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Evaluating of the efficiency of AMMI and BLUP models and their integration for
identifying high-yielding durum wheat (Triticum turgidum L. var. durum) genotypes
adapted to warm rainfed regions of Iran
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Table 1. Name and pedigree of durum wheat genotypes

iy o e sl Nty o ] sl
Code Name/Pedigree Code Name/Pedigree
Gl ACUATICO_1/RASCON_33//ACUATICO_1/3/AJAIA_12/F3LOCAL G11  STOT//ALTAR 84/ALD/3/GREEN_18/ FOCHA_1 //AIRON_1
RA
G2 GAUNT 10/SNITAN 612 SCON_21/3/MQUE/ALO//FOJA/4/GREEN_38/BUSHEN_4/5/CADO/BOO
- MER_33
G3 SOMO/CROC_4//LOTUS_1/3/KITTI/4/STOT//ALTAR 84/ALD G13  STOT//ALTAR84/ALD2/3/AUK/GUIL//GREEN
RN_1/6/F DOM//NACH/5/ALTAR84/4/GARZA/AFN/ICR \VZ394
G4 CMHB82A.1062/3/GGOVZ394//SBA8L/PLC/4/AAZ_1/CREX/5/HUI//CIT71/CII/6/STOT//ALTAR84/ ALD Gl4 SRN_1/6/FGO/DOM/INACH/S! 84l4IG AIAFNIICRAIZIGGOVZ39
- [TIGEDIZ/FGO//GTA/3/CNDO/8/GREEN
SRN_1/6/FGO/DOM//NACH/5/ALTAR 84/4/ GARZA/AFN// CRA/3/GGOVZ394/7/GEDIZ/FGO//GTA/3/
G5 G15 AINZEN-1/SORD_3CD
CNDO/8/ GREEN_38/9/2*STOT//ALTAR 84/ALD -
PLATA_8/4/GARZAJAFN//CR T RA N ADO/BOOMER 7
G6 LLARETA INIA/YEBAS_8/3/MINIMUS_6 /PLATA _16//IMMER G16 - 8/4/G Al [ICRAIIGTAJSIRASCON/B/CADO/BOO 38/t
STOT//ALTAR 84/ALD
G7 RASCON_21/3/MQUE/ALO//FOJACD G17  ALTAR 84/STINT//SILVER_45/3/CBC 503 CHILE/4/AUK /GUIL//GREEN
G8 GEDIZ/FGO//GTA/3/SRN_1/4/TOTUS/5/ENTE/MEXI_2//HUI/3/YAV_1/GEDIZ/6/SOMBRA_20/7/ G18 ALTAR 84/BINTEPE 85/3/ALTAR 84/STINT// SILVER_45/4/
STOT//ALTAR 84/ALD LHNKE/RASCON//CONA-DCD
G9 STOT//ALTAR 84/ALD/3/THB/CEP7780// 2*MUSK G19  Saimareh (Check)
G10 ALTAR 84/STINT//SILVER_ 45/3/STOT// ALTAR 84/ALD G20  Dehdasht (Check)
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Table 2. Stability analysis indices

oot Js et
Code Index els Furmula References
1 AMMI stability value (ASV) ol s ASV = w (|PC].) + (|PC2)2 Purchase et al., 2000
SSIPC2
N
2 Sum of IPCs scores (SIPC) Laadl 5o (glay e (slae i ¢ gares S | PC = Z 1?15 7/ in Sneller et al., 1997
n=1
N
. - R 2
3 Eigenvalue (EV) stability parameter of AMMI AMMI i ik o505 EV = Z Vin /In Zobel etal., 1988
n=1
N
4 Absolute value of the relative contribution of IPCs to the interaction (Za) ASany 53 IPC s g 3laey 8 Zai = Z|9n Yin | Zali etal., 2012
n=1
5 Simultaneous selection index (SSI) Oljes Sl Jale SS| = R(AMMI stability Indices) + RY Farshadfar, 2008
p
z |||=>CAik x EPk|
. . . - Z k=1 .
6 Weighted average of absolute scores of best linear Unbiased predictions k== sl s e oo i Gllae S pai 355 oo WAASB; = p— Olivoto et al., 2019a
2 E
k=1 i
Y WAASB;
_ Wy x x100 | r+| Wg x| 100 - ———
7 Weighted average of WAASB and response variable auly 5o s WAASB s s Sk GYmax WAASB i Olivoto et al., 2019a
WAASBY; =
WY +WS
oyl
Code ! 2 3 4 5 6 7
" . ) S el oy e 5 IPC s g 3lae 8 e s ot llas Sl 55 oK L e e e
) ol 55 Ll 3o (sloy s (glio o g AMMI S Olejon Sl s Ls b s oo s WAASB ot li s Kk
Sum of IPCS scores Eigenvalue (EV) Absolute value of the Simultaneous Weighted average of absolute
Index AMMI stability value (ASV) stability parameter of relative contribution of IPCs selection index scores of best linear Unbiased Weighted average of WAASB and response variable
(SIPC) X X o
AMMI to the interaction (Za) (Ss1) predictions
p
3 N N SS1= R(AMMI X [1Pcay < ER| GY; WAASB;
Jues SSIPC1 05 2 = / = ik Wy x x100 | p+| Wg x| 100- —————
7 ASV = \/[ (IPC)PP +(IPC2)® | SIPC = Z’?’n Vi | EV = Zym /n Za, = Z‘Hn}/in‘ stability Indices) | WaasB; = XL — — GYmax WAASB 1in
Furmula SSIPC2 ) o) — +RY s En, WAASBY; =
k=1 Wy +Ws
Refg :;ces Purchase et al., 2000 Sneller et al., 1997 Zobel et al., 1988 Zalietal., 2012 Farshadfar, 2008 Olivoto et al., 2019a Olivoto et al., 2019a
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Fig. 1. Mosaeic plot for indication of PCs contribution in G+GE (a), Eigen values plot of the BLUP_GEI

matrix (b) in durum wheat genotypes

6)"’&5-:’“ ksll—ij)l lej" (I|ke||h00d ra’[iO teSt, LRT)
I 4SS sls olis @L:S s ealanl u_&il.ojT J.A“}Q

Y7

(Mixed linear Lakies Jute 31 (5 ;S 0 0 4 4 55 L

el Lo 09051 5 claosls w525 53 model)


https://dor.isc.ac/dor/20.1001.1.15625540.1400.23.1.3.7
http://agrobreedjournal.ir/article-1-1116-en.html

[ Downloaded from agrobreedjournal.ir on 2025-12-05 ]

[ DOR: 20.1001.1.15625540.1400.23.1.3.7 ]

Ve Sl o ;,L.,_:Ar,.»,g,‘.ﬁ,u?J';)\ﬂ\gp‘,jpbq,m"

aS sl Olid i sb byl 4 odiledl g lases s
34l YO/ (o )3 O/AY S jan s o a0l
s S A g 1y e sd byl Sl A ;3 04/1F
s ime Sy 55 6 S0 0L, K g (Y Jsds)
L pssss plS s 5, Shee 11y Jaroms )3 i 55
S Dl o a8 gy o bl 4o
(Karimizadeh et al., 2011; Sabaghnia et al., Lles S
2012a; Sabaghnia et al., 2012b; Mohammadi et al.,
2015; Karimizadeh et al., 2016; Karimizadeh et al.,
2017; Esmaeilzadeh Moghaddam et al., 2018;

.Najafi Mirak et al., 2018; )

1> 3, s Lams 53 i 55 s 5 5 5
Loss )3 555 s me SESen o 340 l5 e
33 Sl S 555 K il 5 Shas 457 515 Ol
Al S s a3 5 it o
lpesls ez 4 2 6l,m BLUP a2 ol ol
el 5,51 51 5 (Olivoto et al., 2019a) ol Cwlie
(WBLUP) Lo o il (sla o i 0 e 557 1 &
= G5 AMMI gy am oMnl o 5 A S
Ll @l s U5l s plonil LaBLUP
ol d 3 gl gledl > sy dm el i 3,50

G 55 e ¢ 555 bty Jals (REML)

db@)b}f‘b&})bJn.a[i)\)6\?‘.}))-"}3).}41:9;&!d.lﬁ))u)ff\é‘_gj‘bd;mdflf')‘)‘—vhjjb
r}_)j)ru\f;ghgﬁjfj‘).} odd 3 gd>es

Table 3. Evaluation of significance of factors by LRT (%2) and estimation of variance components

by REML in durum wheat genotypes

oylT Likelihood ratio test  lscas cuws 04037
Statistics GXE bLowx ss G 55
1P 5 sSulsls 238.1 19.11
p-value Jue )l 1.008e-53 1.231e-5
) N . . Variance components bsls gl !
REML ok S gloea &Lug_..w)b w})n‘{bv\.&})}'ﬂéul&eb\i Est|mates (%) \A;)}TJ_,

o’g 55 ol 9982 (5.82) §

o’ bms X 95 Ll 60019 (35.01)

o2 obilodl yslia bl 101421 (59.16)
o’ (o #8 Ll 171422

Ot (it 5 S 55 A S B Ao
A e Ladase ul e 53 (5555 sla )
P e ) O e g 3 YV 5 IAY
e 93 il S s 5 0diledl Dl i
34w 3 VAV (o 3 YWYV L ol S 5a Ol uss
A B 53 (55 S 1 Sl 5 /Y
25 2le A 5SS
Sde Sl eslital ¢t CoBs il sl
O opad g it bl L ol

Loy S g ) Jlaz| ley 3l sna g oI5 gma e s g3 NS
ns, *, **: Non significant, significant at 5% and 1% probability levels, respectively

REEP N I BN PR PRTRCI PN - S P -Vt i PR W P SO F PRSI
Values in parentheses indicate the percentage of the observed phenotypic variance (%)

v

La A S ol 03—yl sl 4 a5 L

Lgl_au,iil.»)'T e gl ol Lgl.asflf 33
e S Sl by S (e
wlli s Lacs g5 aw 5 Lacs 55 Cmn o
Cel agr )by (Mega-environment) oM™ (sla oses
s 5=E (S iy Ol ;e (Olivoto et al., 2019a)
/08 s9d g el G ol s dlls JJSLu— sy
Ol e 5 Laomn > (53 8Sen ) b 2 05

VAR RYA - ) SR PN PR WP G P


https://dor.isc.ac/dor/20.1001.1.15625540.1400.23.1.3.7
http://agrobreedjournal.ir/article-1-1116-en.html

[ Downloaded from agrobreedjournal.ir on 2025-12-05 ]

[ DOR: 20.1001.1.15625540.1400.23.1.3.7 ]

"YFA AP OLSes s 03l e S . BLUP S AMMI ladue L1187 L5 ,1"

ANO N AY @) Lg\_ag:,.f"};j 4S s> olas BLUP
-SRI W A W B PR AP AR WAV 4
Sl & 5 ) e Slacd 5 s s oSl I ke
B 58 OF O lacs 5L gyls e

(Y JS8)

=SS (BLUP) o il (sla s i o g
S Ol 65 Sy e F
3y — g L AMMI Loy as g ol a2
.(Olivoto et al., 2019a) 535 ploxil La oo i ol

oo L ails 3 Shes ol o i (5o Sk 4w lie

oo e Sl el
Dwrum wheat genotypes
@
e
~
1

@

=Y

1
o0

® Above WL

&
w
1
[ ]

@® Below =L

T T
3000 3100

T T T T
3200 3300 3400 3500

Predicted Grain Yield

Lo ow | -
b e e 413 3 S

r})}}(&f&h%;ﬁjé‘j(BLUP (b %)TL' St ) ol s e 4l 5 Shas Y Jg.“»
Lzt BLUP .55La 51 50l 5 sYUBLUP lyls olaas 35 o ja 1o 3 5 T slro uls
Lz @b 53t 09031 bl s i 51 o33 40 Oliabsl alsls otias olis sl gl claalee

Fig. 2. Predicted grain yield (best linear unbiased prediction, BLUP) plot for durum wheat genotypes

Blue and red circles represent the genotypes that had BLUP above and below of BLUP means, respectively Horizontal error

bars represent the 95% confidence interval of prediction considering a two-tailed t test
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Table 4. Stability indices, rank of genotypes and simultaneous selection index (SSI) for durum wheat genotypes
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G2 3098 1760 6040 010 015 6533 15 12 14 20 10 8 27 29 3B 25
G3 3074 1900 7140 008 019 8.026 17 14 19 18 14 14 31 36 3B A
G4 3231 1260 4120 002 013 5.758 7 5 3 2 6 6 12 10 9 13
G5 3203 1300 5060 005 013 5667 10 6 10 11 7 5 16 20 21 17
G6 3066 1530 6040 006 017 7.261 19 8 15 15 13 11 27 34 A 3R
G7 3153 1570 5160 004 015 6.709 12 9 11 8 9 10 21 23 20 21
G8 3239 1000 4670 005 013 5275 6 2 8 10 4 4 8 14 16 10
G9 3404 2860 6270 005 025 1148 2 18 16 14 17 19 20 18 16 19
G10 3470 1710 4460 003 0.16 7.757 1 11 6 5 11 12 12 7 6 12
G11 3207 747 4800 005 010 4141 9 1 9 13 2 1 10 18 2 1
G12 3343 2800 5790 005 023 108 3 16 12 9 16 15 19 15 12 19
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The full title of the indics are presented in Table 2
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Fig. 4. Ranks of durum wheat genotypes considering different weights for stability and yielding. The most-left ranks were

obtained considering the stability only. The most right-ranks were obtained considering the grain yield only. Between the

extremes, the ranks were obtained different weights for stability and yielding. The four clusters represent four classes of

genotypes: (1) Poorly productive and unstable genotypes; (2) productive but unstable genotypes; (3) stable but poorly

productive genotypes; and (4), highly productive and stable genotypes
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Evaluating of the efficiency of AMMI and BLUP models and their integration for
identifying high-yielding durum wheat (Triticum turgidum L. var. durum) genotypes
adapted to warm rainfed regions of Iran

Karimizadeh, R.%, H. Ghojogh?, T. Hosseinpour?, M. Armion*, K. Shahbazi®
and P. Sharifi®

ABSTRACT

Karimizadeh, R., H. Ghojogh, T. Hosseinpour, M. Armion, K. Shahbazi and P. Sharifi. Evaluating of the efficiency of
AMMI and BLUP models and their integration for identifying high-yielding durum wheat (Triticum turgidum L. var. durum)
genotypes adapted to warm rainfed regions of Iran. Iranian Journal of Crop Sciences. 23(1): 30-48. (In Persian).

The aim of this study was to evaluate the efficiency of yield stability analysis models and to assess genotype
x environment interaction effect on grain yield of 20 durum wheat genotypes for identifying high yielding and
adapted genotypes by BLU and AMMI models using experimental data of four cropping cycles (2009-2013) in
five filed stations in warm rainfed regions of Iran. The results of Likelihood ratio test (LRT) showed that the
effect of genotype and genotype x environment interaction on grain yield was significant. Therefore, the best
linear unbiased predictors (BLUPs) analysis was considered appropriate for these data. According to AMMI
stability value (ASV) index, genotypes 11, 8, 14, 19 and 16 had more yield stability. Simultaneous selection
index (ssiASV) based on ASV identified genotypes 8, 11, 4 and 10 in terms of grain yield and yield stability as
superior genotypes. Given that by using these simultaneous selection indices, genotypes with different patterns
for multivariate trials can be considered similar, the results can be misleading. Based on the first two main
components, AMMI2 biplot diagram identified genotypes 19, 3, 14 and 11 as genotypes with yield stability. The
results of the mosaic diagram showed that the contribution of genotype and genotype x environment interaction
were 14.94% and 85.06% of the total variation, respectively. Based on weighted average of absolute scores
(WAASBY) index using BLUP analysis, genotypes 4, 8, 11, 10 and 7 were identified as high yielding with yield
stability. In general, usin mixed model as well as all the components in calculating the WAASBY index, it can
be concluded that this index is superior to other indices.

Key words: Biplot, Durum wheat, Singular value decomposition, Simultaneous selection index and
Weighted average of absolute scores.
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