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ABSTRACT

Highly significant effects of the environment (E), genotypes (G), and GXE interaction
had been observed by AMMI analysis. GXE interaction accounted for 45.8% whereas
Environment explained 27.4% of treatment variations in yield during first year.

Keywords Ranking of genotype as per IPCA-1 were RD2969, K508. While IPCA-2, selected

K508, HUB113 genotypes. Values of ASV1 selected RD2969, K508 and ASV
AMMI, ASV, identified K508, HUB113 barley genotypes. Adaptability measures Harmonic Mean
ASV1, HMGV, of Relative Performance of Genotypic Values (HMPRVG) and Relative Performance
GAl, HMPRVG, of Genotypic Values (RPGV) identified DWRB137, HUB113 as the genotypes of
Elels performance among the locations. Biplot graphical analysis exhibited cluster of
Article Info adaptability measures PRVG, HMPRVG along with mean, GM, HM. During 2019-20

cropping season Environment effects accounted 37.1% whereas GXE interaction
f;fpﬁdéoﬂ contributed for 29.2 % of treatment variations in yield. IPCA-1 scores, desired ranking
AvaiIF;bIe online: of genotype was KB1815, DWRB213, RD3021. While IPCA-2 pointed towards
10 May 2021 RD3019, NDB1748, KB1815 as genotypes of choice. Analytic measures ASV and

ASV1 selected KB1815, DWRB213, RD3021 barley genotypes. HMRPGV along

with PRVG settled for DWRB213, Lakhan, KB1832. Measures IPC2, IPC3, IPC6
clustered with adaptability measures PRVG, HMPRVG, mean, GM, HM in separate
cluster and observed in different quadrant of biplot analysis.

Introduction

Most cosmopolitan crop, Barley (Hordeum
vulgare L.) grown over the wide range of
environmental conditions of the country
(Kharub et al.,, 2017; Bocianowsk et al.,
2019). Popularly famous, as “poor man’s
crop” owing to low requirements of input
along with better adaptability to harsh
conditions (Kendel et al., 2019). Feed barley

is mainly cultivated as a fodder for animal
consumption as enriched with nutrients and
possess medicinal properties. Traditionally the
crop cultivated for grains as crop for human
consumption as well feed for animals (Karkee
et al., 2020). On yearly basis number of multi-
location trials under coordinated system
carried out for GXE interaction analysis
(Agahi et al.,, 2020). Breeders select or
identify genotypes with stable yield along with
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broad or narrow adaptation bahaviour of the
genotypes (Bocianowsk et al., 2019). Number
of adaptability measures based on AMMI
stability had observed in literature (Tekdal &
Kendal, 2018; Ajay et al., 2019). Analytic
measure of adaptability as the harmonic means
of the relative performance of the predicted
genotypic  values (MHPRVG) utilized
productivity, stability, and adaptability
simultaneously of genotypes (Resende &
Durate 2007). Comparative performance of
AMMI based measures had been studied with
relatively new adaptability measures for feed
barley genotypes evaluated under North
Eastern Plains Zone of the country in recent
past.

Materials and Methods

States of the country Bihar, eastern Uttar
Pradesh, Jharkhand, Assam and plains of West
Bengal comprises the North Eastern Plains
Zone of India. This zone has potential to
increase the total production and importance
of this zone has been highlighted to ensure
food security of the country. Total of six
promising genotypes evaluated at five major
locations and fifteen genotypes at eight
locations of the zone during cropping seasons
of 2018-19 and 2019-20 respectively. Field
trials were conducted at research centers in
randomized complete block designs with three
replications. Recommended  agronomic
practices were followed to harvest good yield.
Details of locations and genotype parentage
were reflected in tables 1 & 2 for ready
reference.

AMMI analysis was performed using
AMMISOFT version 1.0, available at
https://scs.cals.cornell.edu/people/ hugh-

gauch/and SAS software version 9.3. Simple
and effective measure for adaptability is
calculated as the relative performance of
genetic values (PRVG) across environments
and MHVG (Harmonic mean of Genetic

Values), based on the harmonic mean of the
genotypic  values across in different
environments. Lower the standard deviation of
genotypic performance across environments,
the greater is the harmonic mean of its
genotypic values.

Results and Discussion
AMMI analysis of barley genotypes
First year of study 2018-19

AMMI  Dbased measures evaluate the
adaptability performance after reduction of the
noise from the GXE interaction effects (Gauch,
2013). Highly significant effects of the
environment (E), genotypes (G), and GXE
interaction had been observed by AMMI
analysis (Table 3). Analysis observed the
greater contribution of environments, GxE
interactions, and genotypes to the total sum of
squares (SS) as compared to the residual
effects (Kamila et al., 2016). Environment
explained about significantly 27.4% of the
total sum of squares due to treatments
indicating that diverse environments caused
most of the variations in genotypes vyield.
Genotypes explained only 13.5% of a total
sum of squares, whereas GXE interaction
accounted for 45.8% of treatment variations in
yield. Further bifurcation of GXE interaction
observed the significant three multiplicative
terms explained 99 % of interaction sum of
squares and the remaining 1.0% was the
residual / noise, which was not interpretable
and discarded (Oyekunle et al., 2017).

Second year 2019-20

Analysis observed the greater contribution of
environments, GXE interactions, and
genotypes to the total sum of squares (SS) as
compared to the residual effects. Environment
explained about significantly 37.1%, GxE
interaction accounted for 29.2 whereas
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Genotypes explained only 10.5% % of the
total sum of squares due to treatments.
Partitioning of GxE interaction revealed that
only first three out of six multiplicative terms
were significant and explained of interaction
sum of squares.

Ranking of genotypes as per descriptive
measures

First year of study 2018-19

An average yield of genotypes selected
DWRB137, HUB113 genotypes (Table 5).
This method is simple, but not fully exploiting
all information contained in the dataset.
Geometric mean is used to evaluate the
adaptability of genotypes. Geometric mean
observed DWRB137, HUB113 were top-
ranked genotypes. Harmonic mean of genetic
values (HMGV) yield expressed higher values
for DWRB137, HUB113genotypes.

Consistent yield performance judged by lower
values of Coefficient of WVariation and
genotypes DWRB137, RD 2552would be
suitable for considered locations of this zone
of the country. Minimum values of standard
deviation of yield values selected DWRB137,
RD 2552, barley genotypes. Analytic
measures PRVG, MHVG, and MHPRVG, had
showed consensus for classification of
genotypes as per raking of genotypes vis-a-vis
analytic measures (Table 4). Presence of
significant cross over interactions has been
validated by differences among ranks of
genotypes vis-a-vis locations of the zone.

Second year 2019-20

An average Yyield of genotypes selected
Lakhan, DWRB213, KB1832 genotypes
(Table 9). Geometric mean observed Lakhan,
DWRB213, KB1832, were with top-rank.
Harmonic mean of genetic values (HMGV)

expressed higher values for Lakhan,

DWRB213, HUB69 genotypes.

Consistent yield performance of Lakhan,
DWRB213, HUB270 judged by lower values
of Coefficient of Variation. Minimum values
of standard deviation of yield values selected
Lakhan,  HUB270, NDB1748  barley
genotypes. Analytic measures PRVG, MHVG,
and MHPRVG, had showed consensus for
classification of genotypes as per raking of
genotypes vis-a-vis analytic measures (Table
6). Presence of significant cross over
interactions has been validated by differences
among ranks of genotypes vis-a-vis locations
of the zone.

Adaptability behaviour of genotypes
First year of study 2018-19

The IPCA scores of a genotype in AMMI
analysis indicate the stability or adaptation
over environments. The greater the IPCA
scores, either negative or positive (as it is a
relative value), the more specifically adapted
is the genotype to certain environments. The
more the IPCA scores approximate zero, the
more stable or adapted the genotypes are over
the entire environments sampled (Ajay et al.,
2019). Kendal and Tekdal, 2016 stated that
genotypes having PC1 scores > 0 were
recognized as high-yielding and those having
PC1 scores < 0 were regarded as low-yielding.
The IPCA scores of genotypes in the AMMI
analysis are an indication of stability or
adaptability over environments. The ranking
of genotype as per absolute IPCA-1 scores
were RD2969, K508(Table 4). While for
IPCA-2, genotypes K508, HUB113would be
of choice. Values of IPCA-3 favored RD
2552, K1055barley genotypes. Analytic
measures of adaptability ASV and
ASV1consider two significant IPCAs of the
AMMI analysis for adaptability behaviour.
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Table.1

Mohamadi & Amri Geometric Adaptability —"Me . %
2008 CAl= iy X

Index

Zali et al2012 AMMI stability value ASV1 = [ﬁ (PCIV? + (PC2)%)H?

X

Resende&Durate Relative performance of PRVG;j = VG;; / VG;
2007 genotypic values across
environments

Code | Genotype Parentage Code Location Latitude | Longitude | Altitude

| | |
G2 | Kwoss | | E2 | Faizabad | 26°46'N | 82°9'E | 97 |
| | | |
RD2969 RD2552/RD2503//RD 2715 23°20'N 85°18'E
|

G6 K508 K394/K141

Table.3 Parentage details of barley genotypes and environmental conditions (2019-20)

Code | Geno Parentage Code Location | Latitude Longitude | Altitude

| |
KB1830 RD 2784/Jyoi 28°12N | 75°40E |
|

\ \
DWRB21 CONCHITA/DWRUB64 26° 46' 82°9'E
3 N
\ \

|
RD3022 RD 2607 / RD 2651 ~ E6 | Ranchi | 23°20'N 85°18'E
VIM315/BHI19 25°23'N

| | |
G10 KB1815 Ghinneri(smooth_awns)/6/JLB70-
01/5/DeirAlla106//DL70/Pyo/3/RM1508
/4/Arizona5908/Aths//Avt/Attiki/3/Ager

K603 | K257/C138 -————

RN

_ KB1832 | K 603 x RD 2715 -————
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Table.4 Multi environment trails analysis by AMMI of feed barley genotypes (2018-19)

Source Degree of freedom Mean Sum of Squares Significance level % contributions of factors

IPC2 6 126.16 0000000 *** |
e

24.35 0496326* |
~ Eror
Total 119 56.67

Table.5 Ranking of feed barley genotypes as per descriptive measures (2018-19)

| |
3009 | 2826 | 5217 | 2434 | 3501 | 3397 | 6 3277 6 3176 6 03200 6 1087 6

K508 36.76 46.21 4239 | 3901 | 3122 | 3911 3 3878 3 3843 3 0.1452| 3 | 568 | 3
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Table.6 Adaptability measures of feed barley genotypes evaluated under MET (2018-19)

Genotype IPC1 IPC2 IPC3 ASV1 Rasvi | ASV | Rasv PRVG Rprve HMPRVG Rumerve

~ RD2552 1529 1002
 KI1055 | -3511 | -1191 | 0504 | 819 | 6 | 546 | 6 | 0891 6 | 0855 | 6

~ HUB113  -1176 0885
 RD2969 | 0182 | 2292 | -1252 | 231 | 1 | 230 | 3 | 09605 4 | 09463 | 4
|

K508 1161 | -0.849 | 2.450 2.81 2 1.96 1 1.0359 3 1.0235 3

Table.7 Loadings of adaptability measures as per Principal Components (2018-19)

Component PC1 PC2

IPC2 -0.0683 0.4488
|

ASV1 -0.1916 -0.4106
|

0.2299 -0.3324
|

-0.1686 -0.0447

0.1138 -0.3683
|

-0.3003 0.0246
|

0.3011 -0.0882

PRVG 0.2972 -0.1197
|

% variation 57.35 20.39
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Table.8 Multi environment trails analysis by AMMI of barley genotypes (2019-20)

Degree of Freedom Mean Sum of Squares Significance level % contributions of factors

| |
237.83 10.54
~ Environments®) 7
Interactions(GxE) | 98 94.26 29.23
|

IPC2 80.55 I

Source

. C3 16

. C4 | 14 | 816 |
| |

. wpc6 | 10 | 2429 |
| |

~ Err | 240 | 8045 |

.~ Tota 39

Table.9 Ranking of barley genotypes as per descriptive measures (2019-20)

Pusa | Sabour

| | | | | |
KB1830 | 40.58 | 3152 | 21.07 28.69 4500 | 4891 | 27.18  23.08 | 3325 4 | 31.88 30.593 0.3112 | 9 | 10.35
| | | | | | | |

3596 2536 4107 2950 | 4129 130.80 1 561
 RD3022 | 4502 3804 | 1942 | 2808 | 2564 | 3424 | 1449 | 2437 | 2866 | 8 | 27.08 | 10 | 25489 10 | 0.3491 10 | 10.00 9
ﬂﬂ
ﬂ
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Table.10 Adaptability measures of barley genotypes evaluated under MET (2019-20)

Genotype | IPC1 | IPC2 | IPC3 | IPC4 | IPC5 | IPC6 | ASV1 | Rasvi | ASV | Rasv | PRVG | Rerve | HMPRVG | Rumpryc
KB1830 |-0.423 | 1.863 | -0.079 -1.169 -0.186 | 0.384 | 238 | 4 |202| 6 | 11270 5 1.0984

[ Ro020 | 1026 1442 | 0478 [ 0276 | 0009 [ 1200 | 386 | & [240] & [108] & | 1080 | €& |
DWRB213 | -0.309 | -1.165 | 1.681 | -1.208 | -0.987 | 1.093 | 159 | 2 | 130 | 3 | 11725 2 1.1570

1.440 | 1.060 11 11 | 0.9685

0.418 | -1.043 13 0.7920

-0.844 | 0.258 1 0.8820

[ RoS0I | 063 |-0.006 | 0.8L] 0507 |-Lo61[ 0446 | 30L | 7 [161] § [08am] 12 | 05m | U ]
K603 | 3.408  0.652 | 1.828 | 1.217 |-0.628 | -0.871| 11.89 15 | 6.40 | 15 |1.0414 | 7 0.9396

| PLoie |-3236| 1344 | 0.306 [ 1704 | 0097 [ 0184 | 1135 | 14 | 610 | 14 [08000] 14 | 06788 | 15 |
KB1832 | -1.997 | 0.906 | 1.065 -1.411 0.033 -1.288| 7.02 | 12 | 384 | 12 |1.1366 3 1.1223

s
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Table.11 Loadings of adaptability measures as per Principal Components (2019-20)

Component PC1 PC2

IPC2 -0.0117 0.0393

. Asvi
ASV
~ Kanpur

|
-0.1959 0.1738
-0.1670 0.1957
|
-0.2740 -0.0596

0.2929 0.1651
|

PRVG -0.3131 0.0814
|

-0.3131 0.0865

%0 variation 42.21 16.61
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Fig.1 Biplot analysis of adaptability measures for barley genotypes (2018-19)
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Fig.2 Biplot analysis of adaptability measures for barley genotypes (2019-20)
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Values of ASV1 selected RD2969, K508 and
ASV identified K508, HUB113 barley
genotypes (Ajay et al., 2019). Harmonic Mean
of Relative Performance of Genotypic Values
(HMRPGV) method, the genotypes can be
simultaneously sorted by genotypic values
(yield) and stability using the harmonic means
of the yield so that the smaller the standard
deviation of genotypic performance among the
locations.

Values of HMRPGV ranked DWRB137,
HUB113as the performance of the genotypes
among the locations. When considering the
yield and adaptability simultaneously, the
recommended approach is the relative
performance of genetic values (RPGV) over
crop years. Relative Performance of
Genotypic Values had settled for DWRB137,
HUB113 genotypes.

Second year 2019-20

KB1815, DWRB213, RD3021 were the top
ranked genotype as per absolute IPCA-1
scores (Table 8). While for IPCA-2 identified
RD3019, NDB1748, KB1815 genotypes

would be of choice. Values of IPCA-3
favoredKB1830, PL918, PL925 barley
genotypes. As per [IPCA-4, KB1815,

HUB270, RD3020 genotypes would be of
stable performance. IPCA-5 settled for
NDB1748, Lakhan, KB1832  barley
genotypes. PL918, KB1815, NDB1748 as per
IPCA-6 measure. Two significant IPCAs of
the AMMI analysis considered by ASV and
ASV1 for adaptability behaviour. Values of
ASV1 selected KB1815, DWRB213, RD3021
and ASV identified KB1815, RD3021,
DWRB213 barley genotypes. Harmonic Mean
of Relative Performance of Genotypic Values
(HMRPGV) values ranked DWRB213,
Lakhan, KB1832 as of stable performance
among the locations. Relative Performance of
Genotypic Values (RPGV) had settled for
Lakhan, DWRB213, KB1832 genotypes.

Biplot analysis
First year of study 2018-19

Biplot analysis based on first two highly
significant Interaction Principal Components
exploited to understand the association if any
among adaptability measures.

First two significant interaction principal
components contribute to the tune of
57.3&20.4 to the total for 77.8 % of total GXE
interaction sum of squares (Figure 1).
Loadings of adaptability measures based on
two interaction principal components had
mentioned in table 6. CV clustered with Sdev
and IPC2 measure in one quadrant and
adaptability measures PRVG, HMPRVG
along with mean, GM, HM grouped in nearby
cluster. Measure’s IPC1, and IPC3 joined
hands to form another cluster. Clustering of
analytic measures ASV and ASV1 observed
where close proximity of average yield among
adaptability measures of genotypes was of
more concern.

Second year 2019-20

Total contributions to the tune of 58.8% with
respective % share of 42.2&16.6 towards the
total GXE interaction sum of squares
accounted by first two significant interaction
principal components (Figure 2). Loadings of
adaptability measures based on two interaction
principal components had mentioned in table
10. Measure CV clustered with Sdev one
quadrant while ASV, ASV1 and IPC4 were
grouped together. Measures IPC2, IPC3 and
IPC6 clustered with adaptability measures
PRVG, HMPRVG, mean, GM, HM in nearby
quadrant. Measure’s IPCI, IPC5 were
observed as outliers in different quadrant.
Clustering of analytic measures expressed
close proximity among themselves; this
implies mean yield of genotypes would be
suitable to express adaptability of genotypes
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as far this zone is concerned. High production
potential of promising genotypes that respond
to favourable environments emphasized by
researchers around the country. The presence
of complex type GXE interaction leads to
uncertainty in the identification process. More
importance had laid to recent techniques to
understand the adaptability and stability more
precisely. Selection of barley genotypes by the
harmonic mean of genotypic values allow the
breeders of various crop species around the
world to identify the stable and productive
genotypes.
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