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ABSTRACT

The present investigation was conducted to examine the extent of phenotypic and genotypic correlation in bi-parental mating 
and selfing for yield and related components. Sixty plants from every cross of barley (IBON-W-61 x DWR91, BH935 x 
BH902 and BH902/DWRUB64) were randomly selected and crossed as well as selfed to generate 30 BIPs and 30 selfed 
progenies in 2012-13. In 2013-14 those slefed and intermated progenies were grown in a compact family block design with 
three replications. Data were recorded on days to heading, days to maturity, plant height, spike length, grain/spike, effective 
tiller number per plant, biomass yield per plant, grain yield per plant, harvest index and 1000-grain weight. The genotypic 
and phenotypic correlation coefficients were calculated between pair of characters. From the study it was concluded that 
intermating has improved mean performance and variance of characters by breaking linkages between genes and resulted 
in breakage of coupling phase and repulsion phase linkages that led to decreased and increased correlations, respectively.
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Introduction
Archaeological evidence has suggested that barley 

is an oldest crop cultivated during ancient times at 
about 10,000 to 12,000 years ago. It is most likely 
originated in the Fertile Crescent area of the Near 
East (Anonymous, 2012), since the wild progenitor of 
barley, Hordeum spontaneum, is still found in this area. 
Barley grain is used as animal feed, human food and 
malt. The use of barley which brings the largest added 
value, however, is for the production of malt, which 
has contributed to the crop’s expansion to the world. 
Developed countries use barley predominantly for 
animal feed and malt production. In India, the major 
barley production has been for cattle feed and food, 
however, recently there is a considerable demand for 
malt barley due to an increase in consumption of beer 
and malt based products in India and other countries 
(Verma et al., 2008; Verma et al., 2011).

A six-row and two-row feature of barley is an 
important morphological architecture (Palmer et al., 

2009). Through selection and domestication process, 
the six-rowed barley was evolved from the two-row 
wild type (Pourkhiranandish and Komatsuda, 2007) 
as a result of spontaneous mutations. Following this 
mutation, six-row was favored more than the two-row 
during selection because of the three fold number of 
grains per spike. 

Two-rowed barleys usually have a more number 
of tillers per plant and larger, heavier grain than six-
rowed varieties. On the other hand, six-rowed types 
usually have more grains per inflorescence. Thus 
the compensatory effects of yield components lead 
to similar levels of yield potential (Hayes et al., 
2003). In six-rowed barley all the florets are fertile 
and produce grains, while in the two-rowed plants 
the outer florets of each group are sterile. Two-row 
character is dominant over the six-row character in F1 
(Khan, 1985) and in the F2 population this character 
is segregated into two row, six-row and intermediate 
types. Genetically, there are at least five independent 
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loci controlling the six rowed spike phenotype in 
barley (Pourkhiranandish and Komatsuda, 2007). 
Six-rowed spike 1 (vrs1), a recessive gene located on 
chromosome 2HL, is found in six-rowed, where as 
cultivated two-rowed barleys have dominant alleles 
for Vrs1.  

The gain in barley yield has come largely due 
to manipulating genes responsible for lodging 
and disease resistance which made barley plant 
responsive to agronomic practices. Thus, the realized 
increase in barley productivity is to be maintained. 
Further efforts to increase yield have become 
relatively difficult because of the fact that the 
ongoing breeding methods such as pedigree method 
are limited due to several drawbacks like limited 
parent participation, low genetic variability, reduced 
recombination, and rapid fixation of genes following 
selfing. The improvement following such method 
may further be restricted due to association between 
genes for desirable and undesirable characters and 
there is no chance to regain desirable genes that may 
have lost in the selected plants. In view of these 
observations, a fresh look on generating new genetic 
variability for yield and its component traits has 
become essential.

Most of the agronomic traits are quantitative in 
nature and the expression of the desired combinations 
is hidden because of tight linkages among the 
interacting gene blocks. Different mating designs 
have been suggested to exploit the hidden variability 
by breaking the linkages in the breeding materials 
of self pollinated crops. One of these designs is the 
biparental mating in the early segregating generations, 
mostly in F2, that forces recombination and breaking 
down of undesirable linkages among traits (Comstock 
and Robinson, 1952) than the selfing series. The 
biparental mating has been reported to effect fostered 
recombination in rice (Manickavelu et.al., 2006; 
Mahalingam et al., 2011a; Mahalingam et al., 2011b), 
in wheat (Yunus and Paroda, 1982; Verma, 1989) and in 
six row-barley (Prakash and Verma, 2006). However, 
the information is scanty in case of barley. Therefore, 
the present investigation was designed to investigate 
the relative efficiency of inter-mating and selfing in 
breaking the undesirable linkage blocks between the 
yield component traits to affect association among 
those component traits.

Materials and Methods
The experimental materials used for the first 

crop season of this study during 2012-13 comprised 
of F2 generation of three inter-varietal crosses of 
barley, namely, cross I (IBON-W-61/DWR91- two-

row / two-row), cross II (BH935/BH902 - two-row / 
six-row) and cross III (BH902/DWRUB64 - six-row / 
six row). From each cross 1,000 F2 plants were space 
planted in 2012-13 rabi season at the research station 
of the department of Genetics and Plant breeding, 
CCS Haryana Agricultural University, India. Out of F2 
populations 60 plants were selected from each cross 
for paired crossing to generate biparental populations 
(BIPs) and to get selfed generations from 30 female 
parent plants. Crossing was conducted following the 
normal hand emasculation procedure and more than 
five tillers of the maternal plants were allowed to self 
pollinate for production of F3 selfed seed. Then, seeds 
of 30 BIPs and the respective selfs were harvested 
separately to grow the next experiment. 

In the rabi season of 2013-14, 30 families in two 
populations (BIPs and their respective F3s) in each cross 
along with their parents and checks were grown in a 
compact family block design with three replications. 
In each replication, two compact blocks were set for 
each population and each compact block was further 
partitioned to 33 plots for families, parents and 
checks. In each cross, families were randomized with 
in replication and progenies with parents and checks 
were randomized with in family block following the 
standard procedure for the design (Nageswara, 2007). 
Each plot consisted of a single row with 3 meters length 
and the spacing between rows and plants were 30 cm 
and 15 cm, respectively.

Data was recorded on days to heading, days to 
maturity, plant height, spike length, grains per spike, 
effective tiller number per plant, biomass yield per 
plant, grain yield per plant, harvest index and 1000 
grain weight. Days to heading was recorded when 
ears of 50% the plants in the plot were fully emerged 
from the flag leaf sheath, while days to maturity was 
recorded when the plants of plot had fully turned to 
yellow on plot bases. The rest traits were measured 
from five competitive selected plants from the middle 
of the row after maturity of the crop. 

The data recorded on quantitative characters of 
yield and its components were subjected to statistical 
analysis. For the mean data collected, separate analysis 
of variances between families for each population in 
every cross was carried out using the standard ANOVA 
procedure for the randomized complete block design 
(Nageswara, 2007). Following ANOVA, the nature and 
extent of association between yield and its component 
traits was examined by computing phenotypic and 
genotypic correlation coefficients for each population 
in every cross using the Plant Breeding Tools software 
version 1.1 (PBTools, 2013) as suggested by Miller et 
al. (1958) and Kwon and Torrie (1964) as:
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where rpxy is phenotypic correlation coefficient and 
rgxy is genotypic correlation coefficient between 
characters x and y; covpxy and covgxy are phenotypic 
covariance and genotypic covariance between 
characters x and y, respectively; σ2

p and σ2
g are 

phenotypic and genotypic variance, respectively, for 
the respective character.

Results and Discussion
Analysis of variance
The analysis of variance results for mean family 

of ten characters studied in biparental and selfed 
populations of three crosses revealed significant 
variation among families as source of variation for 
most the assessed traits in BIP and F3s of three crosses 
(Table 1). Hence, all the families in both populations 
of all three crosses differed significantly from each 
other with respect to all the assessed characters. 
Previous research findings indicated that biparental 
mating generated adequate variability in crops like 
rice (Amudha et al., 2006; Mahalingam et al., 2011a; 
Mahalingam et al., 2011b), wheat (Yunus and Paroda, 
1983; Fredrickson and Kronsrad, 1985; Verma, 1989; 
Nematualla and Jha, 1993;), barley (Prakash and 
Verma, 2006), sesame (Vinayan and Govindarasu, 
2010) and okra (Raju et al., 2010; Guddadamath et al., 
2011).

Correlation of characters
Correlation of traits signifies that when one trait 

is selected, the other associated trait is also changed. 
The short-term response to selection depends not 
only on the heritabilities of the selected traits but 
also on the genetic and phenotypic covariances 
among traits (Falconer, 1989). Genetic correlations 
between traits, which arise due to pleiotropy or 
linkage relations among genes controlling the traits, 
are considered factors affect the direction of short 
term phenotypic evolution (Norry et al., 2000). The 
correlation between traits can be negative or positive 
in which a negative (for genes to increase one trait 
and decrease the other one) correlation arises from 
repulsion linkage of genes controlling the two 
traits while the positive (genes increase both traits) 

association occurs due to coupling phase of linkage 
(Sharma, 2008). In general the genotypic correlation 
varies from one population to another and also over 
time. 

In the present investigation, the phenotypic 
and genotypic correlation coefficient analysis was 
carried out for combinations of all measured traits 
in three crosses for two populations (Tables 2, 8 
& 9), and the result revealed that for most of the 
character associations, the genotypic correlation 
coefficients were higher, in magnitude, than the 
corresponding phenotypic correlation coefficients for 
both populations in three crosses. This indicated that 
the association between characters was, in general, 
inherited or controlled genetically. However, there 
are certain cases that the phenotypic correlation 
coefficients were closer to, or greater than (like 
biomass with effective tiller number and grain yield 
per plant in all crosses) the corresponding genotypic 
coefficients suggesting that environment had effect 
on those correlations. Most of the previous research 
findings also confirm higher magnitude of genotypic 
correlation coefficient compared to the corresponding 
phenotypic one (Yunus and Paroda, 1982; Waitt and 
Levine, 1998; Al-Tabbal and Al-Fraihat, 2012). 

 The considerable shift of correlations in the 
biparental populations compared to selfed progenies 
was observed in this investigation. When comparing 
the phenotypic and genotypic correlation coefficients 
among characters between BIP and F3 selfs, the 
situation varied depending on traits associated and 
crosses. As many as 20, 16, and 14 new associations 
(either from non-significant to significant or vice 
versa) appeared in BIPs compared to selfed progenies 
in cross I, cross II, and cross III, respectively. 

In BIPs of cross I, grain yield/ plant showed a 
significant positive association with spike length and 
grains per spike in F3 were broken and changed to 
non-significant correlation in biparental progenies. 
The grain yield/plant’s positively significant 
correlation coefficient with traits such as effective 
tiller /plant, harvest index and 1000-grain weight 
showed increment; however, its association reduced 
to positively significant with biomass yield/plant. In 
cross II, the association of grain yield/plant with plant 
height, spike length and days to heading was reduced 
to non-significant in intermated population from a 
significant positive association in selfed progenies; 
but its association with effective tiller per plant 
and harvest index was significantly and positively 
improved in BIPs form non-significant correlation 
in F3 while its association with biomass yield/plant, 
1000-grain weight and days to maturity improved 

4
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in magnitude towards positive and significant in 
BIPs form significant positive association in F3. The 
association of grains/spike with grain yield/plant was 
changed towards significant negative association in 
biparental from significant positive correlation in 
selfed progeny. The association of grain yield/plant 
with other traits in cross III revealed significantly 
and positively improved association with effective 
tiller number/plant, slightly reduced with significant 
positive magnitude when associated with biomass 
yield/plant and harvest index, and the correlation was 
significantly reduced to non-significant correlation 
with 1000-grain weight in BIPs compared to F3. 
Yunus and Paroda (1982) reported the improvement 
of association of grain yield with days to heading, 
days to maturity and plant height towards a positively 
significant correlation coefficient in BIPs in one 
cross of bread wheat. Similarly, Nematualla and Jha 
(1993) noticed in wheat that the significant association 
of grain yield/plant with plant height, number of 
tillers per plant, spike length, number of spikelets/
spike, grains per spike and 1000-grain weight was 
considerably reduced in magnitude in BIPs compared 
to F3. Verma (1989) also demonstrated considerable 
improvement of correlation coefficient in magnitude 
in BIPs for association of grain yield/plant with tillers 
per plant, 1000-grain weight and biomass yield/plant 
in one cross of bread wheat, while the correlation 
coefficient considerably reduced with 1000-grain 
weight in the other cross.  

Grains per spike established significant positive 
association with plant height, spike length and harvest 
index in F3 reduced in magnitude in BIPs, while its 
significant positive correlation with effective tiller 
number per plant, 1000-grain weight and days to 
heading in F3 was broken and became non-significant 
in BIPs in cross I. In cross II, grains/spike had 
significant positive association with plant height and 
biomass yield in selfed was broken to non-significant 
in BIPs. However, previous research report showed 
significant positive association between grains/ear 
with plant height and days to maturity in wheat (Yunus 
and Paroda, 1982). The magnitude of significant 
negative association of grains/spike with 1000-grain 
weight in F3 was increased in BIPs which was in line 
with findings of Verma (1989) and Yunus and Paroda 
(1982) in bread wheat. The non-significant association 
of harvest index and days to heading with grains/
spike in selfed progenies was changed to significant 
correlation in BIPs to negative (harvest index) and 
positive (days to maturity) directions. In cross III, the 
significant positive correlation of grains/spike with 
plant height in F3 was broken to non-significant in 

BIPs but its association with spike length considerably 
increased. However, the significant correlation of 
days to heading (negative) and days to maturity 
(positive) with grains/spike appeared in BIPs from 
non-significant correlation in F3.

The significant positive association of plant 
height with spike length in F3 was broken in cross I 
and reduced in magnitude in crosses II & III in BIPs. 
Similarly, in cross I, effective tiller number per plant 
showed increased significant positive associations 
with harvest index and 1000-grain weight in BIPs 
from significant correlation in F3 while the magnitude 
reduced when it was associated with biomass yield/
plant. In crosses I & III, the association of biomass 
yield/plant and 1000-grain weight with effective tiller 
numbers/plant was changed to significant positive 
association in biparental from non-significant 
correlation in selfed progenies. Association of biomass 
yield per plant with 1000-grain weight in F3 was 
broken in cross I, reduced in magnitude in cross III, 
and significantly improved in cross II. Thousand grain 
weight established a significant positive association 
with harvest index in BIPs in cross I and cross III. 
The significant decrease or increase as well as 
magnitude change in correlations between different 
yield contributing characters have also been reported 
in different crops like sesame (Martinez and Cordoba, 
2004; Vinayan and Govindarasu, 2010), in cotton 
(Meredith and Bridge, 1971; Tyagi, 1987), in pearl 
millet (Singh and Murty, 1973), in safflower (Naike 
et al., 2009) and in okra (Guddadamath et al., 2012).

From the above elaboration, it is evident that 
reshuffling of genes responsible for correlations 
(Yunus and Paroda, 1982) at genotypic level amongst 
some of the characters in three crosses resulted in new 
recombination, probably due to changes from coupling 
to repulsion phase linkage or vice versa. An increase 
in a genetic correlation coefficient can be obtained 
if linkages were in a predominant repulsion phase 
(Meredith and Bridge, 1971; Tyagi, 1987). Miller and 
Rawlings (1967) suggested that breakage of coupling 
phase linkages tended to decrease the correlation, 
whereas that of repulsion phase linkages increased their 
magnitude (ignoring the sign). Form those suggestions, 
the results of the present investigation indicate to have 
involved both repulsion and coupling phase linkage 
as both decreases and increases the correlation. For 
some of the associations between characters, more 
changes will likely to occur in these populations 
following successive intermating (Nematualla and Jha, 
1993). In rare cases, the correlation has been changed 
from significant positive in F3 to significant negative 
in BIPs in cross I for traits between effective tiller 
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number per plant & plant height and spike length & 
biomass; however in cross III, the association between 
biomass yield/plat and days to heading changed from 
significant negative in F3 to significant positive in 
BIPs which indicates the breakage of repulsion linkage 
phase in both biparental mating and selfing approaches 
following recombination.

In conclusion, the new correlations appeared in 
biparental compared to selfed progenies changed from 

either significant to non-significant or non-significant 
to significant either in desirable or undesirable 
association. And it was evident that reshuffling of 
genes responsible for correlations which might 
have involved both repulsion and coupling phase 
linkage that decreases and increases the correlation, 
respectively. This warranted that selection may be 
resorted to initiate subsequent cycles of intermating 
which may lead to further improvement.  

Table 1. Mean square due to families for BIPs and F3s across three crosses 

Agronomic Trait

Mean squares due to families

Cross I Cross II Cross III

BIP F3 BIP F3 BIP F3

Days to heading 9.2** 33.5** 37.4** 31.0** 7.64 5.4

Days to maturity 2.96** 12.3** 7.5** 21.1** 3.1** 2.71

Plant height (cm) 53.3* 165.1** 94.1** 93.85** 32.95* 64.9**

Spike length (cm) 0.5* 1.6** 0.71** 1.23** 0.64 0.95**

Grains/spike 5.3** 9.75** 53.8** 35.8** 37.1** 43.7**

Effective tiller number 5.8* 5.52** 8.24* 5.35** 6.01** 2.36**

Biomass yield/plant (g) 242.7* 295.6** 408.4* 206.6** 385.5** 178.1**

Harvest index (%) 26.1** 29.1** 35.3 27.6** 26.9** 17.9**

1000 grain weight (g) 15.1** 39.1** 82.9** 84.1** 125.2** 79.9**

Grain yield/plant (g) 45.2** 53.0** 67.7** 29.3* 66.8** 41.1**

* and  **, value is significant at 5 and 1% level, respectively
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