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ABSTRACT 
 
The main objective of the study was to determine interrelationship among 
different traits and also to determine which traits contribute more towards grain 
yield in some barley accessions. The traits viz Plant height, peduncle length, days 
to maturity and biomass showed positive direct effect on grain yield while days to 
heading, tillers per meter, spike length with awns, spike length without awns and 
stem diameter showed negative direct effect on grain yield. Maximum direct effect 
and maximum significant correlation with grain yield was shown by biomass at 
both genotypic and phenotypic levels. The traits of Days to heading and days to 
maturity had negative correlation at both genotypic and phenotypic levels with 
biomass and grain Yield, and also had negative indirect effect via Biomass (a trait 
having maximum direct effect on Grain Yield). This means that an advanced line 
which flowered earlier is likely to produce more Yield than others because of more 
time and energy availed to reproductive phase. Principal component analysis 
(PCA) reduced the original 10 quantitative characters in the experiment to 4 
principal components. The first four principal components (PC) with Eigen values 
>1 explained 86.5% of variation among 16 accessions of Barley crop. The 
proportions of the total variance attributable to the first four PC were 31.4, 24.6, 
16.7 and 13.8% respectively. Based on the mean value for each cluster, accessions 
in cluster I viz. B-10007, B-10014, B-11002 and B-11016 showed maximum value 
for most of the traits ( Tillers per meter, Spike length with awns, Spike length 
without awns, Biomass and gain yield), while Cluster IV (B-11001, B-11008 and B-
11015 ) obtained the highest values for plant height and peduncle length (both 
negatively correlated with grain Yield) but lowest values for most of the other 
traits. This indicates the declining extent of these traits in our breeding program to 
increase grain yield of barley to a significant extent. 
 
Key words: Correlation analysis, path coefficient analysis, PCA, cluster analysis, 
barley breeding. 

 
 
INTRODUCTION 
 
Cereals have played a significant role in the evolution of 
human civilizations. Barley (Hordeum vulgare L.) is a 
member of cereals and is being used as food and feed. 
Barley is grown nearly all over the cultivated areas of the 
world. In ancient times, it is primarily used for human 
consumption. Whereas in the present day, it is being 
utilized for livestock feed and for other purposes. In 

Pakistan, less importance is given to barley crop on 
account of its economic use. One of the major factors that 
over shadows this crop plant is the cultivated wheat, 
which is the staple food in Pakistan. Moreover, both crops 
fall in the same growing season. The yield of barley is fairly 
low in Pakistan as compared to other agriculturally 
advanced  countries. The  reason  for  lower yield is lack  of  
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research work on this crop. The research work in barley is 
well documented on its malting characteristic, but yet 
there is an opportunity to obtain high yielding cultivars. 

Breeding for grain yield improvement is dependent on 
the presence of genetic diversity which is an important 
factor in any hybridization program. Grain yield in barley 
is a complex character affected directly or indirectly by 
every gene present in the plant. Yield was significantly 
correlated with number of fertile tillers, plant height, days 
to heading and spike length which were found to have high 
and positive direct effects on yield in barley as described 
by Singh et al. (1987). Cultivation of barley can add to 
diversification from the conventional paddy-wheat cycle 
prevailing in the state. In order to encourage the farmers 
to shift from wheat to barley, development of high yielding 
varieties of barley is an important challenge to the 
breeders. 

Genetic improvement of agronomic and qualitative traits  
of spring barley has been investigated in several countries 
(Grausgruber et al., 2002). In these studies, the yield 
improvement has been associated with reduced plant 
height and improved lodging resistance (Austin et al., 
1980; Riggs et al., 1981) or with improved disease 
resistance (Peterson and Foster, 1973). 

Multivariate analysis refers to all statistical methods that 
simultaneously analyse multiple measurements on each 
individual or object under investigation. More explicitly, 
any simultaneous analysis of more than two variables can 
be considered as multivariate analysis (Hair et al., 1998). 
Multivariate data analysis facilitates a graphic display of 
the underlying latent factors and interface between 
individual samples and variables (Nielsen and Munck, 
2003). Hybridization, followed by selection of desirable 
types in the segregating generations has been widely used 
for varietal improvement in barley. Yield, however, is a 
complex character controlled by many component 
characters. These components are usually less susceptible 
to environmental fluctuations than yield per se and are 
thus relatively more amenable to improvement. The 
efficiency of selection in the segregating generations will 
increase if the nature and magnitude of interrelationships 
among component characters and grain yield is 
understood. Correlations provide the estimate of degree of 
association between characters, whereas path analysis 
helps to resolve these correlations into direct and indirect 
contributions of different component characters towards 
yield and thus unravels the cause of apparent correlations. 
The present study was, therefore, undertaken to estimate 
correlations and path coefficients for important characters 
in barley. 

Also, Principal component analysis (PCA) has been 
widely used in plant sciences for reduction of variables 
and grouping of genotypes. Kamara et al. (2003) used PCA 
to identify traits of maize (Zea mays L.) that accounted for 
most of the variance in the data. Granati et al. (2003) used 
PCA to investigate the relationship among  Lathyrus 

accessions. Žáková and Benková (2006) identified traits 
that were the  main sources of variation of genetic 
diversity among 106 Slovakian barley accessions. Cartea et 
al. (2002) and Salihu et al. (2006) used PCA and cluster 
analysis to group kale populations and winter wheat 
genotypes, respectively. In the current study, a set of data 
comprising agronomic and quality traits of a world  
collection of 81 hull-less barley genotypes were subjected 
to multivariate data analysis, namely, PCA, cluster analysis 
and CDA. 
 
 
MATERIALS AND METHODS 
 
The present study was conducted in the experimental field 
area of Wheat Research Institute, Faisalabad during the 
crop season of 2014-2015. Fifteen accessions of barley viz 
(B-10007, B-10008, B-10006, B-10014, B-10003, B-10009, 
B-10001, B-11001, B-11002, B-11005, B-11008, B-11010, 
B-11011, B-11015 and B-11016 ) along with check variety 
Haider-93 were sown in a randomized complete block 
design with three replications. 

Row to row distance was maintained at 30 cm and all the 
recommended agronomic practices were followed for 
growing the crop. The crop was sown in November 2014 
and harvested in early May, 2015. At maturity, five 
guarded plants from each replication were selected at 
random for recording the data of grain yield (Kg/ha) and 
other yield related traits such as days to heading, 
tillers/meter, plant height, spike length with awns (cm), 
spike length without awns (cm), peduncle length (cm), 
stem diameter (mm), days to maturity and biomass 
(Kg/ha). 

Genotypic and phenotypic correlation coefficients 
among the characters under study were estimated 
according to the statistical techniques outlined by Kown 
and Torrie (1964).  

Path analysis (Dewey and Lu 1959) examined the direct 
effects of various characters on yield, as well as indirect 
effects via other components. As for as path coefficient 
analysis is concerned, it is simply a standardized partial 
regression coefficient, which assesses the influence of 
causal variables on resultant variable directly and 
indirectly by partitioning the genotypic correlation 
coefficients. Such information may be useful in predicting 
correlated responses of different characters towards 
directional selection. Since path coefficient analysis 
determines the effect of individual traits on overall grain 
yield, principal component and cluster analysis were also 
performed to determine the performance of individual 
advanced lines and their effects on different variables. 
Principal component analysis (PCA) reflects the 
importance of the largest contributor to the total variation 
at each axis of differentiation (Sharma, 1998). It relies 
upon the Eigen vector decomposition of the covariance or 
correlation   matrix  (Granati et al., 2003). In  the  present  
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Table 1: Means performance of different traits of  Barley. 
 

Var Accession 
Days to 
heading 

Tillers/m 
Plant 

Height 
Spike Length 

with awns (cm) 
Spike Length 

without awns (cm) 
Peduncle 

Length (cm) 
Stem Dia 

(mm) 
Days to 

maturity 
Biomass 
(Kg/ha) 

Yield 
(Kg/ha) 

1 B-10007 94 259 99.89 18.48 8.53 24.98 4.08 131 12861 5136 

2 B-10008 103 195 106.00 19.03 8.72 25.12 4.43 139 10889 4106 

3 B-10006 104 180 98.89 18.69 8.00 19.53 3.98 138 11917 3889 

4 B-10014 103 217 107.78 19.28 10.32 26.20 3.93 138 12406 4644 

5 B-10003 103 172 100.22 18.72 7.91 24.11 4.15 136 11972 4464 

6 B-10009 102 164 103.89 19.36 8.47 26.41 4.35 138 11694 4339 

7 B-10001 96 148 104.33 18.48 8.17 29.34 4.48 133 10833 4150 

8 B-11001 97 208 106.67 18.12 9.06 30.70 3.73 133 10556 3375 

9 B-11002 105 264 106.22 20.42 9.16 26.61 3.89 141 12278 3797 

10 B-11005 104 217 98.89 17.30 8.72 26.80 3.66 141 11278 4044 

11 B-11008 94 199 110.44 18.16 8.81 32.27 3.83 133 11806 3978 

12 B-11010 106 236 91.00 19.38 7.91 18.51 4.17 142 10722 4047 

13 B-11011 104 151 108.89 19.04 9.06 29.74 4.49 139 12811 4547 

14 B-11015 95 189 106.56 16.78 7.90 23.95 3.83 132 11306 3906 

15 B-11016 104 218 104.33 19.66 9.91 27.92 4.14 139 11861 4753 

16 Haider-93 109 156 95.44 18.63 7.22 25.76 4.23 144 10194 3925 

 
LSD (0.05%) 0.90 35.85 5.27 1.74 0.92 3.85 0.52 1.38 1460 436 

 
 
study, the correlation matrix was used for Principal 
Component Analysis (PCA). 
 
 
RESULTS AND DISCUSSION 
 
From the experiment under study, data collected 
were subjected to analysis of variance, which 
showed significant genetic variations among all the 
traits studied. Especially for grain yield (kg/ha), 
there were highly significant differences among all 
the genotypes. It was revealed that B-10007 
exhibited maximum grain weight (5136 kg/ha), 
followed by B-11016 (4753 kg/ha), while B-11001 
had the minimum value (3375 kg/ha) out of all 
accessions studied (Table 1). 

The    experiment   was    performed   for  genetic 

 evaluation of the characters studied. Various 
estimates showed valuable results which are 
discussed below. Correlation analysis was 
performed between variables to determine the 
extent of relationship between them. It was found 
that tillers per meter, spike length with awns, spike 
length without awns, stem diameter and biomass 
(kg/ha) had positive correlation with grain yield 
(kg/ha) both at genotypic and phenotypic levels 
(Table 2). These results are in line with the findings 
of Babaiy et al. (2011), but other traits like days to 
heading, plant height, peduncle length and days to 
maturity had negative correlation with grain yield 
(kg/ha) at both genotypic and phenotypic levels. 
Deniz (2007) also found  a  negative  correlation  
between  grain yield  and  the  durations  of  
vegetative  and  grain-filling periods  in  spring  

barley. According to Žáková and Benková (2006), 
during the years 1900-2003, increases in grain yield 
of spring barley were generally associated with 
reduced plant height and improved lodging 
resistance. Maximum positive correlation was found 
between days to heading and days to maturity at 
both genotypic and phenotypic levels. Also, these 
traits showed maximum similarity in Dandrogram 
clustering, indicating that an advanced line which 
flowers earlier will also mature earlier than other 
studied lines. Plant height also showed a great 
extent of positive correlation with peduncle length 
at both genotypic and phenotypic levels (Tables 3 
and 4). 

The traits viz. plant height, peduncle length, days 
to maturity and biomass had positive direct effect 
on   grain    yield,   while days to heading, tillers per  
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Table 2: Estimates of mean squares, F ratios, genotypic and phenotypic components of variations and heritability of different barley traits studied during 2012-2013. 
 

SOV 
Days to 
heading 

Tillers/m 
Plant 

Height 
Spike Length 

with awns (cm) 
Spike Length 

without awns (cm) 
Peduncle 

Length (cm) 
Stem Dia 

(mm) 
Days to 

maturity 
Biomass 

Kg/ha 
Yield 

Kg/ha 

MS(y) 65.888** 3901.625** 82.981** 2.346* 1.874** 39.761** 0.212* 43.292** 1928670** 559744** 

MS(REPLICATES) 7.266 3499.813 180.016 0.725 0.245 10.601 0.135 0.406 10429700 138848 

MS(ERROR) 0.294 462.213 9.989001 1.094 0.304 5.323 0.096 0.683 766122.7 68253.87 

F.RATIO(V) 224.298 ** 8.441 ** 8.308 ** 2.145 * 6.162 ** 7.47 ** 2.207 * 63.354 ** 2.517 * 8.201 ** 

F.RATIO(R) 24.734 ** 7.572 ** 18.022 ** .662 ns .806 ns 1.991 ns 1.406 ns .595 ns 13.614 ** 2.034 ns 

ST.ERROR 0.313 12.413 1.825 0.604 0.318 1.332 0.179 0.477 505.346 150.835 

SEDM 0.443 17.554 2.581 0.854 0.45 1.884 0.253 0.675 714.667 213.313 

G.VAR. 21.865 1146.471 24.331 0.418 0.523 11.479 0.039 14.203 387515.8 163830.1 

P.VAR. 22.158 1608.683 34.319 1.511 0.827 16.802 0.135 14.886 1153639 232083.9 

GCOV. 4.611 17.074 4.785 3.452 8.396 12.97 4.811 2.744 5.373 9.651 

PCOV. 4.642 20.225 5.683 6.567 10.557 15.692 8.982001 2.809 9.270001 11.487 

HERITABILITY 0.987 0.713 0.709 0.276 0.632 0.683 0.287 0.954 0.336 0.706 

 
 

Table 3: Genotypic correlation coefficient of different traits studied with grain yield in some barley accessions. 
 

Variable 
Days to 
heading 

Tillers/m 
Plant 

Height 

Spike 
Length with 
awns (cm) 

Spike Length 
without awns 

(cm) 

Peduncle 
Length 

(cm) 

Stem Dia 
(mm) 

Days to 
maturity 

Biomass 
Kg/ha 

Yield 
Kg/ha 

Days to heading 1 
         

Tillers/m -0.0386 1 
        

Plant Height -.5037 * -.1092 * 1 
       

Spike Length with awns (cm) .7104 ** .3375 ** .01 ** 1 
      

Spike Length without awns (cm) -0.0474 0.4742 .7093 ** .2755 ** 1 
     

Peduncle Length (cm) -0.4509 -0.1999 .8384 ** -.1671 ** .4679 ** 1 
    

Stem Dia (mm) 0.2637 -.8367 ** -.0073 ** .4284 ** -.4671 ** -.1673 ** 1 
   

Days to maturity .971 ** -.001 ** -.4837 ** .6808 ** -.0268 ** -.3414 ** .2979 ** 1 
  

Biomass Kg/ha -0.2128 0.4111 .4961 * .405 * .6949 ** .1277 ** .0065 ** -.273 ** 1 
 

Yield Kg/ha -0.0609 0.1476 -0.0102 0.4036 0.3706 -0.0379 .5248 * -.1222 * .7301 ** 1 

 
 
meter, spike length with awns, spike length without 
awns and stem diameter had negative direct effect 
on grain yield (Table 5 ). Maximum direct effect and 
maximum correlation with grain yield was shown 
by biomass to be significant at both genotypic and 

phenotypic levels. Days to heading and days to 
maturity had negative correlation at both genotypic 
and phenotypic levels with biomass and grain yield 
and also had negative indirect effect via biomass (a 
trait having maximum direct effect on grain yield). 

These results are in contrast with the findings of 
Dofing (1995) who reported that negative 
association between grain yield and early maturity 
limits their simultaneous  improvement  in  barley. 
This means that an advanced line which flowers and  
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Table 4: Phenotypic correlation matrix. 
 

Variable 
Days to 
heading 

Tillers/m 
Plant 

Height 

Spike 
Length with 
awns (cm) 

Spike Length 
without awns 

(cm) 

Peduncle 
Length (cm) 

Stem Dia 
(mm) 

Days to 
maturity 

Biomass 
Kg/ha 

Yield 
Kg/ha 

Days to heading 1 
         

Tillers/m -0.0418 1 
        

Plant Height -0.4361 -0.0987 1 
       

Spike Length with awns (cm) 0.3598 0.17 -0.0452 1 
      

Spike Length without awns (cm) -0.0297 0.3009 0.4611 0.4536 1 
     

Peduncle Length (cm) -0.3536 -0.1533 .5789 * -.0392 * .4044 * 1 
    

Stem Dia (mm) 0.1806 -0.2721 -0.1231 0.4107 0.0324 0.0609 1 
   

Days to maturity .9422 ** .0015 ** -.3898 ** .3125 ** -.0495 ** -.2847 ** .0926 ** 1 
  

Biomass Kg/ha -0.1212 0.1534 0.2575 0.2134 0.308 0.0293 -0.0222 -0.123 1 
 

Yield Kg/ha -0.0638 0.08 -0.0034 0.1101 0.2383 -0.0321 0.2653 * -0.073 .6111 * 1 
 
 
Table 5: Direct and Indirect Effects of Plant Traits on Barley yield (Barley yield as a dependent variable ). 
  

Variables 
Days to 
heading 

Tillers/m 
Plant 

Height 

Spike Length 
with awns 

(cm) 

Spike Length 
without awns 

(cm) 

Peduncle 
Length (cm) 

Stem Dia 
(mm) 

Days to 
maturity 

Biomass 
Kg/ha 

rg (for rg values  put 
significance stars as 

in table 3) 

Days to heading (-.8505 ) 0.0085 -0.1588 -0.5442 0.0763 -0.1187 -0.1325 2.1908 -0.5318 -0.0609 

Tillers/m 0.0328 (-.2207 ) -0.0344 -0.2586 -0.7644 -0.0526 0.4203 -0.0024 1.0275 0.1476 

Plant Height 0.4284 0.0241 (0.32) -0.0077 -1.1434 0.2208 0.0037 -1.0915 1.24 -0.0102 

Spike Length with awns (cm) -0.6042 -0.0745 0.0032 (-.7661 ) -0.4441 -0.044 -0.2152 1.5361 1.0125 0.4036 

Spike Length without awns (cm) 0.0403 -0.1046 0.2237 -0.2111 (-1.612 ) 0.1232 0.2346 -0.0605 1.7371 0.3706 

Peduncle Length (cm) 0.3035 0.0441 0.2644 0.128 -0.7543 (0.26) 0.0841 -0.7702 0.3191 -0.0379 

Stem Dia (mm) -0.2243 0.1847 -0.0023 -0.3282 0.7529 -0.0441 (-.5024 ) 0.6722 0.0162 0.5248 

Days to maturity -0.8258 0.0002 -0.1526 -0.5216 0.0432 -0.0899 -0.1497 (2.26) -0.6825 -0.1222 

Biomass (Kg/ha) 0.1809 -0.0907 0.1565 -0.3103 -1.1202 0.0336 -0.0033 -0.616 (2.50) 0.7301 
 
 

The importance of traits to the different PCs can 
be seen from the corresponding Eigen vectors, as 
shown in Table 6. The results showed that Plant 
height and Peduncle length had the highest loadings 
in PC1 and as such, PC1 is a weighted average of 
these characters indicating their significant 
importance for this component. On the other hand, 
other traits are less important to PC1. The other 
traits, such as days to heading, tillers per meter, 
spike length with awns, spike length without awns, 

days to maturity, biomass and grain yield were the 
main traits of PC2. For PC3, stem diameter was the 
most important trait, while multiple  traits 
contributed to the fourth PC in varying proportions. 

The accessions that are close together were perce
ived as being similar when rated on 10 variables on 
PCA biplot (Figure 1), while accessions which are 
further  apart  were more diverse from  other 
accessions. Cluster analysis performed on all 16 
accessions of barley clearly differentiated them into 

four clusters as shown in Figure 2 based on Ward 
linkage and Euclidean distance. Each cluster 
containing accessions were highly similar. Cluster I 
consisted of 04 accessions, cluster II of 05, cluster 
III of 04 and cluster IV of 03 accessions. Based on 
the mean value for each cluster (Table 7), 
accessions in cluster I viz. B-10007, B-10014, B-
11002 and B-11016 showed maximum value for 
most of the traits (Tillers per meter, spike length 
with awns, spike length without awns, biomass and  
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Table 6: Principal component analysis  of all traits of Barley studied. 
 

Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 

Days  to  heading -0.461 0.256 -0.017 0.271 0.324 0.034 -0.042 0.034 0.264 -0.685 
Tillers/m 0.073 0.24 -0.647 -0.09 -0.384 -0.231 0.14 -0.5 0.008 -0.202 
Plant  Height 0.46 0.084 0.182 0.341 0.023 0.372 -0.215 -0.456 0.484 0.058 
Spike  Length  with  awns  (cm) -0.156 0.512 0.078 0.17 -0.578 0.211 0.191 0.416 0.229 0.196 
Spike  Length  without  awns  (cm) 0.302 0.419 -0.144 0.304 0.093 -0.214 -0.59 0.231 -0.405 0.002 
Peduncle  Length  (cm) 0.386 -0.013 0.238 0.437 0.047 -0.457 0.599 0.069 -0.064 -0.156 
Stem  Dia  (mm) -0.165 0.173 0.656 -0.142 -0.346 -0.086 -0.133 -0.414 -0.361 -0.216 
Days  to  maturity -0.445 0.24 -0.032 0.329 0.321 -0.087 0.153 -0.371 -0.139 0.587 
Biomass  Kg/ha 0.261 0.426 -0.028 -0.307 0.338 0.516 0.379 -0.02 -0.345 -0.108 
Yield  Kg/ha 0.109 0.404 0.183 -0.517 0.256 -0.477 -0.057 0.024 0.455 0.145 
Eigenvalue 3.139 2.4593 1.6651 1.3827 0.5346 0.4038 0.2405 0.1159 0.0401 0.0189 
Proportion 0.314 0.246 0.167 0.138 0.053 0.04 0.024 0.012 0.004 0.002 
Cumulative 0.314 0.56 0.726 0.865 0.918 0.958 0.983 0.994 0.998 1 

 
 

 
 

Figure 1: Biplot analysis of first two principal components. 
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Figure 2: Dandrogram clustering similiar accessions. 

 
 

Table 7: Mean value for each cluster against all the traits studied. 
 

Cluster Days to heading Tillers/m Plant Height 
Spike Length 

with awns 
(cm) 

Spike Length 
without awns 

(cm) 

Peduncle 
Length 

(cm) 

Stem Dia 
(mm) 

Days to 
maturity 

Biomass 
Kg/ha 

Yield 

Kg/ha 

1 101.5 239.5 104.555 19.46 9.48 26.4275 4.01 137.25 12351.5 4582.5 

2 101.6 166 104.666 18.926 8.466 26.944 4.38 137 11639.8 4321.2 

3 105.75 197.25 96.055 18.5 7.9625 22.65 4.01 141.25 11027.75 3976.25 

4 95.33333 198.6667 107.89 17.68667 8.59 28.97333 3.796667 132.6667 11222.67 3753 

 
 
grain yield), while accessions in cluster II viz. B-
10008, B-10003, B-10009, B-10001 and B-11011 
showed average values for most of the traits. The 

similar trend was also shown by PCA biplot (Figure 
3) where similar entries of same cluster were 
grouped together while differing from other cluster 

entries. Cluster III showed maximum values for 
days to heading and days to maturity (B-10006, B-
11010,     Haider-93    and   B-11005 ). Cluster IV (B- 
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Figure 3: Dandrogram clustering similar variables. 

 
 
11001, B-11008 and B-11015 ) gained the highest values 
for plant height and peduncle length, but lowest values for 
most of the other traits as also indicated by PCA biplot 
(Figure 1). 
 
 
CONCLUSION 
 
The traits viz Plant height, peduncle length, days to 
maturity and biomass had positive direct effect on grain 
yield, while days to heading, tillers per meter, spike length 
with awns, spike length without awns and stem diameter 
had  negative direct effect on grain yield. Maximum direct 
effect and maximum correlation with grain yield was 
shown by biomass at both genotypic and phenotypic 
levels. Days to heading and days to maturity had negative 
correlation at both genotypic and phenotypic levels with 
biomass and grain Yield and also had negative indirect 
effect via biomass (a trait having maximum direct effect on 
grain Yield). This means that an advanced line which 
flowers earlier is more likely to produce more grain yield 
than other lines. Principal component analysis reduced the 
original 10 quantitative characters in the experiment to 4 
principal components. The first four principal components 
with Eigen values >1 explained 86.5% of variation among 
16 accessions of Barley crop. The proportions of the total 
variance attributable to the first four PC were 31.4, 24.6, 
16.7 and 13.8%. Based on the mean value for each cluster, 
accessions in cluster I viz. B-10007, B-10014, B-11002 and 
B-11016 showed maximum value for most of the traits ( 
Tillers per meter, spike length with awns, spike length 

without awns, biomass and grain yield ), while Cluster IV 
(B-11001, B-11008 and B-11015 ) obtained the highest 
values for plant height and peduncle length, but lowest 
values for most of the other traits. This indicates the 
declining extent of these traits in our breeding programs to 
increase grain yield of barley to a significant extent. 
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