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- Additive main effect and multiplicative interaction (AMMI)
- Genotype + genotype x environment

- Singular value decomposition (SVD)

- Genotype x environment interaction (GEI)

- Best linear unbiased predictors (BLUPS)

- Multi-environment trials (MET)

7- linear mixed-effects models (LMM)

8- WAASB [Weighted average of absolute scores of best linear unbiased
predictions (BLUP)]
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1- Weighted average of WAASB and response variable (WAASBY)

2- Multi-trait stability index (MTSI)
3- Nonadditive

4- Residual

5- Eigenvector
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Table 1. Characteristics of studied rice genotypes
;M».;j.;j e)Lij r_g)/a).?a.fo Lice
Genotype code Pedigree/Cultivar Origin
Gl [Shiroudi x Khazar (1001)]10 Iran
G2 [IR 64669-153-2-3-(A8948) x (4 Surinam x Deylamani)]2 Iran
G3 [IR 67015-22-6-2-(A37632) x (Amol3 x Ramzanalitarom)]47 Iran
G4 [IR 67015-22-6-2-(A37632) x (Amol3 x Ramzanalitarom)]107 Iran
G5 [IR 67015-22-6-2-(A37632) x (Amol3 x Ramzanalitarom)]121 Iran
G6 [IR 67015-22-6-2-(A37632) x (Amol3 x Ramzanalitarom)]126 Iran
G7 [IR 67015-22-6-2-(A37632) x (Amol3 x Ramzanalitarom)]39 Iran
G8 843 (check variety) Iran
G9 Shiroudi (check variety) Iran
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1- Restricted maximum likelihood
2- Likelihood ratio tests

3- Diagonal matrix

4- Orthonormal
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1- Mean performance and stability, MPS

2- Multi-trait stability index based on factor analysis
3- Selection Differential

4- Screet test

\\%

i a5 bl e EPe 5 «(IPCA) juSan
s (p S b oCgs ool IPCA ok Lug
Olivoto et al., ) 55 o a5 S L 55 ,luL WAASB
.(2019h

Sl 9 5 Shas 5 Olejea Ll

(MPS) (551l 5 5 Shas ke (sl Oloson Sl
oSle ol ys S A pl=il WAASBY axLs L
toabl; L (WAASB) )l jals 5 (Y) 5 Shes
:(Olivoto et al., 2019b) s 55 .0 o315 O35

R o = R

W, +W

WAASBY, =
(WAASB) s bl 555 bs WAASBY; of s &S
o315 O35 WY erTi w55 &l GY) &l s Ses
GYi t(ails 3, 3550 cnl 53) ool it 4 o
lalame oo 4 a5 b ol i il 5, Shoe 1 Sils
Ws tods sdalie ails 3 Shae o sze s 5V GYimax
o302l 03) oL el 4 el eals Ll O
Sl jes S35 xNlbe WAASB; «(WAASB 25 Ls
Sie S WAASBmin 5 pll s glae
el e 55 w55 03 e dalis WAASB

Tele a3 el phodn s)lul pasls
bl S 53 Ses Sike gl Dlasen Sl
e SOl edel sty S Sl eslizad b i i
Gl patls s A bl LS le
Olivoto ) 1 plxil 0 dslee 3b » (MTSI)  zéoo
:(etal., 2019a

0.5

f
MTSI;= Z (Fy-F;) (0) akal,
=1

G| gﬂo.li‘ gﬁ:‘}.:j (Tj °j‘"’.’ cFJ 9 ‘ffl g_,.,;jpj fﬁ oj‘w' (.FlJ ‘(afl
F5 Jledil 55 4 MTSH e o 205 b i 55

L L (MPS) (gl 55 Sas Sl cpl ply 5 o


http://dx.doi.org/10.52547/pgr.7.2.13
https://dorl.net/dor/20.1001.1.23831367.1399.7.2.10.9
https://pgr.lu.ac.ir/article-1-200-fa.html

[ Downloaded from pgr.lu.ac.ir on 2025-05-16 ]

[ DOR: 20.1001.1.23831367.1399.7.2.10.9 ]

[ DOI: 10.52547/pgr.7.2.13]

o B2 SBeS B G g 5 Shes oSSke 2l

OHKen 5 A
1500000
1000000
P2
13
A=
©
=
£ ™ 500000
Eigenvalue
0 Percentage

- 100

75

Is

el

- 50

.

u b
aoUBLEA PSJEINWNOOY

-25

T T T
PC1 PC2 PC3

1
PC4

T T T T
PC5 PC6 PC7 PC8

Mumber of principal components

Aol el s sl
o ;

&ls 3 Shes (61 s BLUP_GEI s jle o3y slie =) K3
Figure 1. Eigenvalues of the BLUP_GEI matrix for grain yield

SIS e S 38 5 (lesl adlae s
Sz b Opmen i slag b Sleslinad L) La ) S5 sl
e i 25 b bl glade 3l eslizud 5 (ele s
(Gauch and Zobel, 1988; Olivoto et al., 2019b) szea
Gl i w i 2Ul5 ) uKaly BLUP (g bl Jus
Al G35 o b Gl e 0T s S
G g oph e 035 e lame 53 IS ASes
3 el o o e nl G0 R AMMIL 25 4 ol
Sl BLUP 25,5 slacs 50 51 .(Olivotoetal., 2019a)
e Lalites gladie 303 Y CEs L b, Siks oS
G ool e Bl s gy oK 53 cpaen 5
SMith ) S e el 3 15 ssbas Sl 3 335 Lty ol

(etal., 2005
BLUP 25, L als s Shas ol o i (sl 1, K0le anclie
Ot s S LT 5 VALY Glac g o8 sl Ol
Sl 85 4 Sl Sk S p obd st 5
oo a5 b5 e opl (T JK8) amils Koo
Tt glacsss Lol ol glat gladke L gan
L glsgme bt Lol ctimils a0l b (g)ls me 3Dt
> Slas (55 el o SlapSile 5l i 55 oo

sl ls

1- Mega-environments

ARA

S 3l 0L (GED Lapme 53 85 JiSen  ls pxe
23 5 by Jams G o Sl (S 55 G 53 O
iz 6l BLUP i (b il a8 S ams
elBl 55001 51 .(Olivoto etal., 2019b) sl slis  olaesls
L3 8 (LBLUP) ot ol sla i i o e 2030 2 0
el LBLUP (1l (555 » AMMI %55 a5 Il 4320 5
2SS e Senn 6,5 U Shasy S
&lij‘ﬁ“-l)?dQ@ﬁ)’oid‘ﬁ‘)bbﬁﬂ“’ﬁbj‘:ﬁ‘
Samonteetal.,) sz 03 S 58 Sila o 1 S s, @
«S 2l 31 .(2005; Bose et al., 2014a,b; Sharifi etal., 2017
2 @l slaaely AT e 5o LU S ke
G ot B sl e (sl bS]
b 4 el edalie SMis L i ok sty JMEs oSy
o f oS peloase S gl cites Sooj
OlIVOL0 ) ol o sl ' ladamms 4l 03 S 2o 5 65
Laams 51 oS o 53 881 il s < 25 (etal, 2019b
3 8hes pph (o3 VW) Jasms i 534S 3l OLE

(ol &3l Laesls) 555 s pme il
Slashlel 53 apte S50 R Gl el S e
S Ogma) ialo] AT 5 pogy ¢ aomaor
b b s 035 esly Jlol IS5 5 o300 L sz b


http://dx.doi.org/10.52547/pgr.7.2.13
https://dorl.net/dor/20.1001.1.23831367.1399.7.2.10.9
https://pgr.lu.ac.ir/article-1-200-fa.html

[ Downloaded from pgr.lu.ac.ir on 2025-05-16 ]

[ DOR: 20.1001.1.23831367.1399.7.2.10.9 ]

[ DOI: 10.52547/pgr.7.2.13]

WA/ Y olad /Y dl /Al Sy la e

oJu.i':MJUaJQLM é‘ﬂoubjw &uw)bjfs\v\} J:j)l{&l{.)\jétﬁ‘b)jiﬁj&l{.)b dﬁﬂb%ﬁj

Table 2. Evaluation significance of factors for random effects by LRT (2) and for fixed effects by ANOVA and
estimation of variance components by REML for stuied traits
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SLls & 53 55 Ol e ke
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1568219** 36.23** 69.88** 6.98** 10.26** 6831** 11591**

Jke iy o 05051
Model LRT (¥2)
l‘“""_ : 3.558ns 8.98%* 13.86%* 12.31%* 20.62%* 9.73%* 7.84%*
Environment
L 5 “{‘-‘f)" 11.54* 3.89* 50.86** 26.77** 6.27* 0.13ns 0.12ns
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DJ\.:.: (/) L“’Jj‘f.’
REMLi Estimates (%)
e bl 1.43 34.69 1.99 46.92 111.6
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S sl lame bl 0.63 10.52
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ns, "and ™*: Non-significant, significant at 5% and 1% probability levels, respectively
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Abstract

Additive main effect and multiplicative interaction (AMMI) and best linear unbiased prediction (BLUP)
are two methods for analyzing multi-environment trials (MET). In this study, seven selected rice lines
were evaluated along with two check varieties based on randomized complete block design in
Tonekabon, Amol and Sari (Iran) in three growing seasons of 2011-14. To quantify the genotypic
stability, the best linear unbiased predictions of the genotype by environment interactions (GEI) were
estimated, and singular value decomposition (SVD), which is the basis of AMMI analysis, was
performed on the resulting matrix. The likelihood ratio test (LRT) showed that the effect of GEI was
significant on grain yield, number of tillers, thousand grains weight and panicle length. Therefore, due
to the significant interaction of genotype by environment, BLUP analysis can be performed on this data.
The biplot of first principal component (PC1) of the environment versus nominal yield showed that genotypes 7 ([IR
67015-22-6-2-(A37632) x (Amol3 x Ramzanalitarom)]39), 6 (IR67015-22-6-2-(A37632) x (Amol3 x
Ramzanalitarom)]126) and 2 ([IR64669-153-2-3 - (A8948) x (4Surinam Deylamani)]2), due to the lowest scores of
the PC1, had a small share in the GEI and had more grain yield stability. The biplot of grain yield versus WAASB,
placed genotypes in four regions, so that genotypes in the fourth region, including genotypes 6, 7, 8
(Line 843, check variety), and 9 (Shirodi, check variety), were due to large value of response variable
(high grain yield) and high stability (low values of WAASB) were very productive and had extensive
stability. Identification of genotypes with weighted average of WAASB and response variable
(WAASBY) criteria showed that genotypes 6 and 7 were high yields and stable. Based on the multi-trait
stability index (MTSI), G6 was also selected as the best genotype in terms of grain yield, evaluated traits
and stability of each trait. Totally, genotype 6 was stable and superior based on the results of all methods.
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