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Table 1. Code and pedigree of the barley genotypes used in study.

A5 o Ko
1 Mahor
2 Khorram
3 Soufara-02/3/RM1508/Por//Wi2269/4/HmI-02-ArabiAbiad//ER/Apm ICB92-0926-0AP-
18AP-
0AP- 3TR-0AP(7-RBYTAL1-2010-11)
4 Soufara02/3/RM1508/Por//Wi2269/4/HmI02ArabiAbiad//ER/Apm ICB92-0926-0AP-
18AP-
0AP- 17TR-0AP(16-PRBYT2009-10)(9-RBYTA1-2010-11)
5 Lignee527/Arar ICB92-0755-22AP-0AP-6AP-0AP-0AP-1AP-0AP(2-RBYTA1-2010-110
6 Moroc9-75//W12291/C101387/3/W12291*2/W12269 ICB00-0070-0AP-16 AP-0AP(10-
RBYTAL1-2010-11)
7 ALELI/GOB//E.QUEBRACHO/3/MSEL CBSS00Y00227T-K-0Y-OM-2Y-1M-0M(18-
RBYTA1-2010-11)
8 TOCTE/5/ABETO//GLORIA-BAR/COME/3/SEN/4/CBSS00Y00485T-S-0Y-0M-2Y -
OM(17-
RBYTAL- 2010-11)
9 Rt013/4/Rhn03//Lignee527/NK1272/3/Lignee527/Chn-01//Losaika ICB98-0888-0AP-8AP-
OAP-
5TR-0AP(14-RBYTAZ2-2010-11)
10 Hml/Galleon ICB93-1096-0AP-12AP-25TR-3TR-0AP(13-RBYTA2-2010-11)
11 AwBlack/Aths//Rhn-08/3/Malouh(5-RBYTA2-2010-11)
12 ESCOBA/MORADILLA/3/ZHEDAR#2/ND B112//MORA/4/...CBSS00Y00241T-E-OY -
OM-2Y- OM(3- RBYTA2-2010-11)
13 Avt/Attiki//M-Att-73-337-1/3/Aths/Lignee686/4/M-Att-73-337-
1/3/Mari/Aths*2//Avt/Attik(8-RBYTA2-2010-11)
14 Alanda/Hamra//Alanda-01(10-RBYTA2-2010-11)
15 Eldorado//Alanda/Hamra-01 ICB94-0189-0AP-18AP-0AP(12-RBYTA2-2010-11)
16 GOB/HUMAI10/3/MPYT169(15-RBYTA2-2010-11)
17 Courlis/Rhn-03 1CB93-0923-0AP-2AP-0AP(11-RBYTA2-2010-11)
18 MONA//MZQ/DL71/3/5.(7-RBYTA2-2010-11)
ooyl szl @bl ol b Shy -V Jsox
Table 2. Characteristics of the test execution ranges.
SS9k ol bagte @l o0 @l Job Lo w5l elis)| (Slisdos ol
oo o) Latitude Longitude () Research station
Long-term average Elevation AMSL
precipitation (mm) (m)
443 30°18'N 50°59'E 668 Gachsaran . luxs
312 39°39'N 47°28'E 100 Moghan ..
466 55°12'E 37°16'N 45 Gonbad w5
520 33°39N 48°28'E 1125 Lorestan .lx..,
550 33°44'N 46°36'E 975 Ilam &3

You
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Table 3. Analysis of genotype variance in the environment for grain yield in three experimental

years.
The third year The second year The first year
Py~ JLo P> Jbw Js! Jl
cedes 57 Slayyo eSilee S Slayo (5 Siles S Slayyo eSiloe
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Figure 1 - Biplot results including average yield and stability of genotypes (A), determination of ideal
genotype (B), determination of ideal environment (C), examination of relationships between environments
(D), examination of relationships between genotypes (E), ability to differentiate and visualize
environments (F), determination of macroenvironment (G).

Yo¢



\F.¥ uLHM-O) At o)Lo.& ¥ 699 O‘)‘l‘ ™o C.'«cbj daj.w.:

S5 %8 Sy o Sl s s S5l
A Ol Gl ls (500 1S (6,55l
5 e slagle o bme x ooz Jite
009 bl lacuisdy 6 )8 5ke as” conl ol 51 S
YK PN U N WA - JYCH JUUE JOL ISP N
boe x iy Jliie Jl YL poew gl sl
po 5 Jsl sl 4 Cuad (VYAY) pgo Jlo 5o
iz 5o b sy (o))l 45 aes e plas
o] 8 Skos L3 5 6l 5o 55 b 855 55 Jlo
(Carvalho et slaasl 00,5 jasive  juwod
» o (Bornhofen et al., 2017) 4 al., 2016)
dog Sl alosiz 5 dlosiz b)) Coenl
claadly B 5 wlacsls oSt was 6
AL Vb Lo x 3935 Blite 51 3529 (sl
Sy o Slee uSile o 4S5 By a5 cunl (]
bl (pl )3 S BB 5 slacaiss; oLl
GGE Julov o9ar 5 )Mk slagby, 5l ool
Slgisy plbd Gl calie )R Ol
b L colas! )55l Gllo bog jlal

il e el

Sly iy go Y (F i Giegh ol bl
WWigd dogd Ll b ol aile cols bl
30 G peleSs 0 Sles aS Ko S pas Jb o
Sl mlie a5 sl ik (slola
(B ssbar g walsS Saewy whae )5 (B
o2l 50 GEl 5 lase wudedy OISl jogy lo pxe
omwﬁu ‘}Q‘}L L;M" omoom axllao
ol oyl Bl cwl o> o 0 Slae
A ‘JﬁM)" GLQ".,?‘:GJ933 g.)L?v.u‘ » 05)19 -\-’L’
il g e s slalema b Ll (5,55
gon ) SNl GGE Ll (6,5 S
b Cozlr Gl sbeaisl o (bl

23k ool oz gl (B me 5 ansi 5

Yoo

,» «Kanuni et al., 2016) )l San 5 JolS
9 3958 )0 dasee x iy b laie Sl axllas
Jol O e s S Sl i D e
buze 966 iy Gudgis b adlie 5 anag )l Jol
St iy b s 5 s S Joli g IS

Ryer
9 w9 kel Sl aS ols (lis Gadod (nl @l
B e x iy Bl S rizmon 5 Lagone
ol s bolSe b s ails s Slas 3 5 o sies
Jlo dw 12 50 Cudeiy Ll (g lo pme auiiils alisre
axgi B Sy g9 0929 odmolis aslllas
aS 09 doll plBl g 9> ad iy slapY ls
ol S eolpar g Sl @b ity Sy
sla )i L adl ool ablise mudlp)) degane
S5y al vezs 4 a5 ol JleSae iy
Ao ol oyl 1Sl llgs 5 52 50 0008
Nadolska-Orczyk ) ailos,S o Lisl Jaoxe Loyl i
Coodl (gadzs cpl jo laxe Sl (et al, 2017
5l (S g elols asle glaihie lss
s 0 L Gk s s ples Ll s o mhas
iy 9 Jsl sl ) ohagar Clo (105, 5 Slas
Iy o, Sdes Slyss 5l a0 Ve gl o e
ol Lyl 15 I 25 saimo (LS aS ols e
S ez ) anlllo 550 sblio S5 5
ol L azel (nl gy (5590 42 5 (D] g (ylae
(El Haddad et al., 2021) o Kon o olox ]l
sl iolesl cdél o s S 5155 as o)ls cdllas
Olyatd 53 1) me G2t Laee 92 AlSe v
X caigiy e Sl oanlive o pioran o)ls o Sles
SSls a8 ol lid bl eled o dagme
] 00908 C ey e Ol s 4 lacuiess
St B x iy Bt il g ep3> JLo 52
Jﬁwd@'@w@‘ﬁﬁéﬁfaﬁms 9] e ]
32 @l ez ol aSh o See gl o
Gl 00l )38 55 a8 jais> (69, wline Slallas
> &S A oo lis ¢ (Hassani et al., 2023)
Pl e S L polaBl jsbay lacudss



\F.¥ uLHM-O) At o)Lo.& ¥ 699 O‘)‘l‘ ™o C.'«cb)’ daj.w.:

&bw

Allard RW, Bradshaw AD. 1964. Implication of genotype environmental interaction in applied plant
breeding. Crop Science 4(5): 503-508

Barati A, Lakzadeh I, Jabari M, Poodineh O, Alt Jafarby J, Shahbazi Homonlo K, Gholipour A,
Tabatabaei Fard NA. 2021. Evaluation of grain yield stability of irrigated barley (Hordeum
vulgare L.) promising lines in warm regions of Iran using GGE biplot analysis. Iranian Journal of
Crop Sciences 22(3): 212-224 (in Persian)

Barati A, Pour-Aboughadareh A, Arazmjoo E, Tabatabaei SA, Bocianowski J, Jamshidi B. 2025.
Identification of high yielding and stable barley genotypes for drought conditions in the moderate
climate of iran using AMMI model and GGE Biplot analysis. Journal of Crop Health 77(8)

Bornhofen E, Benin G, Storck L, Woyann LG, Duarte T, Stoco MG, Marchioro SV. 2017. Statistical
methods to study adaptability and stability of wheat genotypes. Bragantia 76: 1-10

Carvalho LCB, Damasceno-Silva KJ, de Moura Rocha M, Oliveira GCX. 2016. Evolution of
methodology for the study of adaptability and stability in cultivated species. African Journal of
Agricultural Research 11(12): 990-1000

Cornelius PL, Crossa J. 1999. Prediction assessment of shrinkage estimators of multiplicative models
for multi-environment cultivar trials. Crop Science 39: 998-1009

Dehghanpour Z, Karimizadeh R, Dehghani H, Sabaghnia N. 2007. Determination of adaptability and
stability of seed early maturity corn hybrids. Iranian Journal of Agricultural Sciences 38: 249-257
(in Persian)

Derbew S, Mekbib F, Lakew B, Bekele A, Bishaw Z. 2024. AMMI and GGE Biplot analysis for
barley genotype yield performance and stability under multi-environment condition in Southern
Ethiopia. Agrosystems, Geosciences & Environment 7(3): 20565

Eberhart SA, Russell WA. 1996. Stability parameaters for comparing varieties. Crop Science 6: 36-
40

El Haddad N, Sanchez-Garcia M, Visioni A, Jilal A, EI Amil R, Sall AT, Bassi FM, Lagesse W,
Kumar SH. 2021. Crop wild relatives crosses Multi-location assessment in durum wheat, barley,
and lentil. Agronomy 11(11): 2283

Falconer DS. 1981. Introduction to Quantitative Genetics. 2nd edn. London, UK: Longman

FAQ. 2008. Production Yearbook, Rome. http://faostat. Fao. org

Fattahi F, Yossefi A. 2006. Evaluation of yield stability of barley genotypes (Hordeum vulgare L.)
using repeatable stability parameters and pattern analysis of AMMI model. Iranian Journal of
Agricultural Science 37: 317-326 (in Persian)

Finaly KW, Wilkinson GN. 1963. The analysis of adaptation in a plant breeding program. Australian
Journal of Agricultural. Research 14(6): 742-754

Gauch HG, Zobel RW. 1996. AMMI analysis of yield trials. In: Kang, M. S. and H. G. Jr. Gauch
(eds), Genotype-by-environment interaction (pp.85-122). CRC Press, Boca Raton, Florida

Gauch HG. 2006. Statistical analysis of yield trials by AMMI and GGE. Crop Science 46: 1488-1500

Germa G, Tola M, Birhano CH. 2025. A multi-model approach to predict a resilient and highly
productive hulless barley genotypes in the context of current climate change. The Journal of Crop
Science and Biotechnology 28: 361-378

Hassani M, Mahmoudi SB, Saremirad A, Taleghani D. 2023. Genotype by environment and
genotype by yield* trait interactions in sugar beet analyzing yield stability and determining key
traits association. Scientific Reports 13(1): 23111

Huhn M. 1996. Nonparametric analysis of genotype x environment interaction by ranks. In: Kang,
M.S. H.G. Jr. Gauch(eds), Genotype-by-environment interaction. CRC press, Boca raton. Florida
app: 235-271

Kang MS. 1993. Simultaneous selection for yield and stability in crop performance genotype x
interaction 239 trials: consequences for growers. Agronomy Journal 85: 754-757

Kang MS. 1998. Using genotype x environment interaction for crop cultivar development. Advanced
in Agronomy Journal 62: 192-252

You


http://faostat/

\F.¥ uLHM-O) At o)Lo.& ¥ 699 O‘)‘l‘ ™o C.'«cb)’ daj.w.:

Kanuni H, Farayadi Y, Sabbaghpour H, Saeid A. 2016. Evaluation of genotype X environment
interaction on grain yield of chickpea (Cicer arietinum L.) lines in winter cultivation. Iranian
Journal of Agricultural Sciences 18(1): 63-75 (in Persian)

Kouchaki AR, Sorkhi Allahlu B, Eslamzadeh Hesari MR. 2012. Sustainability of promising barley
genotypes in cold regions of Iran using the GGE biplot method. Journal of Seed and Plant
Improvement 4(28): 533-543 (in Persian)

Letta T, D’Egidio MG, Abinasa M. 2008. Analysis of multi-environment yield trials in durum wheat
based on GGE-biplot. Journal of Food, Agriculture and Environment 6(2): 217-221

Milomirka Madic A, Paunovic D, Knezevic D. 2005. Correlation and path coefficient analysis for
yield and yield components in winter barley. Acta Agriculturae Serbica 20: 3-9

Nadolska-Orczyk A, Rajchel IK, Orczyk W, Gasparis S. 2017. Major genes determining yield-related
traits in wheat and barley. Theoretical and Applied Genetics 130(6): 1081-1098

Noormohammadi GH, Siadat A, Kashani A. 2005. Crop cultivation. Chamran University Press (in
Persian)

Perkins JM, Jinks JL. 1971. Environmental and genotype x environment components of variability.
[11. Multiple line and crosses. Heredity 23: 339-356

Pordad S, Jamshid Moghaddam M. 2012. Investigation of genotype x environment interaction using
the GGE biplot method in spring safflower. Production and Processing of Agricultural and
Horticultural Products 2(6): 99-107 (in Persian)

Rahmati S, Azizi-Nezhad R, Etminan A, Shooshtari L, Pour-Aboughadareh A. 2024. Analysis of
genotype-by-environment interaction effect in barley genotypes using AMMI and GGE biplot
methods. Heliyon 10(9): e38131

Roy D. (2000). Plant breeding: Analysis and exploitation of variation. Alpha Science Int'l Ltd

Saeidi A, Barati A, Ghazvini H, Hajibarat Z. 2024. Combination of AMMI, GGE biplot, stability
parameters, and physiological traits in promising barley genotypes under water-deficit condition.
Agrosystems, Geosciences & Environment 7(4): e20575

Sayyad S, Khodarahm M, Nikkhah H, Sarkhi Allahlu B, Tajalli H, Taheri M, Hasani F, Taherian M,
Mahalouji M. 2014. Evaluation of barley genotype yield stability using the GGE biplot method.
Journal of Plant Breeding of Agricultural and Horticultural Crops 2(1): 47-58 (in Persian)

Shahriarinasab M, Chogan R, Khodarahmi M, Masoumi A, Khavarani Khorasani S. 2015. Genotype
x environment interaction analysis for grain yield of maize hybrids using the GGE biplot model.
Journal of Crop Breeding Research 7(16): 123-129 (in Persian)

Taghizadeh A, Sarkhi Allahlu B, Nakhjavan Sh. 2016. Stability analysis of winter barley (Hordeum
vulgare L.) using multivariate statistical methods. Journal of Crop Breed 8(17): 87-95 (in Persian)

Yan W, Cornelius PL, Crossa J, Hunt LA. 2001. Two types of GGE biplots for analyzing multi-
environment trial data. Crop Science 41: 656-663

Yan W, Fregeau Reid J, Pageau D, Martin R, Mitchell Fetch J, Etienne M, Rowsell J, Scott P, Price
M, Haan BD, Cummiskey A, Lajeunesse J, Durand J, Sparry E. 2010. Identifying essential test
locations for oat breeding in eastern Canada. Crop Science 50: 504-515

Yan W, Kang MS, Ma B, Woods SH, Cornelius PL. 2007. GGE biplot vs. AMMI analysis of
genotype-by-environment data. Crop Science 47: 643-653

Yan W, Kang MS. 2003. GGE Biplot Analysis: A graphical tool for breeders, geneticists, and
agronomists. CRC Press. Boca Raton, FL, 605 pp

Yan W. 1999. A study on the methodology of cultivar evaluation based on yield trial data — with
special reference to winter wheat in Ontario, PhD thesis. University of Guelph, Guelph, Ontario,
Canada

Yan W. 2001. GGE biplot a Windows application for graphical analysis of multi-environment trial
data and other types of two —way data. Agronomy Journal 93: 1111-1118

Yov



Iranian Dryland Agronomy Journal, Volume 14, Issue 2, Winter 2025-2026

DOI: 10.22092/idaj.2026.370962.452

Evaluation of yield stability and genotype x environment interaction under dryland
conditions using GGE-biplot graphical analysis in advanced barley lines

Leyla Naeemzadeh!, Hamid Hatami Maleki!, Behrouz Vaezi2, Naser Sabaghnial*

1- Department of Plant Production and Genetics, Faculty of Agriculture, University of Magheh, Maragheh,
Iran

2- Kohgiluyeh and Boyerahmad Agricultural and Natural Resources Research and Education Center,
Agricultural Research, Education and Extension Organization (AREEO), Yasuj, Iran

EXTENDED ABSTRACT

Introduction: Barley is one of the most important cereals worldwide and in Iran, and is cultivated
in all temperate regions as well as many cold regions. With an annual production of 157 million tons
(3 million tons in Iran) and a cultivated area of 56 million hectares (1.7 million hectares in Iran), it
holds a key position among cereal crops. The GGE biplot method is a novel approach for evaluating
genotype-environment interaction effects, in which the genotype effect and the genotype-
environment interaction effect are not separated, and the selection of stable genotypes is based on
both effects.

Methodology: In this project, 16 advanced common barley lines, along with two barley cultivars
Khoram and Mahur were grown in five regions: Gachsaran, Moghan, Gonbad, Lorestan and llam.
The experiment was conducted over three years using a randomized complete block design with four
replications. Each year, an analysis of variance was first conducted for the yield of the varieties
separately for each year and location. Subsequently, a combined analysis of variance (considering
all locations and years of the trial) was performed.

Research findings: The results of analysis of variance showed that the effects of genotype,
environment, and genotype x environment interaction were significant in 2013-2014-2015.
Polygonal biplot analysis led to the identification of five superior genotypes (17, 3, 6, 8, 7) and three
main environments. Simultaneous assessment of genotype stability and performance indicated that
genotypes 1, 3 and 15 not only exhibited high performance but also higher performance stability.
Based on the diagram of hypothetical ideal environments, the environment in llam came closer to
this ideal. In the biplot analysis, the correlations between environments showed that the correlations
between Moghan and Gachsaran, Moghan and llam, and Gonbad and Lorestan were high due to
small angles, indicating similar responses of genotypes in these locations. In contrast, the correlation
between Lorestan and llam was close to zero, suggesting independent performance of the genotypes
in these environments. This approach identified genotypes 3, 1, and 15 as the superior genotypes.
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