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Parameters of AMMI model to analyse GXE of feed barley trials
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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 (EVI, ASTABI, SIPCI, D1I),
considered G19, G21, GI13, 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, ASTABS, 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,

SIPCS, SIPC7 as well as ASTAB2, ASTAB3 ASTABS, 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 ez 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 ef 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
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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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Measures based on AMMI analysis

Zobel 1994 EV1

Sneller et al 1997 SIPC1

Purchase 1997 ASV

Annicchiarico 1997 D

Rao and Prabhakaran 2005 ASTB

Rao and Prabhakaran 2005 I stability
indexes

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, ASTABI, SIPCI, 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, ASTABS, 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.
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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 ASTABI 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
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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 o 92.33

Genotypes 29 968.02177 ok 14.34

Environments 11 8103.85625 o 45.52

GxE interaction 319 199.33274 o 32.47

IPC1 39 407.43286 oAk 24.99 24.99

IPC2 37 353.44242 o 20.57 45.56

IPC3 35 241.38402 o 13.29 58.84

IPC4 33 209.65506 o 10.88 69.72

IPC5 31 170.33342 oAk 8.30 78.03

IPC6 29 140.89553 o 6.43 84.45

IPC7 27 129.7979 oAk 5.51 89.96

Residual 88 72.52256 ook

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; ASTABS 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 I 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, ASTABI,
SIPCI1, 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
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of unstable type; according to the type 5 of AMMI
parameters (EV5, ASTABS, SIPCS 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, SIPCS, SIPC7 as well as
ASTAB2, ASTAB3 ASTABS, ASTAB7 along with
IPAC1 measures. Group II contains IPCA4, IPCAS,
IPCAG6, IPCA7, whereas IPCA2 was lying far way.
Group III contains ASV with EV1, EV2, EV3, EVS5 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,



Verma et al.

anppa 1gvis [NV = ASY ‘Uonovaajul Jo juauodutod jpdidutid ‘YO JT

gecC 611Y'1 S91¢°0- Y430 LL8E'T L0980 ¢Se9°0- IvS0°C 8¢y cLorddn  0€OD
€Ce ¥008°0- 11891 v116°0 VLS ] 1919°0- 19¢1°0 ¢810°¢C 8601 0061d 6CH
¢80 er9¢0- 90180~ 89161 L908°0 99vS 1= SO0v8°0- IvE1°0- 96°SY 696cdd  8CTOD
6C'1 026C°0 S9St0 SoIT1 1ove'1 05ST0 LSBT I8C1°0 06'6¢ [L6Cdd  LTD
00°¢ €8¢€L°0" LOTTO 11eCo- 9¢9¢°1- I[yvle Yevreo 81081 €9°LE cLecdd 9T H
6’1 89LY I~ 86L0°0- 91800 €9ILT arel- 88S8'I- ey 0- 9Ty 9091dX  STOH
€9°C 0ree’l L9190 c1o1°0- 810" cees’l €68S°1 ¥868°1- 96'v¢ adnNH  v¢H
811 089S0 ceol’l 2010~ LEYO'0 LSBT0 60LT'1 88S1°0 90°SY 09¢dNH  €CH
661 0€LS T- YeLT 0" ¥$C0°0- LTy 0" €59L°0" 0850°I- LEESTT 090t 98Lcdd  TTH
66'C L9Y0°0- L98L0 ev8L0 96801 voLE'E 8¥86°C- ¢611°0- 6L°6¢ Lsedr IZH
LT cIero £€9¢°0 €L98°0- 80CC'1 [444a% 6L96°0- 0vceT 80°CY 8691dAN  0TOD
1e¢ 6CLY 0 $866°0- 60600~ 1988°0- €9L0°0- Gs0eT §920°0 $99¢ 0L6Cdd 61D
SL'T SeTs o 69CC'C 6C£6°0- 20080~ L18€°0- 69011~ 8€6°0 £e6t 061d 81D
ere 14 e 68¢¢°0- LYSE0- 89981 980¢°0- 681C°0- 0616°1- IL°LE 192dNH LI D
¥9°0 9¢05°0- 169671 S98L°1 65£6°0- ITLSO 8r0- SSEV0- 86ty 668¢dd 91D
6v'1 68¢0°0- 9ELT - 8C8S'I- 0LT6°C Yry80 Y¥9L0 oS I- eere evoddN SID
8¢l 91¢Ce T 0S¥8°0 819L°1- L7950 01¥S0 €69¢'1 ILST0 8S0v yLOTddNl VI D
6T [Y4qm! 6111°0 0L10°0 €0LS°0- 60651~ 8IYL0 LT9SC- 80°¢y coord™  €I'D
081 IS11°0- L8LL 0" 10€9°C L206°0- SLOLO €9¢S°1 0L18°0 8Ly Lergama <1 o
IS¢ 1€€0°0 6L0%°0 0L66°1- ¥8L9°0- L1950~ 6L59°1 LEIL'T 96°SY 9v6Hd Iro
(443 08+8°0 099¢°0- 90811 YLYEO cCIeo 08¥9°0 (44 4IR3 SISy 020THd  0ID
961 C19¢°1 6€65°0- LL98°0 18¢C°0- 1299°1- €SLT 0" 0L0¥'1 iy ¢ssTad 6D
¥9°C 996¢°0- 9296°0- £v8¢0- 86790 Ly6¢£0- 121X % 09¢Y'1 €81y 120THY 8D
LOT yIST°0 £850°0- 90000 (430 £€95°0- €500°0- 80L6°0- SIey €0671d LD
0¢'l 96LE0 €C10°0 68680 89LT0 €0y 0- wol'l- evLY 0" £9°C¢E 91 NVIVA 9D
6CC 92691 0ryL 0 c06¢°1- 8S19°1- ¥¥0$°0- €9sT1- €S6L1- LT8E L81dIMA D
6L°C 0L6T°0 9es1 e CEL8 0" LTIS T~ SOLO'T S658°1- 06881~ ¥0°0€ 881ddMd D
STl 120t°0 8€86°0- 01050 8LYE0- €681°0 96590 7856°0- 90°6¢ €L01ddN €D
LT1 5690 £699°0 606¢£°0- 123740 ol 0- ¢6S1°0- YLYT'1- 01°ce 16871d (43
L6'C €8y 0- €L09°0- YLS00- 9CLE0- 26050~ 19v6°C YTLE O L9y 09¢dfr ID
ASV LVDdl 9VvIdl SVOdl ¥ vOdl € VOdl TVOdl I VOdI PBRIA sadfjoudny  apo)H

sadAy)ouag Adpreq pavy Jo sisA[eue syuduodwod feduLly :€ dqel,

13

J. Crop and Weed, 15(2)



Parameters of AMMI model to analyse GxE of feed barley trials

06T’ T 1¥SO'T  6€£SLTE  8TTY90E  006£'ST 75899 €790°€C L8100 L8100  0SI00 #8100  SE€€0°0 sLo1ddn
0T68'1-  T8IO'C-  6991'CE  189S'8T  6¥SH'ET 88YE'1 6859'CC 06100  SSI00  TTIOO 79100  €T£0°0 006'1d
9vL6'0- TPE10-  88S6'ST  0086vT  SEOP'LI 9.86'8 LSOS'T  L¥1I00 18100 801070 T€00'0 10000 6967ad
8CIY' T I8TI'0  LEEL'IT  690€ 1T  S8E0HI  O6VL'El v8EY'T 88000  +I100  1S00°0 €L00°0 10000 1L6Tad
SY0'T 81081 9916'8€  L6SY'8E  LILE9E ¥€09°C  T6TTOT  LETOO  €I€00  SHH00 I€100 85700 zL6Tad
TI8T'T-  ETHO-  08YP'9E  LSTOVE  6ISIVT  PLLY6I SESL'Y  €STO0 08200 ILIOO 8S10°0  +100°0 90914
160€°0-  +868'1-  PL6SYE  L699TE  9PEPTE  SS66'91  LEICTIT  6L100  6L100 16200 €620°0 98200 797dNH
86C€'T  88S1°0 1L88°91  CTISTEl  STLL'TI  SITSTI vESL'T 19000  0£00°0  TH00'0 19000  T000°0 09¢dNH
8SLY'0  LEEST 898€°ST  960T°CC  vIL®IT  SEICTIT  00TTLI #1100 +L00°0 91100 Tr100 L8100 98L7ad
0v01°€-  TOIT0-  €€9%'Ly  €E€vO'LY  010S'Sh  1616°1€ I8€E'T  SEE00  0SYO'0  $.90°0 06£0°0 10000 Lsedr
T9SET  0PTET €678°LE  T00LLE  SISTSE  TOSEOI  6T609C 6100 99700  0SE00 §ST00  8TH00 86919AN
0TEE'T  S9T0°0 SOTY'LT  9896'ST  6999+T  €4S9HT 8L6T°0 80100  CTITO0O  SSIOO T€ETO'0 00000 0L6TaY
889¥°0-  78€6°0 6167°8C  6VI9IT  0LTL'ST  #SPO'ST  1€€S°01  €8100 16000 980070 1100 0L00°0 20671d
6LET'T-  0616'1-  1068°CE  90SI'8ST  9€1T'TT €IvET  6VPSIT  9TTO0  TSIO0 80100 87100  T6TO'0 192dNH
9€98°0- SSEY0-  TS6V'ET  €¥8¥ 61 S159°8 98LS'Y v688'Fy 87100  TTIOO  TTOO0 91000  SI00°0 6687AY
8Y6£°0-  TOEST'T-  6LS0°9€  888S'HE  OILELI 8YL1°8 ISTOET 99200  TTEO'0  8L000 6,000 L0100 €P6aaN
v9TS' T 1LST0 €EVE6T  P8LTTT  SPEYST  T1€h9¥I THOL'T  THT00  €E€100 990070 €800°0 20000 vLOTddN
60T8'1- LT9S'T-  8II0SE  0616€E  SLISEE YTE6'L STLL'8T  LSI00  LLIOO 18200 68700  1TS0°0 S091d
TELET  OLISO 0T68'1€  6S9T'IE€  ILLI'OT  TTH99I LTLT'6 60700  ¥LTOO 901070 TEI00  €500°0 Leraama
LILEE  LEIL'T 96€Y'CE  €YLTTE  TTIL'9T  S6TL'LT  LOVT6I  €910°0  TTTOO 691070 LETO0  €€T0°0 9v6Hd
2069°€  TTHO'E YOETLE  €LES9E  9086'FE S6T6'9  TOSI'¥E 19100 86100 192070 G8€0°0  ¥E€LOO 020THY
91€T'T  0LOY'I €8L0°LT  T66L°€T  6SISTT  €€T6'01  896L'ST  8Y100  +I100  €S10°0 08000  LSI00 sstayd
$669°0-  09T¥'1 9196'6C  19T8'8T  SLSO'ST  99¥S'IE€ 660091  SIT00  8TIOO0 161070 8,700 19100 1201HY
19060  80L6°0-  SSECEl  $9LTET  #POI'TI  966£61 866801  TTOOO  0£00°0  9£00°0 LEOO'0  SLOOO €06'1d
9899'1-  €PLY'0-  SPIS9OL  O¥9S9T  T99%'+I  9Tv9'6S 967€'S 000 LSO00  SS00°0 1L00°0 810070 91 NVIVI
LIS6'T-  €S6L'T-  $OVS'€E  LT99°0€  OLET'YT  €LLO'ET  69S1°0T  TTTOO0 96100  €£10°0 98100 95700 L3TIMA
9bpL'€-  0S88'1-  TBE’TF  69SSHE  LOOSOE  €S8L°ST  OF9I'IT  08€00  8ITO0  9€T0°0 T6T0°0  T8TO0 881 IMA
G86T°0-  T8S6'0-  TOGSEI9I  vIFOFI  T986'CI 19€L°8 9LSL°0T  6v00°0  €£00°0  8£00°0 §S00°0  €L00°0 €L01ddN
990€'1-  vLYPI'I-  $L89°ST  €TYL'El  €LTI'ST  99SO°Ly  9788CI  THOO'0  8T000  LE00O €5000 #0100 16871d
G8IC'E  $TLED  Y0S8'TE  S9€€TE  LESI'TE  8899°9¢ 9081  0€100  €9100 99200 G8€0°0 11000 09¢dr
70dIS  1DdIS La sa £d wa Ia LAA SAd €A Al 1A sadfyoudn

sad£)ouas Aapaeq pady Jo sAewnsd paseq [NV ¥ d1qelL

14

J. Crop and Weed, 15(2)



Verma et al.

xopur 111qiS = "I “YIdI [ U0 pasvq 4uj1qois INWY = [GVISV = ‘SVOdI
0 184 10f OIS = T DIS VII 14 40f DJIS = [DdIS “(L661) 0I10IY21UUY JO 421D = (] S24098 D] 2Y1 JO anpa ay) fo wing = DJ]S 401224UdIT = A7

PSIe0’l LTYEE 0L7€8¢ §6°99¢C Yy L8 €6'8SC €0cC’e 6vCeC 968C°C SLorddn
891201 ¢S6¢e- 65°66- 19°96¢- 86°6£C" 0v'vScT- €9¢8°0 2070~ 180S°¢C- 00671d
eeoOvIl L1°TCI- 8L'8Y- L1°SST- c0ell- 1691- SCL60- 200 11es e 696Cdd
16¥66°0 1 X43% 87°98¢ 197981 81°€91 SI9l1 6€L6'Y €Sy 88991 [L62dY
c08¢6°0 €8°9L¢E I eEly 89°¢vS 96'1SC clLee 0196'C 9165°¢ €981°¢ cL6cad
811901 6€C0L- 98°609- ¢8'68¢- €6°59¢- LE €S L1T8'L- 059C°9- €0e9°¢- 909149
SCILR0 81°L8I 6L°89 S6'011 SSLS- 0g6ec [43° 04 S¥00°1 Ives1 ¢9cdNH
08¢CI'l 6C°SSC 6¢° Sy 66°0LI1 [ X3! ¢0°0C 0816°C 89611 PeIST 09¢dNH
19C10°1 e syl- 66'1¢- 10°¢ SETL veeol 0€85°C- 9LEL O $68C°0- 98L7dd
S0¥66°0 80611 96101 YL Sy 9¢€'96¢- c0°Sl- £688°C €Sy1e YSLTO Leedrl
ccor0’l €LY SE91 91°CC- LTT8I 96'C6C 002¢0°0- 160" 0898°0- 8691dAN
0SS16°0 C8'L8 L96LI 86°65C 66'99C vee LT61°0- L8LT'1 LSSTT 0L6CdY
910860 €L'8¢- LOCIC CL'LL- €9y 9T8I1 6991°0 9¢86°C- S0S8°0- ¢0671d
€1ov6°0 Y0 SEe- 8181~ 89°¢le- €6'99¢C- 68" 1¥C- LSS9¢E- vrel1- S9v9°C- 19¢dNH
ITL60°1 60°1L 09°0 LETS 98°¢01- 066~ SeT9'1 085570 §26C0- 668CdY
I86LL°0 €9°¢9 SELYI 0681 IL°86G- erovi- C18¥°0 8E6L'1 9610 evoddN
9¢CIo’l crees 0 1S €1'9ce 07'9L1 1861 9eeL’l- 0LST0- SL90°C yLOTAdN]
€IvLO’T LO'LSE- ¥9°0€v- SY¥8¢e- 1T8¢C- v0'€ce- cleL’c 1596°¢- 6l1v¢- coo1d™
PLEBT'T 1285414 €0'Cov 66°SYE $6°08¢C 66°C01 Sviec 808t 8080°¢ LeTddamda
I18SvI'l LY'081 1244 66°€S¢E 29°S0v ¢091¢ YSLS 0 SYELo 0018°C 9v6Hd
1251N! 18°LC9 10°T09 €98y 6S°LSY 61°€8¢ LTI09 80¢S°S L200V 0C0THY
79Ce0’l il 6L°LY 1294 T€LST 9¢'LLT 9991°1 ¢661°0 Y0EY 0- ¢secad
€801 LLLST- ersL- 85766~ 0€°€9- SL6LI 6L91°C- L8Y8°0- 1760°1- 120THY
180501 L6°0CI- 0T9cI- 9LVLI- 86°CCI- 8ECCl- §298°0- 9656°0- YoES I~ €061d
6v¢18°0 9'SCI- 8Y'8Y1- £8°9¢C- 9¢961- 6L°65- 4322 [€€6°0- 8801°¢C- 91 NVIVA
SIvs6°0 LS ToV- €e0v9- 16701~ G686¢- 1€9¢c- Sse0v- 129%°9- 19¢v°¢- L3TdIMA
868¥L°0 90°SCL- 90" 1¥S- L81S¢E" LTOSY- C9'LET 9G16°L- 0650°6- 0vL9"C- 831ddMd
0vL60 0L°65- 29°0C 1€°8¢- SE Sy 8L°0CI- L8ES0- 0€v0°0 celnos €L01ddN
Y0080 16°€01- C8'L8I- 69°081- 8791~ Yovvi- 8ILTO- 9¢9°1- 800S°I- 168'1d
VL8801 ¢S 9¢T 88°10¢ YO'LEE ¥8'€8¢ v6'9v LETE' T €6LET £608°C 09¢dr

T LAVLSY SHAVLSV €dVLSV dVLSY 14VLSV LOdIS SOdIS £€JdIS sadfyoudn

sad£y)oudg Adp1eq PIdy JO sAJBWINSI Paseq [IAJAY 19YIny :§ d[qel

15

J. Crop and Weed, 15(2)



Parameters of AMMI model to analyse GxE of feed barley trials
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Fig. 1: Grouping of AMMI based measures by Ward’s method

improving selections, and increasing experimental
efficiency (Sabaghnia ef al., 2013).
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