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Correlation between grainyield and yield components in winter barley varieties

N. Markova Ruzdik'*, D.Valcheva’, D.VulcheV’, Lj. Mihajlov', I. Karov', V. llieva'

"Faculty of Agriculture, "Goce Delchev” University, 2000 Stip, Macedonia
’Institute of Agriculture, 8400 Karnobat, Bulgaria

Abstract. The objective of this study was to determine the correlation between yield and its components and their direct and indirect effects on grain yield in
two-row winter barley varieties. The experimental work was conducted during the period of 2012-2014 on the research fields of the Faculty of Agriculture, in two
different areas in the Republic of Macedonia, Ovche Pole and Strumica. As far as material is concerned, 21 genotypes were used with Macedonian, Serbian,
Croatian and Bulgarian origin. Significant and positive coefficient of correlations were obtained between grain yield and number of spike per m’, number of
productive tillers per plant and grain weight per plant, number of grain per spike and grain weight per spike, grain weight per spike and 1000 grains weight in
both localities. The highest direct effect to grain yield was obtained by number of spikes per m’ in both localities. Therefore, this trait can be used as a criterion in

breeding toimprove the yield of barley varieties.
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Introduction

Barley is one of the most important crops because it's used as
raw material in beer production and animal feed, cultivated
successfully in a wide range of climate. Grain yield is a complex
quantitative trait controlled by a large number of genes and is highly
influenced by environmental, morphological and physiological
characters. Grain yield in barley, like other crops, is a function of
many traits which have interrelation among themselves and affect
the grain yield directly orindirectly.

Correlation coefficient and path coefficient analyses are used
widely in many crop species by plant breeders to define the nature of
complex interrationships among yield components (Dofing and
Knight, 1994; Hosin Babaiy et al., 2011; Al-Tabbal and Al-Fraihat,
2012). Correlation coefficientis very important to determine the traits
that directly affect the grain yield. The path coefficient analysis is one
of the statistical tools which is used to determine the direct or indirect
effects of any yield component on grain yield in relation to the other
yield components. Correlation coefficient and path coefficient
analysis assist to identify the traits that are useful as selection criteria
to improve yield (Singh 1987; Milomirka et al., 2005; Drikvand et al.,
2011; Khaiti, 2012).

Some studies reported that grain yield was determined by three
yield components, spike number per m?, number of grain per spike
and grain weight per spike (Grafius, 1964; Fathi and Rezaie, 2000).
On the other hand, Singh et al. (1987) found that grain yield in barley
significantly correlated with plant height and this component had
high positive direct effects on yield. Some researchers reported
positive and significant correlation between plant height and grain
yield (Kisana et al., 1999; Bhutta et al., 2005; Jabbari at al., 2010;
Biroland Necmettin, 2011; Niazi-Fard et al., 2012). In many studies,
it has been shown that the number of spike in m*has a positive direct
effect on grain yield (Jabbari at al., 2010; Drikvand et al., 2011).
Akdeniz et al. (2004) observed positive and significant correlation
between grain yield and number of spike per m’. Significant positive
correlation was determined between grain number per spike and

* e-mail: natalija.markova@ugd.edu.mk
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weight of grains per spike (Dyulgerova, 2012).

The aim of this study was to determine the correlation between
yield and its components and their direct and indirect effects on grain
yield in winter two-row barley genotypes.

Material and methods

The experiment was carried out during the period 2012 — 2014
in the research fields of the Faculty of Agriculture, "Goce Delchev”
University in two localities in the Republic of Macedonia. The first
one was Ovche Pole with altitude between 200 — 400 m and soil type
smolnica and the other one was Strumica with 280 m altitude with
alluvial soil type. Compared to Strumica location, Ovche Pole locality
is characterized by lower average temperatures and lower amount
of rainfall as well. The average monthly values for the temperature
and rainfall in the period when this research took place did not differ
significantly, compared to the general long-term weather data for
both of the regions.

In total 21 two-row winter barley genotypes were used in this
study. Five of them are Macedonian (Hit, Izvor, Egej, Line 1 and Line
2), two varieties are Serbian (NS 525 and NS 565), two varieties are
Croatian (Zlatko and Rex) and the other 12 varieties are with
Bulgarian origin (Obzor, Perun, Emon, Lardeya, Orfej, Imeon,
Zagorec, Asparuh, Kuber, Sajra, Devinija andOdisej).

The experiment was conducted in a randomized block design
with three replications. Each replication plot had 1 m’, consisted of
10 rows and the amount of cultivated seed was evaluated at 500
seeds per m”. The seeds were hand sown 3 to 5 cm deep on the
same day in both localities. The method of setting up the experiment
was the same in both localities. The standard growing measures
were applied during the vegetation. During the study period
phonological phase, degree of lodging and diseases were recorded.
Then plant samples were randomly chosen from the middle part of
each replication plot from both localities. Plants were evaluated for
traits including: number of spikes m’, plant height (cm), total tillers



number per plant, number of productive tillers per plant, spike length Correlation between yield and components of yield, coefficient
(cm), number of grain per spike, number of sterile spikelets per of variation and path coefficient analysis were performed using

spike, grain weight per spike (g), grain weight per plant (g) and 1000 SSPS.
grains weight (g).

Table 1. Average, minimum, maximum and coefficient of variation for examined traits of barley varieties in both localities
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o Average 673 104 18 8 8.5 27 2 1.28 953 4730 4282
% Min. 567 99 14 7 7.2 26 1 1.23 754 4593 3120
'§ Max. 776 110 20 9 9.5 29 3 1.38 10.65  49.63 5277
© CV, % 8.56 3.19 7.12 8.78 7.77 2.57 23.32 3.15 8.64 1.82 13.51
- Average 711 102 18 9 8.6 27 1 1.27 9.93  46.37 4863
E Min. 590 98 16 8 7.3 26 1 1.20 843 4286 3423
% Max. 811 109 20 10 10.0 29 3 1.39 11.26 4857 5821
CV, % 9.57 3.18 7.1 7.29 8.60 255  49.46 4.36 6.93 3.18 14.11

Table 2. Correlation coefficient between yield and components of yield of barley varieties from locality Ovche Pole

Components of yield NSm° PH TTNP NPTP SL NGS NSSS GWS GWP 1000GW Y

Number ofspikes, m* (NS m’) 1 0437 -0.020 0.112 0.127 -0.473 -0.129 -0.480* 0.166 -0.155 0.936**
Plant height (PH) 1 0415 0.337 -0.222 -0.126 0.087 -0.109 0.303 -0.007 0.452*
Total tiller number per plant (TTNP) 1 0.500* -0.146 -0.111 -0.026 0.152 0.363 0.436* 0.047
Number of productive tillers per plant (NPTP) 1 -0.422 -0.070 -0.286 -0.033 0.919** 0.047 0.123
Spike length (SL) 1 -0.034 0.120 -0.085 -0.475 -0.093 0.119
Number of grains per spike (NGS) 1 0.480 0.826**-0.009 -0.006 -0.207
Number of sterile spikelets per spike (NSSS) 1 0.342 -0.249 -0.102 -0.015
Grain weight per spike (GWS) 1 0.036 0.559**-0.142
Grain weight per plant (GWP) 1 0.079 0.209
1000 grains weight (1000 GW) 1 0.055

Yield (Y)

1

*, ** Statistical significance at P<0.05 and P<0.01.

Table 3. Correlation coefficient between yield and components of yield of barley varieties from locality Strumica

Components of yield NSm* PH TTNP NPTP SL NGS NSSS GWS GWP 1000GW Y
Number of spikes, m* (NS m’) 1 0260 0.131 0.107 0.109 -0.339 -0.110 -0.367 0.196 -0.228 0.901**
Plant height (PH) 1 0.464* -0.122 -0.325 -0.304 0.270 -0.070 0.297 0.147 0.238
Total tiller number per plant (TTNP) 1 0239 0.017 0.029 0.141 0.140 0.583** 0.168 0.210
Number of productive tillers per plant (NPTP) 1 0.365 0.116 -0.414 -0.028 0.569**-0.121 0.118
Spike length (SL) 1 0.184 -0.293 0.043 -0.051 -0.082 0.139
Number of grains per spike (NGS) 1 0.183 0.685" 0.043 0.151 -0.059
Number of sterile spikelets per spike (NSSS) 1 0.240 0.064 0.184 -0.021
Grain weight per spike (GWS) 1 0.320 0.823** 0.072
Grain weight per plant (GWP) 1 0.407 0.376
1000 grains weight (1000 GW) 1 0.149

Yield (Y)

1

*, ** Statistical significance at P<0.05 and P<0.01.
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Results and discussion

In Table 1 are given the values for average, minimum, maximum
and coefficient of variation of all tested traits in both localities. The
average values for number of spikes per m”, number of productive
tillers per plant, spike length, grain weight per plant and yield for
locality Strumica are higher than locality Ovche Pole. That is
probably consequence to the favorable climatic conditions in the
locality Strumica. The highest coefficient of variation in both localities
has the number of sterile spikelets per spike while the lowest
coefficient of variation has 1000 grain weight (1.82%) in locality
Ovche Pole and number of grains per spike (2.55%) in locality
Strumica.

The correlation between grain yield and yield components for
the examined traits in barley varieties for locality Ovche Pole are
presented in Table 2. Significant and positive correlation was
determined between grain yield and number of spikes per m (r =
0.936). Asimilar significant positive coefficient was also observed by
Ataei (2006), Jabbari at al. (2010), Drikvand et al. (2011). Plant
height is an important trait directly linked with the productive
potential of the plant and many researchers require correlation
between plant height and yield. In our study the correlation between
grain yield and plant height was significant and positive (r = 0.452).
This means that the varieties tested in the locality Ovche Pole have
higher values for this property. According to Kisana et al. (1999),
Bhutta et al. (2005), Jabbari at al. (2010), Drikvand et al. (2011) and
Niazi-Fard et al. (2012) significant and positive correlation between
grain yield and plant height was also observed. Significant and
positive correlation was determined between number of productive
tillers per plant and grain weight per plant (r = 0.919). Grain number
per spike is an important yield component and is usually used as a
selection trait in barley breeding programmes. In our study the
correlation between number of grains per spike and grain weight per
spike was significant and positive (r = 0.826). Asimilar significantand
positive coefficient was also observed by Dyulgerova (2012).
Positive and significant correlation was obtained between total tiller
number per plant and number of productive illers per plant (r =
0.500). Number of spikes per m’ showed significant positive
relationship with plant height (r = 0.437). 1000 grains weight is an
important yield component and it is influenced by genetic and
environmental factors. In our study, 1000 grains weight showed
significant and positive correlations with grain weight per spike (r =
5.559) and with total tillers number per plant (r = 0.436). It was also
determined that 1000 grains weight and grain yield were non-
significantly related. Similar results were reported by Drikvand et al.
(2011) and Budakli Carpici and Celik (2012).

In Table 3 are given the coefficient of correlation between grain
yield and yield components for the examined traits in barley varieties
for locality Strumica. Significant and positive coefficient of
correlation between yield and number of spikes per m’ (r = 0.901)
was also obtained in locality Strumica. As in locality Ovche Pole, in
locality Strumica, the correlation between number of grains per spike
and grain weight per spike was significant and positive (r = 0.685).
Grain weight per spike showed significant and positive relationship
with 1000 grain weight (r = 0.823). Positive and significant
correlation was obtained between grain weight per plant with total
tiller number per plant (r = 0.583) and number of productive illers per
plant (r = 0.569). Plant height showed significant and positive
relationship with total tiller number per plant (r = 0.464).

Comparing the correlation coefficients in both localities it can be
concluded that the obtained significant and positive correlation

between total tiller number per plant with grain weight per plantin the
locality Strumica was not proved in locality Ovche Pole. On the other
side, the significant and positive correlation coefficients that have
been proven the properties plant height with number of spikes per
m’, plant height with yield and total tiller number per plant with
number of productive tillers per plant for locality Ovche Pole were not
observed forlocality Strumica. The differences in correlations in both
locations are probably due to the different climatic conditions in the
two localities.

The purpose of using the path coefficient analysis in this study
was to obtain further information about the interrelationships
between the yield and yield components and about the influence of
yield components on grain yield. In Table 4 and 5 are presented the
direct and indirect effects of yield components on grain yield for both
localities. In our study, path coefficient analysis for locality Ovche
Pole showed that number of spikes per m” has the highest direct
positive effect on grain yield, followed by number of grains per spike.
For locality Strumica number of spikes per m’ and grain weight per
spike have the highest direct positive effect on yield. Similar direct
positive effect on grain yield was observed by Budakli Carpici and
Celik (2012). These results indicate that an increase in any of these
yield components causes some increase in yield. Indirect effect on
yield have the properties total tiller number per plant and weight of
grain per plant for locality Ovche Pole and for locality Strumica the
properties number of sterile spikelets per spike and plant height.

Conclusion

Through correlation and path coefficient analysis it was
observed that in locality Ovche Pole the grain yield depends on the
number of spikes per m’ and the plant height while in locality
Strumica the grain yield depends only on the number of spikes per
m’. The number of productive tillers per plant has a crucial role to
grain weight per plant. In both localities, the trait 1000 grains weight
has strong influence on grain weight per spike.

The highest direct positive effect on grain yield had the number
of spikes per m’in both localities. In selecting the productive variety
in locality Ovche Pole the established indirect effect of total tiller
number per plant and in locality Strumica the number of sterile
spikelets per spike should be taken into account. In other
examinations more importance should be given to the traits which
have direct positive effect on yield as criteria in breeding to improve
the yield of barley varieties.
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