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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

& il F- T v Y. & (URE S -
‘gjlﬁ..udL‘Sc Qj:ﬂ)‘ MCJﬁ:Wwwc&ywcanw;&‘wj
oo a
e QL":J.,)
oS>
el ¢l - T a5 BLUP ; AMMI ladus &_b\f&lﬁj)\.\i“ sng:&’a .5__’5‘5)[‘@:4 <5 su”)Tf 293 Ly ) s&?sé FeD) cbé‘)‘s&i;
FeotA (V) VYOl (o153 pole 4 45 01l (¢ s S aes p able L & ;L. (Triticum turgidum L. var. durum)c.m; C‘““f Jams GBS 55

9 P99 PISS Jo—amo y Sl gif (b (Sl g & Khos (ol @ 20 G Juw (217 byl Budid (ol 3 Gu
3 ookl b P9 9d P uigif Ve 410 8 hos (SoIml 9 G 3w yusd g 1 3 Khos p Jasme 98 gl kot (b 35!
TS 0l 2] (S o 5 Ao 9 Bl 30 (1FAA-AY) ey Jl slez b &7 09 (BLUP) o 9 (AMMI) of S fre
O pSlos p basmo 30 i i KB p § Ligis 145 810 oL (Likelihood ratio test, LRT) (g lodcamwsd cums Oga3T
o= &1 (Best linear unbiased predictors, BLUPS) ¢ 56 s Sl cw i 0 i@ 4 375 (ol by 399 518 e 41
O Slos S8 AT 910 e A ) Blacwes) (ASV) (ol Goll il e lh (bl .ol 0318 [auseli Cuwlio Bodls
Gl 9 4510 8, hos 45 311510 ¢ ) A SdCwissl ASV bl » (SSIASV) Olo jos DLl asls .idg ylwl
L clacwisi) colojon Olsuil by ald (ol Hl odlitwl b dyl & d>oi b .0 37 QWb 5 p gl Olgied o hos
ouiS ol 408 uilel o0 LAOT i bols gl (g 4d 5 L3 10 dilio Wilgi 0 ¢ drumoir S slo3T (S y Dglite (Sl g
Golal 10 S CwWeil Olgm 1) g 1L F I b wgi) (Jol (Lol 4o 90 Slun p AMMIZ D3 b 51905 .ol
9o i3 18/ o Fam oo 50 i gl o 3 § i 935 maw 45 B18 Ol (Keliege 51090 il .o sl & Kles
LJgamopn Vel 1) At W) BLUP 4 25 p i WAASBY ol goll .09 IS £33 31 o33 A0/
WALl Ao 53 A go Lol paicxed § i Ju I odliiwl 4 4z ei L (F oo 53 . Nud ALl Hluul & Ko
SAhb b el ple 3 59 @Sl ol &7 w0 i WAASBY

Glao O 505 (F59 (uSle 9 £9090 LA Olojod iy 3 3 ko p3lie 4 328 (M SL 1Sl Svely

Bl g0 5555 023 (655187 Dl s 30 e 0PN ek Gl b ) etane s ) ACCVARVA N - J¥RY GBIV FNO 3L s 06
(oaisS” 43180) Ol 0yl 05553188 95 5 b5 3T (iions Olojln cchaoml 1 5 4 KGST e i 5 (5505887 25T 5 Dliions 3870l sbol =)
(Karimizadeh_ra@yahoo.com , r.karimizadeh@areeo0.ac.ir :s$s 5 5S31 on)

Ot A (55518 s 5 5 5T eliiond Olajlos OBl s lio 5 (55551887 5 50T 5 Dl S pm (Gima Y

Ol abTe 5 50318 g5 5 (25507 eliiods Ole b cOlis J s wlio 5 (6355187 25501 5 Dl S0 Sl skl ¥

Ol el e 553187 s 5 25501 eliiod Ol epDbl s wlio 5 (6555187 25 50T 5 Dl S50 sl ¥

Ol Olae 55318 g 5 5 25 50T WDl Olojlo ¢ syl b whio 5 655587 25 50T 5 Dl S 5 Jl skl -0

Ol ey oy doml g oDl 15T ol HLils =8


http://dorl.net/dor/20.1001.1.15625540.1400.23.1.3.7
mailto:r.karimizadeh@areeo.ac.ir
mailto:Karimizadeh_ra@yahoo.com
https://dor.isc.ac/dor/20.1001.1.15625540.1400.23.1.3.7
https://agrobreedjournal.ir/article-1-1116-en.html

[ Downloaded from agrobreedjournal.ir on 2026-01-29 |

[ DOR: 20.1001.1.15625540.1400.23.1.3.7 ]

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

3L 6 lhL sl esLs (Smith et al., 2005)
O St g AMMI s i (s
(Purchase et al., 2000) T o 5age 45~ Lilods &1
ASTAB ((Jambhulkar et al., 2014) ASI (ASV
SIPC s AMGE «(Rao and Prabhakaran 2005)
3 MASV AVAMGE FA «(Sneller et al., 1997)
«(Annicchiarico, 1997) DA «(Zali et al., 2012)Za
(Ajay et al., 2018) MASI «(Zhang et al., 1998) DZ
Solwdde .z (Zobel et al,, 1988) EV
555 Sen s sl Sl

4.1:_«4344 £I09° (.\_.f)JAMMl 4—.'.J’”. b (GEI)

L >eh ) o

(Sabaghnia et al., sl ol plal (650 5 oiji.'u}k
2012a; Sabaghnia et al., 2012b; Mohammadi et al.,
2015; Karimizadeh et al., 2016; Karimizadeh et al.,
2017; Esmaeilzadeh Moghaddam et al., 2018;
bl 3l sladle s Najafi Mirak et al., 2018)
sO0l—sjen Sy w4 BLUP SAMMI s, 55
o Ale 65 OT )3 a8 Cl ol sl ul audls
e s s e b oo 3 (5 S
L o ile oml o o 515 40T o Cw s BLUP
> iin 55 a2 L AMMI- e o5 oSy
slxe ¢S «(Singular value decomposition; SV)
53 b Sl et L pla o3 55 5k
(Weighted average of absolute scores; lkas Ol ol
il Jool> i 55 4S5 4h o demlos WAASB)
o P03 4 536 5 Sl BLUP s AMMI 35, 95
Sl 5, Shas (0L 5 (6l 5 Shas) atnl s Sido
(el ol e sde (Olivoto et al., 2019 a, b)
Sl olls e 55 WAASBY plia ¢ 0 el
3 Shas (g1l 55, Shas slas 53 0 0T 55 4S8
GRS o esdle U Lsd e a8 55 s Olajen
JoB s 5a8s bt B o 53 55 S
el sl 55 (Olivoto et al., 2019 a) wib b 55!

Sl sz 5 (Mol o 4y e Sl

)

4ok

¢S (Triticum  turgidum L) psy53 el
o gmeen S5l S90S b (8l s e o1y LS
o= —e (Karimizadeh et al., 2011) 5,5
L5 )3 paysd (A_fc_.iSoA_:fajw J—lse
Lin A by |ad Lgnl gle S gl St
=l olhes Y sons 5" (Mohammadi et al., 2017)
L b oo ATl e Dl I FalS Sl leSe
Dl 5 LT e sla by 5l (S ala
el del el Ll 5 3 Lacs 555 Shes
.(Karimizadeh et al., 2013)

23 S Sl ¢l osl5a T p e
G5 S S s 4wl ¢ 215 OlaLS
Bl iy La STy ) p el s
Al S 5B el b 85 2
Sl ehsio Lo 53 G 85 G Sea s ) s
$lodmy (oS o 0 Ol ey cadils 5, Shes
(Sharifi, 2020) Cwl 135 555 5 (6 2 et

3, Ses (5,I0L 40 2 6l 1 oL 5 sla b,
Sl sla b, Jols a8 Cul ot 4l
S i (6 e 5L 5 (o it Ly o piecSS)
2ol Sl iSen 5 5 o pe Lol S )
(Additive Main effect and Multiplicative )
5 (Gauch and Zobel, 1997) (Interaction; AMMI
Genotype + Genotype x )Ml GGE
sl g, 5l (Yan et al, 2000) (Environment
SLa ) e dle i a o il (g el
oll e s s g g ol L
!~ ;= (Best linear unbiased predictors, BLUPs)
ol gl T sl _aesls 4L 3
el oli slgiin (Multi-environment trials, MET)
o594 YL cs U 1) dslaas Ol 51 5 Kl 45
G_bs.bl:\_éuj_?loj_ggw.b.lz_;uébd.x_a):
A5 o e (linear mixed-effects models, LMM)


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

[ Downloaded from agrobreedjournal.ir on 2026-01-29 |

[ DOR: 20.1001.1.15625540.1400.23.1.3.7 ]

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

o 2las S s (WAY LAYAN) ol dlw Hle
Sldss LAs S e V00 e s e VY b
dob U Cassy i Y e sl cils” glacas,
ﬁd‘ﬁcﬁﬂ)bd‘br"VS\JS.J}.:J;G&LW\V/O
¢ gamen Cmils 5l e i 4 S b s Y
hgﬁé\ﬁjéﬁfajx\&;ﬁjsdbsﬁw

A eslaa

A 5o di ) eslinul Lo (g LT (glaa o5

(Multi Environment Metan _Jasws o sla isle 3T

(Wright and gge 5 (Olivoto, 2019) Trial Analysis)
Lo bl 51 pLil R S1le 5 5 Laffont 2018)
LS e Gl bl Geoeer s AMMIL 4 s
b o ) ol GEL s 5o 55, AMMI
53 by e Laulyy 47 A oslizal (BLUP) L il
ol @51, Y J g

53 SSIPCL/SSIPC2 i (ASV) ) alaly s
o) 4l 3o g el an ol b 0sly ol
~ IPCL Solay s sames gns L 457 ol (IPCL)
(ol el 3o ) some (e 33) IPC2 Dl 1 5ame
23 IPC dadeiin aiy o ¥ adaly 55 T o ol
53 3SIPCL ol 5N = 1 cadaly sl 55l ges
S Jds 534S Cul LaIPC slass N SIPCF
S dadeiie aioy gin F 5 ¥ gladaly js Sk o
ol slaad 3o sl o(F alasly 5N 9N 9 s
F Ol LAMMI il s a2 534S Sl
§ smazea deo 53 ON F adaly 53 . onl ol i ixe
33 el IPC |y yms il dlow g 00 4 5 ol o
ol omby pabie Lglacs o) daadal) ol plas
I e N R
R(AMMI stability Indices) & alaly ;3 .55
Gl gl Ll Sl pldS a b s 55 45,
oSl 45y RY 5V 53 0 b 63, s AMMI
el b laes pled )3 e 55 4l 5 Shes

Yy

ool b s e 850 sline 53 51 oS o 4
el OT bl 1y o 55 b5 5 0ls 5 Shas
TSI
slds oS Sbjsl ol sy 5l Coda
ol gl ol a3 oS oslan ]
Loyl 5 U S8 5k )55 0 Jpamms y Slacd 55
L 5528 (6 e S tas o3 GbLs (ol 5 T
35S 5 s AMMI Calises sla a5l 31 6,80 0
SWAASB sla _asl_s L, BLUP s AMMI 3,
Caliien Sl g0i s 5§ yiomos s WAASBY
03 5o Jaea 53 i 55 Juliie 51 g &S0 ) -

!

by g5 9 g0

oo T s Jlw 48T ey asdad 5o islejT ol

T IR P U -5 VPR P 5 { OIS - P g
205 S ¥0) 035, 5 GLSa 3 p 8 LS 00)
)rﬁjﬂ-\'&w&ub;@hjl%j@)()&
bl S Uy 5 ity e 4t o8 3 (o
r)))b(.g'fxéj_@’;’_;jj\l\a\.\_d.xv\_&
Shes Sles anlie 4 k0 sla b3l 5l ods i S
(CIMMYT) r,uf,;,)s Slidss Ml o S0
(dals) it 50 o pl S pLS,51 Lol e
b JalS lacS gl b B s () )
Yo bl o e L) 0hlaaS s 1SS sl 5o
a0 gLl ar Jsb 5 Jld a2ds VWV 5 e o
5 ez ¥V Ul s 5,0 L) A (3,5 aids b
i3s3 \Y 5ar 300 oLl Job 5 Jlod s
adds T 5 am,a YA LSl 2 e L) Olhe (B4
(55 485 M 5am 3 FY LUl s Jsb 5 Jls
i8> YA g a3 YT Ldl a5 e L) 5T 5
5 (3,5 4i35 WA 54,5 FA Ll e Job 5 Jles
5 Jlad i3 FY 5 am 3 TY Ui 5 e 1) o3
Oodods (B, 4B YP gam 3 FF Lol e J4b


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

[ Downloaded from agrobreedjournal.ir on 2026-01-29 ]

[ DOR: 20.1001.1.15625540.1400.23.1.3.7 ]

VB Sl a)u‘ry,\;“ﬁ.u?g"o\ﬁ\@\,)'pb@fu"

450 3050 £33 pAE Sl 550zl 5 alel =) U

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
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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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