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ABSTRACT

Landraces are the major genetic sources of cultivated barley in Ethiopia hence, genetic
variability study in barley accession is a major source of information for barley genetic
improvement program of the country. Thus, this study was initiated with the objective to assess
the extent and pattern of genetic variability in Ethiopian barley accessions. Eighty-one barley
accessions were evaluated for 11 morpho-agronomic traits using 9x9 simple lattice design at
Debark Agricultural Research Station in 2018 main season. Analysis of variance revealed highly
significant (P<0.05) difference among accessions for all traits studied which indicated the
existence of genetic variability which can be exploited in breeding. The phenotypic and genotypic
correlation was positive and highly significant for grain yield with plant height, number of seeds
per spike, biological yield and harvest index. Path coefficient analysis revealed maximum
positive direct effect of biological yield on grain yield followed by harvest index, showing that
these traits can be used for selection to improve the grain yield. In contrast, days to maturity and
plant height had negative direct effects on grain yield. The study generally indicated the
existence of substantial genetic variability among accessions. Thus, there is appreciable
opportunity to use the existing accessions for direct selection to improve specific traits.

Keywords: Genetic variability, Hordeum wvulgare, Path coefficient analysis, Phenotypic
correlation, Genotypic correlation, Path coefficient, Traits

INTRODUCTION degree of self fertilization (Martin et al.,
Barley (Hordeum vulgare L.) is an annual 2006). It was one of the earliest crops
cereal crop, which belongs to the tribe domesticated and is grown over a broader
Triticeae of family Poaceae (Martin et al., environmental range than any other cereal
2006). It is a diploid (2n=14) plant with high (Forster et al., 2004).
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In world production, barley ranks fourth
among cereal crops, after maize, rice and
wheat, with almost 147,404,262 tons obtained
in 2017 (FAOSTAT, 2017). World average
barley yield is 2.9 t ha™ and ranges from
around 8 t ha™ under optimal conditions, to
average vyields of 1-2 t ha™ in African
countries  bordering the Sahara desert
(FAOSTAT, 2016). The total land under
barley cultivation in the year of 2017/18 was
951, 993.15 ha with annual production of
2,052,996.37 tons and average yield of 2.16
tons per hectare in Ethiopia (CSA, 2018). In
Ethiopia, barley is a major traditional cereal
crop representing about 6.71% of the total
national cereal production, and it ranks 5" in
the area, after maize, sorghum, tef and wheat
(CSA, 2018). It is a very important crop
particularly for the highland areas where
options are limited to grow other crops
because of frost damage and other abiotic
factors. Barley is an important crop which
covers 54,841.68 ha of land with total
production of 107239.38 tons in North Gondar
(CSA, 2016). The productivity of barley in
North Gondar Zone is 1.9 t ha™ which is below
the national average productivity of 2.07 t ha™
(CSA, 2016).

Barley is mainly used for food and
malt (CSA, 2018). It is consumed as
traditional foods and in making local
beverages. The straw is good for animal feed
during the dry season and it is also a useful
material for thatching roofs of houses and for
use as bedding (Berhane Bekele et al., 2005).
Barley breakfast foods and snacks are
increasingly made available, driven by recent
findings, which show that barley fiber contains
beta- glucans and tocotrinols, chemical agents
known to lower serum cholesterol levels
(Asfaw Zeleke, 2000). Barley is an important
crop in Ethiopian cereal production and in
food security (Berhanu Bekele et al., 2005).
Ethiopia was first considered to be a centre of
origin for cultivated barley (Vavilov, 1926),
although later it became regarded as a
secondary centre of diversity because of the
absence of the wild relative (Vavilov, 1951). It
is cultivated in a wide range of environments,
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from high altitude areas (2000-3000 m.a.s.l.)
to low-rainfall environments, including the
Rift Valley (Wondimu Fekadu et al., 2014).

A long history of cultivation together
with wide agro-ecological and cultural
diversity in Ethiopia has resulted in a large
number of landraces of the crop which can
adapt to different environmental conditions.
Among the important traits that could exist in
the landraces are earliness, high nutritional
quality, disease and pest tolerance, tolerance to
drought and other forms of abiotic stress and
characters useful for low input agriculture
(‘Yaynu, 2011).

The low productivity is due to lack of
improved varieties, poor agronomic practices,
insect and disease. The long history of barley
cultivation, the diverse agro ecological zones
and the diverse cultural practices have resulted
in a country renowned for its large number of
farmers’ varieties (landraces) and traditional
agricultural practices (Berhanu Bekele et al.,
2005). The existence of genetic diversity has
special significance for the maintenance and
enhancement of productivity in agricultural
crops in a country like Ethiopia, which is
characterized by highly varied agro-climates
and diverse growing conditions (Brush, 2000).

Genetic  variability in a base
population plays an important role in any crop
breeding program. The extent of genetic
variability in the population determines the
magnitude of selection. Barley landraces
represent over 90% of the barley cultivated in
Ethiopia due to multiple uses and adaptations
to marginal environments (Hadado et al.,
2009). Ethiopian barley landraces have
immense variability; huge numbers of
introductions have been made for yield trials
for many years. However, most introduced
lines were highly susceptible to scald, leaf
blotch and perform poorly in a variable
environments. Therefore, characterization of
landraces and knowledge on the pattern of
variation for important morpho-agronomic
traits is needed for a proper management and a
better exploitation of this gene pool
(Alemayehu Assefa, 2003). Landraces need to
be evaluated, characterized and properly
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documented so that well defined sets of
samples with specific combinations of
desirable traits can easily be retrieved and used
in breeding programs (Berhane Gebrekidan,
1982). Ethiopian barley accessions have not
been extensively studied and characterized and
the genetic variability of material is not known
in North Gondar.

Increasing grain production is the highest
priority in Ethiopia to feed the increasing
population of the country. Barley is one of
the most important staple food crops in the
highlands of Ethiopia. North Gondar is one
of the areas where improved varieties are not
widely distributed so far, particularly the
potential of the area to food barley crop is
not exploited due to lack of improved
varieties. According to Welsh (1981),
information on the extent of variability,
heritability, genetic advance, correlation of
yield and yield components is important to
design  optimum  breeding  strategies.
Therefore, it is important to evaluate those
accessions at North Gondar Zone to study the
genetic variability, heritability and genetic
advance since it provides information that
can be utilized to improve barley vyield
through breeding and to identify high
yielding and more adaptable varieties to
improve productivity and production of
Ethiopian barley.

Knowledge on the extent and pattern
of genetic variability present in a population is
essential for further improvement of the crop.
Similarly, information on the extent and nature
of interrelationships among traits helps in
planning, evaluating and formulating efficient
scheme of multiple trait selection. To have this
type of knowledge, research on variability is
paramount in plant breeding strategies. Little
information is available on estimate of genetic
variability and genetic relationships using
morphological and agronomic traits in part of
highlands of North Gondar for barley
accessions. The present investigation was,
therefore, concerned with the estimation of the
genetic variability, heritability and correlations
among vyield and vyield components at
phenotypic and genotypic levels for designing

Copyright © May-June, 2020; IJPAB

Ind. J. Pure App. Biosci. (2020) 8(3), 24-36

ISSN: 2582 — 2845
suitable breeding programs involving barley
accessions.

Objectives of the Study

To assess the extent and pattern of genetic
variability in Ethiopian barley accessions. To
estimate the association among grain yield and
yield related traits and partition the
correlation coefficients into direct and indirect
effects

MATERIALS AND METHODS
Description of the Study Area
The experiment was conducted in Debark
Agriculture Research Station, Debark district.
The district is located at 14° 49' N and 37° 75'
E about 830 km from Addis Ababa and about
125 km from Gondar town. Debark is one of
the districts of the Amhara Regional State.
The altitude of Debark is 2900 meters above
sea level while the minimum and maximum
annual temperature ranged between 8.6 °C and
19.8 °C, respectively. Mean annual rainfall for
the area was about 1044 mm. The rainy
months extend from June until the end of
September. However, most of the rainfall is
received during the months of July and August
(NMSA, 2018).
Experimental Materials and Design
For this study, 81 accessions comprising of 78
barley accessions and 3 improved barley
varieties were included. Barley accessions
were obtained from Ethiopian Biodiversity
Institute. Among the tested accessions, there
were three standard checks of released
varieties (HB 1307, Agegnehu and Debark-1)
adapted to North Gondar. The accessions were
originally collected from diverse agro
ecological locations of Ethiopia. The standard
checks were obtained from  Gondar
Agricultural Research Center. The experiment
was conducted in 2018 main cropping season.
The experiment consisted of 81 accessions
together with three standard checks. The trial
was laid out in simple lattice experimental
design. In accordance with specifications of
the design, each accession was assigned
randomly to the plots within a block. Each
experimental plot had four rows of 2.5 meter
length and 0.8 meter width. The harvestable
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plot size was 2.5 m* 0.4 m (1 m?). Total plot
area was used 704.55m? The spacing between
rows, plots, blocks and replications was 0.2 m,
0.4 m, 1 mand 1.5 m, respectively.

Data Analysis

Analysis of variance (ANOVA)

Analysis of variance was done using the
procedures outlined by Gomez and Gomez
(1984) with the help of SAS Computer
Statistical Package version 9.2 (SAS Institute
Inc., 2008). Duncan’s Multiple Range Test
(DMRT) was used for means separation.
Estimation of the phenotypic and genotypic
correlation  coefficients was  computed
following the procedures suggested by Miller
et al. (1958). The direct and indirect effects of
the independent traits on grain yield were
estimated by simultaneous equation using the
formula as applied by Dewey and Lu (1959).

RESULTS AND DISCUSSION
Variability among Traits
The analysis of variance for the 11 traits
studied. The analysis of variance showed
highly significant (P<0.01) differences among
the tested barley accessions in grain filling

Ind. J. Pure App. Biosci. (2020) 8(3), 24-36

ISSN: 2582 — 2845
period, days to maturity, plant height, number
of tiller per plant, spike length, number of
seeds per spike, grain yield, harvest index and
thousand seed weight. There was also
significant  difference  (P<0.05) among
accessions for days to heading and biological
yield (Table 1). Thus, it indicated that there
was sufficient variability in the material used
for this study, which provides ample scope for
selecting superior and desired accessions for
further improvement.

In line with this result, Nigussie
Alemayehu (2001) reported the existence of
significant amount of genetic variability in 36
accessions of Ethiopian barley. Berhane
Lakew and Alemayehu Assefa (2011) also
reported large amount of variation between
populations for days to heading, days to
maturity and plant height. Similarly, Tiegist
Dejene (2010) reported the existence of
significant variations for days to heading, days
to maturity, thousand kernel weight, flag leaf
length, awn length, spike length, number of
seeds per spike, plant height and number of
fertile tillers per plant in Ethiopian barley
landraces collections.

Table 1: Mean square for quantitative traits of barley accessions studied

Traits Replication Genotypes Error (64) CV (%)
(1) (80)
DH 33.8 45.47* 29.32 7.86
GFP 0.75 87.1*%* 39.46 12.25
DM 245 145.37** 19 3.63
PH (cm) 195.71 168.31** 9 3.35
SL (cm) 0.02 1.23** 0.5 9.82
NTPP 10.68 1.83** 111 19.9
NSPS 24.82 271.18** 36.05 17.2
BY (tha™) 0.5 4.49* 2.99 15.76
GY (tha™® 0.56 1.22%* 0.49 19.49
HI (%) 11.51 34.19** 18.9 13.38
TSW (gm) 120.13 94.38** 17.9 9.69

** * significance at P < 0.01 and P < 0.05 level, respectively; numbers in parenthesis indicate degrees of freedom of each

level; CV=coefficient of variation, DH=days to heading, GFP=grain filling period, DM=days to maturity, PH=plant height,

SL=spike length, NTPP=number of tiller per plant, NSPS= number of seeds per spike, BY=biological yield, GY=grain yield,

Hi=harvest index, TSW=thousand seed weight
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Associations of Traits
Phenotypic and  genotypic  correlation
coefficients were estimated for all possible
pair of traits and results are presented in
Table 2.

Phenotypic correlations

Assessment of the pair-wise associations
among different traits revealed that some of
the traits are positively correlated while others
are negatively correlated indicating that
improving or increasing specific traits had
positive or negative influence on the other
traits in such degree apparent from the
correlation coefficients (Table 2).

Grain yield had highly significant and
positive phenotypic correlation with plant
height (r,= 0.46), number of seeds per spike
(r,= 0.30), biological yield (r,= 0.82) and
harvest index (r,= 0.77) (Table 2). This result
indicated that agronomic traits like plant
height, number of seeds per spike, biological
yield and harvest index could be exploited to
increase grain yield in Ethiopian barley.

Alemayehu Assefa (2003) reported
strong and positive association of grain yield
with plant height and harvest index. The
present study in agreement with grain yield
had  highly significant and  positive
associations with harvest index and biological
yield in durum wheat (Arega Gashaw et al.,
2007). On the other hand, grain yield had non-
significant but positive phenotype correlation
with grain filling period (r,= 0.1), spike length
(r,=0.13) and thousand seed weight (r,= 0.12).
This suggested that selection for these traits
would not improve grain yield. However, grain
yield had negative phenotypic correlation with
days to emergence (r,= -0.07) and number of
tillers per plant (r,= -0.00). Days to heading
had highly significant and positive correlations
with days to maturity (r,= 0.61), number of
seeds per spike (r,= 0.31) and biological yield
(ro= 0.25) but negative and highly significant
correlation with number of tillers per plant (r,=
-0.3) (Table 2). Madakemohekar et al. (2015)
also reported that days to heading had a strong
correlation (r,=0.44) with days to maturity.

Days to maturity had strong positive
phenotypic correlation with grain filling
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period, number of seeds per spike and
biological yield. It had a strong negative
phenotypic correlation with number of tiller
per plant and significant and negative
phenotypic correlation with spike length,
indicating that delays in maturity is associated
with decrease in the number of tiller per plant
and spike length. Plant height had highly
significant positive correlations with spike
length (r,= 0.32), biological yield (r,= 0.48),
harvest index (r,= 0.29) and thousand seed
weight (r,= 0.32) (Table 2).

Spike length showed non-significant
and positive phenotypic correlation with
biological yield, grain yield and harvest
index. This is in line with the report of
Yetsedaw Ayenwa et al. (2015) who has
reported weak positive correlation (r,=0.25) of
spike length with grain yield of malt barley.
Spike length had a strong positive phenotypic
correlation with number of tillers per plant
(r,=0.25), plant height (r,=0.32) and thousand
seed weight (r,=0.34) indicating, as number of
tillers per plant increases there would be a
simultaneous increase of spike length. But
Spike length had highly significantly positive
phenotypic correlation with number of seeds
per spike (r,= 0.29). The association of these
traits was direct. Number of tiller per plant had
non-significantly negative phenotypic
correlation with grain yield. Similarly, Karim
et al. (2012) reported number of productive
tillers had a negative phenotypic correlation
(r,=-0.128) with grain yield.

Number of seeds per spike had highly
significant positive phenotypic correlation
with grain filling period (r,=0.37) and
biological yield (r,=0.29) indicating a
simultaneous increase in number of seeds per
spike, grain filling period and biological yield.
Grain vyield could be improved directly by
improving this trait. Thus this trait could be
used as a selection criterion for barley grain
yield improvement. Similarly, Karim et al.
(2012) indicated highly significant and
positive phenotypic correlation (r,=0.811) of
number of seeds per spike with grain yield.

In addition, biological yield had highly
significant positive phenotypic correlations
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with harvest index (r,=0.3) and thousand seed
weight (r,=0.22). Similarly, Zerihun Jalata et
al. (2011), Kefalew Taye (2016) and Budakli
and Celik (2012) reported positive and highly
significant correlation of harvest index with
grain yield. This trait showed positive and
highly significant correlation with plant height
(r,=0.29) and biological yield (r,= 0.3). This
suggested that selection of accessions for high
harvest index might indicate higher biological
yield and plant height. However, harvest index
had positive and non significant phenotypic
correlation with days to heading (r,=0.008),
grain filling period (r,=0.07), days to maturity
(r,=0.06) and spike length (r,=0.07).
Generally, positive and significant associations
of pairs of traits at phenotypic level mostly
justify the possibility of correlated response to
selection. The negative correlations may
prohibit the simultaneous improvement of
those traits.

Genotypic correlations

The inherent or heritable association between
two variables is known as genotypic
correlation. This type of correlation may be
either due to pleiotropic action of genes
(manifold effects of a gene) or due to linkage
or both (Falconer, 1989). Generally, in a
breeding program several traits are targeted
simultaneously, hence the understanding of the
genetic associations among those traits helps
to refine the choice of the most appropriate
procedures. The estimates of genotypic
coefficients of correlation between all possible
pairs of grain yield and yield related traits of
barley accessions grown at Debark are
presented in Table 2. Grain yield had highly
significant and positive genotypic correlations
with days to maturity (r,= 0.28), plant height
(rg= 0.47), number of seeds per spike (rg=
0.38), biological yield (ry= 0.86) and harvest
index (ry= 0.84). This indicates that these traits
can be improved simultaneously. However,
grain yield had non-significant but positive
genotypic correlation with days to heading
(r;=0.19), grain filling period (ry=0.12), spike
length (r;= 0.14) and thousand seed weight
(r;=0.08). This suggested that selection for
these traits would not improve grain yield. In
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line with the present study, Jimera Haile et al.
(2015) stated that, grain yield was positively
and significantly correlated with biological
yield and harvest index at genotypic level.
Days to maturity had highly significant
positive genotypic correlations with days to
heading (ry=0.66), grain filling period
(r;=0.83), number of seeds per spike (ry=0.53)
and biological yield (r,= 0.28) (Table 2). Plant
height had highly significant positive
correlations with spike length (ry=0.39),
biological yield (ry= 0.52), harvest index
(r;=0.31) and thousand seed weight (ry=0.32)
(Table 6). This suggested that selection of
accessions for high plant height might increase
spike length, biological vyield, grain yield,
harvest index and thousand seed weight.
However, it was positively and not
significantly associated with days to heading
(ry=0.19), grain filling period (r,=0.02), days
to maturity (r,=0.08) and number of seeds per
spike (rg=0.1).

Biological yield depicted positive and
highly significant genotypic correlation with
days to heading (ry=0.29), number of seeds per
spike (ry=0.39) and harvest index (ry=0.47),
whereas it was positive and non significantly
associated with grain filing period (ry=0.15),
spike length (r,=0.19) and thousand seed
weight (r;=0.2). Number of seeds per spike
showed highly significant and positive
genotypic correlations with days to heading
(rg= 0.41), grain filling period (rg= 0.4), spike
length (r;=0.26) and harvest index (ry=0.25).
Thousand seed weight showed positive and
highly significant correlation with plant height
(rg=0.32) and spike length (r,=0.44) while it
had non-significant correlation with the rest of
the traits.

Genotypic  correlation  coefficients
were found to be relatively higher in
magnitude than that of phenotypic correlation
coefficients, which clearly indicated the
presence of inherent association among
various traits. Correlation among the different
traits could be mainly due to the presence of
linkage and of the pleiotropic effects of
different genes. This is in line with the reports
of Johnson et al. (1955), Kefyalew Taye
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(2016) and Wasihun Legesse (2007) who
explained their results of low phenotypic
correlation due to the masking and modifying
effects of environment on the phenotypic
association among traits. Positive and
significant association of pairs of traits
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justified the possibility of correlated response
to selection and the negative and significant
correlations  prohibit  the  simultaneous
improvement of those traits (Singh et al.,
1990).

Table 2: Estimates of genotypic (above diagonal) and phenotypic (below diagonal) correlation coefficients
among 11 traits in 81 barley accessions studied

Trait DE DH GFP DM PH sL NTPP NSPS BY GY HI TSW

o 0.31%* 1 0.14ns 0.66**  0.19ns  -0.1lns  -0.46%%  0.41%* 0.20%* 0191s  0.09ns  -0.03ns
GFP g47%x 0.006ns 1 0.83**  002ns  -0.07ns  -0.08ns  0.4%* 0.15ns 012ns  0.08ns 0.2ns

DM 0.57** 0.61%*  0.78%* 1 0081s  -0.1lns  -0.32%*  0.53** 0.28** 0.23* 012ns  0.14ns
PH -0.26%* 0.l4ns  -0.05ns 0.04ns 1 039%*  -02ns  0.Ins 0.52%* 047%%  031%*  0.32%
SL -0.26%* -0.08ns  -0.14ns -0.16%  0.32%* 1 024*  0.26% 0.19ns 0.14ns  0.05ns  0.44**
NTPP 0.13ns -0.30%*  -0.09ns -0.26%*  -0.07ns  0.25%* 1 -0.27%* -0.15ns -0.14ns  -0.08ns  0.08ns
NSPS g 3g*+ 031%*  0.37* 0.48%*  0.09ns  020%%  -0.23** 1 0.39%* 0.38** 025%  -0.39%*
BY -0.11ns 025%*  0.1lns 025%*  048*  015%  -0.00ns  0.29%* 1 0.86%*  0.47** 0.2ns

GY -0.07ns 0.15% 0.1ns 018*  046%*  03ns  -0.00ns  0.30%* 0.82%* 1 0.84**  0.08ns
HI 0.004ns 0.008ns 0.07ns 0.06ns 0.29** 0.07ns -0.02ns 0.19* 0.30** 0.77** 1 -0.06ns
TSW 0.14ns 0.008ns  0.16% 013ns  0.32%*  034*  005ns  -0.36%* 0.22%* 012ns  -0.01ns 1

*, ** and ns, significant at 5%, 1% probability level and non significant, respectively; DH=days to heading, GFP=grain
filling period, DM=days to maturity, PH=plant height, SL= spike length, NTPP=number of tiller per plant, NSPS= number
of seeds per spike, BY=biological yield, GY=grain yield, HI=harvest index, TSW=thousand seed weight

Path Coefficient Analysis

Path coefficient analysis was computed to
estimate the contribution of individual traits to
grain yield. It is performed to understand the
causes and effects of chain relationships of
different yield contributing traits with yield.
The path coefficient analysis was conducted
using grain yield as dependent variable and all
other traits studied as independent variables.
Path coefficient analysis was done for those
which showed significant correlations with
grain yield. In this study, the phenotypic and
genotypic direct and indirect effects of
different traits on grain yield are presented in
Tables 3 and 4.

Phenotypic direct and indirect effects of
various traits on grain yield

The phenotypic path coefficient analysis
revealed that biological yield and harvest
index exerted high and favorable direct effects
on grain yield. They had also positive and
Copyright © May-June, 2020; IJPAB

highly significant correlation with grain yield
(Table 3). High values of direct effects suggest
that the true relationship and direct selection
for these traits may also increase and give
better response for improvement of grain yield
and can be major selection criteria in barley
breeding programs. Similarly, Kefyalew Taye
(2016) also reported a strong positive direct
effect of biological yield on grain yield of
barley (0.6). On the other hand, harvest index
had positive indirect effect on seed yield
through days to heading, number of seeds per
spike and biological yield but it had negative
indirect effect through days to maturity and
plant height. Totally the direct and indirect
effects of days to maturity on grain yield were
positive and small in magnitude (0.07). Thus,
direct selection based on plant height could not
be effective to improve barley grain yield.
Rather, indirect selection via biological yield
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would be effective for barley grain yield
improvement.

Direct effect of harvest index on grain yield
was high in magnitude and positive (0.573).
Thus, direct selection based on this trait would
be promising for barley grain yield
improvement. Kefyalew Taye (2016) also
indicated a high positive direct effect (0.759)
of harvest index on grain yield of Ethiopian
barley. Majumder et al. (2008) found positive
direct effects of harvest index on grain yield of
spring wheat varieties. Furthermore, Gadisa et
al. (2014) reported that days to maturity,
biological yield per plot, and harvest index had
direct effect on grain yield.

Days to heading and number of seeds
per spike exerted favorable but weak
influences on grain yield, whereas days to
heading had some negative influences at
phenotypic level. The negative direct effects of
days to maturity and plant height on grain
yield would indicate that the selection for
these traits would not be rewarding for yield
improvement. The results of path coefficient
analysis showed that biological yield and
harvest index had high and favorable direct
effects on grain yield. Genetic improvement in

Ind. J. Pure App. Biosci. (2020) 8(3), 24-36

ISSN: 2582 — 2845
grain yield can be accelerated if vyield
contributing traits are used as selection
criteria. For this purpose, it is necessary not
only identify indirect linkage to gain yield, but
also understanding of the genetic bases
controlling this trait for easy handling (Garcia
etal., 2011).

On the other hand, days to maturity
and plant height had negative direct effects on
grain yield. Day to maturity exerted positive
indirect effect on grain yield through days to
heading, number of seeds per spike, biological
yield and harvest index. Likewise, plant height
exerted favorable indirect effect on grain yield
through biological yield and harvest index.
Indirect and positive effects of biological yield
were exhibited through days to heading,
number of seeds per spike and harvest index
on grain yield. The results of residual effect
(R=0.16) revealed that 84% of the yield of
barley was contributed by the traits studied in
this experiment. The role of other independent
variables which had not been included in this
experiment was expected to influence grain
yield only by 16% (Table 3). This result
indicates the adequacy of the traits that were
included in this study.

Table 3: Phenotypic path coefficient of direct (bold diagonal) and indirect effects (off diagonal) of
guantitative traits on grain yield in 81 barley accessions

Traits DH DM PH NSPS BY HI

DH 0.017 -0.197 -0.004 0.002 0.169 0.005
DM 0.103 -0.322 -0.001 0.002 0.169 0.039
PH 0.025 -0.013 -0.025 0.000 0.324 0.166
NSPS 0.053 -0.155 -0.002 0.005 0.196 0.109
BY 0.042 -0.081 -0.012 0.001 0.674 0.172
HI 0.002 -0.019 -0.007 0.001 0.202 0.573

Residual effect =0.16

DH=days to heading, DM=days to maturity, PH=plant height, NSPS=number of seeds per spike, BY=biological

yield, Hl=harvest index

Genotypic path coefficient analysis of grain
yield

The genotypic direct and indirect effects of
different traits on grain yield are presented in
Table 4. Path coefficient analysis at genotypic
level showed that number of seeds per spike
(0.06), biological yield (0.59) and harvest
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index (0.56) had positive direct effect on grain
yield, which showed that these yield
components positively affected grain yield in
barley. The strong direct positive effects of
biological yield and harvest index on grain
yield indicate selection based on these traits
can be effective for yield improvement in
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barley. The genotypic direct effects of these
traits ranged between 0.06 for number of seeds
per spike and 0.59 for biological yield.
Whereas days to maturity (-0.09) and plant
height (-0.039) showed negative direct effects.
The direct negative effects of these traits
seemed to be emphasized because the effects
of these traits were towards declining grain
yield (Table 4). Similar to these results,
Alemayehu Assefa (2003) reported that days
to heading and plant height had negative direct
effects on grain yield. Biological yield exerted
the highest direct effect on grain vyield.
Kefyalew Taye (2016) reported higher and
positive direct effect of biological yield (0.6)
and harvest index (0.75) on grain vyield.
Similarly, Solomon Gelalcha and Hanchinal
(2013) also reported a strong positive direct
effect of biological yield (0.805) and harvest
index (0.97) on grain yield of wheat.

The genotypic indirect effects had
considerable contribution to their total
correlation. Days to maturity had positive
indirect effects through number of seeds per
spike, biological yield and harvest index. The
indirect effects of days to maturity were
negative through plant height and very small
in magnitude. The indirect effect of plant
height on grain yield via biological yield and
harvest index was relatively large. Positive
indirect effects of harvest index on grain yield
were exhibited via seeds per spike, harvest
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index and biological yield. The genotypic
positive indirect effects of the phenological
traits on grain yield would provide a better
means of increasing grain yield and clarify
their true relationship (Khan et al., 2013).

Unfavorable and negative indirect
effects of number of seeds per spike on grain
yield were through days to maturity and plant
height. Biological yield exhibited positive and
indirect effect on grain yield via number of
seeds per spike and harvest index. Biological
yield exhibited negative and indirect effect on
grain yield via days to maturity and plant
height. Biological yield exhibited positive and
significant indirect effect on grain yield via
number of seeds per spike and harvest index.
Biological yield exhibited negative and non
significant indirect effect on grain yield via
days to maturity and plant height.

Generally, trait association between
yield and yield related traits in this particular
study indicated various magnitude of
association which can be carefully looked into,
while exploiting in selection to improve traits
of interest in Ethiopian barley breeding.
According to Singh and Chaudhary (1977),
whenever a trait has positive correlation and
high positive indirect effects but negative
direct effect on the economic trait like grain
yield, emphasis should be given to the indirect
effects.

Table 3: Genotypic path coefficient of direct (bold diagonal) and indirect effects (off diagonal) of
guantitative traits on grain yield in 81 barley accessions

Traits DM PH NSPS BY HI

DM -0.0923 -0.0031 0.0332 0.1679 0.068
PH -0.0074 -0.0385 0.0063 0.3118 0.175
NSPS -0.0489 -0.0039 0.0627 0.2339 0.141
BY -0.0259 -0.02 0.0244 0.5997 0.265
HI -0.011081 -0.01194 0.01567 0.2818 0.564

Residual effect = 0.11; DH=days to heading, DM=days to maturity, PH=plant height, NSPS= number of seeds per

spike, BY=biological yield, HI=harvest index

CONCLUSION
Knowledge of the nature and magnitude of
variation existing in breeding materials,
interrelationships  between  quantitatively
inherited traits and partitioning their direct and
indirect effects on grain yield are of great
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importance to design breeding strategies. The
analysis of variance in this study revealed
significant variation among the test genotypes
for all the traits studied. Spike length, number
of seeds per spike and grain yield had high
phenotypic and genotypic coefficients of

32



Aklilu et al.
variation. The existence of high degree of
genotypic variability among the tested barley
accessions in  morpho-agronomic traits
indicated the availability of great potential for
future improvement of the crop. Genotypic
correlations were found to be higher in
magnitude than that of phenotypic correlations
for the majority of the traits studied. This
indicated that genetic factors played a major
role in the associations among the majority of
the traits. Grain yield was highly significantly
and positively correlated with plant height,
number of seeds per spike, biological yield and
harvest index at both genotypic and
phenotypic levels. This indicates that these
characters could be improved simultaneously.

Path coefficient analysis revealed that
biological yield and harvest index were major
contributors of grain yield. This implies that
selection criteria that focused on these traits
would have a tremendous value for vyield
improvement. Residual effect was 0.11 and
0.16 at phenotypic and at genotypic levels,
respectively. This showed that the twelve traits
explained 89% at genotypic and 84% at
phenotypic levels of the variability in grain
yield. This further elucidated that the yield
attributing traits chosen in the study explained
much of the variability in the accessions.

The observed variability within the

barely accessions in grain yield and other
agronomic traits, indicates the potential for
further improvement through directional
selection and hybridization.
By combining the above results together,
breeders can design effective and efficient
genetic improvement methods such as
selection and hybridization for wise utilization
of the available resources. However, it is
important to be emphasized that the results and
conclusions made is based on data obtained
from one year field evaluation at a single
location. Therefore, evaluation of more
number of  accessions in  multiple
environments would be necessary in order to
get comprehensive results and draw valid
recommendations and conclusions. Further
research on selected accessions will save a lot
of time for the breeder in future.

Copyright © May-June, 2020; IJPAB

Ind. J. Pure App. Biosci. (2020) 8(3), 24-36

ISSN: 2582 — 2845

Abbreviations

CSA Central Statistical Agency
EBI Ethiopian Biodiversity
Institute

FAO Food and Agricultural
Organization

LSD Least Significance
Difference Test

SAS Statistical Analysis
System

Authors’ contributions

EA initiated the research, wrote the research
proposal, conducted the research, did data
entry and analysis and wrote the manuscript.
TD and FK were involved in analysis,
methodology, writing, reviewing and editing
of research proposal and manuscript. All
authors read and approved the final
manuscript.

Acknowledgments
First of all, I am highly grateful to the
Almighty God for his blessing that continue to
flow into my life. I would like to express my
deepest sense of thanks and gratitude to Dr.
Tiegist Dejene for her dedication and keen
interest above all her overwhelming attitude to
help her students had been solely and mainly
responsible for completing my work. Her
timely scholarly advice, meticulous scrutiny,
patience, motivation and scientific approach
during my stay have helped me to a very great
extent to accomplish this task. 1 am also
deeply indebted to Dr. Fisseha Worede for his
keen interest in supporting my research project
and for contributing towards improving the
manuscript. 1 would like to thank Ethiopian
Biodiversity Institute (EBI) for their support
and providing me the accessions for my study.
I would like to thank the Amhara Agricultural
Research Institute and Gondar Agricultural
Research Center for their financial support to
my academic and research work. | am
personally grateful to my colleagues,
particularly Mr. Asaye Birhanu and Mr.
Masresha Gashaw, for providing me with
material support required doing my research

33



Aklilu et al.
work. | would also like to thank Bahir Dar
University, for all academic supports | got
during the study period.

It gives me a pleasure to forward my
humble gratitude and appreciation to my wife
Meseret Abebe for her love, understanding and
patience. Particular gratitude and appreciation
goes to my parents, my father Aklilu
Teumelsan, my mother Enanu Belew and all
my family members for bringing me up with
their priceless love, care, for encouraging and
supporting me. | also express my heartfelt
thanks to all my friends for their support and
my colleagues for their marvelous help and
support during this research work.

Competing interests

The authors declare that they have no
competing interests.

Availability of data and materials

The authors want to declare that they can
submit the data at whatever time based on your
request. The datasets used and/or analyzed
during the current study will be available from
the corresponding author on reasonable
request.

Consent for publication

Not applicable.

Ethics approval and consent to participate
Not applicable since the study involved barley
plants.

Funding

No funding was received toward this study.

REFERENCES

Alemayehu, A. (2003). Genetic variability and
breeding potential of barley (Hordeum
vulgare L.) landraces from North
Shewa in Ethiopia,” PhD Thesis,
Faculity of natural and agricultural
sciences university of Free State,
Bloemfontein, South Africa. 226.

Arega, G., Hussein, M., & Singh, (2007).
Selection criterion for improved grain
yields in Ethiopian durum wheat
genotypes. African Crop Science
Journal, 15, 25 — 31.

Asfaw, Z. (2000). The barleys of Ethiopia in
genes in the field: on farm
conservation of crop diversity,

Copyright © May-June, 2020; IJPAB

Ind. J. Pure App. Biosci. (2020) 8(3), 24-36

ISSN: 2582 — 2845
Stephen B. Brush (eds.), International
Development Research Center.

Berhanu, B., Fekadu, A., & Berhane, L.
(2005). Food Barley in Ethiopia. Food
Barley: Importance, uses and local
knowledges, In Proceedings of the
International Workshop on Food
Barley Improvement, Hammamet,
Tunisia ICARDA, Aleppo, Syria, 53-
82.

Brhane, G. (1982). Utilization of sorghum
germplasm in sorghum improvement:
Sorghum in the eighties, In
Proceedings of the international
symposium on sorghum, January 2-7,
1981. Pantanchiru, A.P. India.
ICRISAT. 335-345.

Brush, S.B. (2000). The issue of in situ
conservation  of  crop  genetic
resources, in Genes in the field: on
farm conservation of crop diversity,
Stephen B. Brush (eds.), IBBNO-
88936-884-8. International
Development Research Center.

Budakli, C., & Celik, N. (2012). Correlation
and path coefficient analyses of grain
yield and yield components in two-
rowed of barley (Hordeum vulgare
convar. distichon) varieties. Notulae
Scientia Biologicae, 4,128-131.

CSA (Centeral Statistical Agency). (2016).
The federal democratic republic of
Ethiopia central statistical agency
agricultural sample survey; volume I;
report on area and production of major
crops; private peasant holdings, meher
season. Addis Ababa, Ethiopia.

CSA (Central Statistical Agency). (2018).
Agricultural sample survey: area and
production of major crops, Meher
season. Vol.l. Addis Ababa, Ethiopia.

Dewey, D.R, & Lu, KH. (1959). A
correlation and path coefficient
analysis of components of crested
wheat grass seed  production.
Agronomy Journal, 51, 515-518.

Falconer, D.S. (1989). Introduction to
quantitative genetics. 3ed. John
Wiley and Sons, Inc. New York 438.

34



AKklilu et al.

FAOSTAT. (2016). Available:
http://faostat.fao.org.
FAOSTAT. (2017). Available:

http://fao.org/faostat.

Forster, B.P., Ellis, R.P., Moir, J., Talame, V.,
Sanguinet, M.C., Tuberosa, R., This,
D., Teulat-Merah, B., Ahmed, I.,
Mariy, S., Bahri, H., Ouahabi, M.E.,
Zoumarou-Wallis, N., El-Fellah, M.,
& Salem, M.B. (2004). Genotype and
phenotype associations with drought
tolerance in barley tested in North
Africa. Annals of Applied Biology,
144, 157-168.

Gadisa, H., Negash, G., & Zerihun, J. (2014).
Correlation and divergence analysis
for phenotypic traits in sesame
(Sesamum indicum L.) genotypes.
Science, Technology and Arts
Research Journal, 3, 01 -09.

Garcia, G. A,, Serrago, R. A., Appendino, M.
L., Lombardo, L. A., Vanzetti, L. S.,
Helguera, M., & Miralles, D. J.
(2011). Variability of duration of pre-
anthesis phases as a strategy for
increasing wheat grain yield. Field
Crops Research, 124, 408-416.

Gomez, AK., & Gomez, AA. (1984).
Statistical procedures for agricultural
research 2™ ed. Wilney Int. Sci., New
York. 684

Hadado, T.T., Rau, D., Bitocchi, E., & Papa,
R. (2009). Genetic diversity of barley
(Hordeum vulgare L.) landraces from
the central highlands of Ethiopia:
comparison between the Belg and
Meher  growing seasons  using

morphological traits. Genetic
Resources and Crop Evolution, 56,
1131-1148.

Jimera, H., Hirpa, L., & Rao, C.P. (2015).
Genetic variability, character
association and genetic divergence in
barley  (Hordeum  wvulgare L.)
genotypes grown at Horo district,
Western Ethiopia. Science,
Technology and Arts Research
Journal, 4, 1-9.

Copyright © May-June, 2020; IJPAB

Ind. J. Pure App. Biosci. (2020) 8(3), 24-36

ISSN: 2582 — 2845

Johnson, H.W., Robinson, H.E., & Comstock,
R.E. (1955). Estimates of genetic and
environmental variability in soybean.
Agronomy Journal, 7, 314-318.

Karim, D., Siddique, N., Sarkar, U., Hasnat,
Z., & Sultana, J. (2012). Phenotypic
and genotypic correlation co-efficient
of quantitative  characters and
character association of aromatic rice.
Journal of Bioscience and Agriculture
Research, 1, 34-46.

Kefalew, T. (2016). Genetic variability and
association among yield and yield
related traits in Ethiopian highland
barley ~ (Hordeum  wvulgare L))
genotypes. M.Sc Thesis. Haramaya
University. Harar, Ethiopia. 25-62

Madakemohekar, A.H., Prasad, L.C., Lodhi,
R.D., & Prasad, R. (2015). Studies on
genetic variability and
interrelationship among the different
traits in barley (Hordeum vulgare L.)
for rain fed and irrigated
environments. Indian Res. J. Genet. &
Biotech 7(3), 305 —310.

Majumder, D.A.N., Shamsuddin, A.K.M.,,
Kabir, M.A., & Hassan, L. (2008).
Genetic variability, correlated
response and path analysis of yield
and yield contributing traits of spring
wheat. Journal of Bangladesh
Agricultural University, 6, 227-234.

Martin, J. H., Waldren, R. P., & David, L.
(2006). Stamp principles of field crop
production Pearson education
Inc. Upper Saddle River, New Jersey,
Columbus, Ohio, USA.

Miller, P.A., Williams, J. C., Robinson, H.F.,
& Comstock, R.E. (1958). Estimate of
genotypic and environmental
variances and co-variance in upland
cotton and the implication selection.
Agronomy Journal, 50, 126 131.

Nigussie, A. (2001). Germplasm diversity and
genetics of quality and agronomic
traits in Ethiopian mustard (Brassica
carinata A. Braun). PhD Thesis,
George-August University of
Gottingen, Germany. 127.

35


http://faostat.fao.org/
http://fao.org/faostat

Aklilu et al.

NMSA. (2018). Climate data for Debark,
Ethiopia. National Meteorological
Service Agency of Ethiopia, Bahir Dar
Branch Office, Ethiopia.

SAS. (2008). Statistical Analysis System,
Version 9.2, SAS Institute Inc., Cary,
North Carolina, USA.

Singh, R.K., & Chaudhary, B.D. (1999).
Biometrical methods in quantitative
genetic analysis. Kalayani Publishers,
New Delhi, India.

Solomon, G., & Hanchinal, R.R. (2013).
Correlation and path analysis in yield
and yield components in spring bread
wheat  (Triticum  aestivum  L.)
genotypes under irrigated condition in
Southern India. African Journal of
Agricultural Research, 8, 3186-3192.

Tiegist, D. (2010). Genetic diversity and
population differentiation analysis of
Ethiopian barley (Hordeum vulgare
L.) landraces using morphological
traits and SSR markers. Hereditas,
147, 154-164.

Vavilov, N. I. (1951). The origin, variation,
immunity and breeding of cultivated
plants. Chronica Botanica, 13, 1-366.

Vavilov, N.I. (1926). Studies on the origin of
cultivated plants. Bull. Appl. Bot.
Genetics and Plant Breed, 16, 1-248.

Wasihun, L. (2007). Agro-morphological
characterization of sorghum (Sorghum
bicolor (L.) Moench) landrace from
Metekel area, Benshangul Gumiz

Copyright © May-June, 2020; IJPAB

Ind. J. Pure App. Biosci. (2020) 8(3), 24-36

ISSN: 2582 — 2845
Region. MSc Thesis, Hawassa
University. 105.

Welsh, J. R. (1981). Fundamentals of Plant
Genetics and Breeding. John Willey
and Sons, Inc., New York.

Wondimu, F., Berhane, L., & Zewdie, W.
(2014). Advance in improving
morpho-agronomic and grain quality
traits of barley (Hordeum vulgare L.)
in Central Highland of Ethiopia.
Advanced  Science Journals  of
Agricultural Science, 1, 11-26.

Yaynu, H. (2011). Response of barley
landraces to low moisture stress in a
low rainfall environment. In: Barley
research and development in Ethiopia,
Mulatu, B. and S. Grando S. (Eds.).
International Center for Agricultural
Research in the Dry Areas, Holeta,
Ethiopia. 47 - 56.

Yetsedaw, A., Tadesse, D., & Wondimu, B.
(2015). Correlation and genetic
variability estimate of malt barley
(Hordeum vulgare L.). International
Journal of Advanced Research in
Biological Sciences, 2, 79 —85.

Zerihun, J., Amsalu, A., & Habtamu, Z.
(2011). Variability, heritability and
genetic advance for some yield and
yield related traits in Ethiopian barley
(Hordeum vulgare L.) landraces and
crosses. International Journal of Plant
Breeding and Genetics, 5, 44-52.

36



