
129

Introduction

Barley is one of the most important cereal crops in Bulgaria. 
Barley grain is mainly used for animal feed and malting. Despite the 
fact that barley is grown mainly as a winter crop in Bulgaria, farmers 
are interested in spring varieties, especially when meteorological 
conditions do not allow sowing in the optimal time in the fall and 
when there is a winterkill of fall-sown crops and they have to 
recultivate damaged areas in the spring. The aim of the spring 
barley breeding program of the Institute of Agriculture - Karnobat 
is to develop high-yielding varieties that are well-adapted to local 
conditions characterized by frequent terminal drought stress. 

Genetic variability for agronomic traits is a key component of 
the breeding programs for grain yield improvement of barley. Grain 
yield is a complex trait strongly affected by environmental factors 
with high genotype by environment interaction. Barley breeders 
often select for yield-related traits which indirectly increase yield 
because of the low heritability of the grain yield especially under 
stress environments (Bouzerzour and Dekhili, 1995). Indirect 
selection for increase of grain yield is most effective if the traits 
involved have high heritability and are positively correlated with 
grain yield. Information for broad-sense heritability is very important 
for breeding as it shows the scope of transmissibility of a trait into 
the next generations (Sabesan et al., 2009).

Determination of correlation and path coefficients between 
yield and yield-related traits is important for the design of an 
effective breeding program (Arpaili and Yagmur, 2015; Hailu 
et al., 2016). Correlation coefficients show associations 
among independent characteristics and the degree of a 
linear relationship between these characters. Furthermore, 
path analysis can be used for decomposing the correlation 
coefficients to direct and indirect effects and estimation of the 
contribution of each trait on grain yield. 

Path analysis has been widely used in barley breeding to 
determine the nature of relationships between grain yield and 
its contributing components and to identify those traits with a 
direct effect on yield for use as selection criteria (Drikvand et 
al., 2011; Carpici and Celik, 2012; Arpaili and Yagmur, 2015).

The objectives of this study were to estimate the heritability of 
yield and yield-related traits and to compute the correlation of grain 
yield with yield-related traits among the spring barley genotypes.

Material and methods

The study was carried out in the experimental field of the 
Institute of Agriculture - Karnobat, Southeast Bulgaria during 
two consecutive years – 2017 and 2018. A total of 21 spring 
barley genotypes – 1 variety and 9 advanced breeding lines 
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from Bulgaria and 11 cultivars from Slovakia were tested in a 
complete block design with three replications.

The studied traits included number of spikes per m2 - SM, plant 
height - PH (cm), grain number per spike - GNS, grain weight per 
spike - GWS (g), 1000-grain weight - TGW (g), grain yield – GY 
(t/ha). The data were measured on 20 randomly selected plants 
from each replication. Grain yield, number of spikes per m2 and 
1000 grain weight were determined on a plot basis. 

Analysis of variance and the correlations (Pearson’s 
correlation coefficients) were computed for all the traits 
evaluated using the computer software system of SPSS 17.00 
for Windows (SPSS Inc., 2009). Broad-sense heritability (h2) 
was calculated as the ratio of the genotypic variance to the 
phenotypic variance using the formula according to Allard 
(1960). The path analysis performed by using the statistical 
software Genes (Cruz, 2001) was used to split correlations 

between grain yield (dependent variable) and other traits into 
direct and indirect effects.

Results and discussion

The results from analyses of variance for the grain yield and 
yield-related traits are presented in Table 1. Effects of genotype, 
year and interaction of genotype by year were significant for all 
of the examined traits. The significant differences among spring 
barley genotypes included in the study indicate the presence 
of genetic variability and provide an opportunity for yield 
improvement. Significant genotype by year interaction effects for 
the traits showed considerable differences in genotypic response 
across different years. Previous studies have also reported 
significant genotype by environment interaction effect for grain 
yield and yield-related traits in barley (Naser et al., 2018).

Table 1. Mean squares for grain yield and yield-related traits of 21 spring barley genotypes (2017-2018)

Traits Genotype Year Genotype × year interaction
Number of spikes per m2 57653.33* 6834.79* 47183.09*
Plant height, g 145.93* 2956.27* 94.45*
Grain number per spike 10.29* 2538.74* 10.22*
Grain weight per spike 0.05* 15.32* 0.04*
1000-grain weight, g 23.34* 5839.58* 13.03*
Grain yield, t/ha 1.02* 625.89* 0.97*

*Significant at 0.01 probability level

The number of spikes per m2 varied from 513.33 in breeding 
line 4511M-16 to 827.67 in cultivar Jubilant (Table 2). Plant 
height ranged from 55.12 cm (Nitran) to 71.61 cm (KT 338). 
The highest number of grains per spike (24.85) was observed in 
cultivar Venera followed by line 4511M-16 (24.75) and cultivar 

Nitran (24.68). Maximum grain weight per spike was observed 
in line 4580M-2 (1.24 g). The value of 1000 grain weight ranged 
from 39.77 g (Levan) to 46.91 g (KT 338). The grain yield of the 
studied genotypes was from 3.08 t/ha from Kompakt to 4.56 t/
ha from Venera. 

Table 2. Mean values of grain yield and yield related traits of 21 spring barley genotypes (2017-2018) 

Genotypes SM PH GNS GWS TGW GY
 Venera    788.00 62.68 24.85 1.14 42.22 4.56
 KT 338    612.17 71.61 23.48 1.13 46.91 3.94
 KT 339    614.00 66.15 21.10 0.90 40.35 3.41
 KT 340    683.00 71.41 23.08 0.97 39.77 3.63
 KT 341    615.00 68.81 20.44 0.93 42.13 3.58
 KT 1247  637.00 61.32 23.60 1.11 46.42 4.06
 4511M-16    513.33 63.16 24.75 1.24 43.82 3.95
 4580M-2   519.83 68.84 22.88 0.99 40.91 4.04
 4580M-8   601.17 62.23 21.92 1.04 42.98 4.09
 4620M-7   677.83 58.98 21.91 1.11 42.83 4.38
 Donaris    780.33 64.71 21.46 0.97 43.64 4.23
 Expres   718.17 67.98 22.00 0.99 41.73 3.95
 Ezer    801.50 63.73 21.60 1.02 42.70 4.26
 Jubilant    827.67 59.57 21.57 0.97 42.38 3.92
 Kompakt    567.33 55.57 21.93 0.95 40.27 3.08
 Levan    782.33 58.97 21.45 0.94 39.77 4.13
 Ludan    579.67 59.29 21.69 0.95 40.40 3.11
 Nadir    721.33 58.41 24.07 1.13 40.88 4.25
 Nitran    731.00 55.12 24.68 1.16 42.96 4.20
 Sladar  722.17 66.75 22.37 0.94 39.90 3.92
 Sladko   815.83 58.34 21.15 0.97 42.61 4.48
LSD 0.05% 79.90 1.57 1.38 0.23 0.66 0.84

SM- number of spikes per m2; PH- plant height, cm; GNS- grain number per spike; GWS- grain weight per spike, g; TGW- 
1000-grains weight, g; GY- grain yield, t/ha.
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Genotypic variance, phenotypic variance, genotypic 
coefficient of variation (GCV), phenotypic coefficient of 
variation (PCV), broad-sense heritability and genetic advance 
for the studied traits are shown in Table 3. The phenotypic 
coefficient of variation (PCV) ranged from 4.68% for 1000-grain 

weight to 14.39% for the number of spikes per m2. The values 
of genotypic coefficient of variation (GCV) were from 0.47% 
for grain number per spike to 6.13% for the number of spikes 
per m2. PCV values were higher than their corresponding GCV 
values for all studied characters. 

Table 3. Estimates of genetic parameters for grain yield and yield related traits of 21 spring barley genotypes

Traits X σ2g σ2ph h2 PCV GCV GA GAM
SM 681.37 1745.04 9608.89 18.16 14.39 6.13 15.63 2.29
PH 63.03 8.58 24.32 35.27 7.82 4.65 2.13 3.38
GNS 22.48 0.01 1.712 0.65 5.83 0.47 0.01 0.01
GWS 1.03 0.01 0.01 18.52 9.24 3.98 0.02 1.52
TGW 42.17 1.72 3.89 44.20 4.68 3.11 1.19 2.83
GY 3.96 0.01 0.16 5.17 10.14 2.31 0.01 0.25

X- mean value; σ2g- genotypic variance; σ2ph- phenotypic variance; h2- heritability in broad sense; PCV- phenotypic 
coefficient of variation; GCV- genotypic coefficient of variation; GA- genetic advance; GAM- genetic advance as percent of 
mean; SM- number of spikes per m2; PH- plant height, cm; GNS- grain number per spike; GWS- grain weight per spike, g; 
TGW- 1000-grains weight, g; GY- grain yield, t/ha.

PCV and GCV estimate more than 20% are considered 
high, whereas values less than 10% are regarded to be low 
and values between 10 and 20% - medium (Deshmukh et al., 
1986). Based on this grading, the PCV value was low for plant 
height, grain number per spike, grain weight per spike and 
1000-grain weight and medium for number of spikes per m2 
and grain yield. Low values of GCV for all traits considered 
were observed.

Estimates of heritability in broad-sense varied from 
0.65% for grain number per spike to 44.20% for 1000-grain 
weight. According to Singh (2001), if the heritability of a 
trait is high (more than 80%), selection could be very 
effective because of a close correspondence between 
the genotype and the phenotype. For characters with low 
heritability (less than 40%) selection may be considered 
difficult due to the masking effect of the environment. 
Considering this scaling, in the present study heritability 
estimate was medium for 1000-grain weight and it was low 
for the rest of the traits.

Genetic advance concerns the improvement of a trait in the 
new population, compared with the base population under one 
cycle of selection at a given selection intensity (Singh, 2001). 
Since high heritability does not always indicate high genetic 

gain, heritability coupled with high genetic advance should be 
used in predicting the effect of selection (Ali et al., 2002). The 
studied characters showed a relatively low genetic advance. 
The genetic advance expressed as a percent of mean was 
the highest for plant height (3.38%) and 1000-grain weight 
(2.83%). Moderate heritability coupled with relatively high 
genetic advance as a percent of the mean was observed for 
1000-grain weight. This suggested that by the selection of high 
performing genotypes it is possible to improve this trait. Low 
values of both heritability and genetic advance were observed 
for grain yield indicating limit to the possibility for improvement 
using selection. Chand et al. (2008), Al-Yassin et al. (2015), 
Ahmadi et al. (2016), Hailu et al. (2016) also reported low to 
moderate values of heritability and genetic advance for grain 
yield in barley.

Values of correlation coefficients estimated for the studied 
traits are presented in Table 4. Grain yield exhibited a significant 
and positive correlation with the number of spikes per m2 
(r=0.573) and grain weight per spike (r=0.487). Similar results 
were also reported by Gocheva (2014) and Ruzdik (2015) in 
winter barley. Grain weight per spike was positively associated 
with grain number per spike (r=0.841) and 1000-grain weight 
(r=0.598).

Table 4. Phenotypic correlations among grain yield and yield related traits of 21 spring barley genotypes (2017-2018) 

Traits PH GNS GWS TGW GY
SM -0.241 -0.142 -0.129 -0.051  0.573**
PH -0.070 -0.184 0.085             -0.116
GNS      0.841** 0.300 0.317
GWS     0.598**  0.487*
TGW 0.371

*, **Significant at 0.05 and 0.01 probability level, respectively; SM- number of spikes per m2; PH- plant height, cm; GNS- grain 
number per spike; GWS- grain weight per spike, g; TGW- 1000-grains weight, g; GY- grain yield, t/ha.

Positive direct effect on grain yield was exerted by 
grain weight per spike (0.958) followed by the number of 
spikes per m2 (0.693) and plant height (0.209) (Table 5). 
Grain number per spike showed a negative direct effect on 

grain yield (-0.359). The lowest direct effect belonged to 
1000-grain weight (-0.079). The highest indirect effect on 
grain yield had grain number per spike via grain weight per 
spike.
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The present study indicated that the number of spikes per 
m2 was highly associated with grain yield but mostly influenced 
by environmental effects. The grain weight per spike should 
be prioritized for selection of superior spring barley genotypes 
under Southeast Bulgaria due to its highest direct effects on 
grain yield combined with higher heritability than that of grain 
yield. Moreover, it must be considered that the grain weight per 
spike had relatively low heritability in a broad sense so selection 
should be practised in later generations in replicated trials.

Conclusion

The studied barley genotypes differed significantly for 
all the investigated traits. It was found that: (i) the genotypic 
coefficients of variation were considerably lower than the 
corresponding phenotypic coefficients in all the traits studied, 
indicating a significant influence of the environment on the 
expression of the traits; (ii) estimates for heritability in broad-
sense ranged from 0.65% for grain number per spike to 
44.20% for 1000-grain weight; (iii) there is moderate heritability 
coupled with relatively high genetic advance as a percent of 
the mean  for 1000-grain weight suggesting reliable possibility 
for improvement through selection: there is a significant and 
positive correlation between grain yield and number of spikes 
per m2 and grain weight per spike; (iv) the grain weight per 
spike and number of spikes per m2 exhibited the highest direct 
effects on grain yield (based on path analysis); (v) the grain 
weight per a spike can be used in a selection of high-yielding 
spring barley genotypes in particular conditions but selection 
should be practised in later generations in replicated trails.
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