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ABSTRACT
Highly significant GxE interaction for feed yield was partitioned into signal 93.03 and noise 6.97per cent. AMMI model
recommended usage of seven significant IPCAs accordingly Finally type 1 of AMMI measures (EV1, ASTAB1, SIPC1, D1),
considered G19, G21, G13, G29 as desirable genotypes and G10 as of unstable performance; based on the type 2 (EV2,
ASTAB2, SIPC2, D2 and ASV) G16, G21 were genotypes of choice and G10 as unsuitable; as per type 3 (EV3, ASTAB3, SIPC3
and D3), G16, G7, G5, G13 were stable genotypes and G26 of unstable type; according to the type 5 (EV5, ASTAB5, SIPC5 and
D5), genotypes G23, G3, G5, G25 were of choice and G10 & G21 were not recommended; lastly based on the type 7 (EV7,
ASTAB7, SIPC7 and D7), genotypes G4, G15, G2, G6 and G12 and G27 were detected as the unstable genotypes. AMMI based
measures showed genotypes G25 and G13 had the good yield performance while the yield performance of G17 and G4 were of
low yield. Clustering of measures with yield expressed three groups. Largest group I contains yield with SIPC1, SIPC2, SIPC3,
SIPC5, SIPC7 as well as ASTAB2, ASTAB3 ASTAB5, ASTAB7 along with IPAC1 measures.

Keywords: AMMI, ASTAB, ASV, D, multi-environment trials and SIPC

Primarily barley is used for malt / beer production,
and secondarily used as animal feed. Barley unable to
meet malt quality standards often are utilized as feed for
livestock, although some barley is produced solely as
feed for animals, either as a grain or hay forage
(Mortazavian et al., 2014). In recent years, research
dedicated to the development of feed varieties. Observed
yield from on an individual is known as the phenotypic
value and division of this phenotypic value into
components attributable to the influence of genotype and
environment is necessary to judge the real potential of
genotype (Crossa  et al., 1990; Dehghani et al., 2010).
Multi location trials play an important role in the testing
of GxE interaction and for specific/general adaptability
of varieties (Akbarpour et al., 2014). Numbers of
statistical methods are available in literature with aim to
subdivide the complex GxE interaction into simpler and
more meaningful components to represent the pattern
and random variation i.e. the noise (Tekdal & Kendal,
2018; Sabaghnia et al., 2012). Methods vary from
univariate models, such as regression slope (Yau 1995)
and environmental variance (Flores et al., 1998), to
multivariate models such as additive main effect and
multiplicative interaction (AMMI) analysis. AMMI
analysis separates the additive variance from the
multiplicative variance and then applies principal
component analysis (PCA) to the interaction portion to
explain interaction pattern in more details (Karimizadeh
et al., 2016; Kendal and Tekdal, 2016). Averages of the
squared eigen vector (EV) values introduced as the
AMMI stability parameter (Zobel, 1994). AMGE and
SIPC stability parameters of AMMI model to describe
the contribution of environments to GxE interaction
suggested by Sneller et al. (1997). AMMI stability value
(ASV) benefits from the first two IPCA of AMMI

analysis (Purchase, 1997). The Euclidean distance from
the origin of significant interaction IPCA axes as D
parameter was suggested by Annicchiarico (1997). Any
of these measures may also be of interest for breeding
programs as an alternative to the conventional stability
methods such as joint linear regression model (Kilic
2014). The prime objective of this study was to evaluate
the effect of GxE interaction on the feed yield of  barley
genotypes by AMMI based measures.

MATERIALS AND METHODS
Research field trials of thirty promising feed barley

genotypes were conducted at twelve major barley
producing locations of the country during cropping
season 2017-2018.  Randomized complete block design
with four replications were laid out to estimate GxE
interaction. All recommend agronomic practices were
followed to harvest the good crop. More over feed yield
was analysed further by AMMI model. The description
of widely used measures based on AMMI analysis was
mentioned in this article for completeness.

AMMI model computations were performed by
software MATMODEL version 3.0 (Gauch, 2007) and
SAS software version 9.3.

RESULTS AND DISCUSSION
Highly significant effects of genotypes, environments

and their interactions (GxE) were observed (Table 2).
Significance of GxE interactions justified complicated
GE interaction (both crossover and non-crossover types)
in genotypes. Larger magnitude of GxE interaction for
feed yield is similar to other yield analysis of crops
(Mohebodini et al., 2006; Sabaghnia et al., 2008a).
Further, total GxE (63587.14) was partitioned into GxE
noise (4435.05) that is 6.97% and GxE signal (59152.08)
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of 93.03%. More over significant early IPCs capture
signal and later IPCs mostly noise. Accordingly first
seven IPCA’s considered for various AMMI based
measures. Note that the SS for GxE signal is  2.11 times
that for genotypes  main effects. Hence, narrow
adaptations are important for this dataset. Even just IPC1
alone is 0.57 times the genotype main effects. Also note
that GxE noise is   0.16 times the genotype main effects.
Discarding noise improves accuracy, increases
repeatability, simplifies conclusions, and accelerates
progress. AMMI  model revealed more complex GxE
interaction  which need as many as seven IPCAs for
explanation of variation in the GxE interaction. Further
it would not facilitate graphical visualization of the
genotypes in low dimensions. Therefore, it demands to
use an alternative procedure to interpret GxE interaction
using further AMMI based measures.

AMMI based measures as per significant PCA’s were
calculated as EV1, ASTAB1, SIPC1, D1 (used first
IPCA), while ASV, EV2, ASTAB2, SIPC2, D2 exploited
IPCA1 and IPCA2 both while, EV3, ASTAB3, SIPC3
and D3 (considered three IPCAs), EV5, ASTAB5, SIPC5
and D5 (assumed five IPCAs), and EV7,  SIPC7,
ASTAB7 and D7 (used seven IPCAs).

Out of total GxE interaction, type 1 measures utilized
24.99%, type 2 accounted 45.56%, 58.84% used by type
3 measures whereas type 5 derived 78.03%, and lastly
type 7 accounted of 89.96% (Table 2). AMMI derived
measures based on more numbers of significant IPCAs
would be considered most usage of GxE interaction
variations.

 Minimum and maximum values of EV1 observed
for (G19, G21, G27, G28 )and(G10, G13) while
corresponding to D1 were(G19, G21, G27, G28) and
(G10, G13) absolute values of ASTAB1 for (G13, G29,
G17, G24) and (G10, G20) and for SIPC1 were (G13,
G29, G17, G24) & (G10, G20), genotypes G12, G11,
G28, G10 and G23 were of  high yielder performance
(Tables 3 and 4).

Genotypes EV2 pointed towards (G16, G28, G7, G2)
as desirable at the same time undesirable genotypes
(G21, G10), for values of D2 genotypes were (G29, G17,
G26, G16) & (G2, G6), whereas as per criterion of SIPC2
were (G4, G21, G5, G25) &(G10, G11) and of ASTAB2
were (G4, G15, G21, G17) & ( G10, G11) (Tables 4 and
5). In recent studies, agronomic concept of stability
would be more preferred instead of static concept of
stability (Becker and Leon 1988). In agronomic or
dynamic concept of stability it is not required that the
genotypic response to environmental conditions should
be equal for all genotypes. It seems that using first two
IPCAs in stability analysis could benefits dynamic
concept of stability in identification of the most stable
genotypes and high mean yield.

ASV recommended (G16, G28, G7, G23) as of stable
performance and unsuitable were G21, G10 (Table 3).
Considering first two IPCAs in ASV parameter, 45.56%
of GxE interaction is used in GE interaction exploration.
The two IPCAs have different values and meanings and
the ASV parameter using the Pythagoras theorem and to
get estimated values between IPCA1 and IPCA2 scores
to produce a balanced measure between the two IPCA
scores (Purchase, 1997). Also, ASV parameter of this

Parameters of AMMI model to analyse GxE of feed barley trials

Zobel 1994 EV1 EVF

Sneller et al 1997 SIPC1 SIPCF

Purchase 1997 ASV ASV = 

Annicchiarico 1997 D D =  

Rao and Prabhakaran 2005 ASTB ASTAB = 

Rao and Prabhakaran 2005 Ii stability

indexes

Measures based on AMMI analysis
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Table 2: AMMI analysis of feed barley genotypes
Source df MS Level of  TSS GxE SS Cumulative

significance (%) (% ) of PCA (% )
Treatments 359 503.62728 *** 92.33
Genotypes 29 968.02177 *** 14.34
Environments 11 8103.85625 *** 45.52
GxE interaction 319 199.33274 *** 32.47
IPC1 39 407.43286 *** 24.99 24.99
IPC2 37 353.44242 *** 20.57 45.56
IPC3 35 241.38402 *** 13.29 58.84
IPC4 33 209.65506 *** 10.88 69.72
IPC5 31 170.33342 *** 8.30 78.03
IPC6 29 140.89553 *** 6.43 84.45
IPC7 27 129.7979 *** 5.51 89.96
Residual 88 72.52256 ***
Error 1080 13.90301
Total 1439 136.07884

investigation used advantages of cross validation due to
computation from first two IPCAs. The results of ASV
parameter have many similarities with the other AMMI
stability parameters which calculated from the first two
IPCAs scores.

Minimum values EV3 preferred G16, G7, G2, G3
as well of unstable performance of G21, G26 while
SIPC3 pointed towards G25, G5, G13, G4 and G6, G10
whereas D3 for G16, G7, G23, G3 & G21 G26 ASTAB3
measure considered G5, G25, G13, G4 & G26, G10

G2, G23, G7, G3 preferred by least values EV5 and
maximum values for  G21, G25,  measure SIPC5
identified  G5, G25, G4, G13 and G10, G12 whereas
D5 considered G23, G7, G2, G3 as suitable  & G21,
G26 as unsuitable ones; ASTAB5 selected  G5, G25,
G4, G13 as suitable &  G10, G12 as unsuitable
genotypes.

According to D7 minimum values, G7, G2, G3 and
G6 were genotypes of stable yield while G21 and G4 as
undesirable; SIPC7 observed G4, G25, G5, G17 & G10,
G27 as of stable and unstable yield behaviour (Tables 6
and 7). EV7 pointed towards G7, G2, G6, G3 & G4,
G12. Measure ASTAB7 identified G4, G25, G5, G13
as desirable and G10, G27 for unstable behavior over
the studied environments. Composite measure I1 selected
G4, G15, G2, G6 as of stable performance and G12,
G28 not recommended for cultivation due to unstable
yield behavior.

Finally type 1 of AMMI measures (EV1, ASTAB1,
SIPC1, D1), considered G19, G21, G13, G29 as
desirable genotypes and G10 as of unstable performance;
based on the type 2 (EV2, ASTAB2, SIPC2, D2 and
ASV) G16, G21 were genotypes of choice and G10 as
unsuitable; as per type 3 (EV3, ASTAB3, SIPC3 and
D3), G16, G7, G5, G13 were stable genotypes and G26

of unstable type; according to the type 5 of AMMI
parameters (EV5, ASTAB5, SIPC5 and D5), genotypes
G23, G3, G5, G25 and G10 & G21; lastly based on the
type 7 (EV7, ASTAB7, SIPC7 and D7), genotypes G4,
G15, G2, G6 and G12 & G27 were detected as the
unstable genotypes. Considering all of the AMMI based
measures, only genotypes G25 and G13 had the good
yield performance while the yield performance of G17
and G4 were of low yield.

To better understand the relationship among the
AMMI based estimates along with yield, principal
component analysis (PCA) was performed. The
relationship among these estimates is graphically
displayed in a plot of PC1 versus PC2. Clustering of
measures showed that the studied the AMMI based
parameters and mean yield could be divided into three
major groups (Fig. 1). Largest group I contains yield
with SIPC1, SIPC2, SIPC3, SIPC5, SIPC7 as well as
ASTAB2, ASTAB3 ASTAB5, ASTAB7 along with
IPAC1 measures. Group II contains IPCA4, IPCA5,
IPCA6, IPCA7, whereas IPCA2 was lying far way.
Group III contains ASV with EV1, EV2, EV3, EV5 and
D1, D3, D5, D7 and D2 and EV7 were outliers.

Each of the AMMI stability parameters relates to a
different concept of yield stability and may be useful to
plant breeders attempting to select genotypes with high,
stable and predictable yield across environments
(Mohammadi et al., 2015). However, it seems that there
is no need to consider all of these measures
simultaneously, and a few of them should be used in as
per maximum usage of GxE interaction sum of squares.
GE interaction was analyzed according to the AMMI
model with several distinct significant multiplicative
terms. AMMI model has demonstrated useful for
exploring complex GxE interaction, gaining accuracy,

Parameters of AMMI model to analyse GxE of feed barley trials
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improving selections, and increasing experimental
efficiency (Sabaghnia et al., 2013).
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