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Table 1. Genotypic number, name, pedigree and origin of the tested winter rapeseed genotypes

[

[

Gl A e e S e A e
o5) Wliwo; S0l DK Extorm a &) o8, wlino il (4aLs) Okapi )
o5, aluwo; Kyl DK Excalibur ) o5 Wlino ol SLM046 Y
5 Sluwej  dwild ES Natalie AN Geronimo*SW0756 Al ol (w»ls) Ahmadi Y
5y Sluwej  dwild ES Danube A\ Okapi*Modena Sliso ol SW102 ¥
5 Gliwo;  awsly ES Artist A\ Orient*Modena Sl ol L72 o
o3, aliae; 0l SY-Vesuvio ¥ Modena*GA096 &liano ol HL3721 5
o5, Wlio; el SY-Medea i Geronimo*Sunday Wlino ol HL2012 v
o3, aliae; Sl SY-Harnus e o5, &bt S5 ol DK Expower A

1- AMMLI’S Stability Value


http://dx.doi.org/10.52547/jcb.14.41.97
http://jcb.sanru.ac.ir/article-1-1320-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-01 ]

[ DOI: 10.52547/jch.14.41.97 |

A

Sl 5 oy Jeade odljle plirg ¢ 5)) (B drex (LS 4l
VN Sl ¥V ojlauis [pddyles Jlo /2ly; HalS e Mol doliiags,

G5yl )0 dalllas D90 (slalare (ol Glusgas =Y Jouo
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Figure 3. GGE-biplot analysis and display of which-won- where pattern based on seed yield of canola genotypes in
different test environments
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Figure 4. Average environment coordination (AEC) of seed yield stability in canola genotypes using GGE biplot
analysis in different test environments

40 —PC1 = 61.9%, PCZ = 15.6%, Sum = 815%
Transform = 0, Scaling = 0, Cerftering = 2, SWP =47

NOT

PC

1

el 50 ,8kee slie pr Jlotl Gl b 1S (slacesiss] dalio Vsl -0 S
Figure 5. Biplot of canola genotypes comparison with ideal genotype based on yield and stability

O e Ko & bgpye 5 M S b o
obesy Loy lalae ol > g )8, 5 Audle
i (M ol 4 baye ya0jl salazs ol
Jol Je lazes oy digly il o oy A0 ayely (gl
» 9 3bj (MSHL) i Jol Jlo o (KER1) oliileys
Joy)ﬁ Ja.om 92 LJ”I LY ABD o uL.u) 9 Cawl 4> . dgl>
9 GMuady g Wb 4Bl (N glake 4
O Aly e Ui Gglite ()8 bowy) SSE
odiadylis g il oo 4oy Ar I 5 oSl (KER1,2
TS olkdel pgd 9 Jol Jlo slalame 3590 13 £9090 (]
sl 33lo 35 (MSHL,2 4 ESF1,2 (KRJL,2) sguie g
3, Sloe odimd b balaee cp jd dx > A 5l eS gl
o gl unl gl SSE g olulid o el wlse
5 (gdudd, 5 dlde 8, exadlis &5 de ax > A
sh— u)bdl_, GGE g .l lacwsg; SS&5
1157 lidl 03,8 ooljl p¥ V5 Slas gyl o5
das £l o 90 ie a4 Jladss oS! Hlae

(_{L—AD‘ 4_0.]50 5.) IR L)“’)‘)j 9 uﬁ)f )I)B odlauwl

Lo 05 oolitsl (5 JS5) 5l lamo o 5 Jlo] (558l (4l
Jlosy] bome 02l S3bles g 08" plote 3 Jloy) (905
Sy Cusl See Cuadly ) Jlol uigs siles o
oolitsl 3,90 anyo db lsic 4 Sl e g sl asl
o2 2lgd | dsgezme S She o Jloyl Lo 2,5 )8
O 4ol (Sojlul (dlp (45 ks S djie 4 & S
S L3 gy H5 4 Jlenl e 5 e
Oher p9d 9 sl Jlo 29d00 odalis &5 obplen
oSy (KER2) slisles pgs Jlo 5 (HAM1,2)
ps> 5 ol o s jlaidlipe Jlowy] Lo 4 baxe
2lo & Cuns agde (MSHI) Jgl Jlo 5 (KRIL2) &8
2 gl glaboms s Cglle 10 g0l (slalae
blaxe plo 5l 5% @Byl nye plolis 3 &l
5 oolizl b Ialaoxs 395 g0 otalio &S joblan Aitu
O Agl) (gt s Juale Ol Mo 4 (gl
ol ) bl o (Sten oyl )5l0 ) 92
Lo 2 (19,3 sline Sl jl 635050 o Job 5 5o
5 G )l ol los bl oy sl
hugle e Claie jpome b aoe Jhp pa 4l
ol be ol (Sanled ol omd Gln @b
(Siga GhI> L)l> a2 )3 A0 ] S agly o5 plalaee


http://dx.doi.org/10.52547/jcb.14.41.97
http://jcb.sanru.ac.ir/article-1-1320-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-01 ]

[ DOI: 10.52547/jch.14.41.97 |

V¥

oy dilaie aw b oblp 3 dilaie oo (glaylsy a8 ol
Sl g 009y ax > e a4 S5 digly sl jleal o Jg850
G5 slacpY coles p 09 bl opl b sbla s alis pac
& Vb eges ylul 5 YL o Slee b L G10

S Gl (eSS Gldllas gl g sl (Y lgie

5 (8 5t

o el gl s AMMI 4 jo0 gl 4lie
o) by oh ol el GGE mlks L (ASV)
3fdes o)lul b)) slp e ey bpasls
0> 5,8 sl M oL GGE @L} Lol 5,05 ‘way)
5 Gl oy 3 koS Syge @ ol 5l Gl
sbadeliy )3 dusie s Jlo 5 3ble > sy )5l
)‘] Jols @LD u*’L*" » ..3)5 odlal &liwo 61}15 C)Lo‘
Gl s W g Ve A o)leds slacuisgs b edls oy
o)led g g Olien g oliile)S slabaome 4 (cogad
5 ool @S sl 4 pogad gyl ()l V0
oo ol > i sl 5 divg Jlo 93 gp 3 ghe
slcuis; S A Srewis risred A calie
dnwgi sl Wl ) plgi oo g 608 4B LS Jgaa s g )k
2,5 oolatw] Bus ble ;0 diliwe; (l3lS cuis

S g oy (JredE odlide plite () (85 e (LS 4l
Wl i slacaig (S 4l 2, Slas )55k 5 ol ()

2,5 ang |y ol sdalie clyus | asys YA
S ied dw a8 o i Myl als i Jhged

V) sl 239 WS Loy e du
)915.2.;:44 (\°) Ql)&o.th ) OL&9\ d),yc\ d)f.p adllas 5
dabaio Hlon 50 IS Cuigl YA b 0,Slee (g)lul wyp
el Jug cae & ploate 9 oy (lj <Jo85
o L le 008 eolaiel el GGE o,
Sl 955 sl G12 Cigy o8 ol plis el
Sl w9 sl Gld gy 9 Jgbid 5 ol
koo Olase el ol p g B g bl
ol 9 idyaxen olpsa Gl2 cuig dawgie
dlie Mgl olul p cpiren b olold g
olysa G12 ey Jlonl Cuigi b bowy) als
9 ey pled le o Vb o Slee () 5 )lub iy
b gl ol Jl8 oy 350 oo A 3 |y puS (gl
Syl 9 oM e 95 (Ao L SNl (o)
bum ..\33)5 u.slM:Lw l) J))’.g Ja.om PLUpN WUA
LGS Y buge e claize oMl oolal
IS oilal olssa @olul g oSles iy
o Bolio i (Stanad sl oy 25 i

PC1=161.9%, PCZ = 18.6%, Sum=§1.5%

Transform = 0, Scaling = 0, Centering = 2, SVP =

-50 40 -30 20 10 0 10 20 30 40 50 60 70 &0
PC1

B slacass b > Slos bl 2 ool o blito Laly, I3, hales g Jloss] baomo b (oolojl (slalapoms duaglio 3l gl =5 IS
Figure 6. Comparing different test environments with ideal and vector display of interrelationships between them
based on seed yield of canola genotypes.


http://dx.doi.org/10.52547/jcb.14.41.97
http://jcb.sanru.ac.ir/article-1-1320-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-01 ]

[ DOI: 10.52547/jch.14.41.97 |

ARIA

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

S 5 ) (JeedlE wdlile plig (a)) (0 e (LS 4!
YEN Sl ¥V ojlasis [pddyles Jo [ £ly; HlalS e Mol doliiang,

FL%)
Akter, A., M.J. Hasan, M.U. Kulsum, M.H. Rahman, A.K. Paul, L.F. Lipi and S. Akter. 2015.
Genotype x environment interaction and yield stability analysis in hybrid rice (Oryza sativa L.) by
AMMI biplot. Bangladesh Rice Journal, 19(2): 79-866.
Alizadeh, B., A. Rezaizad, M. Yazdandoost Hamedani, Gh. Shiresmaeili, F. Nasserghadimi, H.R.
Khademhamzeh and A. Gholizadeh. 2021. Analysis of genotype x environment interaction for seed
yield in winter rapeseed cultivars and lines using multivariate method of additive main effects and
multiplicative interaction. Journal of Crop Production and Processing, 11(1): 95-108 (In Persian).
Amiri Oghan, H., V. Rameeh, A. Faraji, A.H. Askari and H.R. Fanayi. 2021. Assessment of seed yield
stability of spring oilseed rape (Brassica napus L.) promising lines using GGE-biplot analysis. Iranian
Journal of Crop Sciences, 23(1): 113-126 (In Persian).
AmiriOghan, H., H. Zeinalzadeh-Tabrizi, H.R. Fanaei, N. Khatoon Kazerani, Gh. Ghodrati, A. Danaie
and M.B. Valipuor. 2019. Investigation of stability of seed yield in promising lines of spring oilseed
rape in southern warm regions of Iran. Journal of Crop Breeding, 11(31): 42-54 (In Persian).
Bassa, D., F. Gurmu and H. Mohammed. 2019. Comparison of univariate and multivariate models to
analyze stability of Common Bean (Phaseolus vulgaris L.) genotypes in Ethiopia. Agrotechnology,
8(188): 1-7.
Bornhofen, E., G. Benin, L. Storck, L.G. Woyann, T. Duarte, M.G. Stoco and S.V. Marchioro. 2017.
Statistical methods to study adaptability and stability of wheat genotypes. Bragantia, 76(1): 1-10.
Bocianowski, J., J. Niemann, K. Nowosad. 2019. Genotype-by-environment interaction for seed
quality traits in interspecific cross-derived Brassica lines using additive main effects and
multiplicative interaction model. Euphytica, 215(7).
Dadras, A.R., M. Azimi, M. Khodadadi, M. Aghabeygi, A. Abdolahi and A. Mohamadi. 2020.
Investigation the agronomic traits, yield and stability of different pea (Pisum Sativum L.) cultivars in
tarom region of Iran using graphical analysis. Journal of Vegetables Sciences, 4(7): 113-130 (In
Persian).
Dezfouli, P.M., M. Sedghi, M.E. Shariatpanahi, M. Niazian and B. Alizadeh. 2019. Assessment of
general and specific combining abilities in doubled haploid lines of rapeseed (Brassica napus L.).
Industrial Crops and Products, 141: 111754,
Eckes, A.H., H. Annemarie, T. Gubala, P. Nowakowski, T. Szymczyszyn, R. Wells, J.A. Irwin, C.
Horro, J.M. Hancock, G. King, S.C. Dyer and W. Jurkowski. 2017. Introducing the Brassica
information portal: towards integrating genotypic and phenotypic Brassica crop data. F1000 Research,
6:465.
Ghaffari, M., A. Gholizadeh, S.A. Andarkhor, A. Zareei Siahbidi, S.A. Kalantar Ahmadi, F. Shariati
and A. Rezaeizad. 2021. Pattern analysis of genotype x environment interaction for seed yield in
sunflower using multivariate method of additive main effects and multiplicative interaction. Journal of
Crop Breeding, 13(39): 208-218 (In Persian).
Gauch, H.G. 2006. Statistical analysis of yield trials by AMMI and GGE. Crop Science, 46(4): 1488-
1500.
Gauch, H.G. and R.W. Zobel. 1988. Predictive and postdictive success of statistical analysis of yield
trials. Theoretical and Applied Genetics, 76: 1-10.
Kang, M.S. 1993. Simultaneous selection for yield and stability in crop performance trials:
Consequences for growers. Agronomy Journal, 85(3): 754-757.
Liersch, A., J. Bocianowski, K. Nowosad, K. Mikoltajczyk, S. Spasibionek, F. Wielebski, M.
Matuszczak, L. Szala, T. Cegielska-Taras, K. Sosnowska and |. Bartkowiak-Broda. 2020. Effect of
genotype x environment interaction for seed traits in winter oilseed rape (Brassica napus L.)
Agriculture, 10(12): 607.
Machado, N.G., N. Lotufo-Neto and K. Hongyu. 2019. Statistical analysis for genotype stability and
adaptability in maize yield based on environment and genotype interaction models. Ciencia e Natur,
41: 01-09.
Mohamed, N.E.M. 2013. Genotype by environment interactions for grain yield in bread wheat
(Triticum aestivum L.). Journal of Plant Breeding and Crop Science, 7(5): 150-157.
Mohammadi, M., R. Karimizadeh, T. Hosseinpour, H. Ghojogh, K. Shahbazi and P. Sharifi. 2018.
Use of parametric and non-parametric methods for genotype x environment interaction analysis in
bread wheat genotypes. Plant Genetic Researches, 4(2): 75-88 (In Persian).
Nachit, M.M., H. Ketata and E. Acevedo. 1991. Selection of morpho-physiological traits for multiple
abiotic stresses resistance in durum wheat. Physiology-breeding of winter cereal for stressed
Mediterranean. Environments, 8(30): 391-400.
Najafi Mirak, T., M. Dastfal, B. Andarzian, H. Farzadi, M. Bahari and H. Zali. 2019. Evaluation of
durum wheat cultivars and promising lines for yield and yield stability in warm and dry areas using
AMMI model and GGE biplot. Journal of Crop Breeding, 10(28): 1-12 (In Persian).


http://dx.doi.org/10.52547/jcb.14.41.97
http://jcb.sanru.ac.ir/article-1-1320-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-01 ]

[ DOI: 10.52547/jch.14.41.97 |

S 5 ) (JeedlE wdlile plig ()) (A8 e (LS 4]
i Wlie; Gl slacaip] (S 4l 3 Shoe 6y 5o 5 5)l0k ()2

21.0mrani, S., A.M. Naji and M. Esmaeilzadeh Moghaddam. 2017. Yield stability analysis of promising
bread wheat lines in southern warm and dry agro climatic zone of Iran using GGE biplot model.
Journal of Crop Breeding, 9(23): 157-165 (In Persian).

22.Purchase, J., H. Hatting and C. VVan Deventer. 2000. Genotype x environment interaction of winter
wheat (Triticum aestivum L.) in South Africa: Il. Stability analysis of yield performance. South
African Journal of Plant and Soil, 17(3): 101-107.

23.Sattari, A., M. Solouki, N. Bagheri, B. Fakheri and A. Nabipour. 2019. Analysis of genotype,
environment interaction and grain yield stability of rice (Oryza sativa L.) genotypes in Mazandaran
province. Journal of Crop Breeding, 11(31): 1-10 (In Persian).

24.Senguttuvel, P., N. Sravanrajul, V. Jaldhanil, B. Divyal, P. Beulahl, P. Nagarajul, Y. Manasa, A.S.
Hari Prasad, P. Brajendral, C. Gireeshl, M.S. Anantha, K. Suneetha, R.M. Sundaram, M. Sheshu
Madhav, M.D. Tutil, L.V. Subbarao, C.N. Neeraja, V.P. Bhadana, P.R. Rao, S.R. Voleti and D.
Subrahmanyam. 2021. Evaluation of genotype by environment interaction and adaptability in lowland
irrigated rice hybrids for grain yield under high temperature. Scientific Reports. 11(15825).

25. Sinapidou, V., Ch. Pankou, F. Gekas, I. Sistanis, C. Tzantarmas, M. Tokamani, I. Mylonas, I.
Papadopoulos, A. Kargiotidou, E. Ninou, F. Papathanasiou, R. Sandaltzopoulos and 1.S. Tokatlidis.
2020. Plant yield efficiency by homeostasis as selection tool at ultra-low density. A comparative study
with common stability measures in Maize. Agronomy, 10(8): 1203.

26.Sincik, M., A. Tanju Goksoy, E. Senyigit, Yahya Ulusoy, M. Acar, S. Gizlenci, G. Atagun and S.
Suzer. 2021. Response and vyield stability of canola (Brassica napus L.) genotypes to multi
environments using GGE biplot analysis. Bioagro, 33(2): 105-114.

27. Spasibionek, S., K. Mikolajczyk, H. Cwiek Kupczynska, T. Pietka, K. Krotka and M. Matuszczak.
2020. Marker assisted selection of new high oleic and low linolenic winter oilseed rape (Brassica
napus L.) inbred lines revealing good agricultural value. Plos One, 15(6).

28.Szydlowska Czerniak, A., |. Bartkowiak Broda, I. Karlovic, G. Karlovits and E. Szlyk. 2011.
Antioxidant capacity, total phenolics, glucosinolates and colour parameters of rapeseed cultivars.
Food Chemistry, 127(2): 556-563.

29.Vaezi, B., A. Pour-Aboughadareh, R. Mohammadi, M. Armion, A. Mehraban, T. Hossein-Pour and
M. Dorii. 2017. GGE biplot and AMMI analysis of barley yield performance in Iran. Cereal Research
Communications, 45(3): 500-511.

30. Vargas, M., J. Crossa, F. Van Eeuwijk, K.D. Sayre and M.P. Reynolds. 2001. Interpreting treatment x
environment interaction in agronomy trials. Agronomy Journal, 93(4): 949-960.

31.Yan, W. 2001. GGE biplot- A windows application for graphical analysis of multienvironment trial
data and other types of two-way data. Agronomy Journal, 93(5): 1111-1118.

32.Yan, W.M., S. Kang, B. Ma, S. Woods and P.L. Cornelius. 2007. GGE biplot vs. AMMI analysis of
genotype by environment data. Crop Science, 47(2): 643-655.


http://dx.doi.org/10.52547/jcb.14.41.97
http://jcb.sanru.ac.ir/article-1-1320-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-01 ]

[ DOI: 10.52547/jch.14.41.97 |

Journal of Crop Breeding Vol. 14, N0 41, SPring 2022 ............uiiiiiiiieiie e st e s e e e eeei e et e eneeeen e et enee s anneeen e e ene e e ens 107

Evaluation of Seed Yield Stability and Compatibility in Some Winter Rapeseed
Genotypes

Elaheh Shadan?, Hamid Najafi Zarrini2, Bahram Alizadeh®, Gholamali Ranjbar?and
Ghaffar Kiani®

1- PhD Student in Plant Breeding, Sari Agricultural Sciences and Natural Resources University, Sari, Iran,
(Corresponding author: elahe_shadan96@yahoo.com)
2- Associate Professor, Sari Agricultural Sciences and Natural Resources University, Sari, Iran
3- Seed and Plant Improvement Institute, Agricultural Research, Education and Extension Organization (AREEO),
Karaj, Iran
Received: 10 November 2021  Accepted: 1 Februrary 2022

Extended Abstract

Introduction and Objective: Brassica napus (L.) one of the most important oilseeds in
temprate climates. In the most breeding programs, especially when comparing several
genotypes in different environments, due to the interaction of genotypexenvironment, genotypes
show different performances in different environments. Therefore, to accurately estimate grain
yield, multi-environment tests should be performed by breeders.

Material and Methods: In order to study the interaction between genotype x environment and
identify stable genotypes, 16 rapeseed genotypes were tested in five regions of Karaj,
Kermanshah, Isfahan, Mashhad and Hamedan in a randomized complete block design with three
replications for two cropping years (2016-2017 and 2017-2018). In order to analyze the
interactions of genotype with the environment, the model of additive main effects and
multiplicative interactions (AMMI) and the GGE biplot model (genotype and genotype
interaction in the environment) were used. AMMI stability value (ASV) was used to evaluate
the stability of genotypes.

Results: The Results of combined analysis of variance showed that 40.59, 26.01 and 33.39
percent of total variation were related to the effect of environment, genotype effect and
genotypexenvironment interaction, respectively. The results showed that the first four main
components of AMMI were significant and explained 85.5% of the total sum of squares of
genotypexenvironment interaction. Stability assessment using ASV parameter showed that
genotypes No. 7 and 2 had the highest stability, respectively. These genotypes with the lowest
ASV rate and higher overall performance were known as genotypes with good general stability.
The study of polygonal biplot of GGE recognized four superior genotypes and two mega-
environments and the best genotypes within each environment were determined. The other five
genotypes were located in sectors that no environment was present and these genotypes were
weak in the most environments. Simultaneous study of the stability and yield of genotypes using
average environment coordinate biplot showed that genotypes No. 13 and 15 were the most
unstable genotype for grain yield. Genotype No. 9 was selected as highest grain yield and
relative yield stability. The two genotypes No. 9 and 7 were the closest genotypes to the ideal
genotype.

Conclusion: Analysis of AMMI and AMMI stability value (ASV) compared to GGE biplot
showed that all of these indices had good potential for evaluating the stability of genotypes, but
GGE biplot could be more widely used and more useful and can be applied extensively in the
study of yield adaptability and stability of winter rapeseed genotypes in multi-envirnmental
trials in breeding programs. Finally, genotypes No. 7 and 2 are recognized as most stable
genotypes with the lowest interaction effect and mean yields higher than the mean average.

Keywords: Broad adaptability, Genotype x environment interaction, ideal genotype, Ideal
environment, Multi-environment trial
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