International Journal of Agricultural Sciences & DOI:10.15740/HAS/1JAS/14.2/283-291
Volume 14 | Issue 2 | June, 2018 | 283-291 W e ISSN-0976-5670 Visit us : www.researchjournal.co.in

RESEARCH PAPER

Statistical methods to study adaptability of barley
genotypes evaluated under multi environment trials

Ajay Verma*, V. Kumar, A.S. Kharab and G.P. Singh
Statistics and Computer Center, ICAR- Indian Institute of Wheat and Barley Research, Karnal (Haryana) India
(Email : verma.dwr@gmail.com)

Abstract : Genotypes G5, G8, G3, G21 and G18 had achieved higher yields besides b,> 1.0. G21 and G3 identified as appropriate
one, because had higher yield value than the mean, b, values near 1.0 and low S? ;.. Lower values (W?) 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 (S, ). Smaller
values of (CV)) considered G12, G2, G20, and G10 of stable performance. o measure pointed out G12, G7 and G2 with smallest
values. Desirable lower P, values reflected by G18, G5, G21, and G4 while GAI values identified G18, G11, G4 G10 as desirable
genotypes. S and S,® showed lower values of G12, G2 and G7 genotypes. Significant tests of S® and S proved the highly
significant difference in ranks among the 21 genotypes grown in 8 environments. Genotypes G12, G2, and G7 had the lower S®
and S values. Yield of genotypes had significant negative correlation with b, @, S®, S©, NP @, NP ®, NP ® and significant
positive correlation with GAI, P, 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 b, and S?  andadjacent to group of non
parametric measures S@, S©, NP.@, NP ® and NP .
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INTRODUCTION 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 cultivar

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 (Kilig,
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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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Table B : Non-parametric measures
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Kang’s rank sum (1988) Combines vyield and Shukla’s

stability  Highest yielder assigned rank of 1, lowest variance got rank of

Si  mean of the absolute rank differences of a genotype over
environments,

Si @ variance among the ranks over environments

Si® sum of the absolute deviations for each genotype relative
to the mean of ranks

Si® sum of squares of rank for each genotype relative to the
mean of ranks

r'; was the rank of Y%, and ri and Mg were the mean and

median ranks for original, where ri “ and M"; were the same
parameters computed from the corrected yield values.

1. Ranks for yield and variance are summed as genotype with
lowest rank would be desirable

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 b, 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, b, values near 1.0 and low
S2,. Lower values of Wricke’s ecovalance (W?)
resulted for genotypes G12, G5, G2, G21 and highest for
G5, G3 and G14 (Table 2). Good correlation W, with
§?, (r = 0.77**) confirmed similar results by these two
measures. As per environmental variance (S° ), 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.
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Shukla variance (c?) 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. 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 P, values. GAIl 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 (S and S@)
from Nassar and Huehn (1987). Genotypes with fewer
changes in ranking are considered to be more stable
(Dehghani et al., 2016). S® and S 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 and S,@ values; therefore, were of unstable
performance. Significant tests of non-parametric
measures based on ranks of genotypes S and S @ were
conducted as suggested by Nassar and Huehn (1987).
Individual Z, and Z, for genotypes were calculated and
summed over to obtain Z, =60.72 and Z, = 42.99 (Table
1). These values were more than the significant value of
x2 (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 (S,® and S©)
combine yield and stability based on yield ranks of
genotypes in each environment (Nassar and Huehn,
1987). S and S® 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
G1 BHS 457 AWBLACK/ATHS//ARAR/3/9Cr.279-07/ROHO/4/ALANDA-01 E1l Kangra 32°10'N  76°27'E 7555;9
G2 BHS 458 TRA-B/1038//PETUNIA 1/3/PENCO/7/CONGONA/5/CENB /3/ E2 Majhera 29°51'N  79%47'E 922.39
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
G3 BHS 459 LAMONIA94/EXCEL-BAR E3 Malan 24°21'N  72°44'E 230.32
G4 BHS460 CLE150/W89011369//CHERI/3/CANELA E4 Bajaura 29°36'N 81°31'E  1288.60
G5 UPB 1061 PL 830/BH902 E5 Shimla 31°10'N  77°17'E  2196.81
G6 UPB 1062 INBON-HI-10 (2013-14) E6 Katrain 32°13'N  77°12'E  2400.13
G7 UPB 1063 DWR 28/(RD 2503/ROBUST/BORR/8/ZARZA 15/GLORIA-BAR/4/  E7 Berthin 31°42'N  76%4'E 657.60
SOTOoU/I...
G8 VLB146 INDIANUR-57(2009-10) ES8 Ranichouri ~ 27°17'N  85°98'E 518.95
G9 VLB149 INDIANUR-51(2009-10)
G10 VLB150 EC667475
G11 VLB151 20thIBON-52
G12 VLB152 PENCO/CHEVRON-AR/3/ATACO/BERMEJO//HIGO/4/PETUNIA
1/5/FRESA
G13 VLB154 ADABELLA/5/LEGACY/4/TOCTE//GOB/HUMAIL0/3/ATAH92/AL
ELI
G14 HBL764 PETUNIA 2/3/AGA VE/SUMBARD400//MARCO/4/PETUNIA
1/5/TRA-B/1038// PETUNIA 1/3/ PENCO/6/BLLU
G15 HBL765 CIl10622/C15824//PAICO/3/GLORIA-BAR/COPAL/4/BBSC*2/5/
PINON
G16 HBL778 INBYT-HI-2(2012-13)
G17 HBL780 IBYT-W-18 (2012-13)
G18 HBL113 SELECTION FROM ZYPHYZE
G19 BHS352 HBL240/BHS504//\VLB129
G20 VLB118 14th EMBSN-9313
G21 BHS400 34th IBON-9009
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Table 2 : Ranks of yield and measures for 21 barley genotypes over 8 environments

Yield GAlI Pi S% CVi bi W? &2, S S® s@ 5O 5O Np® NP® NP® NP® Rank-sum
G1 BHS 457 12 13 12 8 8 16 13 13 18 17 6 7 9 20 14 10 10 15
G2 BHS 458 16 16 15 2 2 9 3 3 5 2 2 3 7 4 4 4 10
G3 BHS 459 9 10 16 16 19 20 20 18 12 14 14 16 13 14 14 18
G4 BHS 460 4 3 13 11 12 10 10 20 9 18 19 18 13 20 20 20 5
G5 UPB 1061 1 5 21 17 21 21 21 1 16 19 18 17 21 21 21 21 12
G6 UPB 1062 14 15 16 13 5 14 14 15 21 13 12 10 11 8 17
G7 UPB 1063 17 17 17 4 7 13 2 2 10 8 3 2 3 2 10
G8 VLB 146 8 11 12 20 17 17 4 10 11 13 3 10 12 11 15
G9 VLB 149 7 12 9 18 12 12 13 14 15 15 15 14 15 16 17 10
G10 VLB150 4 6 4 11 6 6 11 6 16 16 17 9 17 15 15
G1l1 VvLB151 2 15 14 10 8 8 17 5 20 20 20 11 19 19 19
G12 VLB152 15 14 13 1 1 1 1 7 3 1 1 1 1 2 3 3
G13 VLB154 13 12 14 10 10 4 15 15 14 19 10 10 11 16 8 11 12 17
G14 HBL764 21 21 21 20 21 1 19 19 11 11 6 5 19 9 6 6 21
G15 HBL765 19 18 19 14 18 3 5 1 4 4 4 1 1 1 13
G16 HBL778 11 11 11 5 6 14 9 19 20 9 8 17 12 9 9 11
G17 HBL780 18 20 18 18 19 7 16 16 21 15 5 6 13 7 7 7 19
G18 HBL113 2 1 1 17 15 15 11 11 16 7 21 21 21 7 18 18 18 4
G19 BHS352 20 19 20 19 20 18 18 3 12 14 8 7 18 6 5 5 20
G20 VvLB118 10 9 10 3 7 12 13 7 13 12 8 11 13 13 7
G21 BHS 400 5 6 3 5 17 4 6 2 17 17 19 16 17 16 1
° OYield
o Opj
° OGAl
oy +52
ol
o i —
5 +sigma2i ——
N +Rank-sum
+ 5 +35
¢BHS 459 +pP
¢VLB ’
VLB ¢bi -]
¢UPB 1081 652
©BHS 460 Sl .
“VLB 151 ¢5i3
SHBL 113 ¢5i 6
¢VLB 150
©BHS 400 R *NP3
; “NP4
[— «NP2
Fig. 1 : Dendogram showing hierarchical classification of 21 Fig. 2 : Clustering of parametric and non parametric

barley genotypes based on ranks as per measures

lowest S,@ and S.® values hence, these genotypes were
characterized as the most stable genotypes, as well as
with regard to S and S,© statistics (Table 2). While
genotypes G18, G11 and G4 were high yielder even
unstable genotypes as characterized by S® and S©
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

measures by Ward’s method

highest values, were undesirable.

Linear association analysis :

Rank correlations among measures are given in
Table 3. Grain yield has significant negative correlation
with b, S, S®, S® NP®, NP®, NP® and showed
significant positive correlation with GAI, P, and Rank
Sum (P<0.01). Co-efficient of regression (b,) expressed
positive relation with S, S©, NP,®, NP,®, NP,® and
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Table 3 : Rank correlation among measures and yield of barley genotypes over environments
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showed negative with Rank sum. Deviation from

N
Nl
§ regression S?; exhibited only marginal correlation with
' considered measures. Ecovalance (W?) and Shukla
£ = variance (c?) expressed same degree of correlation with
a3 measures i.e. significant positive with S®, NP.® and
(=T i i
o Kang rank sum. CV also highlighted significant positive
v O .
22 € with Ecovalance (W?) and Shukla measures (c2). GAI
S e 2 showed negative correlation of high significance with b,
T30 §®,8®,S®  NP® NP®, NP.® and positive with Pi
5 § § S and Kang rank sum. S® measure mentioned positive
relation with NP® and Kang rank sum. Measure S,
wv -y - - -
238 2 expressed positive relation with non parametric
s3223s measures. Similar behavior observed for S® and S,©.
SV NP.©® reflected only positive correlation among
8 2%3%  themselves. Worth to mention the negative correlation
cecee9 of Kang rank sum with non parametric measures.
5252 RR3
E2aES R Clustering pattern of genotypes and measures :
Dendrogram obtained from hierarchical cluster
O -
cgE2%sE 8 analysis by Ward’s method based on the ranks of
s232332 3 genotypes as per yields and other measures. Genotypes
e o o e o o were classified into three clusters (Fig. 1). Largest cluster
2223255545 (I included the genotypes with more than average yield
eSS eeeeew _along with high yielders G18, G11, G3, G5, G21 and
Qoo = xgye g unstable performance indicated by non parametric
NI =T S B e BT S =S b 51 . .
222225 ddg5g measures. However, first cluster I included moderately
£ to low yielder genotypes G1, G16, G20, G6, G13 and
[\l — -
SngsgnidRdE T EY G119 as moderately ranked by most of non parametric
— [ o~ (v -
= S22 <2222 ¢SS measures. Second cluster (I11) consisted of only 4
e o < oo o °°§ genotypes G2, G12, G7 and G15 with low yield even
2] . - -
EE8Z28882238%¢E L than pointed out by parametric and non parametric as
S eSS e S e <= =2°SS  (desirable genotypes.
TSz g28IeT e s Further Ward’s method of hierarchical clustering
Z2EEZ2882E5328¢ES %5 was carried out to find out any relationship amon
SSsSsss3s33 33 . y P g
g measures Fig. 2. The measures were clustered in four
AN = =2 0 a QT = 0 o|g . . . .
d-cegeRdazd=3g% = %& major groups. Parametric measures of yield with GAI
Q22N T A ey o da <9 . .
cSSs9seoooo oo oz andP, placed in separate group. Non parametric
Qo
e oA e ®an s Measuresof &S, SO, NPE, NPE, NP® along
R TwowZaIIhheaoa g . ; :
ST g2 RIL KB g withb, placed in third group. More over second group
TSSSSSSTSTSSS9SE comprised mostly of parametric measures S2., CV. W2
O\c Xi’ i’ | )
— I Ia) 2 H 1 1 2 i
% a é 2 g 2 % Z g 52 § 28z %% Kang with S® and NP,®. However, S is separated
SS83S8S55533E333¢gE inremaining group with single occupancy.
o
— = g . .
RS2 88288252 % 2822 Biplotanalysis of measures :
sttt coccadIevexasxaa Gx S .
T STIIISISIIIIT S Principal components analysis (PCA) based on the
” 7§ rank correlation matrix was presented in Fig. 3. As first
c A s = E?g two PCs jointly approximated 78.3 % (PC1 = 49.8%
G -%8 8 8 e xoa o og EE =28.49 iati i i
B E EN Y s 55 andPC2=28.4%) of the total variation. Graphically biplot
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Fig. 3: Biplot of first two principal components of ranks for measures

Table 4 : Loadings of parametric and non parametric measures

Measure PCAl PCA2

Yield -0.3202 0.0936
GAI -0.3113 0.1361
Pi -0.3113 0.1245
Sy 0.0959 0.3566
CVi 0.0071 0.3681
bi 0.2077 -0.0550
Wi2 0.0700 0.4181
Sigma 2i 0.0700 0.4181
S2di 0.0711 -0.0616
Sil 0.0163 0.2850
Si2 0.2692 0.0964
Si3 0.3214 0.0249
Si 6 0.3239 0.0052
NP1 0.0805 0.3394
NP2 0.3192 0.0344
NP3 0.3294 0.0214
NP4 0.3280 0.0281
Rank-sum -0.1761 0.3596
% variance explained 49.84 28.43

grouped the measures in four groups. The smaller group
consisted of b, and S,. This group is adjacent to group
of S, S, NP.®, NP®, and NP,®. Other two groups
have placed away from these groups comprised of Rank

sum, GAl, Pi and yield in one group and other is of CV,,
W? 6%, §2,, NP® and S®.
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