
 
Middle East Journal of Agriculture 
Research 
ISSN 2077-4605 

Volume : 05 | Issue : 01 | Jan.-Mar. | 2016 
Pages:82-89 

 
 

Corresponding Author: Ahmad M.S.H., Agronomy Dept., Fac. of Agric., Al-Azhar Univ., Assiut Branch, Egypt. 
                                           E-mail: hsarsalama@hotmail.com 

 
82 

Studies on Genetic Variability, Heritability and Genetic Advance in Segregating 
Generations of Faba Bean (Vicia Faba L.) 
 

Ahmad M. S. H. 
 
Agronomy Dept., Fac. of Agric., Al-Azhar Univ., Assiut Branch, Egypt. 

Received: 27 January 2016 / Accepted: 28 February 2016 / Publication date: 20  March  2016 
 
ABSTRACT 
 

The present search was conducted at the Experimental Farm of Faculty of Agriculture, Al-Azhar 
University, Assiut branch during three successive winter seasons of 2011/2012, 2012/2013 and 2013/2014. 
Pedigree selection was used in three segregating generations (F2, F3 and F4 generations) of faba bean of two 
crosses (Looza X Giza 40 and Looza X Assiut 67). The tested characters were number of shoots/plant, number 
of pods/plant, number of seed/pod, seed yield/plant and 100-seed weight. The objective of this study was to 
estimate phenotypic (PCV) and genotypic (GCV) coefficients of variability, heritability in broad sense, expected 
gain from selection (GA) and realized gain from selection (RG). Results indicated that PCV and GCV estimates 
decreased from segregating generation to another. The results of broad sense heritability demonstrated that 
heritability values of all studied characters were reduced from filial to filial according to pedigree selection 
which increases of homogeneity of plants. Heritability estimates for seed yield/plant and 100-seed weight in F4 
were 82.10 and 83.53 in population1 and were 65.81 and 81.01 in population 2, respectively. GA and RG 
estimates were useful and decreased in sequence generations in all studied traits. GA estimates in F3 were 
(25.89, 22.71) and (27.91, 22.16) for seed yield /plant and 100-seed weight in cross1 and cross2, respectively, 
and RG estimates for seed yield /plant and 100-seed weight in F4 were (22.14, 1.89) and (4.60, 9.25) for cross1 
and cross2, respectively. The results indicated that the genetic advance estimates were observed in two crosses. 
The investigator gets many good families; it can be become good lines after complete selection processes. 
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Introduction  
 
 Faba bean (Vicia faba L.) is considered a most famous crop in developing countries and Middle East. It 
acts very important role in economic stability of most countries of the world and it is the important source of 
plant portion for both human and animal in most world areas. Feeding value of faba bean is high. Egyptians are 
securing an adequate supply of protein in their diet through consumption of faba bean. In the present work, the 
success of an autogamous plant-breeding program depends on the choice of populations capable of producing 
progeny with desired trait combinations. Pedigree selection is considered to be the most important way to 
maximize crop productivity and it has long been successful attempts for improving faba bean productivity in 
Egypt. The investigator found that pedigree method has a good efficiency of the selection procedures to improve 
the studied characters. The genetic improvement of crop desired traits depends on the nature and magnitude of 
genetic variability and interactions involved in the inheritance of these traits which can be estimated using 
experimental design techniques.   
 The promising segregating populations make it possible to select lines with superior performance. 
Procedures making possible early detection of unpromising populations have been the target of many 
investigators (Singh and Urrea, 1995 and Oliveira et al., 1996). Simmonds (1979) reported that pedigree 
selection method was effective in early generations only for traits with high heritability. Seed yield is a complex 
trait that is quantitatively inherited with low heritability value (Bond, 1966; Kambal, 1969 and Yassin, 1973). 
Selection in early segregating populations gave higher results than wild type varieties (Abdalla and Metwally, 
1983). Selection within local and exotic populations may result in improving faba bean performance (Abdalla, 
1976). El-Refaey and El-Keredy, (1992) found that the effectiveness of selection between and within 
segregating generations varied from case to another. Bakheit and Mahdy, (1988) found that the family selection 
for two generations was effective in producing some families exceeding the base population.             
 Bora et al. (1998) stated that the high heritability was followed by high genetic advance for number of 
pods per plant and seed yield per plant, indicating the scope for their improvement through selection.   They 
found that PCV, GCV and heritability estimates decreased in sequence generations. GA and RG estimates were 
observed indicated that the genetic advance estimates were useful in two populations. Ibrahim (2015) declared 
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that heritability estimates in broad sense and expected genetic advance from selection for  seed yield/plant were 
high through selection inside segregating generations of faba bean.  
  

Materials and Methods 
 
 The present study was carried out at the Experimental Farm of Faculty of Agriculture, Al-Azhar 
University, Assiut branch during three successive winter seasons of 2011/2012, 2012/2013 and 2013/2014 in 20 
October.  
 The objective of this study was to estimate genetic variability, heritability and genetic advance in 
segregating generations of faba bean. The breeding materials which used in this experiment were the F2, F3 and 
F4 generations of the two crosses, i.e. Looza X Giza 40 (population 1) and Looza X Assiut 67 (population 2) and 
the check variety i.e. Giza429 and it was planted beside the experiment in 0.5 karate in all seasons for traits and 
yield comparison. The parental varieties are presented in Table 1. 
 Pedigree selection method was used for number of shoots/plant, number of pods/plant, number of 
seed/pod, seed yield/plant and 100-seed weight to study phenotypic coefficients of variability (PCV), genotypic 
coefficients of variability (GCV), expected genetic advance (GA) and realized genetic advance (RG) 
 1600 plants for each of F2 populations were grown in area about 1.4 karat as a bulck in rows and 60 cm 
apart and 25 cm between plants. The best 80 plants (5% selection intensity) were selected according to 
mentioned five characters, and then the seeds were cultivated in the next season to give F3 generation (cycle1). 
F3 and F4 generations were grown in randomized complete blocks. In design with three replication , each family 
was represented by one row 2.5m long and 60 cm apart and 25 cm between plants, about 10-12 plants in the row 
and selected best 80 plants as 5% selection intensity and these plants were grown in F4 generation (cycle 2) to 
act 80 families in three replicates such as F3 generation,   
 
Table 1:  Description of the parental genotypes of faba bean (Vicia faba L.). 

Parental name Pedigree Origin 
Looza 

Giza 40 
Assiut 67 

Introduced 
Selection from Rebaya 40 

From hybridization program Waly. 

Spain. 
Egypt. 
Egypt. 

 
Analysis of variance: 
 Genetic parameters of F2 were calculated according to Allard (1960) as follow: 
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 Where: 22 F , G2 , E2 , 12 P  and 22 P are F2 variance, genetic variance, environmental 
variance, first parent variance, second parent variance, respectively. 
 
Table 2: Analysis of variance and mean square expectations of F3 and F4. 
Source of variance d.f MS Expected mean square 
Replications r-1 m3 rge 22    
Genotypes g-1 m2 gre 22    
Error (r-1)(g-1) m1 e2  
 
 The expected mean squar (Table 2) was used to estimate following genetic parameters: 
 Broad sense heritability (Hb) was calculated as suggested by Allard (1960) as follow: 
 The genotypic variance g2 = (m2-m1)/r 

 The genotypic variance p2 = g2 + e2   

Hb = 
100

2
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p
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 The expected genetic advance (GA) expressed as a percentage of the mean value with an assumed 5% 
intensity of selection pressure was computed by the formula given by Singh and Chaudhary 
 (1985) as:    GA = k. Hb. P2  

 Where:  k = 2.06, constant for 5% selection intensity (i.e. the highest-performing 5% are selected),  
Hb = broad-sense heritability, σ2P = Phenotypic variance of the population. 
 Realized genetic advance (RG) 
 RG = XPXPX /100)( 0   
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 Where: RG the realized advance in one generation of selection, 0X is the mean phenotype of the offspring 

of selected parents, XP the mean phenotype of the whole parental generation.  
 The phenotypic and genotypic coefficients of variation are computed as follow Burton (1952). 

100)/( XVPPCV   

100)/( XVGGCV   

 Where: PCV, GCV are phenotypic and genotypic coefficients of variation, respectively; VP, VG are 
corresponding variances;  


d

StLSD 00505.0
 


d

StLSD 00101.0
 

Where:
05.0LSD  and

01.0LSD are LSD values at 0.05 and 0.01, respectively. 

The agronomic characters were recorded as follow: 
1- Number of shoots/plant 
2- Number of pods/plant 
3- Number of seeds/pod 
4- 100-seed weight (g). 
5- Seeds yield/plant (g). 
 

Results and Discussion 
 
Analysis of variance: 
 Analysis of variance for the studied characters of the two crosses in Table3 indicates that the differences 
between means of three generations of two populations were highly significant for all the studied characters 
indicating the presence of genetic variability among selected families. Also, the significant differences between 
means of families indicate that more types of plants, it cleared that selection in base populations would be 
effective.  
 These results are confirmed from the genotypic (GCV) and phenotypic (PCV) coefficients of variability. 
Consequently, the presence of sufficient genetic variation could be used for the pedigree line selection. 
 
Table 3: Mean squares estimates for number of shoots/plant, number of pods/plant, number of seed/pod, seed yield/plant 

and 100-seed weight in F2, F3 and F4 generations of the two populations. 
Mean squares 

Characters 
Population1 Population2 

 Genotypes Error C.V Genotypes Error C.V 

Number of Shoots / 
plant 

F2 plants 6.88** 0.35 19.40 5.52** 0.37 18.77 
F3 families 3.22** 0.21 14.06 2.75** 0.29 14.59 
F4 families 2.05** 0.15 11.07 2.04** 0.25 12.59 

Number of Pods 
/plant 

F2 plants 86.22** 7.65 11.91 215.21** 24.57 15.18 
F3 families 48.66** 5.32 6.99 172.69** 20.78 11.03 
F4 families 36.22** 4.86 6.10 130.48** 17.24 9.56 

Number of Seeds  
/pod 

F2 plants 3.49** 0.23 15.37 4.49** 0.27 15.99 
F3 families 1.62** 0.17 10.99 2.85** 0.21 11.90 
F4 families 0.93** 0.11 8.71 2.12** 0.18 10.66 

Seeds yield/plant 
F2 plants 954.32** 42.88 10.04 875.57** 97.58 13.07 
F3 families 586.21** 31.54 6.06 634.25** 89.68 8.41 
F4 families 422.65** 28.64 4.73 435.11** 64.23 6.80 

100-seed weight 
F2 plants 946.16** 33.56 7.38 754.57** 38.45 8.79 
F3 families 654.52** 28.55 6.10 460.11** 32.85 7.32 
F4 families 366.21** 22.58 5.33 395.66** 28.68 6.26 

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

 
Means performance:- 
         Means of the three generations of two crosses for number of shoots/plant, number of pods/plant, number of 
seed/pod, seed yield/plant and 100-seed weight in F2, F3 and F4 generations of the two populations are shown 
in Table 4. 
 These results indicate that the means increased from generation to generation. The means of selected 
families for no shoots/ plant were higher compared to check variety in F3 and F4 generations in two 
populations.  
 These results indicate that the selected families possessed higher plants in all studied generations for all 
studied traits. Population 2 was progressive in all studied characters than population1except 100-seed weight 
trait. Both of the two populations were higher than check variety for all traits. 



Middle East J. Agric. Res., 5(1): 82-89, 2016 
ISSN: 2077-4605 

85 

 Generally, all selected families in the two populations significantly out yielded the check variety. The 
results indicated that pedigree selection of variability measured as genotypic coefficient of variability of the 
selection criterion of the two selection cycles in two populations. Falconer 1989 stated that selection reduces 
genotypic variance of the following generation. The result proved that the pedigree method of selection was 
effective in improving the studied traits in these materials of faba bean. 
 
Table 4: Means estimates for number of shoots/plant, number of pods/plant, number of seed/pod, seed yield/plant and 100-

seed weight in F2, F3 and F4 generations of the two populations. 

 Population1 Population 2 
Giza42

9 

Characters 
Generat

ions 
Range Mean±S.E LSD0.05 LSD0.01 Range Mean±S.E LSD0.05 LSD0.01 Mean 

Number 
of Shoots 

/ plant 

F2 2.0-5.0 3.05±0.01 3.08 3.09 2.0-5.0 3.24±0.02 3.27 3.28 3.12 
F3 3.0-6.0 3.26±0.21 0.73 0.96 3.0-7.0 3.69±0.01 0.86 1.13 3.14 
F4 3.0-7.0 3.5±0.01 0.62 0.81 3.0-8.0 3.97±0.01 0.80 1.05 3.16 

Number 
of Pods 
/plant 

F2 18.0-42 23.22±0.07 23.36 23.40 22-52 32.65±0.12 32.89 32.97 21.59 
F3 22-55 32.99±0.06 3.69 4.85 25-66 41.32±0.11 7.30 9.59 20.23 
F4 25-74 36.16±0.06 3.53 4.64 28-85 43.41±0.1 6.64 8.73 20.88 

Number 
of Seeds  

/pod 

F2 2.15-4.88 3.12±0.01 3.14 3.15 2.33-5.66 3.25±0.01 3.28 3.28 3.22 
F3 3.33-6.25 3.75±0.01 0.66 0.87 3.75-7.33 3.85±0.01 0.73 0.96 3.25 
F4 3.55-7.35 3.81±0.01 0.53 0.70 3.88-7.55 3.98±0.01 0.68 0.89 3.41 

Seeds 
yield/plant 

F2 45.6-105.5 65.25±0.16 65.57 65.67 48.53-135.26 75.56±0.25 76.04 76.19 43.45 
F3 55.8-122.3 92.73±0.14 8.99 11.81 53.20-142.31 112.64±0.24 15.16 19.92 45.26 
F4 58.6-135.8 113.26±0.13 8.56 11.26 60.15-148.60 117.82±0.20 12.83 16.86 46.56 

100-seed 
weight 

F2 42.5-110.4 78.47±0.14 78.75 78.84 52.33-108.24 70.54±0.16 70.84 70.94 63.23 
F3 48.7-122.7 87.53±0.13 8.55 11.24 55.54-112.5 78.29±0.14 9.17 12.06 65.58 
F4 53.0-128.5 89.18±0.12 7.60 9.99 58.24-126.47 85.53±0.13 8.57 11.26 66.24 

 
Phenotypic (PCV) and genotypic (GCV) coefficients of variability: 
 Phenotypic (PCV) and genotypic (GCV) coefficients of variability were estimated from the analysis of 
variance of the F2, F3 and F4 are showed in Table5.  
 The GCV provides a measure for comparing genetic variability in various metrical characters. For no 
shoots/plants, in the population 1, the PCV estimates were 52.12, 33.79 and 25.29 and GCV estimates were 
48.37, 30.73 and 22.74 for F2, F3 and F4, respectively. In the population 2, for the same trait, the PCV estimates 
were 44.58, 28.55 and 23.18 and GCV estimates were 40.44, 24.54 and 19.46 for F2, F3 and F4, respectively. 
  
Table 5: Phenotypic (PCV) and genotypic (GCV) coefficients of variability estimates for number of shoots/plant, number of 

pods/plant, number of seed/pod, seed yield/plant and 100-seed weight in F2, F3 and F4 generations of the two 
populations. 

Characters 
Population1 Population 2 

 PCV GCV PCV GCV 

Number of Shoots / plant 
F2 52.12 48.37 44.58 40.44 
F3 33.79 30.73 28.55 24.54 
F4 25.29 22.74 23.18 19.46 

Number of Pods /plant 
F2 25.05 22.04 28.75 24.42 
F3 13.48 11.52 20.45 17.22 
F4 10.82 8.94 17.08 14.15 

Number of Seeds  /pod 
F2 36.78 33.41 39.84 36.49 
F3 21.55 18.54 27.12 24.37 
F4 16.25 13.72 22.84 20.20 

Seeds yield/plant 
F2 28.54 26.71 25.00 21.31 
F3 15.86 14.66 14.62 11.96 
F4 11.17 10.12 11.63 9.44 

100-seed weight 
F2 23.42 22.23 23.60 21.90 
F3 17.60 16.50 16.91 15.24 
F4 13.13 12.00 14.37 12.93 

 
For no pods/plant in the first population, the PCV estimates were 25.05, 13.48 and 10.82 and GCV estimates 
were 22.04, 11.52 and 8.94 for F2, F3 and F4, respectively. In the population 2, The PCV estimates were 
28.75.76, 20.45 and 17.08 and for the same trait, the GCV estimates were 24.42, 17.22 and 14.15 for F2, F3 and 
F4, respectively. 
 PCV values calculated for no seeds/pod in population 1 and population 2, were 36.78 and 39.84 in F2, then 
reached to 21.55 and 27.12 in F3 and 16.25 and 22.84 in F4 respectively, while the GCV estimates in population 
1 and population 2, were 33.41 and 36.49 in F2, then decreased to 18.45 and 24.37 in F3 and to 13.72 and 20.20 
in F4, respectively. 



Middle East J. Agric. Res., 5(1): 82-89, 2016 
ISSN: 2077-4605 

86 

 PCV estimates for seeds yield/plant in cross 1 and cross 2, were decreased from filial to filial, which were 
in F2 28.54 and 25.00 then decreased in F3 to 15.86 and 14.62 and became 11.17 and 11.63 in F4, respectively. 
GCV values in cross1 and cross2 were 26.71 and 21.31in F2, and 14.66 and 11.96 in F3 and 10.12 and 9.44 in 
F4, respectively. 
 
In the population 1, the PCV estimates were 23.42, 17.60 and 13.13 for 100-seed weight for F2, F3 and F4, 
respectively, and the GCV estimates were 22.23, 16.50 and 12.00 for F2, F3 and F4, respectively. In the 
population 2, for the same trait, the PCV estimates were 23.60, 16.91 and 14.37 for F2, F3 and F4, respectively, 
and the GCV estimates were 21.90, 15.24 and 12.93 for F2, F3 and F4, respectively. 
 The previous results cleared that the differences between PCV and GCV were very narrow which 
indicated the importance of genetic variance in the inheritance of the studied characters. 
 The phenotypic coefficient of variation (PCV) was higher than its genotypic counterpart (GCV) for all the 
studied characters. Results revealed moderate GCV and PCV estimates indicating that there is a possibility of 
improvement of genotypes for these traits. The values of phenotypic coefficient variation for most characters 
were close to the corresponding genotypic coefficient of variation values indicating little environment effect on 
the expression of these characters. 
 Generally, high GCV value of characters suggested the possibility of improving these traits through 
selection. This resemblance between PCV and GCV in almost all the characters suggests that the environment 
had little effect on those characters’ expression.    
 High values of GCV suggested better improvement for selection of traits. However, the estimation of 
heritable variation with the help of genetic coefficient of variation alone may be misleading. Burton (1951, 
1952) suggested that the genetic coefficient of variation together with heritability estimates gave a better picture 
of the extent of heritable variation. 
 These results cleared that there are small and moderate different between PCV and GCV for all studied 
characters in all generations which means decreasing of environment influence on the expression of characters. 
The close estimate of PCV and GCV decreased rapidly after two cycles of pedigree selection. The large genetic 
variation in F2 generation for studied traits indicated that the material of crosses still far from gene fixation and 
need more cycles of selection and selfing to reach homozygosity. The slight discrepancy between (GCV) and 
(PCV) resulted in high broad sense heritability for all studied traits in the two populations. The genetic 
coefficient variation with a heritability estimate would only seem to give the best picture of amount of the 
genetic advance expected from selection. Also, it means the selection for these traits will be effective and 
genetic variability was essential to improve trait through selection (Miller et al (1985)). These results were also 
reported by several authors such as El-Hosary and Nawar (1984), Bakheit and Metwali (2011), Mohamed and 
Abd-El-Haleem (2011), Ahmad (2013), Bakhiet et al (2015) and Shivani (2015).  
 
Broad sense heritability values: 
 Heritability values were estimated from the analysis of variance of the F2, F3 and F4 are showed in Table 
6. Heritability estimate consider one of the most important parameters to selection response in early generations, 
indicating the importance of the genetic effects in the inheritance of all studied traits. Heritability (Hb) and 
genetic advance (GA) estimates interpret progress due to selection.  
  
Table 6: Values of broad sense heritability of the F2, F3 and F4 for the studied characters  

Characters 
Population1 Population 2 

 Hb Hb 

Number of Shoots / plant 
F2 86.15 82.27 
F3 82.69 73.87 
F4 80.85 70.47 

Number of Pods /plant 
F2 77.39 72.12 
F3 73.09 70.90 
F4 68.26 68.65 

Number of Seeds  /pod 
F2 82.53 83.90 
F3 73.98 80.73 
F4 71.30 78.23 

seeds yield/plant 
F2 87.63 72.66 
F3 85.43 66.93 
F4 82.10 65.81 

100-seed weight 
F2 90.06 86.13 
F3 87.96 81.26 
F4 83.53 81.01 

 
The obtained results of broad sense heritability values for no shoots/ plant, no pods/plant, no  seeds/pod, seeds 
yield/plant and 100-seed weight in first population were (86.15, 82.69 and 80.85), (77.39, 73.09 and 68.26), 
(82.53, 73.98 and 71.30), (87.63, 85.43  and 82.10) and (90.06, 87.96 and 83.53)  for F2, F3 and F4 generations, 
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respectively. Meanwhile, for second population they were (82.27, 73.87and 70.47), (72.12, 70.90 and 68.65), 
(83.90, 80.73and 78.23), (72.66, 66.93 and 65.81) and (86.13, 81.26 and 81.01) of the same traits for F2, F3 and 
F4 generations, respectively. 
 This result reflects effective pedigree selection method to improve these traits. High heritability estimates 
along with high genetic advance for most traits indicating an additive gene action in their inheritance. Mohamed 
and Abd-El-Haleem (2011). Found that estimates of broad sense heritability were obtained for yield components 
in F2 generation but they decreased from the F3 to F5 generations.   
  The obtained results are in accordance with the conclusions of Mahmoud (1968), El-Hosary (1981), 
Khalil et al (1982) and Alghamdi (2007). Solieman and Ragheb (2014). Bakhiet et al (2015), Ibrahim (2015) 
and Shivani (2015). 
 The results of broad sense heritability showed clearly that the values of broad sense heritability of all 
studied characters were decreased from generation to another affected by pedigree selection which increases of 
homogeneity of plants. The values of heritability may be greatly stable in next segregating generations, due to 
near from homozygosity. 
 
The expected (GA) and realized (RG) gain from selection:  
 The expected (GA) and realized (RG) gain from selection in two crosses are showed in Table7. 
 In population 1, GA values for no shoots/ plant, no pods/plant, no seeds/pod, seeds yield/plant and 100-
seed weight were (2.82, 1.88), (9.27, 6.69), (1.95, 1.23), (33.61, 25.89) and (34.10, 27.91) in F2 and F3, 
respectively. And for RG estimates were (6.89, 7.36), (42.08, 9.61), (20.19, 1.60), (42.11, 22.14) and (11.55, 
1.89) for F3 and F4, respectively. 
  In population 2, GA values for no shoots/ plant, no pods/plant, no seeds/pod, seeds yield/plant and 100-
seed weight were (2.45, 1.60), (13.95, 12.34), (2.24, 1.74), (28.28,22.71) and (29.54, 22.16) in F2 and F3, 
respectively. Meanwhile RG values were (13.89, 7.59), (26.55, 5.06), (18.46, 3.38), (49.07, 4.60) and (10.99, 
9.25) for F3 and F4, respectively. 

The previous results indicated that selection after two cycles of pedigree selection in first and second 
population, led to a desirable increase in means of all studied traits comparison with the check variety and 
parallel with genetic advance.  Also, the results indicated that both of realized gain from selection and expected 
gain from selection values were observed for all the studied characters. But the realized gain from selection 
values were greater than that expected gain from selection values for most studied characters. But GA estimates 
were more than RG estimates for seed yield/plant and 100-seed weight traits in both two crosses.  
 These results were agreement with means estimates of generations for studied characters. The 
effectiveness of selection in raising the mean value of selected progenies depends mainly on the initial mean 
value and the amount of genetic variability presented in the materials and how for the character under reference 
is influenced by the environment. This result may be due to that heritability values for these characters were 
underestimated (Hamada (1988)  
         Generally, the amount of response for selection is depending upon the available genetic variance 
(Hutchinson and Manning (1943)). 
 The results are in agreement with those of Mahmoud (1968), El-Hosary (1981) and Khalil et al. (1982). 
Ahmad (2013). 
 
Table 7:  Expected genetic advance under selection (GA) and realized genetic advance (RG) estimates for number of 

shoots/plant, number of pods/plant, number of seed/pod, seed yield/plant and 100-seed weight in F2, F3 and F4 
generations of the two populations. 

Characters 
Population1 Population 2 

 GA RG GA RG 

Number of Shoots / plant 
F2 2.82 ---- 2.45 ---- 
F3 1.88 6.89 1.60 13.89 
F4 ---- 7.36 ---- 7.59 

Number of Pods /plant 
F2 9.27 ---- 13.95 ---- 
F3 6.69 42.08 12.34 26.55 
F4 ----- 9.61 ---- 5.06 

Number of Seeds  /pod 
F2 1.95 ---- 2.24 ---- 
F3 1.23 20.19 1.74 18.46 
F4 ---- 1.60 ---- 3.38 

Seed  yield/plant 
F2 33.61 ---- 28.28 ---- 
F3 25.89 42.11 22.71 49.07 
F4 ---- 22.14 ---- 4.60 

100-seed weight 
F2 34.10 ---- 29.54 ---- 
F3 27.91 11.55 22.16 10.99 
F4 ---- 1.89 ---- 9.25 
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Conclusion 
 
 It can be concluded that differences between means of three generations of two crosses were highly 
significant, PCV and GCV estimates in F4 for seed yield /plant were (11.17, 10.12) and (11.63, 9.44)  and for 
100-seed weight were (13.13, 12.00) and (14.37, 12.93 ) for two crosses, respectively. Heritability estimates for 
seed yield /plant and 100-seed weight in F4 were 82.10 and 83.53 for population 1 and were 65.81 and 81.01 for 
population 2, respectively.  
 GA estimates in F3 were (25.89, 27.91) and (22.71, 22.16) for seed yield /plant and 100-seed weight in 
cross 1 and cross2 respectively, and RG estimates for seed yield /plant and 100-seed weight in F4 were (22.14, 
1.89 ) and (4.60, 9.25 ) for population1 and 2, respectively. The results indicated that the genetic advance 
estimates were observed and useful in two crosses. The investigator gets many good families; it can be become 
good lines after complete selection processes.   
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