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Abstract : Genotypes G5, G8, G3, G21 and G18 had achieved higher yields besides bi > 1.0. G21 and G3 identified as appropriate
one, because had higher yield value than the mean, bi values near 1.0 and low S2

di. Lower values (W2
i) resulted for G12, G5, G2, G21

while higher for G5, G3 and G14. Genotypes G12 followed by G2, G20, and G7 had the smallest environmental variance (S2
xi). Smaller

values of (CVi) considered G12, G2, G20, and G10 of stable performance. 2
i measure pointed out G12, G7 and G2 with smallest

values. Desirable lower Pi values reflected by G18, G5, G21, and G4 while GAI values identified G18, G11, G4 G10 as desirable
genotypes. Si

(1) and Si
(2) showed lower values of G12, G2 and G7 genotypes. Significant tests of Si

(1) and Si
(2) proved the highly

significant difference in ranks among the 21 genotypes grown in 8 environments. Genotypes G12, G2, and G7 had the lower Si
(3)

and Si
(6) values. Yield of genotypes had significant negative correlation with bi, Si

(2), Si
(3), Si

(6), NPi
(2), NPi

(3), NPi
(4) and significant

positive correlation with GAI, Pi and Rank Sum. Hierarchical cluster analysis classified genotypes into three clusters as largest
cluster included genotypes with more than average yield along with high yielders G18, G11, G3, G5, G21 and unstable performance
indicated by non parametric measures. Biplot analysis while considering first two significant principal components grouped the
parametric and non parametric measures into four groups. The smaller group consisted of bi and S2

di and adjacent to group of non
parametric measures Si

(2), Si
(6), NPi

(2), NPi
(3) and NPi

(4).
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INTRODUCTION
The high yield and stable performance is required

for commercial release of barley cultivars. This task poses
a great challenge for the barley improvement programme
of the country. Multi-environment trials are conducted
to estimate a cultivar’s genotypic value and yield
performance across number of environments (Kiliç,

2012). Barley besides an important food as well as fodder
and income source and estimated demand for barley in
the world market is projected to increase substantially
(Vaezi et al., 2017). GxE interaction is challenging to
plant breeders because it complicates the selection of
superior genotypes (Khalili and Pour-Aboughadareh,
2016). Significant GxE interaction has led to the
development of measures to judge the cult ivar
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performance.
Two major approaches have been exploited in

literature to study GxE interaction and adaptability of
genotypes. First is a parametric or empirical approach,
which involves relating observed genotypic responses to
a set of environmental conditions. Other approach is the
non-parametric or analytical clustering approach, which
cluster genotypes according to their similarity of
response to a range of environments (Lin et al., 1986).
The non-parametric statistics have many advantages over
the parametric statistics (Temesgen et al., 2015; Rea et
al., 2015). Non parametric measures based on the ranks
and stable genotype express relatively consistent ranks
across environments (Nassar and Huehn, 1987; Scapim
et al., 2010; Thennarasu, 1995 and Kang, 1988).

The objectives of present study were select barley
genotypes of high yield and adaptable to different
environments of north hills, to study the interrelationships

among various parametric and no parametric measures
of GxE interaction.

MATERIAL  AND  METHODS
Twenty one barley genotypes were evaluated at

eight locations (Kangra, Majhera, Malan, Bajaura, Shimla,
Katrain, Berthin and Ranichouri) during cropping seasons
of 2016-2017. Some environmental conditions of the
experimental sites reflected in Table C. The attribute
evaluated was grain yield expressed in tons per hectare.
Additionally, Spearman correlation co-efficients among
measures (Piepho and Lotito, 1992) and biplot analysis
via principal component analyses (PCA) based on the
correlation matrix were calculated to have through
understanding of the association among measures. SAS-
based computer program SASGESTAB (Hussein et al.,
2000) and JMP software’s were utilized for the analyses.

Table A : Parametric measures 
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RESULTS  AND  DISCUSSION
Analysis of variance for yield showed highly

significant effects of genotypes, environments and GxE
interaction at P<0.01. GxE interaction suggests
significant differences in genotypes responses to
environments.

Parametric measures:
Average yield of genotypes ranged from 26.8 to

16.9 t/ ha whereas wide variation observed across
environments as 36.2 at E-7 to 15.2 at E-5 (Table 1).
Considering yield over environments as an important
measures, G5, G18, G11, G4, G21, G20, G8, G9, G10,
G3, and G4 had yield more than grand mean yield (22.4
t/ ha), while genotypes G14, G19, and G15 had achieved
low yield. The results of parametric and non parametric
measures along with mean yield are given in Table 1 and
ranking of genotypes as per these measures tabulated in
Table 2. Measures of adaptability are necessary for
general and specific adaptation to environments for
promising genotypes. Genotypes G5, G8, G3, G21 and

G18 had higher yields along with bi values greater than
1.0 (Table 1). These genotypes are sensitive to
environmental variations and would be suggested for
cultivation under favourable conditions, whereas G14,
G19, G15 and G13 possessed bi<1 besides lower average
yields were poorly adapted across environments and
might have specific adaptation to harsh conditions. On
the contrary, G10, G11, and G4 had higher grain yields
and a co-efficient values near 1.0. These genotypes
showed average stability. Among these cultivars G21 and
G3 were the most appropriate one, because had higher
yield value than the mean, bi values near 1.0 and low
S2

di.  Lower values of Wricke’s ecovalance (W2
i)

resulted for genotypes G12, G5, G2, G21 and highest for
G5, G3 and G14 (Table 2). Good correlation Wi

2 with
S2

xi (r = 0.77**) confirmed similar results by these two
measures. As per environmental variance (S2

xi), G12
followed by G2, G20, and G7 had the lowest variation
across environments and G5 followed by G14, G19,
showed the largest variation. Low values of Francis and
Kannenberg’s co-efficient of variation considered
genotypes G12, G2, G20, and G10 of stable performance.

Table B : Non-parametric measures 
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Kang’s rank sum (1988)  
 

Combines yield and Shukla’s stability 
variance into one statistic.  
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1. Ranks for yield and variance are summed as genotype with 
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Shukla variance (2
i) revealed that the genotypes G12,

G7 and G2 had the smallest variance across the
environments, while the genotypes G5, G3 and G14 had
the largest 2

i. Genotypes of greatest interest would be
with the lowest values of Lin and Binns superiority index
(Pi), genotypes G18, G5, G21, and G4 have larger yield
and the lowest Pi values. GAI measure identified G18
G11 G4 G10 as desirable genotypes.

Non - parametric measures:
Two rank based measures across environments and

assign equal weight to each environment (Si
(1) and Si

(2) )
from Nassar and Huehn (1987). Genotypes with fewer
changes in ranking are considered to be more stable
(Dehghani et al., 2016). Si

(1) and Si
(2) showed genotypes

G12, G2 and G7 had the lowest values; therefore, these
genotypes were regarded as the stable genotypes. On
the other hand, G18, G11, G4, and G5 had the highest

S i
(1) and S i

(2) values; therefore, were of unstable
performance. Significant tests of non-parametric
measures based on ranks of genotypes Si

(1) and Si
(2) were

conducted as suggested by Nassar and Huehn (1987).
Individual Z1 and Z2 for genotypes were calculated and
summed over to obtain Z1 = 60.72 and Z2 = 42.99 (Table
1). These values were more than the significant value of
2 (0.01, 21) = 38.9. This proved the highly significant
difference in ranks among the 21 genotypes grown in 8
environments (Dehghani et al., 2016). Two out of twenty
one genotypes showed significantly large values as
compared to 2 (0.01, 1) = 6.63 this proved the unstable
behavior of G21, G15.

Two other nonparametric statistics (Si
(3) and Si

(6))
combine yield and stability based on yield ranks of
genotypes in each environment (Nassar and Huehn,
1987). Si

(3) and Si
(6) ranged from 9.4 to 59.22 and 1.54 to

7.37, respectively. Genotypes G12, G2, and G7 had the

Table C : Genotype description and environmental characterization of barley multi-environment 
Code Genotype Parentage Code Environments Latitude Longitude Altitude 

(m) 
G 1 BHS 457 AWBLACK/ATHS//ARAR/3/9Cr.279-07/ROHO/4/ALANDA-01 E 1 Kangra 32o10 ' N 76o27 ' E 785.79 
G 2 BHS 458 TRA-B/1038//PETUNIA 1/3/PENCO/7/CONGONA/5/CENB /3/ 

LBIRAN/UNA8217//GLORIABAR/COME/4/SEN/6/QUINA/8/BLLU
/RUSSEL// CABUYA/3/ M9846//CCXX14.ARZ/3/PACO 
CBSS01M00725D-0TOPY -13M -1M-1Y-1M-0Y  

E 2 Majhera 29o51 ' N 79o47 ' E 922.39 

G 3 BHS 459 LAMONIA94/EXCEL-BAR E 3 Malan 24o21 ' N 72o44 ' E 230.32 
G 4 BHS 460 CLE150/W89o11369//CHERI/3/CANELA E 4 Bajaura 29o36 ' N 81o31 ' E 1288.60 
G 5 UPB 1061 PL 830/BH902 E 5 Shimla 31o10 ' N 77o17 ' E 2196.81 
G 6 UPB 1062 INBON-HI-10 (2013-14) E 6 Katrain 32o13 ' N 77o12 ' E 2400.13 
G 7 UPB 1063 DWR 28/(RD 2503/ROBUST/BORR/8/ZARZA 15/GLORIA-BAR/4/ 

SOTOL//... 
E 7 Berthin 31o42 ' N 76o64 ' E 657.60 

G 8 VLB 146 INDIANUR-57(2009-10) E 8 Ranichouri 27o17 ' N 85o98 ' E 518.95 
G 9 VLB 149 INDIANUR-51(2009-10)      
G 10 VLB 150 EC667475      
G 11 VLB 151 20thIBON-52      
G 12 VLB 152 PENCO/CHEVRON-AR/3/ATACO/BERMEJO//HIGO/4/PETUNIA 

1/5/FRESA 
     

G 13 VLB 154 ADABELLA/5/LEGACY/4/TOCTE//GOB/HUMAI10/3/ATAH92/AL
ELI 

     

G 14 HBL 764 PETUNIA 2/3/AGA VE/SUMBARD400//MARCO/4/PETUNIA 
1/5/TRA-B/1038// PETUNIA 1/3/ PENCO/6/BLLU 

     

G 15 HBL 765 CI10622/CI5824//PAICO/3/GLORIA-BAR/COPAL/4/BBSC*2/5/ 
PINON 

     

G 16 HBL 778 INBYT-HI-2 (2012-13)      
G 17 HBL 780 IBYT-W-18 (2012-13)      
G 18 HBL 113  SELECTION FROM ZYPHYZE      
G 19 BHS 352  HBL240/BHS504//VLB129      
G 20 VLB 118  14th EMBSN-9313      
G 21 BHS 400  34th IBON-9009      
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Table 2 : Ranks of yield and measures for 21 barley genotypes over 8 environments 
  Yield GAI Pi S2

xi CVi bi Wi
2 2 i S2 

di Si
(1) Si

(2) Si
(3) Si

(6) NPi
(1) NPi

(2) NPi
(3) NPi

(4) Rank-sum 

G 1 BHS 457 12 13 12 8 8 16 13 13 18 17 6 7 9 20 14 10 10 15 
G 2 BHS 458 16 16 15 2 2 9 3 3 9 5 2 2 3 7 4 4 4 10 
G 3 BHS 459 9 10 9 16 16 19 20 20 8 18 12 14 14 16 13 14 14 18 
G 4 BHS 460 4 3 4 13 11 12 10 10 20 9 18 19 18 13 20 20 20 5 
G 5 UPB 1061 1 5 2 21 17 21 21 21 1 16 19 18 17 21 21 21 21 12 
G 6 UPB 1062 14 15 16 9 13 5 14 14 15 21 13 12 10 11 5 8 8 17 
G 7 UPB 1063 17 17 17 4 7 13 2 2 10 8 3 3 2 2 3 2 2 10 
G 8 VLB 146 8 8 8 11 12 20 17 17 4 10 4 11 13 3 10 12 11 15 
G 9 VLB 149 7 7 6 12 9 18 12 12 13 14 15 15 15 14 15 16 17 10 
G 10 VLB 150 6 4 7 6 4 11 6 6 11 6 16 16 17 9 17 15 15 3 
G 11 VLB 151 3 2 5 15 14 10 8 8 17 5 20 20 20 11 19 19 19 2 
G 12 VLB 152 15 14 13 1 1 8 1 1 7 3 1 1 1 1 2 3 3 6 
G 13 VLB 154 13 12 14 10 10 4 15 15 14 19 10 10 11 16 8 11 12 17 
G 14 HBL 764 21 21 21 20 21 1 19 19 2 11 11 6 5 19 9 6 6 21 
G 15 HBL 765 19 18 19 14 18 3 5 5 5 1 9 4 4 4 1 1 1 13 
G 16 HBL 778 11 11 11 5 6 14 9 9 19 20 8 9 8 17 12 9 9 11 
G 17 HBL 780 18 20 18 18 19 7 16 16 21 15 5 5 6 13 7 7 7 19 
G 18 HBL 113 2 1 1 17 15 15 11 11 16 7 21 21 21 7 18 18 18 4 
G 19 BHS 352 20 19 20 19 20 2 18 18 3 12 14 8 7 18 6 5 5 20 
G 20 VLB 118 10 9 10 3 3 6 7 7 12 13 7 13 12 8 11 13 13 7 
G 21 BHS 400  5 6 3 7 5 17 4 4 6 2 17 17 19 7 16 17 16 1 
 

 

Fig. 1 : Dendogram showing hierarchical classification of 21
barley genotypes based on ranks as per measures

 

Fig. 2 : Clustering of parametric and non parametric
measures by Ward’s method

lowest Si
(3) and Si

(6) values hence, these genotypes were
characterized as the most stable genotypes, as well as
with regard to Si

(3) and Si
(6) statistics (Table 2). While

genotypes G18, G11 and G4 were high yielder even
unstable genotypes as characterized by Si

(3) and Si
(6)

measures (Table 2). Kang rank-sum statistics (Kang,
1988), pointed towards G21 G11 G10 G18 genotypes with
a lower rank-sum and regarded as the most desirable,
whereas genotypes G14, G19 and G17, which had the

highest values, were undesirable.

Linear association analysis :
Rank correlations among measures are given in

Table 3. Grain yield has significant negative correlation
with bi, Si

(2), Si
(3), Si

(6) NPi
(2), NPi

(3), NPi
(4) and showed

significant positive correlation with GAI, Pi and Rank
Sum (P<0.01). Co-efficient of regression (bi) expressed
positive relation with Si

(3) , Si
(6), NPi

(2), NPi
(3), NPi

(4) and
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showed negative with Rank sum. Deviation from
regression S2

di exhibited only marginal correlation with
considered measures. Ecovalance (Wi

2) and Shukla
variance (2

i) expressed same degree of correlation with
measures i.e. significant positive with Si

(1), NPi
(1) and

Kang rank sum. CV also highlighted significant positive
with Ecovalance (Wi

2) and Shukla measures (2
i). GAI

showed negative correlation of high significance with bi,
Si

(2), Si
(3) , Si

(6) , NPi
(2), NPi

(3), NPi
(4) and positive with Pi

and Kang rank sum. Si
(1) measure mentioned positive

relation with NPi
(1) and Kang rank sum. Measure Si

(2)

expressed positive relation with non parametric
measures. Similar behavior observed for Si

(3) and Si
(6).

NP i
(s) reflected only positive correlation among

themselves. Worth to mention the negative correlation
of Kang rank sum with non parametric measures.

Clustering pattern of genotypes and measures :
Dendrogram obtained from hierarchical cluster

analysis by Ward’s method based on the ranks of
genotypes as per yields and other measures. Genotypes
were classified into three clusters (Fig. 1). Largest cluster
(III) included the genotypes with more than average yield
along with high yielders G18, G11, G3, G5, G21 and
unstable performance indicated by non parametric
measures. However, first cluster I included moderately
to low yielder genotypes G1, G16, G20, G6, G13 and
G19 as moderately ranked by most of non parametric
measures. Second cluster (III) consisted of only 4
genotypes G2, G12, G7 and G15 with low yield even
than pointed out by parametric and non parametric as
desirable genotypes.

Further Ward’s method of hierarchical clustering
was carried out to find out any relationship among
measures Fig. 2. The measures were clustered in four
major groups. Parametric measures of yield with GAI
and P i placed in separate group. Non parametric
measures of Si

(2) Si
(3) , Si

(6) , NPi
(2), NPi

(3), NPi
(4) along

with bi placed in third group. More over second group
comprised mostly of parametric measures S2

xi , CVi ,Wi
2,

2
i, Kang with Si

(1) and NPi
(1). However, S2

di is separated
in remaining group with single occupancy.

Biplot analysis of measures :
Principal components analysis (PCA) based on the

rank correlation matrix was presented in Fig. 3. As first
two PCs jointly approximated 78.3 % (PC1 = 49.8%
and PC2 = 28.4%) of the total variation. Graphically biplot
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grouped the measures in four groups. The smaller group
consisted of bi and S2

di. This group is adjacent to group
of Si

(2), Si
(6), NPi

(2), NPi
(3), and NPi

(4). Other two groups
have placed away from these groups comprised of Rank

Rank-sum

NP4NP3NP2

NP1

Si 6
Si 3

Si 2

Si 1

S2di

Sigma 2iWi2

bi

CVi S2xi

PiGAI

Yield

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

-0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5

 Fig. 3: Biplot of first two principal components of ranks for measures

sum, GAI, Pi and yield in one group and other is of CVi,
Wi

2, 2
i , S2

xi , NPi
(1) and Si

(1).
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