 -1.51 -4.70** -12.70** -17.72** 2.27** -32** 

P3 x P2 -1.97 -47.39** -58.82** -23.53** 15.63** -91.67** 

P4 x P2 -4.49* .10.87** -20.24** -14.04** -17.14** -37.5** 

P5 x P2 1.14 .20.21** -2.98** -0.86** 2.08** -3.59** 

P6 x P2 0.12 4.04** 9.35** 4.88** -2.27** 14.04** 

P4 x P3 0 -2.25* -6.02** 00 7.14** -12.77** 

P5 x P3 0.11 6.33** 25.64** 18.02** 00 39.17** 

P6x P3 -2.17 -8.36** -13.19** -6.45** -2.5** -21.43** 

P5 x P4 1.65 -27.93** 2.96** 2.42** 7.5** 5.56** 

P6x P4 -2.53 -2.94** -2.5** -5.33** -10.00** -7.78** 

P6 x P5 -2.68 -9.64** 0.70** 1.11** 00 1.56** 

* and ** indicate significant at 0.05 and 0.01 level of probability, respectively.DM= Days to 90% maturity, FPH= First pod  height , 

SL=Seed length , SW= Seedwidth , ST= Seedthickness , SSI= Seed shape index. 

 
Table 8: Correlation coefficients among seed traits of faba bean genotypes (combined data). 

 
Seed length Seed  width Seed thickness Seed shape index 

Seed length 1 
   

Seed  width 0.961** 1 
  

Seed thickness 0.588** 0.622** 1 
 

Seed shape index 0.951** 0.988** 0.551** 1 

 

Unilateral incompatibility (UI): 

 The six parents used in this study (except Nubaria 1) were crossable in both directions (as females and as 

males). Only parent Nubaria 1 (major) was crossable only as male parent. Using Nubaria 1as female did not 

succeed, such one – way crossability was reported before as “unilateralincompatibility”
(24 and 25)

. 

 This phenomenon occurs frequently when crossing self-incompatible (SI) plants with self compatible (SC) 

ones. Usually the cross succeeds only in the direction SCXSI. However, this phenomenon occurs also between 

SC plants. Unilateralincompatibility (UI) genes in pistils prevent fertilization from specific self compatibility 

(SC) genes. In faba bean, the recently evolvingmajor type (Nubaria 1 in this study) (least fertile type) will not 

accept fertilization from paucijuga, minor, equina (more fertile) to prevent self-“fertility disease” that will 

unvoveraberrantgenotypes. [26,27,28]for details) on UI in Vicia faba. 

 

REFERENCES 

 

[1] Abdalla, M.M.F., M.S. Abd-Elraoufand N.A. Khalil, 1993. Cereal and Pulse Crops.Fac. Med. Computer 

Center Publ. Cairo University (In Arabic). 

[2] Abdalla, M.M.F., 1977. Performance of F1 and F2 hybrids of Viciafaba L. Egypt J. Genet.Cytol. 6: 108 – 

121.  

[3] Abdalla, M.M.F. and G. Fischbeck, 1983.Hybrids between subspecies and types of (Viciafaba L.) grown 

under cages and in growth chambers. 1
st
 Conf. of Agron.Egypt.Soc. of Crop Sci., Cairo April: 51-71. 

[4] Attia, Sabah M., F.H. Shalaby, Z.S. El-Sayed.and M.M. El-Hady, 2001. Heterosis, inbreeding depression 

and combining ability in a diallel cross of five faba bean genotypes. Annals of Agric. Sc., Moshtohor. 

39(1): 53–64. 

[5] Abd El-Mohsen, M.I., 2004. Heterosis and combining ability in faba bean for some quantitative characters. 

Egypt J. Plant Breed. 8: 161-171. 

[6] Darwish, D.S., M.M.F. Abdalla, M.M. El-Hady and S. El-Emam, 2005. Investigations on faba beans, 

Viciafaba L. 19-Diallel and triallelmatings using five parents.Proc. 4
th

Plant Breed.Conf. March 5 (Suez 

Kanal University), Egypt J. Plant Breed, 9(1): 197-208. 

[7] El-Hady, M.M., Sabah M. Attia, A.M. Ola, El-Galaly and Manal, M. Salem, 2006. Heterosis and combining 

ability analysis of some faba bean genotypes. J. Agric. Res. Tanta Univ., 32(1): 134-148. 

[8] Attia Sabah, M. and Manal M. Salem, 2006. Analysis of yield and its  components using diallelmatings 

among five parents of faba bean. Egypt. J. Plant Breed, 10(1): 1-12. 



196                                                                    M.M.F. Abdalla et al, 2015 

Advances in Environmental Biology, 9(18) August 2015, Pages: 190-196 

[9] Poulsen, M.H., 1977. Genetic relationship between seed yield components and earliness in Viciafaba L. and 

the breeding implications. J. agric. Sci. Camb., 89: 643-654.  

[10] El-Hady, M.M., Gh., A. Gad El-Karim and M.A. Omar, 1997. Genetical studies in faba bean (Viciafaba L.). J. 

Agric. Sci. Mansoura Univ.; 22(11): 3561-3571. 

[11] Abdalla, M.M.F., D.S. Darwish, M.M. El-Hady and E.H. El-Harty, 1999. Investigations on faba beans, 

Viciafaba L. 12.Diallel crossed materials grown under cages. Proceed. First Plant. Breed. Conf., Egypt. J. 

Plant Breed. 3: 213- 229.  

[12] Attia Sabah, M., 2007. Gene action and some genetic parameters for seed yield and its components in faba bean 

(Viciafaba L.). Egypt. J. of Appl. Sci., 22(6B): 487-499. 

[13] Abdalla, M.M.F., M.M. Shafik, Sabah M. Attia and Hend, A. Ghannam, 2011. Investigations on faba bean, 

ViciafabaL. 26- Genetic analysis of earliness characters and yield components. Egypt. J. Plant Breed., 15 

(3): 71-83. 

[14] Abdalla, M.M.F., M.M. Shafik, E.A.A. El- Emam and M.M.H. Abd El-Wahab, 2011. Investigations on faba 

bean, ViciafabaL. 27.Performance and breeding parameters of six parents and their hybrids. Egypt. J. Plant 

Breed., 15(4): 89-103. 

[15] Abdalla, M.M.F., M.M. Shafik, E.A.A. El- Emam and M.M.H. Abd El-Wahab, 2011. Performance of five 

parents, their diallel and reciprocal hybrids, heterosis and inbreeding effects. Egypt. J. Plant Breed., 15(5): 

1-24. 

[16] Muratuva, V., 1931. Common beans (Viciafaba). Bull.appl. Bot. Genet. Plant Breed.Suppl. 50 pp 285. 

[17] Griffing, J.B., 1956. Concept of general and specific combining ability in relation to diallel crossing 

systems.Austr.J. Biol.Sci., 9:  463-493. 

[18] Singh, P. and S.S. Narayanan, 2000. Biometrical Techniques in Plant Breeding.Kalyani Publishers, 

Ludhiana, New Delhi. 

[19] Abdalla, M.M.F., 2015. Investigations of faba beans, Viciafaba L. 35.Cairo 33, a new variety with 

colourless hilum and tolerance to Orbanche.Egypt.J. Plant Breed., 19(2): 233-245. 

[20] El-Hady, M.M., M.A. Omar, S.M. Nasr, Samia A. Mahmoud and M.K. El-Waraky, 1998. Performance of 

some faba bean genotypes along wi12th F1 and F2 generations.Annals of Agric. Sci., Moshtohor., 36(2) : 

729–743.  

[21] Abdalla, M.M.F., M.M. Shafik, M.I. Abd El-Mohsen, S.R.E. Abo-Hgazy and Heba A.M.A. Saleh, 2015. 

Investigation on faba beans, Viciafaba L. 36. Heterosis, inbreeding effects, GCA and SCA of diallel crosses 

of sspPaucijuga and Eu-faba. . Journal of American Science, 11(6). 1-7. 

[22] Ashrei, A.A.M., E.M. Rabie, W.M. Fares, A.M. EL-Garhy and R.A. Abo Mostafa, 2014. Performance 

and analysis of F1 and F2diallel crosses among six parents of fababean.Egypt J. Plant Breed., 18(1): 125-

137. 

[23] Abdalla, M.M.F., 1979. The origin and evolution in Viciafaba L. Proc. 1
st
 Med. Conf. Genet. Cairo, 713-

746. 

[24] Abdalla, M.M.F. and J.G.Th. Hermsen, 1972. Unilateral incompatibility: hypotheses, debate and its 

implications for plant breeding. Euphytica, 21: 32-47. 

[25] Abdalla, M.M.F., 1974. Unilateral incompatibility in plant species: analysis and implications. 

Egypt.J.Genet. Cytol., 3: 133-154. 

[26] Abdalla, M.M.F., 1974. Unilateral incompatibility in field beans, Viciafaba L. Incompatibilty Newsletter 4: 

16. 

[27] Abdalla, M.M.F., 1977. Intraspecific unilateral incompatibility in Viciafaba L. Theor. Appl. Genet. 50: 227-

233. 

[28] Abdalla, M.M.F., 2000. Investigationsonfaba beans, Viciafaba L.14.Fertility and unilateral incompatibility. 

Egypt. J. Plant Breed., 4: 237-256. 


