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 Background: Heritability is a principle defining the type of modification method and 

heredity power of each trait for plant; and in fact expressing shore of genetic changes 

from all available changes. Objective: In order to examine general heredity-accepting, 
variance components was performed for morphologic and phonologic traits of 15 was 

bean genotypes in form of pilot random complete blocks design in 3 replicates in 
agricultural year of 2010-2011 at Broujerd's agricultural researches and natural 

resources center. Results: General heritability and variation coefficients showed that 

phenotype variation for all traits was higher than genotype variation. The high extent of 
general heritability about some of the features is resultant from more effect of genetic 

variance compared to environmental variance in general heredity of traits, that for these 

traits selection in modified original generations is recommended.  
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INTRODUCTION 

 

 Bean (Phaseolus vulgaris L.) is a diploid plant having 22 chromosomes. This plant has originated from 

southern and central areas of America continent. Among pulses, bean with annual production of more than 20 

million tons hold the first rank in the world [2]. Seed legumes are among the main protein sources in dry and 

semi-dry regions and about two thirds of Iran’s cultivated lands are located in these dry and semi-dry areas. 

Regarding human’s increasing need to this valuable plant, the need to produce high-yield items with suitable 

and high-quality performance is felt more than before.  

 The efficiency extent of selecting one trait depends on relative effect genetic and non-genetic factors in 

expression of trait’s phenotype differences being expressed by heredity potential. The extent of heredity 

potential is an important factor in defining a suitable method to improve one trait in eugenics programs and also 

an index from the influence way of selection methods to improve that trait. In eugenics programs and selection, 

more exact evaluation of genotypes is of great importance in order to define their genetic potency and 

appropriately estimate variance components of traits and in parallel. The number of repeating experiment plays 

an important role [9]. General heritability is relative expression of genetic and environmental characteristics 

whereas private heritability demonstrates the extent of precision in estimating average of results based on 

parents [1]. Heritability is a principle defining the type of modification method and heredity power of each trait 

for plant and in fact it expresses genetic changes share from the whole available changes. Selection of each trait 

depends on influence extent of genetic and environmental factors in expressing that trait. This study was 

performed in order to estimate general heritability and variance components of morphologic and phonologic 

traits in different genotypes of bean in order to use in eugenics programs. 

 

MATERIAL AND METHODS 

 

 This experiment was done in the form of random complete blocks design (RCBD) with three replicates in 

agricultural year of 2010-2011. Each treatment included 4 rows with 4m in length and with 50cm distance. In 

each row, 50 seeds were cultivated. Average distance on row and between bushes was 10cm (with possible lost 

seeds, 10 seeds were cultivated in each row additionally). All conservation operations (irrigation, weeding 
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fertilizing) were done as usual routine. The traits under study in this experiment (farm and germinator) are as 

follows: single-bush yield, bush height, knot number, sheath number on main stem, sheath length, sheath 

weight, number of minor branches, a hundred seed weight, sheath number in bush, biologic performance, 

harvest index, average seed number in sheath, sheath width, seed length, seed width (morphologic traits) and 

days numbers till flowering (R5), physiologic ripeness (R9), germination (V0), appearance of the first three 

leaflets (V3) (phonologic traits), and protein percentage (qualitative trait). Radicle length, hypocotyl dry-weight, 

radicle dry weight, subshrub strength index, germination percentage, germination rate, and average daily 

germination (the traits under steady in germinator) were measured according to traits kind and studied in 

different growth stages. This way, by considering marginal effects from two middle rows, the bushes in one 

square meter were harvested and by choosing 5 bushes in a random way, the intended traits were measured and 

their average used in statistical computations. The respective data were firstly examined in view of normality by 

using Kolomograph-Smirnoff test and after being verified as normal, in order to compute general heritability of 

each trait, the following relationships were used. 
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  In above formulae VG, VP, VE, GCV, and PCV stand for genotype, phenotype, environmental variance, 

genetic and environmental changes index, respectively. Also, r, Mse, and Mst are repeat (replicate) number, 

average wrong squares and treatments’ squares average, respectively. 

 

RESULTS AND DISCUSSION 

 

 If we categorize heritability range into low (between 25 and 50), medium (between 50 and 75) and high 

(more than 75 percent), it is observed that the amount of heritability has been achieved for high percent of traits. 

The high value of heritability for most of traits could be explained this way that environmental variance has 

been low in this design and because of not evaluating place effects, time genotype and place and time genotype 

has caused over estimation of genetic variance. Furthermore, the existence of genetic differences among 

genotypes under study could be expressed as another reason for high extent of heredity-accepting. Therefore, the 

achieved results are not a reliable indicator for the rest of kinds and/or genotypes and are only true for the 

genotypes under study.  

 In general, heritability of quantitative traits is influenced by their controlling-gene action so that some of 

them are of high heritability because they are under control of genes with increasing effect. Regarding table (1), 

it is observed that the traits with high genetic variance and consequently low environmental variance hold high 

heredity-accepting. Phenotype variance indices for all features were greater than genetic variation indices. [10] 

in bread wheat demonstrated that generally phenotype variation coefficients are greater than genetic variation 

coefficients. The observed little difference between these coefficients for most of traits under study shows little 

environmental effect on those traits. Based on defined heritability range, the feature sheath width was of greatest 

general heritability (h
2

b.s= 98.5) demonstrating low effect of environmental factors and controlling this trait with 

a few genes.  

 The lowest general heritability was for the trait seed number in sheath (h
2
b.s= 45.45) showing high effect of 

environmental factors and controlling this trait by a large number of genes. [5] reported 57 percent general 

heritability for seed number in sheath. The extent of general heritability for the trait height was h
2
b.s= 85.4. 

Radkov and Mitranov [6], Ram and Parsad [7] and Santos et al [8] reported that general heritability for sheath 

number in bush is 57 percent. The amount of general heritability for the trait sheath length was h
2
b.s= 92.85. 

 
Table 1: Estimation of variance components, genetic and phenotypic variation coefficients and heritability of the traits under study.  

Feature Vp VG VE Gcv (%) Pcv (%) h2
b.s (%) 

Yield 94.18 78.02 8.08 35.89 37.54 82.84 

Height 37.69 32.19 5.5 6.12 6.66 85.4 

Knot number 12.44 12.08 0.36 25.25 25.63 97.1 

Sheath on main stem 7.77 6.32 1.45 49.68 55.08 81.33 

Sheath length 1.4 1.3 0.1 11.92 12.37 92.85 

Subsidiary-stem number 0.93 0.84 0.09 27.68 29.13 90.32 

A hundred seed weight 57.11 54.07 3.04 15.66 16.1 94.67 

Sheath weight 0.54 0.42 0.12 26.56 30.11 77.77 

Sheath number in bush 15.59 13.33 2.26 23.52 25.44 85.5 

Seed number in sheath 0.33 0.15 0.18 10.69 15.84 45.45 

Biologic yield 354.25 316.85 37.4 26.75 28.29 89.44 

Sheath width 0.67 0.66 0.01 7.42 7.48 98.5 

Harvest index 144.07 118.93 25.14 25.57 28.14 82.55 

Seed length 0.6 0.37 0.23 4.84 6.17 61.66 

Seed weight 0.29 0.16 0.13 4.48 6.04 55.17 

Seed Diagonal 0.36 0.27 0.09 7.65 8.83 75 
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 Mather and Jinks [4] reported the amount of general heritability for sheath length between 58 and 91 
percent. The extent of general heritability for number of minor stems was h

2
b.s= 90.32. Koeing and Genet [3] 

reported general heritability for the trait a hundred seed weight between 29 and 93 percent. Sign and Bhardwaj 
reported high heritability for a hundred seed weight. Bennett et al, showed in soya bean that yield, and then 
height, have the greatest variation among the traits under study. 
 Variance components, general heritability and phenotype and genotype variation coefficients of traits under 
study in germinator were computed based on respective formulae and presented in table 2. If we categorize 
heritability range into three classes of low (between 25 and 50), medium (between 50 and 75) and high (more 
than 75 percent), it is observed that different spectrums of general heritability have been estimated for the traits 
under study. Regarding defined heritability range, the greatest general heritability among features was for the 
trait hypocotyl length with h

2
b.s= 98.36 and the lowest general heritability was related to two traits of 

germination percent and average daily germination, both with h
2

b.s= 25. According to table 2, it is observed that 
the trait with high genetic variance and consequently low environmental variance, i.e., their environmental 
heritability is low, hold high heredity-accepting. The coefficient of phenotype variation for all traits was greater 
than genetic variation coefficients, that this issue was also quietly evident about the traits under study in farm 
part. The observed low difference among these coefficients for traits hypocotyl length, dry weight of radicle, 
and germination rate demonstrate low environmental effect and also low difference of genetic and phenotypic 
variance. Also, the existence of considerable difference among these coefficients for traits radicle length, 
hypocotyl dry weight, germination percent, average daily germination and strength index of subshrub show low 
environmental effect and difference of genetic and phenotype variance of these traits.  
 The amount of general heredity-accepting, hypocotyl length, radicle length, radicle dry weight were h

2
b.s= 

85.91 and h
2
b.s= 21.4, respectively. Based on defined heritability range, the heritability extent of these traits is 

high demonstrating little environmental effect of these two traits and controlling them with a few numbers of 
genes. The extent of general heritability of the traits hypocotyl dry weight, germination rate and subshrub’s 
strength index was h

2
b.s= 55.5, h

2
b.s= 50 and h

2
b.s= 66.6, respectively, demonstrating medium general heritability 

for these traits.  
 
Table 2: Estimation of variance components, genetic and phenotypic variation coefficients and heritability of the traits under study. 

Feature Vp VG VE Gcv (%) Pcv (%) h2
b.s (%) 

Hypocotyl length 0.122 0.12 0.002 30.92 31.18 98.36 

Radicle length 0.17 0.06 0.01 5.6 16.85 85.71 

hypocotyl dry weight 0.018 0.01 0.008 14.92 20.02 55.5 

radicle dry weight 0.011 0.009 0.002 19.36 21.4 81.8 

germination percent 0.004 0.001 0.003 3.22 6.45 25 

germination Rate 0.002 0.001 0.0009 1.95 2.76 50 

Daily germination 0.004 0.001 0.003 9.88 19.76 25 

subshrub strength index 0.03 0.02 0.01 16.83 20.61 66.6 

 
 The extent of traits’ general heredity-accepting, germination percent and average daily germination 
demonstrate low heritability for these traits that could be because of so much environmental effect and 
controlling them by many genes. Surely, by considering linear relationship between the trait germination percent 
and average daily germination, related to the trait germination percentage.  
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