[ Downloaded from agrobreedjournal.ir on 2026-05-19 ]

[ DOR: 20.1001.1.15625540.1401.24.2.5.8 ]

"l (15 pale 4 5"
1P 01 Ol F ol P oler § S N>

w93 Jho
DOR: 20.1001.1.15625540.1401.24.2.5.8

Siole3T 30 WAASBY § WAASB (sl yaslis 3l ooliius! b daumo 9 uigi3 Liaad p b 3

w2 (Lens culinaris L.) was sboweil & Khos duglio  Jusmonic
Evaluation of genotype x environment interaction using WAASB and WAASBY indices
in multi-environment yield trials of rainfed lentil (Lens culinaris L.) genotypes

ety 5a e s ol el COL e ol Jmﬁﬁfga&,muw|

ol

- k4

ol s WAASBY ;WAASB (sla ast Uil aslizal b oo 5 55 5K 5 b)) Ao ) L L2819 .00 9 (215 w0 1 Ol ygonl 99 31 o2 il (&3l
AP0 VA(Y) YF .0l 0l (105 pole 4 55 s (Lens culinaris L) e slacs 55 5 Sas anslin Jasmotr

Sl pikon 4 § pdoy g Lol Ol ,51 9 (BLUP) a5 %,'ﬂs S S s o e Soll b3l gy 90 pleSI
e L35l 4 (WAASB) 3-lan & ol (339 cnSilo (31l (s 4 3 146 S ale3T 53 (AMMI) 5340 55
B 50 (wis 4yl Y 1T Sluw (Galwl ol SB9H 50 T (0 eS80 il 4 oliwd 9 (DL W)
Tl B 53 1FAA-AR 9 IFAY-AA (ely) Jlo 93 (b P31 g ke dbTp B (Ol sluas” dilain Hlgr 0 (e Wi o1
plomil o Wiz S lo3T 039 GobT S® 125 .od 5 13 b3l 3390 5 55 dw 58 Il ol S 9l sbo3T
4 Laodld 4 1285 Ol (LRT) (g (2bd S 3d 099037 domid 1 9 Laomo 9 i gi ool 9 (9392 518 Jxo 4 4> 95 b D
OT 5 et 9 4 935 4 gt o BLUP 95 b oud s sy 4519 3 5Chos g3 5WU polol (0! g9 .CudlS 3929 BLUP i)
O 35 Ol (93 55 o155 ki dy . AD1S IS paiSilio I st 0D i sy 410 3 Khos 457 Widge B 9 Ve VY S wig)
3Ll Caws WAASBY oLl (WAASB) 551l 9 (Y) o Khos ol 93 3240 b (oIl 9 0 hos wlul » Olo o8
D589 Sl 31 FYL WAASBY (slyls Cuigh) culdd (golusl 9 8 Slos s 3o 98 31 <O B (819 Mo )0 O+ pgur 98 5 15
G935 Olged bl 2l 29 992 gl plu 31 SV ez B gk 48 Cuigs 3390 30 039 WAASBY lude
o § O ALS 455 95 5 SIS S1F 1Y Y AF Y ¥ ) S g o §1° i gl OT 3 o oAb ol
AL 8 8 o1 50 L) e A SLACW 955 (Egmomn 38 Al (3Slan l pies” WAASBY (15 310 (slduisil)
YU Gl 039 1518 (puzmen 9wl pB 1 § (pSlo 31 §VL S Khos T 59 98 » walg S W) Olgie 4 WAASBY
W 58 wae pBl Olgiedy By g 1 T 0195 o0 45 Wind g lubid

M wis g 410 0 Shos (Sl b 4ild & Shos AMMI 4 3565 BLUP 4 3205 1 suuls”™ slaoly

L (g 23 (S53UST A e e +-DF VO A AVV IV 6Lt Sl o 3l sl VRV VTN oy gusb VP /) /Y0 B 53 6
(§5335S a5 5 T oot Olajl a5 4 AT b lie 5 (5355187 55T 5 Dl S m 5587 23 (6555188 i s Jlystinl -
@minnamdari61@gmail.com :Ks s S ) (oS 45180) 0 1 Ol jlunS

Ol ealTe 5 5508 g a5 5 A5 saT eolidoss Ol bt} onobs mlin 5 (5505187 35501 5 Dlidond S m kil -

Ol Ol (8503188 g9 5 5 (25 geT el Olajlo ¢ sl m lio 5 5550887 () 50T 5 Dl S 50 5l skl ¥

Ol el s 350LS" s 5 5 3501 il Ol s cpM! nls bt 5 (65, 5LaS™ (25 50T 5 Dlados 575 okl ¥

s 3 sl eladod Olojla ol 5 40 shSS el wlin 5 (65551887 b5 3T 5 Slidons 557 n () 5587 003 (655187 Dliiond dem o 2893 (g0 =D
Ol ol a5 588"

V70


mailto:aminnamdari61@gmail.com
https://dor.isc.ac/dor/20.1001.1.15625540.1401.24.2.5.8
https://agrobreedjournal.ir/article-1-1235-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-19 ]

[ DOR: 20.1001.1.15625540.1401.24.2.5.8 ]

\FN Ot.w;.ULY ")L“‘:“CJLG’J}C-’“:’.“L\?"'O‘_;!‘@‘)J'C}L;“if';“sn

Comlaad 55 (a3 3L Ol 6 Ogeks Laesls
5 3 e sl Ll Ly S s oS
.(Olivoto et al., 2019a)
PR PR 5 0 OV S g g 5 e
eSS ol Gla ) o aoms L gla isle 3T
3 S o ol ealial 3) e 0 ki i 5 0 ite
Lo gl i o miie o sla Ry (P ee her
s s Gl iSen s iy e o
Lo 55 6olal oLyl 3 45 ol (AMMI)
o3 sl 55 50 (glos 28 5 bas o5 OLalS
(Hasani et al., 2021; Samonte et al., 2005; sj_fdﬂ
isy ¢AMMI i, — 05550 Zali et al., 2009)
&l 5 BLUP) has ol sla im0 e
Lses di j3 ol |l gba Jisle T (glaesls jioeiw
(Smith et al., 2005) el a3 & 1,5 oslicul 3 40
cladds js 1y lacas g5 5, Shee 5 Kke g, o)
JERTIVIE SN S DR B S PN
0 Oly5 o |y AMMISBLUP (sLa i, 3 LS
DL om0 Oy sl polaie 3 S 95 93 O e
Saos 5 55 28 1 65501 03,5 5 lee)
odeas (AMMI 4 o5 .23 5 ki 55 (sl slbs
il go ) yoen e 55 |y Loz 5 S 95 ASKes
S 55 S o g 25 (IPCA) 1S Jol
Ly SLL GLaIPCA o olad gLl iy
aday ,3BLUP iy, ,3.(Gauch, 2013) 344 s
(ANOVA) il sl am o Jie sloa J1 G
35d s 0313 055 LT an s 5 0l 03 aes
95 2 Ul 3l leslarul  gaeas ((Piepho, 1994)
oo La" Olsie U e ls (BLUP AMMI iy,
e e S 55 Sl s
et 5 e WARSB L " st 16 sla
BLUP s AMMI b5, 53 pLésl abls 53 45 ol
sl skieas (Olivoto et al., 2019a) 43 o

ol lagd) Ol e 4 (2o S Jp Gl )

V77

4ok
(Lens culinaris L.) uds CuiS 5§ el ¢ gazes
o 3 A Sl e g LK A WY I i 5458 s
f\_..ab'-\ﬁawqj&jﬁ\'/\j\jﬁ)‘.&o
,;rfﬂ;ah )j_.i.f):r_i:wu\_p:}.(lw.zjb
)\_&a).spf}_l:f\\"h &1 e 3 Sas 5 1S
Lo 4l 40 4 5 L .(Ahmadi et al., 2020) &l
p—:>O)}—~P4—iJ}—4‘-§)>w4—° Jf)cju‘}f
Lol ol b Shes (il 48 0 o
e g S St sl ool
YL Shee Jouily L (slagdy (S yme 358 00
3 S ammn Cadien Ll 5 a0 YU (6,65
oo ol o 535 Slas (515 vgn sl bs,s

Db h D gmens e e
o8 S by ooy by n slsl s
N e SIS e ]
3,15 &S e 55 51 (25l S5 Ole Sl Le sas dl- o
Olse b 5 95 (63 9dme LS cilodlds (6554 4ol »
Lo L 55 iolaT dl e 515 4B i o 555
Mool b 2o lo 3T b o) .58 o0 OLSS I s
s oo 0dasls (MET) loes di sl Jisle 3T
d—> sl ;T .(Olivoto et al, 2019a)
Sptoms Oy L ol 55 ki OS] ams
LS n ol 5 1 K0 L o 15 Shee
Jslse 4l s a5 L (Yan and Kang, 2003)
Losee 4 s Slodl) 8 50 5 el oo
:j_glwd._f;)\s >4 Ol el ediyls Q)Liijiis
gl s K5 s e 5 5
Sy il oo Lz gl tolejT 5o il
wils 3L Olu s bl Gladass 53 s 55
o Y S oS ol (e S
(ASan o Sl g g5 ml 13 s s s 5 5 g
25 o ol bl b 4SSy PO 4
a8 i by e Sen o K


https://dor.isc.ac/dor/20.1001.1.15625540.1401.24.2.5.8
https://agrobreedjournal.ir/article-1-1235-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-19 ]

[ DOR: 20.1001.1.15625540.1401.24.2.5.8 ]

"VPOVAC OAF Y O 5 gl o dases 5 (55 LS s b5,

elesT ol ol 1)1 Y U 53 (2 besT (gl !
5 #olas JolS slacS o - b IB s Lasee a o
Sler Jols ialT dsly pa s ¢\>ﬁ:|)b§:¢wﬁ
P Ep T oS5 Bl g g e 0 A s,
b s by slalidle Lojile g m e 2
M\f;}ia)jay;#):\{.ﬁvlad\%f);
SN DS 853 Ldls padls Olge 4 O S 58 50
J_AJJJAQJK@JU.MCQJ\GJAJ:Af/OCEM
Jools 035 fae Sk g s bl 0SG
eSS p el Gy i plamil (65 Laul sl b 55T
e 5 51l 95 55 (il T gl ol sl ol
sy b (b s ailale sles oS0l 5 Sk
NS PP JERCEVPNEEPEF) 39S TR
ol 3l s SR 1531 5 1 osleT sl 2
METAN lsie L (oo doar slatolasT o5 s
SV ey o=l 93 . Ai eslaiwl (Olivoto et al., 2019a)
e la e le s AMMI 4 o la e L
5 55 e i s 635 AMMI L 325
Loy e Lolgy i eslizel BLUP jlodsT Sy Loes
c_l_:.e 2w 3 AMMI @ o5 (la (oLl a4
0L 55 amulos 4o Ll 53 5 Sl ol 3,18
o)L BLUP s AMMI (cLa 5, G-l | J—ol>

5t

(WAASB) 3las & a5 55 oS0ba

$|IPCAy x EP)
(\ ala )

S ER,
k=1
cr‘ i g«_:f‘yj 6uor~ u—’Jﬁ u;i:l_:.a ‘WAASB
» k;Lp| r-uﬂ}.a B u:"fk B CTI g_,..;Syj aJ.a.? JAIPCAI
etk o o e 5 il yly Sldie EPK iSan
ALowa IPCA
(WAASBY) 3 Shee 5 5,lbb S35 xSobe
(Y aaly)
. x[lOG— AASE, H
WAASB

Wy + s

WAASB, =

+

WAASBY, =

\Ra%

s el s Sles S5y 50 0 01 805
S IS 09316 8 e 5 Olejan
VU 5 Ses Jouily L oo 55 claoe 5 55
L 5 bl ol (Sharifi etal., 2021) & 48 oy 5§
5 vl Olsie 4 WAASB asls g5 o 5 L o
7= WAASBY asLi oY) ails 5 Slhas 5 55l
);JSL@;;;U,;JJQT);d@M\a.L&GAﬂ
455 )13 a5 5, sm Olejen sk 4 s Shee g5Muk
2 Prelaass) gleld S (ol plie
(Olivoto et al., 20192) das s )l ,3 S sl5a Hlast
SU eas S Sl el Sl S apsY
0s=S s 5 (Olivoto et al.,2019a) od—i 5 ae
oMb bl s gosdmme sLa a5
ol Sl eslinal U ely; 0lalS lac 55 5 ,Sas
(Karimizadeh et al., 2021; ol ol ¢\>.U'| b el
Sharifi et al., 2021)
Sla oL jlesla wl Coda 5w 0l 5o
S5 95 oS 5 5l J—ol= WAASBY ; WAASB
A5l 5, slacs s olelks s BLUP s AMMI
L{&Lﬁﬂ,”r{w@uﬁg,u\nrﬁi&

D3 e SGS 55 Sl e

b 9y 9 Slge

VL et ilasT OB s Godos ol

ol 4 8 iy Sl ST S| et 0 55 i 55
.u\ﬁlc(Mugtpg)ngt,uefvé,jg
53 \WAA-44 5 \WAV-AA ely5 Jle 3 b SilesT
planil 0lie 5 30 LT 5 <0yl O Lo
(O 5 Jl) ioleT (gladosus O gb s
‘Ez,El:rJUJ,\Jt_,ﬂo\,t_..,;u}_fﬁj___;;
3 Jsl Jlw Olae B4 5E3 255 5 sl Jlw sLTe =
S g5 B8 5ET o33 5 sl Il o1 E6 HES cp 5
ol SIH1Y Jgde j> wde sla S 65 rts/aﬁ._&

&ugua&_ﬂi\ R Lgugf}i) Ls}f el


https://dor.isc.ac/dor/20.1001.1.15625540.1401.24.2.5.8
https://agrobreedjournal.ir/article-1-1235-en.html

1F) Ol o a)u‘r)%,w,u?L";)\,i\u;bjpbq,m"

e fﬁj‘ju&ly oﬁ-.ﬁ:/rl}—\deq-

Table 1. Name/pedigree of lentil lines and cultivars

e sl B Lase o il pl e Slaes 55 Lice o il ol

Lentil genotypes  Origin Name/Pedigree Lentil genotypes  Origin Name/Pedigree
Gl ICARDA  FLIP2012-2L(ILL10977)-ILL7985/ILL6037 G9 ICARDA  FLIP2012-240L(ILL11215)-ILL7711XILL8176
G2 ICARDA  PRECOZ(ILL4605)-ILL 5888/ ILL 5782 G10 ICARDA  FLIP2012-244L(1LL11219)-ILL7711XILL5480
G3 ICARDA  FLIP2011-43L(ILL10947)-ILL 7537 X ILL 590 G11 ICARDA  FLIP2014-103L(ILL11513)-1LL9892 x ILL7978 ICARDA 3 11113945 4.0 73298 C
G4 ICARDA  FLIP2014-021L(ILL11431)-ILL9977 x ILL 1005 G12 ICARDA  1LL8006
G5 ICARDA  FLIP2014-032L(ILL11442)-1LL5883 x ILL6458 G13 ICARDA  FLIP2010-95L(1LL10825)-ILL 7620 X 91517
G6 ICARDA  FLIP2014-031L(ILL11441)-ILL5883 x ILL6458 Gl4 ICARDA  FLIP 86-16L(ILL6002)-ILL 4349 x ILL 4605
G7 ICARDA  FLIP2014-029L(ILL11439)-ILL6037 x ILL7012 G15 IRAN Gachsaran (Check 1)
G8 ICARDA  FLIP2012-77L(1LL11052)-1LL6129XILL7980 G16 IRAN Sepehr (Check 2)
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ICARDA: International Center for Agricultural Research in Dry Areas
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Table 2. General characteristics of experiment stations

@Bl e gUe dsb Lo o 51 gLl Sy S 25 Sl &Sl sl &S ag el S IS
Location O Latitude Longitude  Height above sea level (m) Long term average annual rainfall (mm) Soil texture Soil pH  Organic carbon (%)
Gachsaran oS 30°15'N 50°45'E 710 450 Silty Clay Loam 7.3 1% >
Moghan ok 39°3'N 47°61'E 10 312 Loam Clay 6.7 1% >
Khoramabad  sL7.~ 33°30'N 48°25'E 1147 445 loam 7.1 1% >
Ilam el 33°36'N 46°36'E 975 350 Clay loam 7 1% >
Y7A
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Table 3. Monthly rainfall and average temperature ((2018-2019 cropping year)

O Loses) O lnS (F Las) LT (0 Jass) Olas (Vdae) 3}
Gachsaran (E1) Khoram Abad (E3) Moghan (E5) llam (E7)
Aot L oot L b L St L
Rainfall (mm)  Temperature (°c) Rainfall (mm) Temperature (°c)  Rainfall (mm)  Temperature (°c)  Rainfall (mm) Temperature (°c)
Sep & 47.2 26.1 9 22.2 1.3 19.1 355 23.7
Oct oLt 135.6 18.6 139 13.8 26.7 12.5 187 14.2
Nov 5T 150 13.9 151 8.6 27.9 8.1 159 9.2
Dec &3 67 11.7 127 6.1 5.7 5.3 108 6.4
Jan ol 161 11.7 115 6.5 32.9 6.5 157 7.8
Fev Al 28 11.7 97 74 19.1 8.9 62.4 12.2
Mar R8s 160 18.2 309 12.3 47.1 115 178.4 12.6
Apr gyl 15 22.8 6.1 17.8 21.1 18.8 12.8 18.8
Sum & yores 763.8 953.1 181.7 900.1

(\YAA-48 ol dl) alale sles u_iu D) uf.u)b. Sldde —F Jgus
Table 4. Monthly rainfall and average temperature ((2019-2020 cropping year)
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(¥ Lasa) Ol LS (F L) sLTp 5 (# Lases) Olie (A Lmea) o)
Gachsaran (E2) Khoram Abad (E4) Moghan (E6) Ilam (E8)
oot Les ool L sl Les ook L
Rainfall (mm)  Temperature (°c)  Rainfall (mm)  Temperature (°c)  Rainfall (mm)  Temperature (°c)  Rainfall (mm)  Temperature (°c)
Sep e 0 27.8 12.4 229 10.5 19.1 15 24.8
Oct R 64.5 19.1 54 13 34 12.1 44.6 14.2
Nov 3T 111 13.6 112 7.7 274 7 134.4 9.4
Dec ©3 59.4 11 69 6.4 15.5 6.1 374 7.1
Jan e 41 11.2 36 5.6 18.6 6.3 44.3 6.4
Fev Al 354 15.7 189 11.4 195 10.2 283.1 11.8
Mar RESYY 97.2 17.6 39.6 13 22.3 11.1 335 14
Apr s 27 24.1 12 18.8 43 17.1 11.3 20.2
& sozme 435.5 524 160.2 603.6
Y74
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Table 5. Seed yield (kg.hat) of lentil genotype in experimental environments

OylS LT = Ol e!
Gachsaran ~ Koram Abad  Moghan llam
e Sl 55 S5 oK ok B30t
Lentil genotype El E2 E3 E4 E5 E6 E7 E8  Mean of genotype  Precipitation productivity (kg.m-3)
Gl 1660 1538 1378 1550 769 290 875 1717 1222 2.49
G2 1840 1394 775 1486 774 337 1166 1983 1219 2.52
G3 1411 1587 1117 1310 693 320 682 1900 1127 2.36
G4 1458 1338 826 1830 676 542 780 1483 1117 2.47
G5 1675 1293 1356 2130 617 290 1241 1233 1229 241
G6 1284 958 1030 1767 750 377 1445 2167 1222 2.50
G7 1486 1031 1183 1804 760 456 893 1758 1172 2.49
G8 945 768 1037 1441 775 510 1016 1442 992 2.22
G9 1560 1497 1261 1962 847 451 842 2108 1316 2.80
G10 1802 1244 1153 1937 726 496 994 1775 1266 2.65
Gl1 1882 1710 1059 2095 796 448 755 1500 1281 2.75
G12 1450 1334 1085 1669 743 372 1140 1525 1165 243
G13 1517 1444 974 1334 770 559 1013 1875 1186 2.60
Gl4 1625 1465 837 1475 760 369 1143 1983 1207 2.53
G15 1147 1320 761 1292 685 360 803 2025 1049 2.26
G16 1437 1486 1005 1263 695 504 1290 2100 1223 2.58
Lo 511 133 1052 1646 740 418 1005 1786

Mean of environment

Ilam first and second year

r):) J}l Jl (){.;‘ E8 )E7 ‘r}:} J}‘ Jle Olase E6 3 E5 Le}}} J}‘ Jl JLTrP E4)E3 Ar):) J}l J [)\)ngv_? E2 }El
E1, E2: Gachsaran first and second year, E3, E4: Khoram Abad first and second year, E5, E6: Moghan first and second year, E7, E8:
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Fig. 1. Components of the diversity of lentil genotypes in

multi-environment yield trial
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Evaluation of genotype x environment interaction using WAASB and WAASBY
indices in multi-environment yield trials of rainfed lentil (Lens culinaris L.)
genotypes

Namdari, A. !, P. Pezeshkpoor 2, A. Mehraban 3, A. Mirzaie * and B. Vaezi °

ABSTRACT

Namdari, A., P. Pezeshkpoor, A. Mehraban, A. Mirzaie and B. Vaezi. 2022. Evaluation of genotype x environment
interaction using WAASB and WAASBY indices in multi-environment yield trials of rainfed lentil (Lens culinaris L.)
genotypes. Iranian Journal of Crop Sciences. 24(2): 165-180. (In Persian).

Combinining features of the best linear unbiased predictions (BLUP) and additive main effects and
multiplicative interaction (AMMI) through “Weighted average of absolutescores of best linear unbiased
predictions” (WAASB) index in multi-environment experiments may lead to more percise evaluation of
genotypes and assessment of genotype x environment interaction. In the present study, the seed yield stability of
14 advanced lentil lines was evaluated in a multi-environment trials in four locations including; Gachsaran,
Khorramabad, Moghan and Ilam, Iran in 2018-2019 and 2019-2020 cropping seasons. The experimental design
was s randomized complete block design with three replications. Statistical analyzes were performed using
multi-environment trials analysis. Considering the significant GXE interaction based on the results of the relative
likelihood test (LRT), it was possible to perform BLUP analysis on the data. The highest predicted seed yield by
BLUP method belonged to genotype no. 9 followed by genotypes no. 11, 10, 5, which had higher than average
predicted seed yield. To enable simultaneous selection based on both seed yield and yield stability, by combining
seed yield (Y) and WAASB, a new index “WAASBY” was created. Considering 50% contribution of each of the
two components of seed yield and yield stability, eight genotypes showed above average WAASBY. Genoype
no. 9 had considerably higher WAASBY when compared with other genotypes and was identified as the best
genotype followed by genotypes no. 10, 1, 2, 12, 14, 7 and 13 were ranked respectively. Both control cultivars
(genotypes 15 and 16) had lower than average WAASBY. In conclusion, considering WAASBY index,
genotypes 9, 10, 1 were identified as genotypes with highe seed yield and yield stability, and can be considered

for being released as new lentil cultivars.

Key words: AMMI, BLUP, Rainfed lentil, Seed yield and Yield stability
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