Generation mean analysis for yield components in common bean
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Abstract

In order to choose an efficient breeding procedure, it is necessary to have knowledge of the genetic
system controlling agronomically important traits. Common bean is one of the major legumes containing
large amount of proteins and other valuable nutrients. The aim of this study was to determine genetic
parameters for yield and yield components, using six generations (P1, P2, F1, F2, BC1, and BC2) derived from
DERAKHSHANXAND1007 and GOLIxD81083 crosses of common bean. A field experiment for these six
generations was carried out in a randomized complete block design with three replications. The
measurements included seed yield, pod weight, pod number per plant, seed number per pod, seed number
per plant, and 100 seed weight. Generation mean analysis with three-parameter genetic model showed
inadequacy of additive-dominance simple model to illustrate the genetic mechanism of the evaluated traits.
Significant differences for two or more individual scaling tests (A, B, C, and D) in both crosses were recorded.
Hayman six parameters genetic model suggested that both dominance and epistasis effects were important
for most of the evaluated traits. Furthermore, expression of some traits in both crosses was affected by
additive gene effects. Broad sense heritability was high for all traits except 100 SW in DER xA1007 cross.
Estimation of narrow sense heritability range was moderate for most traits. For SY and traits where portion
of non-additive gene effect was higher, it is possible to exploit heterosis using the plant materials in this
study.
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Introduction

An understanding of the mode of gene
action, knowledge of genetic variances, levels of
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dominance, and the importance of genetic effects
may help plant breeders to enhance yield
potentials (Wolf and Hallauer, 1977). The
genotypic mean of any population is affected by
epistatic effects involving genic combinations of
fixed and non-fixed genes. Estimation of these
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effects makes it possible to define specific additive
x additive and additive x dominant epistatic
components. Since such components cannot be
easily determined, their importance cannot be
assessed (Singh et al., 2006).

Generation mean analysis is one of the
genetic models which is developed for the
estimation of different genetic effects (Kearsey
and Pooni, 2004;Checa et al., 2006; Tiruneh
Mulugeta et al., 2013). This method could be used
to partition the phenotypic variance to its
components, i. e., genotyping, environmental, and
genotype x environment components. Although
plant breeders are kin to guess different
component of phenotypic variance and
consequently heritability, it is always difficult to
predict heritability of a trait beforehand.

In order to determine genotypic values of
the individuals and consequently mean genotypic
values of families and generations, researchers
use generation mean analysis to estimate the
relative importance of average effects of the
genes (additive effects), dominance deviations,
and effects due to non-allelic genic interactions
(Viana, 2000). It is possible to use basic
generations to provide powerful tests of the
adequacy of a simple genetic model and in
particular, complex effects such as epistasis,
maternal effects, etc. (Kearsey and Pooni, 2004).
Such a model also provides the opportunity to
determine the presence or absence of epistasis
and measure them appropriately. Generation
mean analysis also can detect the components of
heterosis in terms of gene effects (Rebetzke et al.,
2006; Farshadfar et al., 2001).

Common bean has great importance for
developing countries. It provides protein and
other valuable nutrients. Unfortunately, common
bean yield and seed content quality are low in such
communities. Simulation of SY of field crops,
especially in common bean is a complex
phenomenon made up of the interaction between
different yield components and environmental
effects (Misra et al., 1994), thus direct selection to
improve this trait is not often effective. It is well-
known that the efficiency of selection mainly
depends on additive genetic variance,
environmental effects, and genotype x
environment interactions. As a result, to improve
common bean vyield in particular, breeding

programs have to focus on sound genetic
knowledge  controlling vyield and vyield
components. One research study showed that
both additive and non-additive gene actions were
important in the inheritance of number of seeds
per pod in bean; whereas only additive type of
gene action was important in the inheritance of
1000-seed weight (Tiruneh Mulugeta et al., 2013).
Another study indicated that additive components
and epistasis ([i], [I]) components play a major role
in inheritance of resistance to common bean
mosaic virus. Results of this study showed that
additive gene effect has higher influence than
other components. Therefore, selection for high
resistance could be effective to modify this trait
(Kamelmanesh et al., 2008).In order to perform
genetic analysis of earliness in chickpea using
generation mean analysis, an experiment was
carried out to determine gene action for different
traits including 100-seeds weight, number of pods
per plant and SY of chickpea, and showed
presence of high amount of dominant effect and
dominant x dominant interactions that suggests
the importance of non-additive genetic effects for
these traits. Thus, selection in early generations
for these traits could not be effectively successful
(Karamiet al., 2011).

Heritability of metric characters has been
widely used to assess the degree to which a
character is transmitted from one parent to the
offspring. This genetic component has been
identified as a genetic relationship between the
parents and offspring. It could provide information
to indicate the possibility and the extent to which
improvement in a character is possible. It could
also be used to determine the proportion of
heredity and environment in the expression of a
trait (Adeniji, 2003). In a study on heritability and
correlation of some traits in common beans, large
heritabilities estimated for all traits was seen;
therefore, direct empirical selection for vyield
should result in reasonable genetic gain from
crosses among superior parents in a breeding
program (Scullyl et al., 1991).

The aim of the present study was to
perform genetic analysis of yield and vyield
components in common bean, using generation
mean analysis. Furthermore, inheritance of traits
under investigation was studied.

Materials and Methods
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The experimental materials consisted of
six generations (P1, P2, F1, F2, BC1, and BC2)
derived from two crosses between (A1007 (P1)
xDER (P2)) and (GOLI (P1) xD81083 (D81) (P2))
(Table 1). These six families are often referred to
as the six basic generations (Kearsey and Pooni,
2004).

The parental lines were chosen primarily
based on their difference in SY, yield components,
and other traits. The parents (P1 and P2), first
generation progenies (F1), second generation
progenies (F2), first back cross progenies (P1xF1 =
BC1), and second back cross progenies (P2xF1 =
BC2) were evaluated in a Randomized Complete
Block Design (RCBD)with 3 replications in the
research field of Razi University, Kermanshah, Iran
(latitude 34°19° N, longitude 47° 7°E, and altitude
1322 m) in 2010.Each plot for various generations
was sown in 3 rows. Each row was three meters
long with a between-row spacing of 50 cm and a
within-row spacing of 10 cm. The number of
analyzed plants per plot varied depending on the
generations.

Before sowing, 50 Kg ha® N fertilizer was
applied. The field was irrigated every five to seven
days. Weeds were removed whenever appeared.

Table 1 Characteristics of the cultivars used in this study

were done according to the linternational Board
for Plant Genetic Resources (IPGRI)descriptor list
for P. vulgaris L. (Anonymous, 1982).

Statistical analysis

Analysis of variance and mean comparison
was done using MSTAT-C software. The three-
parameter genetic model (Model 1, Mather and
Jinks, 1982) was used for generation mean
analysis. This model contains three parameters:
mean, additive, and dominance gene effects. To
test the adequacy of the model, the residual error
sum of squares was tested for goodness of fit
usingx?. The significance of each estimation was
tested by t-test. In addition to this model, the
individual scaling tests of Mather (1949) and
Hyman and Mather (1955) were employed to test
their fitness to the additive-dominance model. In
case of the inadequacy of the three-parameter
genetic model and significance of scaling tests, six-
parameter genetic model suggested by Hyman
(1958) was used to estimate various genetic
components, assuming the absence of linkage,
multiple alleles, lethal genes and full viability of
gametes and zygotes. The components of F2

Cultivar Characteristics
IP Origin MT SS GT SC
AND1007 CIAT Andian Late Large indeterminate Dark red
DERAKHSHAN CIAT Andian Early medium determinate Bright pink
GOLl IRAN  Mesoameric Late medium indeterminate Dark red
D81083 CIAT Andian Early Large determinate Red
Table 2 Analysis of variance for all traits in common bean
sov df Mean squares
SY PW PNPP SNPP SNPPL 100 SW
Replications 2 86.19 223.28 159.23 0.292 173.16 9.42
Generations 11 639.83"" 1233.26" 1014.23"" 1.97" 1799.05 " 415.88""
Error 22 37.93 69.61 65.23 0.158 170.54 5.31
C.V. (%) 16.84 14.18 16.75 11.01 9.76 7.44

The measured traits included SY, PW, PNPP,
SNPP,SNPPL, and 100 SW. The measurements

variance, i.e., the additive genetic variance (D),
dominance variance (H), environmental variance
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(EW), and correlation between D and H over all loci
(F) were calculated by the following formula:

D = 2Vg, — (Vac, + Vic,)
H = (Vgc, + Vac,) = Ve, — V&
Ew = (Vp, + Vp, + V¢ )/3
F= VBC1 + VBCZ

The dominance ratio was estimated as
H/D and were calculated according to Warner
(1952) and Allard (1960) formulas.

Results

Table 2 shows the analysis of variance
results for all traits. As it can be seen, there are
significant differences among generations. As a
result, generation means analysis of two crosses
was further analyzed and relevant genetic
parameters were calculated. The results of
generation means and within plot variance for all
traits revealed that variance estimates of the
segregating generations were greater than that of

Table 3 Generation meanszt within plot variance for all traits in two crosses of common bean

Generations

Cross Trait
P1 P, F1 BC: BC, F
SY (gr) 20.29+0.42 31.15+1.36 31.1840.25 37.4349.02 31.96%9.08 45.27+9.56
= PW (gr) 36.91+2.80 52.19+1.44 51.38%0.35 62.58+18.43 58.92+18.29 68.51+17.79
g PNPP 28.56%1.45 30.94+1.54 31.33#1.35 52.50%14.24 52.85+16.56 45.62+14.58
& SNPP 2.210.01 4.61+0.01 4.27+0.01 3.18+0.02 3.22+0.02 4.01+0.02
a SNPPL 47.28+2.75 104.5+9.18 47.67+5.13 119.33#27.56  120.61#31.66  125.9+38.23
100 sSwW 57.82+0.84 36.4620.98 34.11%0.96 29.11+1.22 23.75%1.20 42.96+1.24
sy (ér) 45.73+1.21 25.70+1.78 27.47+1.72 31.4446.21 47.77+8.70 46.08+8.79
= PW (gr) 70.95%2.87 39.45+2.45 40.44+3.80 53.23+13.36 71.12+13.58 69.92+12.82
§ PNPP 63.7245.74 31.56%1.75 41.06+6.42 47.06+9.58 56.06+13.61 64.14+14.01
3 SNPP 4.59+0.01 3.830.02 3.41+0.02 3.40+0.03 4.49+0.02 3.77+0.03
< SNPPL  226.33#31.40  70.61+10.39 104.56+14.23  114.33#53.23  140.17+44.81  164.38%65.42
100 swW 20.72+0.15 37.81+0.10 13.63+0.06 22.77+0.21 23.71£0.24 25.61+0.29
Table 4 Estimated values of three-parameter genetic model for all traits in two crosses of common bean
Trait Parameters
Cross
[m] +SE [a] £SE [d] +SE x?
Sy 26.24+0.65** 5.50%0.66** 5.30+0.83** 43.24**
= PW 45.72 £ 1.01** 7.74 £ 1.01%* 6.09 + 1.18** 42.93**
g PNPP 31.08+0.85** 1.1520.85 ns 2.66+1.44 ns 72.47%*
& SNPP 3.28 £0.07** 0.98 +0.07** 0.75 +0.11** 79.57**
] SNPPL 82.11 +1.67** 30.67 +1.67** -22.08 £2.82** 305.91**
100 SW 44,58 + 0.62** -10.04 £ 0.62** -16.05 + 1.15** 258.99**
Sy 36.92+0.84** -8.65+0.84** 7.2141.55%* 71.88%*
= PW 57.06 £1.12%* -14.32 £1.13%* -10.95 £2.20** 93.92%**
i‘g PNPP 48.16 +1.30** -15.02 +1.30** -1.9342.73 ns 51.96%*
3 SNPP 4,33 +0.07** -0.25 +0.07** -0.84 +0.15** 39.97**
= SNPPL 146.92 +3.03** -69.46 +£3.04** -37.55 £4,92** 122.41%*
100 SW 30.16 +0.23** 7.50 £0.23** -15.86 +0.35** 181.71%**

ns:not significant. ** Significant at the 0.01 probability level.
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F1 and their parents (Table 3). Three parameters
estimation and the goodness of fit test of the
model for all traits showed that [a] component
was significant for all traits except PNPP in
DERxA1007 cross, and [d] was significant for all
traits except PNPP in both crosses (Table 4). As it
is evident from Table 4, the x? figure was
significant in all cases and the additive-dominance
model was inadequate for all traits. In this study,

individual scaling tests for each trait showed that
two to four individual scaling tests (A, B, C, and D)
were significant in both crosses (Table 5). Six
parameters model suggested by Hayman (1958)
were used to estimate various genetic component
values (Table 6). The results revealed that for SY in
DER x A1007 cross, dominance [h], additive x
additive [j], and dominance x dominance [l]
genetic components of the mean were significant.

Table 5 A, B, C and D scaling for all traits in two crosses of common bean

Cross Trait Parameters
A B C D
SY 23.2146.06™ 1.59+6.16" 67.27+12.48™ 21.24+7.51™"
PW 36.87+8.69"" 14.27+8.73ns 82.16+17.04™" 15.51+10.39n
PNPP 45.11+7.73™ 43.43+8.31"" 60.31+15.55™ -14.1249.44™
g SNPP -0.12+0.31"s -2.45+0.29"" 0.70+0.58" 1.64+0.33™
§ SNPPL 143.72+10.87"" 89.05+11.87"" 256.51+25.38™ 11.87+14.57"
é 100 SW -33.72+2.59"" -23.08+2.60™ 9.35+5.05" 33.07+2.72""
SY -10.33%5.27" 42.3616.19"" 57.95+£12.27"" 12.96+7.08"
PW -4.94+7.75™" 62.34+7.78"" 88.39+15.02"" 15.49""+8.4ns
PNPP -10.67+7.10m 39.50%7.91"" 79.18+16.04"" 25.1748.90™
g SNPP -1.21+0.38"" 1.7440.36™ -0.18+0.73"s -0.36+0.4"s
g SNPPL 102.22+16.1*" 105.17+14.28"" 151.47+33.84"" 74.261£18.97""
8, 100 SW -5.89+1" 13.0741.08"" 16.63+2.27™ 4.73+1.27""

ns: not significant; * Significant at the 0.05 probability level; ** Significant at the 0.01 probability level.

Table 6 Estimated values of six-parameter genetic model for the studied traits in two crosses of common bean

Cross Trait -’arameters - - - -
m] d] h] il il
SY 45.27+3.09** 5.38+4.26ns 37.02+15.04** -42.47+15.01** 10.81+4.31**
= PW 68.51+4.22** -7.64+1.03** -4.080.47** -31.03%£20.77ns 11.3046.15ns
§ PNPP 45.62+3.82** -0.3545.55ns 29.82+18.94ns 28.23+18.88ns ).84+5.62ns
2 SNPP 4.0140.13** -0.04+0.19ns -2.4210.66** -3.27+0.65** 1.16+0.20**
5 SNPPL 125.9046.18** -1.28+7.70ns -51.96+29.3ns -23.74+29.1ns 27.3417.89**
100 SW 42.96+1.11%* 5.36+1.56** -79.17+5.56** -66.14+5.43** -5.32+1.70**
SY 46.08+2.97** -16.3£3.86** 34.16+14.24** -25.91+14.15ns -26.34+3.96**
. PW 69.92+3.58** -17.8945.19** -45.75+17.83** -30.99+17.69ns -33.6415.32**
fg PNPP 64.14+3.74** -9+4.82ns -56.93+18.03** -50.35+17.80** -25.08+5.01**
é SNPP 3.77+0.16** -1.09+0.23** -0.09+0.82ns 0.72+0.80ns -1.48+0.24**
e SNPPL 164.38+8.09** -25.831£9.90** -192.44+38.3** -148.52+37.9** -103.69+10.4**
100 SW 25.61+0.54** -0.94+0.67ns -25.1042.57** -9.46+2.54** 9.48+0.72**

ns: not significant; ** Significant at the 0.01 probability level
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As it can be seen, the additive [d], dominance [h],
and additive x additive [j] components were
significant for some traits in GOLI x D81 cross. For
PNPP in DER x A1007 cross, only [I]] component
was significant whereas in GOLIx D81 cross, the
components [h], [i], and [j] were significant.

Degree of dominance, variance
components, h%, and h2 are presented in Table
7. The results showed that the additive variance
was larger than dominance variance for SNPPL in
both crosses, and for SY, PNPP, and 100 SW in
GOLI x D81 cross. The ratio of VH/D in DER x A1007
cross for all traits except SNPPL showed over-
dominance, whereas in GOLI x D81 cross for all
traits except PW it displayed average dominance.
Apparently,hrz1 estimates were greater in
magnitude than h2for all traits in both crosses.
Estimates ranged from 0.25 (100-seed weight) to
0.94 (SY) in DER x A1007 cross and from 0.54
(SNPP) to 0.85 (SY) in GOLI x D81 cross. Narrow-
sense heritability ranged from 0.04 (100 SW) to
0.67 (SNPPL) in DER x A1007 cross and from 0.2
(PW) to 0.58 (PNPP) in GOLI x D81 cross.
Moderateh? (0.2-0.5) was shown for 100 SW in
DER x A1007 cross but other traits in both crosses
revealed high (greater than 0.5) heritability
(Stanfield, 2002).

Discussion

Iranian Journal of Plant Physiology, Vol (4), No (3)

The opposite sign of [h] and [I] for PNPP
and 100 SW in both crosses, SNPP in DERxA1007
cross and SY and SNPPL in GOLIxD81 suggested
duplicate type of epistasis (Farshadfar et al., 2001;
Zahravi, 1999). This complementary interaction
increases the variation between the generations
and in the segregation population. For other cases,
the signs of the [h] were similar to the [I] type of
epistasis, it was concluded that complementary
type of interaction was present in the genetic
control of these traits.

Additive effect [d] was found significant
for PW in both cross, 100 SW in DERxA1007 cross
and also for SY, SNPP, and SNPPL in GOLIxD81
cross. For other traits, additive effect [d] was not
significant indicating that selection is not effective
in early generation.

The genetic models fitted for SNPP trait in
GOLIxD81 cross indicated the additive [d] and
additive x dominance (j) gene effects. In the study
by Tiruneh Mulugeta et al. (2013), additive and
non-additive gene effects were important in
controlling the inheritance of number of seeds per
pod in common bean, but additive gene action
was more important.

Additive x additive epistasis was
significant for SY, SNPP, and 100 SW in DERx
A1007 cross as well as for PNPP,SNPPL, and 100
SW in GOLIxD81 cross indicating the importance
of this component and also suggesting an
enhancing effect in the inheritance of these traits.

Table 7 Estimation of components of genetic variance for the studied traits in two crosses of common bean

Cross Trait Parameters
D H EW F VH/D F/VD.H h/d h2b h2n
SY 75.59 113 12.16 -1.04 1.22 -0.01 1.01 0.94 0.38
. PW 86.41 259.66 27.58 2.61 1.73 0.02 0.89 0.93 0.23
§ PNPP 57.92 217.95 30.28 -41.84 1.94 -0.37 1.33 0.92 0.19
% SNPP 0.10 0.10 0.17 0.04 1.02 0.35 0.71 0.56 0.27
E SNPPL 539.80 160.74 102.35 -73.74  0.55 -0.25 -0.99 0.88 0.67
100 SW 0.15 0.78 2.78 0.07 2.25 0.20 -1.22 0.25 0.04
SY 100.79 55.53 28.30 -44.82 0.74 -0.60 -0.82 0.85 0.55
_ PW 53.29 161.17 54.68 -3.85 1.74 -0.04 -0.94 0.79 0.20
§ PNPP 171.05 39.71 83.47 -72.59 0.48 -0.88 -0.41 0.72 0.58
X SNPP 0.19 0.12 0.26 0.10 0.79 0.68 -2.11 0.54 0.33
8 SNPPL 982.96 54.80 336.09 15150 0.24 0.65 -0.56 0.77 0.72
100 SW 0.40 0.16 0.31 -0.09 0.64 -0.36 -1.83 0.65 0.46
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Significance of [j] for SY, SNPP,SNPPL, and
100 SW in both crosses and PW and PNPP traits in
GOLIxD81 cross revealed that selection through
selfing (self-fertilization) is not effective for
improvement of these traits (Farshadfar et al.,
2001; Sharifi, 2005) because among the digenic
interactions, additive x dominance type is more
fixable and more useful for plant breeders (Sunil
Kumar, 2005).

For all traits in both crosses (except PW in
DERxA1007 cross and SNPP in GOLIxD81 cross) the
contribution of dominance effect (h) is greater
than additive effect. Therefore, dominance genes
are the most important factors contributing to the
genetic control of these characters. A negative
estimate of dominance in some cases might be
due to epistasic gene action in the cross-
combinations.

A moderate heritability estimate may be
attributed to the large environmental variations in
F2 population. High estimate of h2 shows that a
large proportion of phenotypic variability for these
characters was additive. This suggests that the
selection in the early generations is worthwhile for
genetic improvement.

Considering that h2 was not low for any
cases, it is concluded that environmental effects
constitute a minor portion of the total phenotypic
variation for these characters.

Conclusion

One advantage of generation mean
analysis compared with other mating designs such
as diallel is an increased level of sensitivity through
a decreased error rate (Hallauer and Miranda,
1988). However, environmental differences may
cause averages to cancel out effects for opposing
directions. This may explain why the results of our
experiment support the importance of non-
additive effects such as dominance. In general,
when quantitative characters are governed by
additive or dominance gene action, hybrid
breeding programs may be easily done. However,
when interaction effects influence these
characters, it becomes very difficult to improve
characters by simple selection programs (Sunil
Kumar, 2005). Our result also revealed that in
comparison with the additive gene effects,
dominance genes are the most important factors

contributing to the genetic control of all traits
(except PW in DER xA1007 cross and SNPP in
GOLIxD81 cross where additive gene effect was
greater than dominant gene effect). Furthermore,
epistatic components have also contributed to
genetic variations of all traits (except PW in
DERxA1007 cross that was controlled by additive
and dominance gene action) in this study. Since
additive gene effect was higher for SY, this may
suggest the possibility of exploitation of heterosis
effect for this important trait.

Acknowledgements

The authors are grateful to Mr. H. R. Dori,
staff of National Bean Research Station in
Khomein for help in providing the plant materials.

References

Allard, R.W. 1960. 'Principles of plant breeding'.
John Willey and Sons Inc: New York p. 46—121.

Adeniji, O.T. 2003. 'Inheritance studies in West
African okra (Abelmoschus caillei (A.chev)
stevels) M'. Agric Thesis, university of
agriculture, Abeokuta Nigeria, pp 98.

Anonymous.1982. 'International board for plant
genetic resources (IBPGR)'. Descriptors for
Phaseolus vulgaris, |IPGRI Secretariat Rome,
Italy.

Checa, 0., H. Ceballos and M.W. Blair. 2006.
'Generation means analysis of climbing ability
in common bean (Phaseolus vulgaris L.)'.
Heridity, 97:456-461.

Farshadfar, E., M. Ghanadha, M. Zahravi andlJ.
Sutka. 2001. 'Generation mean analysis of
drought tolerance in wheat'. Acta Agron
Hungarica, 49(1):59-66.

Hallauer, A. R.and J.B. Miranda. 1988.
'Quantitative genetics in maize Breeding',
lowa State University Press, Ames, IA.

Hayman, B.l.and R. Mather.1955. 'The description
of genetic interaction in continuous variation'.
Biometric, 11:69-82.

Hayman, B. I. 1958. 'The separation of epistatic
from additive and dominance variation in
generation means'. Heredity, 12:371-390.

Kamelmanesh, M.M., H.R. Dori, S. Ghasemi, M.R.
Bihamta and F. Darvish. 2008.' Gene action
for resistance to bean common mosaic virus



1086 Iranian Journal of Plant Physiology, Vol (4), No (3)

(BCMV) in common bean (Phaseolus vulgaris
L.)". Iranian journal of field crops research,
6(2):363-370.

Karami, E., S.H. Sabaghpour, M.R. Naghaviand M.
Taeb. 2011. 'Genetic analysis of earliness in
chickpea (Cicer arietinum L.) using generation
mean analysis'. Iranian journal of pulses
research, 2(2):63-68.

Kearsey M.J. and H.S.Pooni. 2004.' The genetical
analysis of quantitative traits'. Chapman and
Hall, U. K., ISBN:0-7487-4082-1.

Mather, K. 1949. 'Biometrical Genetics in the
Study of Continuous Variation'. Methun and
Company Limited, London.

Mather, K. and J.L. Jinks. 1982. 'Introduction to
Biometrical Genetics' 3rd editoion, Chapman
and Hall Ltd., London.

Misra, S.C., V.S. Rao, R.N. Dixit, V.D. Surve and
V.P. Patil. 1994. 'Genetic control of yield and
its components in bread wheat'.Indian Journal
of Genetics, 54:77-82.

Rebetzke, G.J., R.A. Richards, A.G. Condon and
G.D Farquhar.2006. 'Inheritance of carbon
isotope discrimination in bread wheat
(Triticum aestivum L.)". Euphytica, 150:97-106.

Scullyl, B.T., D.H. Wallace and D.R.
Viands.1991.'Heritability and Correlation of
Biomass, Growth Rates, Harvest Index, and
Phenology to the Yield of Common Beans'. J
Am Soc Hortic 5¢i.116(1):127-130.

Sharifi, M. 2005.' Genetic analysis ofsalt tolerance
in barley'. M. Sc. Thesis, College of agriculture,
Razi university, Kermanshah, Iran.

Sharma, J. R. 1998. 'Statistical and biometrical
techniques in plant breeding'. H. S. Poplai,
India.

Singh, R.K. and B.D. Chaudhary. 1999.
'‘Biometrical methods in quantitative genetic
analysis'. Kalayani publishers, New Dehli,
India.

Singh, 1., M.S. Gil and T.S. Brains. 2006.
'Generation mean analysis for yield attributing
traits in greengram (Vigna radiata (L.)
Wilczek)'.Indian Journal of Genet and plant
breed, 66(1):1002-1005.

Singh, P. and S.S. Narayanan. 1993.' Biometrical
techniques in plant breeding', Kalayani
publishers, New Dehli, India.

Stanfield, W. D. 2002. Theory and problem of
Genetics, 3rd editoion, McGraw-Hill.

Sunil Kumar, B. 2005. 'Physiological and genetic
basis of heterosis for quantitative characters
in mung bean (Vigna radiate (L.) Wilczek)'.
Ph.D. Thesis, Annamalai University.

Viana, J.M.S. 2000.'Generation mean analysis to
polygenic systems with epistasis and fixed
genes',.Pesq, agropec, Bras., Brasilia, v.35.

Tiruneh-Mulugeta, A., M.A. Husseinand and Z.
Habtamu. 2013. 'Inheritance of primary yield
component traits of common beans
(Phaseolus vulgaris L.): Number of Seeds per
Pod and 1000 seed weight in an 8x8 diallel
cross population'. Int. J.Agri.Engin.7(1):1138-
1142.

Warner, J. N. 1952." A method for estimating
heritability'. Agron. J. 44: 427-430-

Wolf, D.P. and A.R. Hallauer. 1977. 'Triple test
cross analysis to detect epistasis in maize'.
Crop 5¢i.37:763-770.

Zahravi, M. 1999.' Genetic analysis of drought
tolerance in wheat'. M. Sc. Thesis, Razi
University, Kermanshah, Iran.



