e V) lianls BV o)led /on3lez Lo /ey LS Mol aoluings,

" 59)-’ ‘\J&Q"

S0y b ped (was 48 by (sLuigij aild 3, (6 )lly o)y
AMMI 8 puitio X (p39,
* i1y 5o 9 2y ol Bl phuol < j9uSiisy ol ¢ gylal el

Gl b e 5 555l pole oSy
=5 el ol soliings,

(39S s 5 hiel «laind il sl g g kSRS b e 5 (65,08 (bjgel 5 Sl IS p0 )9S 03 (559l DlaioS dmngo Jlolin] =)
(aminnamdari61@gmail.com : Jggume odims) ()l pl ¢ yluS

Ol ol g3 65,98 gy 5 Ghigel aliios lojls (i) (i ailie 5 55588 390l 9 o 35 p0 985 3 (55,98 o dumsge ol Y
Ol (e «s3sliS g 9 Uhjgel «liiod Glojlu ¢ Jud)l (b wlie 5 (559LiS” Bjgal g ClaS 3 50 908 w23 (659l SIS dumwge bl ¥
Olrl ) s50sliS g 9 phjgel «lisins lojls ¢ L] (ornlo ilin 5 (5559liS 2jgel 5 A S po €9 > (659l Dl duaage sl =¥
@9y 9 Ubigel «liid lojl oslng 5 4IRS (b wlio 9 (5))sliS (Bigel § ClES Sy )85 3 (659l SRS duwsge (id9R (10 —O

Ol (hlea «syslas
VSN s Gl Ve V- il ok
WE B VS s

-‘?W M-LS%

OLlS (ol5a sladaly 1 sdes slaciin jI (S lalaoe I (slodinS dsls & ()55l o YU 5 Slee b placuisi ololid 1B ¢ donio
: Lboe £

OhleS 1aLs 1) 53 oo 4 438 (laalej] o35y S VT e aib ity lacadsl) 0,Shes (sl oLyl saien: Ly 9 B9
38las sty b3 it 5,5 5 b 30 SA-R 5 VA el o 53 (o Dbl 5 plio ol (Sl aiita o 2 ot 5
5 oalizal (AMMI) % oy lize sl il al33l ol sl Je 5l casonn 3 cadgiy (iSlon s 5 Iacadss

olts (Lol laadlie &) bamo — iy (iiSeny 205 ol L5 I dns sl |y bane 5 (o) GiiSony AMMI il )ly & o ol laaidly
AMMI (g )il ojlol dpsloee S (o an g5 1) Lare —cadgi GiiSody (Mo pd YV o ¥Y/V i a) dopd Ve & 5355 pgd g Jgl (sladdlse oS ol
s daceigss cnl e 3 25,5 1y ol YL 5 ASV e (58 Y 5 ) A & (slaceigh] (oiilol slacaips o 31 45 3l L (ASV)
o Ve g% clacuisy o5 ob (LS AMMI2 s AMMIL (clacMcly o 09 (e 08)) 552 2L3 51 5L (63,8ae d2ly & gl
LYY Gl s 4l 3 Sles el bacuigss (5, ubl 0 9 VY slacass a5 Jls 3 sl go woglan ()lul 9 (ke 5 YL 5 Sles
O Guigi g Ugd oo barye hluaS adlaio 4 4 0b L ¥ g U g ) b 4 pogad ()5l g 035 (oges ()5l 236 YU > Sles
Mgl Jlges ol G5 Sibie 51 208 (63, Shos wslio ()bl 2929 LA 5 VY (slagiis ol L oblp 3 ddlate 4 pogad (5L

[ Downloaded from jcb.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.52547/jch.14.42.169 ]

bl lase —Cadel}  iSen 50 |y w2yt ¥ o VLS 50 (pL) Y g A (slalaies ¢ ol adlte 9o
g odloj] gl bme 4 cages (655w d2ly uslia 6l 5 Vb 0,Slae b Ve 5 8 (slacasp] ggema 3 18y ARl

52905 () lw (pogad ()5l dae 5 gl (iiSeny sl i galS (sWrojlg

S5 & cagl GRSly rd Geote pade
Sog) 4 lges iuj lul () Libe ae
» 8 Je bl baye oub 3Sles iy L
Gl d2gi 3y90 55 Vb 3Slee Jowily 2l s)lub
iSany byl sgaied bl Uhg) cmpmly (V)
Syo wjo5 (lame Lz slagilej] )3 bue g iy
P a4 bse ey il (g el bl
Syge > g Ml bl 3g il g s by
g b JliSeny 2yglp 3 et cage dlyd ol (A8
acodgie (nl p A opa polaled Db g
() Sloss sleaiay 5wk 5 0s5UsS slasby,
SO A 9> & 5 psbar (ol 2l ey,
kol SIS gy g oo (gaualed opile N g o ptie
dex J (AMMI) phiops Jlise clil 5 pliges
ol )l 4520 opite Az (slagby, on sl
@ &5 b g ] la il Cus (o) cpl ) bl
225 b gd oo 4 (B L pdgesr ol Ol g
Ont Semy e Wigde dpsly Jsame il
P9 oo odal phops blite Il & e 5 g
dSgbise o g 4jod (Lol sladilie 4 4jo8 bawy
o AMMI 455 blate $1 Lol sleadlze (V)

dodo
Coyw il cage e Cuig) piiSeny
2 bowig] o I 95800 (£ QLS w2 08) (Syme
iy o s 093 5l ) (Gglise (AiSTy (155UsS slalaome
slapialejl )3 laee 5 i) piiSeny (iodw 5 b))
s 45 3950 plrsl ()bl (slaig) bawg ¢ SIS0 L
J S (IV) Sgdn ool o)lul S slagbyy (JS
Oyt (Bpme S iyl Glacwin) ol b Shy
S Wil 3o ylul Vb aSles 958l 8,
» ol (5L bl 4 Cuig) @5l Sl
5 ooes Sl porde 9 dacuig) )5le b ala,
oSl b lacisl Sl sy eopad )S3le
Lg)lf)‘hu J.?lg O;U; Lgh]a.,;u 2 wl.:.a J)ﬁ.g.c
blxe 3 & ooy & Jo ) il (oages
rlo 3 g 2mdoe Gop |y 3Ses dlnd 0hy 9 dgione
Lg)lf)‘hu ,\?b ‘b)b UJYL OL@J Lean D)S.l.o.c oo
Sygody ol |y 0,8hes ()l (F) il o ogas
0wl 33 5 9905 i yi (SUsS Slalae 13 3)Sles U3
(=hi) b il 5 () Ssliol o)luk psrie
Gl djeds (i o)ll yS I8 dag 3500 L
@ by ol g cul ae Sl 4 quig) dgame

1- Additive Main effects and Multiplicative Interactions


http://dx.doi.org/10.52547/jcb.14.42.169
http://jcb.sanru.ac.ir/article-1-1308-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.52547/jch.14.42.169 ]

el oy 5 2lime ol lige puol oSy ply (g)laal el

W AMMI o500 3z (g) jl xS0y b md ods 4y Slocsiys b 3 Slas (gyluk (o)

ialejl asly sa chyply plonl S5 aw 0 g ol
oS 0B L e b cils b ke Jeli
b 2 i sladile bojle g mparte > wigy Voo
oyl ploml Al ye 93 (b g (d Gjgo & A5y Juad
wedle plyisds O pa 0 Culls s g3 (85 e o L
épdy plxl @pepie Y0 gaw Jl 08 a5 ity
S5,k ool gy b cnlite cilizke golia )3 CudlS o,

2y ool elogss Lawlg) b ooyl Lols 1o 53 5 550
390 i)l gofl dapuilly (Sen I lisebl jglaioa,
sSen I oluebl Gl s (VWY) e S 1E solacl
Cudn ly S il glad o)l
b e —oig) (iSany dusle (bl plsl e
(A) 25 ploxl 5 dasly Bollae § AMMI o 1 (6550 0
Yger =ptogt Be + zxn Yon en +Pge+gger

1SS 50 ple lase )0 plg Cuigii 0, Slas Yggr alaly cpl )
Sl G a Be g Og islejl S opSOLepl sl Al
kel adlge yoe (sl o e An chaee 9 i) (ol
sbol adlse Nl plg oo (sl eSS 0y 513 Yon el
alge Nl ple joome (sl ks 0329 50352 Ben (yhiSon s
o b 4 bgpe gger 5 jugh sl Poe (piiSeny (Lol
(ASV) AMMI ()lil Lbsl slboylel dubxs 5L
plie s 15 gacnn 5 (GSI) iy (5l il
L (SIPC) Jso > obledl soailye L] ohs
pbsl SAS 5 CROPSTAT loliéleys §| (S
oLl 325 5 Woylel cpl 1 G y2 dusle Lallg) 4 s
Laog AMMI2 3 AMMIL (glacMcly (M) canl o5

L3 w5 GeNStat l58le

GXE GXE

SSIPCAL L SSIPCAR L
ASV; = [SS XIPCAlScore} +[ 5 X [PCA2 Score

GSli = RASVi + RYi

SIPC =%, | 1% 8, |
RASVI dolos 55 pll caigi (il asls :GSli

95} 23Sles (1Slke a3, RYI ol Cuigiy ASV 4,
eI iy dasuie ady) o APSSIPC abal, y3.(VV) pli

8l oo pN adle (gl 59 0329 5135 Bin o

Table 1. Names and codes of the genotypes
b

0L slalae 3 oyl 0Sles ylul (b))
ol 2 & cwl pl AMMI og) Cojo (Y) Soy 00 S
g ok dgi Jlite Sl Cluye ggeome jl lodas (A0
55 ) Sy L i J a5 L ol
Bl byl Gy Wl g, lscas AMMI
059y 2 o) Cunl oad aBld o) (pogad 9 (o0
Sl ge oMk g wwy b AMMI
By 4 S g 9B ol 3 1) ey
a4 gl (g)lul cundy I a8 Objl g docie
3 515 cpaygd pAiS slb il ()Ml o 0 29l
oo~y JiSeny (b))l ety dwlie )3 &5
@b g5y gy b awlie  AMMI 4505 by,
A5 IS R (eimgh 3 oezxes (V) 3 VL
Loy Al i asy 4 0B AMMI oy, o
sy ol bl » bew 5 cuig) GiiSes
095y 2 e b9 3 VL ilyeds & 9 oo puS
slosbyy o Canl 0dd ()5S s (e 53 (V) Ldlee
5 ol ol Jolf SSa5 a4 o8 (g S, p (e
md Gblie 3 (s ofgdr g Clg CulS dlej
2 Sy 398 o Slas oaiS3gum layesh I (S
slapd)y (Byre e 3l ol ) Adbe Joily
so9es Sl b Jb e 53 9 Vb 3Sles Jousily L
9 Jime cgpmdpe 3ble > (o3bj slaiag L
Sl lopd) (yxe 4 o5 Casl aBpdy ploxil gy S
Sl i)l psl Giagh Sl Bua a0 i 5o
gy dwsdy w0 el ad iy pY N a5 Slee
Sgge sbaed) b dwlie ) 5y sl Uy AMMI
by 318 0)ls gy slaginlejl (9905 Sy Sl
233,5 dde o) (lgie

’ L9, 9 3lge
Wb glaal sbgilol B sl Giaggy
p5) 93 ohen & abyin sl lojl JlonjSn iy
olel sl a8 Tl wald plpedr e g ohleaS
aibio s 5 WA 5 VAN el Jl 9 b
Canpid 9 ) o 3 (e g JW) piulejl (slalace
el oad Gl Y Jodr 3 0nSy slaguis) 0pnd
JolS caSsh oyb B dame o g ilejl gl

ialojl glalaze cuoygd =\ Jgix

Lo 5 s Ly 35 Lo
E5 Jol Jlo glie EL Jol Jb gl
E6 P> Jlo (i E2 P93 Jlo Olylucrs
E7 Jsl Jl 34 E3 Jol Jlo st g5
E8 P> Juo £l E4 po> Juo bl o>



http://dx.doi.org/10.52547/jcb.14.42.169
http://jcb.sanru.ac.ir/article-1-1308-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.52547/jch.14.42.169 ]

\a

baely 59y 9 2lime ol e puol oSy ply (g)laal el

V) lianls BV o)led /on3lez Lo /ey LS Mol aoluings,

Uinlojl )3 o3lil 3590 (slady o by 0,5/l =Y Jgan

Table 2. Name/pedigree of lines and cultivars used in the experiment

0,25 [pl iy olad o 2l S oled
FLIP2012-240L§ILL11215;-ILL7711XILL8176 G9 FLIP2012-2L(TLL10977)-TLL7985/TLL6037 GI
FLIP2012-244L(ILL11219)-ILL7711XILL5480 G10 PRECOZ(ILL4605)-ILL 5888 / ILL 5782 G2

FLIP2014-103L(ILL11513)-1L[9862 x ILL7978 ICARDA 3 111 o1l FLIP2011-43L(ILL10947)-ILL 7537 X ILL o3
139454.0732 98 C 590
L8006 612 FLIP2014-021L (LL11431)-1LLO9T7 X ILL -
FLIP2010-95L(ILL10825)-ILL 7620 X 91517 G13 FLIP2014- 032'1('::'-4151;'42) -ILL5883 x G5
FLIP 86-16L(ILL6002)-ILL 4349 x ILL 4605 Gl4 FLIP2014-031L(ILL11441)-1LL5883 x G6
Gachsaran (Check 1) 615 FLIP2014-029L(ILL11439)-1LL603T x o7
FLIP2012-77L(ILL11052)-
Sepehr (Check 2) G16 2002 TIL(LLL1052) G8
cal ey o) 0Sles yuin (glul oxmy ol Wl oy g s

odd o3y i ¥ Jods o a5 wisSilen dlasly pl 5 (V)
ASV oylel e (pyieS WY 5 ) A QA (lacase; wul
ooey ol b e OJ)S)L\JL& Oleeds 5 wil |,
a wy) LQ(u ‘L(bwy) u.sl ).) 4\;...” PREEWY LE’L»LW
wy) 92 Ll (\; u:.)y)) Py .\ng )I )JYL Lg.))ﬂo&
Sl e cig 9> cpl b Gl 1y lub
Mles 5 (E2 g E1) ohluoS dilhie 93 4 YU pogad
S Glsea Ve Cuiel (Y JS) waly olas (E4 4 E3)
molio a5y 3 ASV oylel Jlai I Jpuamme s slaceis
) 92 2 & Cad plizmen Jlo e 3 Ll 355,18
4 ASV s)lol g iy 0)Sles g ASV 4, Lo il salis
Tl «=hj porde > Cunl bgye csilul (ol porde
baySlas g cosl (ot BB (e Olpi 4 i
o)lel 93 3)90 13 () Wb puS eJare Lailyd (56550
5 (GS1) w555 sk ol i AMMIJio S5
5 olosil (slaailye 5955 oy polis (3llae )35 ggens
oadls b ey plde Lyds Xy, 50 (SIPC) Jao
3kes bl lejon | oussis (GSI) gy 5l
Mo (pyieS b olacaig 9 WS (B b s
w3ld sl o YU oShee b slacuis) olys 4 GSI
Seolsb ulﬁ-" 4 ,\mb Iy GSI o)lol jlade oy pieS
ASV sjlel 3)50 > doul wlie Wus slolis e
Py sbews; ple & Cigl a4 o ol b 4w
(V cwgl) pp aals 5l 5ol o0,Skee GSI L
)90 ;3 g SIPC AMMI Jso [t pogw .aizil
9 b plld o) pyiilul glyea o amih
loedsis ekl 35 o)lel ool aly V) 5 0 G
Camdg >l ol Gl g8 Ve 3Slesy Cg g Wdg
sob &l o8y 93 o I a5 cuily 15 (A 45)) bawgie
adlze 93 odlitwl AMMI Jao 0 0y jio 29 JB
X gy pSenn i)l Slp ) e bulpd cwss
adlse 93 g5 &S Cuns AMMI & 500 55 clls oy g0 oS
bl 5l (oS oyd adie plu 5 Ngd HId pxe Caws
AMMI - Juae o (V) sl ooy olazd] 568 & |,

plxl bl e cutn (dlp odlo (uib)ly 4 jo
odlejl s laguibly (Ko 5l Glicab] I s 5 45
plnil o cutns (gl 8 yo o5 i)l (505 Alisgas
s AMMI e ol 51 il ly 22308 ls cpdy
GiSeny (P9 b (Y Jgie) Ml g
g Gelate dhbu;llfb odimd L dase jd Cudgl}
3 555 S oy 405 Able 55 sl
ped 5 Jol slaadlze oS o oL AMMI Juo 3 e
Sl aoyd YV pod adlie o ¥V/Y ol adie .aiil oo o jine
Egoome > & Ndged dgi |y laee g g iSen
adlie 50 pl b lame —cdgi} LiiSony |l loyd Ve 250
38bes Sl (alo)S Jages (Y Joi2) 298 4y
e o YL 3 Slos saimd i < 0,8 S, IS8
S i 3 lef] slaloes 2l S0l
oaduie JS6 50 oS w5 )8 IS diwd 90 j0 lacuis;
ool ol 03l Lisled VY JSKS 0 & 45Sles lons
& 555 50 ol dyg0 40 g MlaB T 18 ey S
b ke 4 .ab ond ol Cundg ibgrpe e
Ay gy Ol sble ol 1l Jlo 90 3 Liulel
Cansg pMl g ol p )3 adlaie ¢ 3y90 > aSls > cul
bewss 2,les ke ¥ S5 )3 0y glite Jlo 93
Cuol ods Al Gled @ blew IS e 0
(V 5 3) ohlwsS sloolKiw! ! asuie & 465 \lon
Jbo 93 (b 1y (IS 5,Mes puis (p a8 (79 0) (i g
le 3 sl ;> @lyus opl jlade 4l > wilacily
I Slgiee ggo9e cul cwsVl (A 5 V) YL (F 5 V)
&b}‘ d])?l JL» 9 u«lﬁ] Candg jd Yl dL“’QL"ﬁ’.
b i (55 Jaime oull Saly &S adlaie g cpl
2 by osles pyieS Gl oK gaesre ) g
D92 )13)55 p Jlogd
(ASV) ol 6y oSl dpalons 3 452 & 425 L
u,u.’>u ib)lﬁ‘ u;‘ [ Vw3 Jubb £9° 9 J5| 4.&]§.o 9o
@l g 03l gy |) laze X iy (S a5,
5858 ASV die 4 o (V) a3 o Candy 1y (5,5 580


http://dx.doi.org/10.52547/jcb.14.42.169
http://jcb.sanru.ac.ir/article-1-1308-en.html

cbaely oyt 9 2lime ol Olie puol a8l ply (5ylael el
WY AMMI opit0 i (g, 5l (35000 b w23 wide 4yl slacisi) 4l 3 Slas (g)luly ()

cosl dbgiye Y YL o)lul snmaolis @il jSi35 ped adlse cuys 5 (IPCA 1) cuss adlye ey
(V) sigie a5k s ul ol olsic (IPCA2)
s 4 ol Jlade apym g aBl (il b Cute Wl e

AMMI Jio bl 52 &l 3,Skos S o il ls 435 @lis = Jpo
Table 3. Analusis of variance according to AMMI model

Lo X aigiy G5 o jl Aoy Sluye oSk il e Syl e
VPFAWAATT v [
YOV \$ Ss
ANARAN N [Ny
Nalzad Vo Lo X oigh)
VIV YafiAa s Can ailhe
v veoavey 15 po> ailye
SYY-¥ S0 BN
vos s

[ Downloaded from jch.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.52547/jcb.14.42.169 ]

Juoy o] o) o )3 Iy me FHH

Eé6 ES E7 E3 E8 E4 E2 El

. etalojl bamme A )3 s VF il 5 Slae (1S ole)S oges =) S
Figure 1. Thermal diagram of distribution of 16 lenil genotypes in 8 environments

2000
s

t
L1

500
L

Environment

A6 cuin glalaow o ab s Sles (:S5ke My WS ioles -V S5
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Table 4. First and second component values and estimation of AMMI model statistics
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Figure 3. Biplot diagram of first main component (F{(51) and grain yield (Kg ha™) for 16 lentil genotypes in 8
environments
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Figure 4. Biplot diagram of two first main components_of"GE interaction (PC1 and PC2) for 16 lentil genotypes in 8
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Extended Abstract

Introduction and Objective: Identification of high-yield genotypes with adaptation to a wide
range of environments is one of the major goals in crop breeding programs.

Material and Methods: In order to evaluate the yield stability of advanced lentil genotypes, 14
advanced genotypes along with two local cultivars (Gachsaran and Sepehr), were evaluated in
four regions of Gachsaran, Khorramabad, Moghan and Ilam, during two cropping years 2018-
2019 and 2019-2020. In order to evaluate the yield stability and genotype*environment
interaction, the model of “additive main effects and multiplicative interactions” (AMMI) was
used.

Results: The results of AMMI analysis of variance showed very significant interaction between
genotype and environment. The first two main components of the AMMI model accounted for
nearly 70% of GE interaction. ASV statistic in AMMI model showed that genotypes 9, 8, 1 and
12 showed the lowest amount of ASV and therefore the highest stability. Among these
genotypes, only genotype 9, had higher yield than the superior control cultivar (Sepehr). AMMI
1 (PC1 and yield) and AMMI 2 (PC1 and PC2) biplot diagrams showed that genotypes 9 and 10
were identified as genotypes with higher yield and stability (copmared to Sepehr cultivar).
Accordingly, genotypes 11 and 5 were the most unstable genotypes. High-yield genotype 11
lacked general adaptation and showed private adaptation to environment 1 and 2 that they
belong to Gachsaran region. Genotype 5 showed private adaptation to Khorramabad region.
Genotypes 12 and 8 showed lower than average yield despite suitable stability. Based on the
biplot diagram of the first two main components, environments 8 and 7 (Ilam) along with 2 and
4 had the largest share in its GE interaction.

Conclusion: Overall, G9 and G10 genotypes due to higher grain yield and stability were
determined as superior genotypes.

Keywords: Biplot, GE interaction, General adaptation, Private adaptation
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