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Evaluation of genotype x environment interaction on grain yield and yield
stability of barley (Hordeum vulgare L.) promising lines using AMMI model and
stability statistics

Rahmati, S.!, Azizinezhad, R.?, Pour-Aboughadareh, A.R.?, Etminan, A.R.* and
Shooshtari, L.°

ABSTRACT

Rahmati, S., Azizinezhad, R., Pour-Aboughadareh, A.R., Etminan. A.R. and Shooshtari. L. 2024. Evaluation of genotype
x environment interaction on grain yield and yield stability of barley (Hordeum vulgare L.) promising lines using AMMI model
and stability statistice. Iranian Journal of Crop Sciences. 25(3): 325-341. (In Persian).

Introduction: Multi-environmental trials (METS) and analysis of genotype-by-environment (GE) interaction
have a critical role in breeding programs related to the release of high-yielding cultivars with high yield satbility
for cultivation across different environments. Different statistical and graphical methods have been proposed to
evaluate the GE interaction effects. In the present study, the effect of GE interaction on grain yield in set of new
promising lines of barley was evaluated using the additive main effect and multiplicative interaction (AMMI)
model.

Materials and methods: A set of promising lines of barley including 18 new advanced lines along with two
commercial cultivars (cv. Golchin and cv. Oxin) as reference checks were evaluated in the multi-environment
trials. Experiments were carried out in five geographical regions in the warm agro-climatic of Iran which
included Ahvaz (E1 and E2), Darab (E3 and E4), Gonbad (E5 and E6), Zabol (E7 and E8), and Moghan (E9 and
E10) for two consecutive cropping seasons (2021-2022 and 2022-2023). The AMMI model and some stability
and adaptability statistics were used to evaluate the effect of GE interaction on grain yield and identify the high
yielding with yield stability promising lines.

Results: The results indicated that grain yield was significantly affected by environments (E), genotypes (G),
and their interaction (GEI). Environments and GE interaction effect explained the highest portion of observed
variation of grain yield. Moreover, the GEI effect was further divided into three principal components (IPCASs)
and accounted for 68.99 of the total GE interaction variation. Mean comparison showed that promising lines 14,
3, 10, and 17 had higher grain yield (4960, 4920, 4750, and 4670 kg.ha!, respectively) when compared to the
other promising lines and check cultivars. According to the AMMI-based stability statistics, promising lines 17
had the highest yield stability. Moreover, this genotype along with promising lines 1, 3, 10, and 14 were selected
as superior promising lines based on the BLUP-based stability and adaptability statistics. Principle components
analyisis based on biplot rendered using the WAASB index and grain yield clustered all studied promising lines
and experimental environments into four quadrants. Accordingly, promising lines 3, 10, and 17 were placed into
the highest yield stability group.

Conclusion: The results of this research revealed that promising lines 4 and 14 had specific adaptability to the
northern regions (Moghan and Gonbad), and promising lines 3 and 10 showed specific adaptability to the
southern regions (Ahvaz, Darab, and Zabol). Therefore, further evaluation of these promising lines, for selection
and releasing some of them as new commercial cultivars as well as using them as parents in the national barley
breeding programs, is required.
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Table 1. Pedigree of evaluated barley promising lines

eSS o
Barley genotypes Pedigree
Gl Oxin [Check 1]
G2 Golchin [Check 2]
G3 Rojo/3/LB.Iran/Una8271//Gloria"S"/Com"S"/4/ Briges
G4 Rojo/3/LB.Iran/Una8271//Gloria"S"/Com"S"/4/Rihane-03
G5 Zarjau/80-5151//0K848171CBH94-0402-0AP-0AP-17AP-0AP-12AP-11AP-0AP-0TR-0TR-0AREC
G6 Zarjau/80-5151//0K848171CBH94-0402-0AP-0AP-17 AP-0AP-12AP-16 AP-0AP-0TR-0TR-0AREC
G7 Lignee 527/Nk1272//JLB 70-63/3/Rhn-03//Lignee527/As45
G8 Karoon/Kavir//Rhodes'S'//Th/Chzo/3/Gloria'S' /4/Sahra/5/Y ousef
G9 Anoidium/Arbayan-01/3/Lignee527/Nk1272//JLB70-63/4/ Beecher
G10 Anoidium/Arbayan-01/3/Lignee527/Nk1272//JLB70-63/4/Bgs/Dujia//L.1242
G611 Bgs/Dajia//L.1242/3/(L.B.Iran/Una8271//Gloria'S'/3/Alm/Una80//....)/4/Nosrat/5/Rhn-
03//L.527/Nk1272
G12 ciru/Tocte
G13 Courlis/Rhn-03//Jonoob
Gl14 Zahak/4/Bgs/Dajia//L.1242/3/L.B.IRAN/Una8271//Gloria'S'/3/Alm/Una80//....)/4/Rojo...
G15 Rojo/3/LB.Iran/Una8271//Gloria"S"/Com"S"/4/Gloria'S'/Copal'S'//As46/Aths/3/Rhn-03
G16 Rojo/3/LB.Iran/Una8271//Gloria"S"/Com"S"/4/Anoidium/Arbayan-01/3/Lignee527/...
G17 Merzaga(Orge077)/Alanda-01 ICB98-0908-0AP-13AP-0AP-3TR-10AP-0AP-0TR-0TR
G18 Penco/Chevron-Bar/6/P.STO/3/LB.Iran/UNA80//Ligne640/4/BLLU/5/Petunia 1
G19 (Salt-4) LB.Iran/Una 8271//Gloria"S"/Come"s"-11M/3/Kavir/4/Karoon
G20 W-98-10
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Table 2. Geographical information of the experimental environments

s @Bl Slatie

Code Location o Year Ju Coordinates Geographical location Ul s> ca3,.  Climate condition sl 1,2
1 2021-2022  Afee-e _
5 Ahvaz Sisal J0D22003  yPerey 31°19'13"N48°40'09"E  South o>  Warmand dry EXENS]
3 2021-2022  vfee-y _
4 Darab oyl J0D22003  1Perey 28°45'07" N 54°32'40"E  South o>  Warmand dry Ses 50 8
5 _2021-2022  y¥ee-ey ot o o AP A s ; ¢
6 Gonbad WL 20020023 15e1ey 31°01'43"N 61°30'04"E  Northeast Soades Warmand humid ok 50 8
7 2021-2022  vfee-y _
8 Zabol N9 20020023 15 1ey 37°15'00" N 55°10'02"E  Southeast sS4 o= Warmand dry x5 5
9 2021-2022  vfee-y . _

10 Moghan ok 2002023 Ferey 39°38'54" N 47°55'03"E  Northwest sA s Warmand humid - ok s 5 e

VN Y VP ) bt lo3T (gl s Sl (bl wlisl o Sl Y J g

Table 3. Meteorological information of the research stations of the experiments (2021-22 and 2022-23)

L3 408" los 4ty PR Sk
Environment  °L-..  Min. temperature (°C) Max. temperature (°C)  Mean temperature (°C)  Precipitation (mm)
Ahvaz-1 V=58l 15.8 29.5 233 167.2
Darab-1 \—olls 117 24.7 19.1 217.1
Zabol-1 V=il 11.4 24.8 18.6 70.0
Gonbad-1 V-uS 9.7 22.2 16.1 413.6
Moghan-1 V= 0lke 7.8 17.1 12.8 254.6
Mean Sl 11.3 237 18.0 224.5
Ahvaz-2 Y= 5lnl 15.7 285 22.6 398.3
Darab-2 Y-l 11.8 23.9 18.7 251.2
Zabol-2 Y-l 124 25.0 194 68.6
Gonbad-2 Y-uf 11.2 23.7 17.3 384.4
Moghan-2 Y- Olae 8.8 18.2 13.8 279.9
Mean ol 12.0 239 18.4 276.5

* 1 and 2; Cropping seasons 2021-2022 and 2022-2023, respectively
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Table 4. Calculated the AMMI and BLUP-based stability and adaptability statistics

Jte oyl sles &
Model Statistic Symbol Reference
Averages of the squared eigenvector values Ev (Zobel, 1994)
Sums of the absolute value of the IPC scores SIPC (Sneller et al., 1997)
Sum across environments of the GEI modelled by AMMI ~ AMGE (Sneller et al., 1997)
- Distance of IPCAs point with origin in space D (Annicchiarico, 1997), (Zhang et al., 1998)
g AMMI stability value ASV (Purchase et al., 2000)
§' Stability measure based on fitted AMMI model Wicammy (Raju, 2002)
<§( AMMI Based Stability Parameter ASTAB (Rao and Prabhakaran, 2005)
Modified AMMI Stability Value MASV (Zali et al., 2012)
Absolute value of relative contribution of IPCAs Za (Zali et al., 2012)
AMM I stability index ASI (Jambhulkar et al., 2017)
Modified AMMI stability index MASI (Ajay et al., 2018)
3 Harmonic mean of genotypic values HMGV (Resende and de Duarte, 2007)
é Relative performance of genotypic values RPGV (Resende and de Duarte, 2007)
% Harmonic mean of RPGV HMRPGV  (Resende and de Duarte. 2007)
0

Weighted average of absolute scores

WAASB (Olivoto et al., 2019)

JMJJ—")°&—“€‘)"w‘\)5Jl—“3"J—‘”J"
.\_&C_,_Juw))ljv\_«fag;‘_wi\)bu&)bub_:a
Y Ju)
sresls wlul S AMMI 4 2 51 ol o]
)fo_;s;)h:;u\' j\aMLSJJTCq;g-AJ‘JJJSLQ&
Lo s 55 ol 514 sl 0las (0% ey 5 Jl
@u.;ﬁ)lg@nunﬂ@ﬁuj&ﬁ@j)
:ﬂw&\ﬁﬁwa%@dsbow
&&AﬁW}(J—&)J/\V/?)A;A_:}.-}?‘)D\J
o YN 5V ¥ Gl ) s ke 5 G 55
Qlj_:fﬁfh.?w&‘}lbj‘ odkas Olis 6\2: U‘i‘ v\.JJ‘}J

Ji‘ﬂ:j\é.bﬁ}_?éu%jj)aéb;ﬂap

¥

O Rls) (s OAa L ol Glaadl fe 4 4 2
5w 5 sl slae, LT 5 asils 5 - Shas
3l L (55LeT (SLads joui ok ploil ok dpmloes
L pLaii R Lo 5> 5 Metan ol T as
.(Olivoto and Lucio, 2020)

o g b
Jlu 95 o 5 wlidl ga Sl o ol
Lo i gl €S o 2l 5 0 ST (8155
ool s 53 35 a5 ke (laoay! &
oA G S 5 4 OLse 5 Sl o s


http://agrobreedjournal.ir/article-1-1341-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-07-04 ]

Ve Y gm;«?wu‘m,%ﬂ?J';)\ﬂ\do\,)r,bq,:;"

s oyl Cadides Glakass )5 o S )
i o3l wl AMMI-2 5 AMMI-1 (slacdl sl
L 55 STy (SSIF Sales Jow o s o
Dl oo 5 5 5 S 3 La b s
Loseles« Sl Gaag 55 plols g e
.(Suadric et al., 2006) s o3 9 (salases 51 &
S35 3 | Gla, s AMMI-L SN gL s
sl Jorle ol 5 adls 5, Shes a0 Logy o i 50
5 4S A (IPCAL) Ladaiows 5 Lac—s 55 5! -
3 g el DS sds Ot
S ol @l_:.l Ll oo ol
GLIW PO QD F X slacssias
La0T o 53 5 L3 IS 5Kk 5l 2t ils 3 Shas
IPCA ,slie p 28 LV 5V o) glacs )
wlobd Lacd 55 0o il Olse & (ho oS4 5)
(Gl -) S8) Lus
WA D) ML S e 5 wBls Glacs s
Sl g o35 o a0 ST S o glyls (VY
) S PN RV P Wy PEDYY | {
S el bla ;3 8V VP Y slac s s
L e sas 6850 lls camals 51,5 O3l
S 53 1) BB o e 5 Kap e dase 1 (S
(Gauch and  J=s3 @t_? A1 Las 5
adl e 9345 5 )sme yo Luils HLgbl Zobel, 1997)
)l 5 55 S o s (e S
SLacs 55 glalid Gl T 51 015 S 4 5
5,5 esliul (ol 5 asls 5, Shae b5 51 o ghlas
o La s (0m) S8 AMMI2 S b bl
E10 E2 (1 glaless . L oSKS& 2o )l
£33 dlo 5 5lsal dlw 55 laesls 4y b g 10 o 50)
Ladeose ol 53§ 51,58 it oSG s (OLss
3y sla 85 Ol 4 V7 510 la Y
JLWE9 Lss j3 VF ¥ s olulis ,6 5L

8 Y g o 8l gl (Olae — !

rrev

STl 0 O a1y Jamms 51 g 055 Y
Bl ol als o 8 B8l (S gl pn
SLaelSans) g 55 oSt 50 S Ll s ol
s 53 Cyb e 50,8 5 (Jls 5 hls sl
(Zali et al., 2023) Ceul (wsslS S 5 Oliw)
Lss aS Cul ol Ol o Oladss sl @L:s
LS et 5 1 1 5 Slas Sk S oV g
Vaezi et al., 2019; Ahakpaz (Ghazvini et al., 2022
et al., 2021; Pour-Aboughadareh et al., 2022;
2023a)

L;@ﬂdﬁédd}udsladw@u
o s S dlal m g s b ey 555
593 (Jol Glmadlge A s g Hls sme d_p s
Ao )3 \YIY S YA VA L 5 Sas o
S s S5 (o3 FA/A § 5azes 53)
Sln o fomome ASn S o |y o 5 G5 555
Sl o 80 e o 2a8 L 55 Jds il
Jie YU Css elms 0lid aS 54 SIS =ma
5 Shee S5k (Hemayati et al., 2023) 3 s AMMI
V) S 3 0 SASVE o Glac 55 4l
HSSa s (,?}_gsvaf- 5 (U=l 5 sl Jlw—10
3 Shee o Sila 5 ize (Olaa 55 pg3 Sl ¥ 2 Y)
PV o Lo £ gamn 3 5o Lo 4l
e LSa 53 0 S ST (OF V) FAFe 5 (VA W)
235 shS OA SFYA 5, Shee LY Y sy
,bpf,l;mﬂ SFY0r 5 Shae LIF Y 5 1S
Plo U awlie 5 asls 5, Shes op zéw glyls HSKa
S 5 g Gble 53 e dalh Byl 5 Y
NCRSPREYINEPY

S S sl 0L La Kl alie s
Jal Il 53 ol ol by o asils 5, Shas
;,T,\,\_zﬁ@,:_;;w()t_&ﬁff)_i;m\)
Il 55 0l o) o by o (p 5 4 LS PFAND)
STy gl s ey (0 Jsdar) 5 p 50


http://agrobreedjournal.ir/article-1-1341-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-07-04 ]

TEYO-TEY OFY OLSn 5 e d Shes p leme 5 s (2San s sl "

QLCAETE BPRL SEETR DI I fo"fm iolosT laloses 53 g gdudel sl wls 5 Shas -0 Jgul

Table 5. Grain yield (kg.hat) of barley promising lines in experimental environments of warm climate of Iran (2021-22 and 2022-23)

Slsal <ol s J Ol baaome 53 3 Shoe (KL bl o g
Ahvaz Darab Gonbad Zabol Moghan Mean of environments Geographical location
PR P YFoemnd IR NF ) AFS Y Ry VF Y APy R Y VFeea) VP Sl 43, oy 45, Jld s,
Barley genotypes  2021-22 2022-23 2021-22 2022-23 2021-22 2022-23 2021-22 2022-23 2021-22 2022-23 Mean R South R North R
Gl 4250 4320 4730 5450 4000 4690 1230 4690 6680 6600 4660 5 4110 5 5490 8
G2 4210 4310 3420 5790 4460 4540 1170 4580 6660 5790 4490 12 3910 11 5360 13
G3 4390 5200 3960 6090 4910 4680 1250 4780 6440 7540 4920 2 4280 1 5890 2
G4 4650 4690 3920 5510 3430 4630 930 5000 6860 7010 4660 6 4120 4 5480 9
G5 3880 4140 3080 5960 4920 4530 960 5100 5960 6970 4550 8 3850 13 5590 5
G6 3810 5170 2580 5070 4100 4260 990 4260 6260 6540 4300 18 3650 19 5290 15
G7 3660 4830 3640 7020 5210 4020 970 3650 5080 6320 4440 14 3960 8 5160 17
G8 4270 3880 3190 5330 4640 4560 970 4120 6380 6230 4360 17 3630 20 5450 11
G9 4360 3490 3480 6440 3930 5340 970 5860 6010 5690 4560 7 4100 6 5240 16
G10 4570 4250 3470 6130 4390 4810 1530 5070 7150 6110 4750 3 4170 3 5620 4
Gl1 4550 4070 3790 5030 4400 5160 910 5090 5740 6530 4530 10 3910 12 5460 10
Gl12 3810 4370 3720 6000 4080 5330 930 4910 5980 5180 4430 15 3950 9 5140 18
G13 4510 3520 3530 5640 3870 4840 900 4900 7060 6560 4530 9 3830 14 5580 6
Gl4 5250 4170 3630 5710 4530 5150 920 5810 7430 7000 4960 1 4250 2 6030 1
G15 4330 5200 2850 4840 3800 4720 740 4590 6860 6760 4470 13 3760 16 5530 7
G16 5430 5080 2220 5470 4540 4620 990 4370 5190 7290 4520 11 3930 10 5410 12
G17 4960 4140 3790 5620 4590 4790 1100 4320 6950 6450 4670 4 3990 7 5700 3
G18 4640 3880 3390 5410 3920 4170 870 3940 5050 5830 4110 20 3690 17 4740 20
G19 4430 4070 3180 5020 3800 4600 930 4380 5930 5720 4210 19 3670 18 5010 19
G20 4350 4210 3720 4700 3890 4680 960 4880 6500 6250 4410 16 3800 15 5330 14
Mean 44155 43495 34645 56115 42705 4706.0 1011.0 47150 63085 64185
rry
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Fig. 1. The AMMI-1 and AMMI-2 biplots obtained based on the AMMI model for the grain yield (YLD)

of barley promising lines
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Table 6. Estimated stability statistics based on the AMMI and BLUP models in barley promising lines
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eSS
Barley genotypes  Grain yield (kg.ha!) ASTAB ASI ASV AVAMGE DA DZ EV FA MASI MASV SIPC ZA HMGVY RPGV HMRPGV
Gl 4660 0.54 0.11 0.43 2.89 118 047 0.07 1.38 0.13 0.80 1.08 0.12 4.07 1.02 1.02
G2 4490 0.08 0.06 0.25 1.14 049 017 001 0.24 0.06 0.50 0.43 0.05 3.96 0.99 0.99
G3 4920 0.35 0.13 0.52 2.48 101 035 0.04 101 0.14 0.79 1.00 0.13 4.24 1.06 1.06
G4 4660 0.52 0.18 0.72 3.12 128 042 0.06 1.63 0.19 1.07 124 0.17 4.04 1.01 1.01
G5 4550 0.21 0.11 0.44 1.92 0.80 0.27 0.02 0.65 0.12 0.59 0.76 0.10 4.07 1.02 1.01
G6 4300 0.34 0.16 0.64 2.80 1.06 0.32 0.03 1.13 0.16 1.05 0.89 0.13 3.84 0.97 0.97
G7 4440 1.88 040 1.60 7.02 253 075 019 6.42 0.40 193 218 031 3.89 0.99 0.99
G8 4360 0.01 0.03 0.13 0.50 019 0.05 000 0.04 0.03 0.14 013 0.02 3.84 0.97 0.97
G9 4560 1.15 0.22 0.89 4.40 182 0.64 014 332 0.23 1.78 174 0.21 4.10 1.01 1.01
G10 4750 0.13 0.11 0.43 1.75 066 019 001 044 0.11 0.55 0.50 0.08 411 1.02 1.02
Gl1 4530 0.04 0.03 0.14 0.85 032 012 000 0.10 0.04 0.22 030 004 4.00 1.00 1.00
G12 4430 0.45 0.16 0.66 311 119 038 0.05 142 0.16 133 078 0.10 3.95 0.98 0.98
G13 4530 0.28 0.17 0.68 2.84 1.01 0.28 0.03 1.02 0.17 0.69 0.66 0.10 3.99 1.00 1.00
G14 4960 0.46 0.18 0.71 3.37 121 039 0.05 1.46 0.18 0.84 107 0.14 4.35 1.08 1.07
G15 4470 0.63 019 0.78 3.90 141 045 0.07 1.99 0.20 154 109 0.15 3.91 0.98 0.98
G16 4520 1.67 030 1.22 5.96 225 076 019 5.07 0.32 1.94 224 029 3.93 1.00 0.99
G17 4670 0.01 0.02 0.09 0.42 0.16 0.06 0.00 0.03 0.02 012 0.16 0.02 4.09 1.03 1.03
G18 4110 0.12 0.09 0.38 1.46 062 019 001 0.38 0.09 0.48 056 0.08 3.69 0.93 0.93
G19 4210 0.02 0.03 0.12 0.71 026 010 0.00 0.07 0.03 0.17 022 0.03 3.77 0.95 0.95
G20 4410 0.19 0.13 0.53 2.09 082 023 0.02 0.67 0.13 061 0.65 0.10 3.95 0.99 0.99
See table 4 for the abbreviations 355 g ¥ dgder 4 olastl g odalia 6l

rro
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