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Abstract
Barley is one of the drought tolerant crop in rabbi season. The objective of study is was to generate genetic information,
which can help to study genetic control of drought tolerance in barley. Four varieties (K 603, RD 2508, Lakhan and BH 902)
evaluated to make four different cross combination and to determine the genetic parameters contributing to 13 characters.
Generation mean analysis was carried out on six generations (P1, P2, F1, F2, Bc1 and Bc2) to complement the genetic information
obtained from analysis. The gene effects indicate that additive component was predominant over dominant one for majority
of the character under rainfed condition. While among the epistatic interaction the major role played by additive x additive
type of epistasis which was followed by additive x dominance and dominance x dominance in all the four crosses, which
shows that transgressive segregants obtained from these crosses may perform well in the next generations and variety can
be develop by selection from these breeding material.
Key words : Drought, rainfed, generation mean, gene effect, yield.

Introduction
Barley (Hordeum vulgare L.) is belongs to the family

Poaceae, tribe Triticaeae and genus Hordeum. Barley
ranks fourth among cereal crops after wheat, maize and
rice and is among the top ten crop plants in the world
(Akar et al., 2004). Barley (Hordeum vulgare L.) has a
long history as a domesticated crop, as one of the first
crops adopted for cultivation. Migration of people together
with their crop seeds led to a major diversification and
adaptation to new areas, and the crop is now virtually
found worldwide. The development of new technology
and methods increased the genetic diversity even further
and turned barley into the universal, highly diverse crop
(Harlan, 1976).

Before introduction of semi dwarf high yielding
varieties of wheat in mid-sixties (1960’s) about 80% barley
produced in India was being consumed as food grains.
But with the availability of plenty of wheat and rice grains,
consumption of barley declined as food grains and
ultimately bulk of barley area was replaced by semi dwarf
wheat varieties wherever irrigation facilities were
developed. However, still barley is cultivated on about

0.67 million hectare and major portion of barely produce
is utilized as feed grain and food grains by poor people.
Barley is wonderful gift of nature to human civilization
as evident from its multitude of uses both as medicinal
and industrial values.

The plant breeders now have recognized the
importance of utilizing genetic variability and diversity in
breeding programmes to meet the continuously expanding
needs of hybrid and varietal improvement. Although, the
assemblage, evolution and preservation of the entire
germplasm are essential to more rewarding breeding
efforts, a selection of most potential lines on biometrical
analysis and on genetic-diversity is very essential for the
success of breeding programmes and also for increasing
the agricultural productivity. The plant breeder is interested
in the estimation of gene effects in order to formulate the
most advantageous breeding procedures for improvement
of the attribute in question.

Therefore, breeders need information about nature
of gene action, heterosis, inbreeding depression,
heritability and predicted genetic gain from selection for
yield and yield components. Sprague (1963) listed three
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major factors that must be considered and which may
limit progress in the analysis of quantitative genetic
variation: the number of genes involved, the type of gene
action, and the genotype environment interaction. Seed
yield is very complex character whose manifestation
results from multiplicative interactions of several
quantitative traits and environmental factors (Grafius,
1959).

The main objective of present study to identify the
genetic architecture of different yield related and drought
tolerance traits on grain yield in barley.

Materials and Methods
The experimental material consisted of the six

populations (P1, P2, F1, F2, Bc1 and Bc2) derived from
four crosses between the two rainfed variety (Lakhan
and K-603) and irrigated varieties (BH-902 and RD-2508)
for generation mean analysis (table 1), at the Agriculture
Research Farm of Institute of Agricultural Sciences,
Banaras Hindu University, Varanasi in rainfed condition
during the successive growing seasons of 2012-13, 2013-
14 and 2014-15. In 2012-13 season, the four crosses were
made among the parents to produce F1 hybrid seeds. In
2013-14 four F1’s along with their parents were grown
under rainfed condition in a single row plot of 5 m length
in the Compact Family Randomized Block Design with
three replications. F1’s were selfed to produce F2 seeds.
Fresh F1’s and back crosses (B1 and B2) were made for
generation mean analysis. While in 2014-15, P1, P2 and
F1’s were planted in two rows while, B1s and B2s were
planted in three rows and F2s in five row plots in each
replication. The 3 meter rows were space planted 30 cm
apart at a distance of 10 cm between the seeds.
Observations recorded

Ten competitive plants from each of the parents and
F1s’, 20 plants from backcrosses (B1 and B2) and 50
plants from each F2 population from each replication were
randomly selected and tagged for recording of data on
thirteen quantitative yield and yield related and drought
tolerance traits.
Statistical analysis

Hayman (1958) and Jinks and Jones (1958) derived
the six parameter model for the estimation of various
genetic components; these components were estimated
according to Hayman (1958) as follows:

m = mean = i2

d = Additive effects = 21 BB 

h = Dominance effects = 2121 2
1

2
14 P.P.F.F 

21 22 B.B. 

i = Additive × Additive type of gene interaction

= 221 422 F.B.B. 

j = Additive × Dominance type of gene interaction

2211 2
1

2
1 P.BP.B 

l = Dominance × Dominance type of gene interaction

212121 4442 B.B.F.F.PPl 

The calculated value of ‘t’ are to be compared with
tabulated value of ‘t’ at 5% level of significance. In each
test, the degree of freedom is sum of the degrees of
freedom of various generations (total number of
observations - total number of replications) involved.

Results and Discussion
In the present investigation a total 4 crosses for 13

characters were subjected to A, B, C, and D scaling test
as suggested by Mather (1949) to examine whether
epistatic gene effects were present in the material under
study, and to validate the results of A, B, C and D scaling
test, joint scaling test as suggested by Cavalli (1952) was
also performed. The joint scaling test also revealed
presence of non-allelic interactions in all four crosses for
all the traits but presence of epistasis varied with crosses
as well as traits. The generation mean analysis showed
that both additive and dominant types of gene effects
were important for most of the traits. For some crosses
dominance gene effects (h) in general were higher than
additive gene effects (d) under both irrigated and rainfed
conditions, while in some crosses result were found vice
versa (table 2).

Out of four crosses and 13 characters selected for
generation mean analysis only three crosses showed
complementary gene action whereas maximum number
of crosses showed duplicate type of gene action. All the
four scales (A, B, C and D) were observed as significant
for all the characters except number of tillers per plant
under irrigated condition and number of grains per spike
under rainfed condition, where three parameter model

Table 1 : Pedigree and origin of the genotypes used in four
barley crosses.

S. no. Name of genotype Pedigree/source Origin
1. RD 2508 RD2035 / P409 Indigenous
2. K 603 K257 / C138 Indigenous
3. BH 902 BH495 / EB7576 Indigenous
4. Lakhan K12 / IB226 Indigenous
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was used to determine the gene action. The gene effects
indicated that additive component was predominant over
dominance component for majority of the character under
rainfed condition. While among the epistatic interactions
the major role was played by additive x additive type
which was followed by dominance x dominance and
additive x dominance, the similar result were also reported
by Darrah (2005), Rohman et al. (2006), Eshigi et al.
(2010), Ciulca et al. (2012) and Yadav et al. (2015).

The nature and magnitude of gene effects indicated
wide variation between the crosses character-wise.
Hence, specific breeding strategy has to be adopted for
a particular cross to get improvement in grain yield along
with desirable yield attributes and drought tolerant
parameters. The presence of non-allelic interaction for
most of the characters in different cross combinations
signifies to adopt biometrical approach like generation
mean that provides the estimates of epistasis which could
otherwise inflate the measure of additive and dominance
components. Epistasis must be included in a model for
the unbiased estimation of genetic components. The
results showed that as a consequence of higher magnitude
of interactions, the fixable gene effects were higher than
the non-fixable. Further, duplicate type of epistasis was
also found in majority of traits. This study revealed that
epistasis as a basic mechanism for gene action and cannot
be ignored. Thus formulating the breeding procedure on
the basis of only main gene effects i.e. additive and
dominance could be misleading. The epistatic interactions
play key role in controlling the characters.

Conclusion
On the basis of generation mean analysis result, it

can be conclude that, both additive and dominant types
of gene action were important for most of the traits
studied. Moreover, in general the magnitude of additive
gene action (d) were higher than those of dominance
gene action (h) under both irrigated and rainfed conditions.
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