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Extended Abstract

Background: Oilseeds are one of the most important sources of energy all over the world. As
an important crop, rapeseed oil has high nutritional and economic value. Rapeseed is one of the
most important sources of vegetable oil in the world, and its seed contains more than 40% oil.
The meal obtained from oil extraction contains more than 35% protein, and currently it ranks
third among oil plants after soybean and oil palm in the world. The economic yield of rapeseed
can be increased by using new and high-yield varieties. Evaluating promising advanced lines of
soybean under different environmental conditions is essential in identifying and selecting
superior lines with high and stable yield potential. The genotype % environment interaction is a
major challenge in the study of quantitative traits because it reduces yield stability in different
environments, complicates the interpretation of genetic experiments, and makes predictions
difficult. Therefore, it is very important to know the type and nature of the interaction effect and
achieve verities that have the least role in creating interaction effects. Various methods have
been introduced to evaluate the interaction effect, each of which examines the nature of the
interaction effect from a specific point of view. The multivariate method of additive main
effects and multiplicative interaction (AMMI) is a method with suitable efficiency to investigate
the genotype x environment interaction effect and provides good information about studied
genotypes and environments. This study aimed to investigate the genotype x environment
interaction effect using the AMMI method to evaluate genotypes, environments, and
relationships between genotypes and environments. Finally, this study sought to identify stable
rapeseed genotypes with high grain yields under different environmental conditions.

Methods: Nine lines and six cultivars were evaluated in a randomized complete block design
with three replications in six experimental field stations (Karaj, Kermanshah, Isfahan, Hamadan,
Zarghan, and Qazvin) during two cropping seasons. The genotype x environment interaction
was analyzed using the AMMI method. Plants were harvested at maturity, and then the seed
yield was recorded for each genotype at each test environment.

Results: Results of the combined analysis of variance (ANOVA) indicated that the effects of
environments (E), genotypes (G), and the genotype x environment (G x E) interaction were
significant on seed yield. The results of the ANOVA indicated that 77.56, 3.96, and 18.48% of
total variation were related to the E, G, and G x E interaction effects, respectively. The results
showed that the first four principal components of AMMI were significant and described
80.35% of the variance of the G x E interaction. The results showed that the average yield of the
studied genotypes was in the range of 2669-3398 with a total average of 3065 kg.ha™.
Genotypes G1 and G15 produced the lowest and highest seed vyields, respectively, and the
average seed yields of genotypes G3, G4, G6, G7, G8, and G9 were higher than the total
average seed yield. Based on the average of sum ranks (ASR), G2, G11, G6, and G9 genotypes
with the lowest ASR values were the most stable, while G10, G12, G3, and G13 genotypes with
the highest ASR values were the most unstable genotypes. Among the stable genotypes, G6 and
G9 were recognized as genotypes with good seed yield and general compatibility due to their
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higher average seed yields. Furthermore, the Zarghan location was recognized as the most ideal
environment for distinguishing and separating rapeseed genotypes due to its high interaction.
The cluster analysis classified the studied environments into three groups. The Isfahan,
Hamedan, Zarghan, and Karaj locations were placed in a group in both years, indicating that
these locations had high predictability and repeatability power.

Conclusion: Based on the results of the AMMI method, G6 and G9 were better than the other
genotypes for seed yield and stability and showed high general adaptation to all environments.
Additionally, the Zarghan location was recognized as the most ideal environment due to its high
interaction for distinguishing and separating rapeseed genotypes. Generally, the results showed
the efficiency of the AMMI method in investigating the G x E interaction effect and providing
good information about the studied genotypes and environments.

Keywords: Additive main effects and multiplicative interaction, Genotype x environment
interaction, Grain yield, Rapeseed.
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Nuclear Agriculture Research School Iran Z-800-3 G2 2
Nuclear Agriculture Research School Iran Z-880-6 G3 3
Nuclear Agriculture Research School Iran Z-900-6 G4 4
Nuclear Agriculture Research School Iran Z-900-7 G5 5
Nuclear Agriculture Research School Iran Z-900-8 G6 6
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Table 4. Mean grain yield, the values of the main components and the rank of rapeseed genotypes
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Table 5. Mean grain yield, the values of the main components and the rank of studied environments

Sk sl ol adlse ol el ol adlse JEPE PR ahoShe
! el Py ps> Jol (ks i
ASV IPCA4 IPCA3 IPCA2 IPCAL Sed g Environments
9.70 -11.04 9.28 1.68 6.13 2978 Isfl
1341 8.23 4,98 -1.44 8.66 3754 Isf2
12.96 -5.26 4.94 8.34 -1.58 3934 Hmd1
16.24 18.85 9.03 -2.25 10.40 3074 Hmd2
11.94 4.32 3.73 -0.45 7.81 2132 Qazl
50.83 -16.59 4,32 -24.88 -22.13 3110 Qaz2
32.34 -20.15 23.97 15.00 14.97 2145 Krjl
26.92 8.99 14.21 5.52 16.75 1289 Krj2
51.15 14.59 17.64 -14.87 -30.03 4199 Zrgl
71.40 2.69 11.69 32.36 -33.77 4098 Zrg2
30.31 6.24 10.65 -6.89 18.62 3713 Krml
19.56 -10.84 23.26 -12.12 4.18 2355 Krm2
45y (ke )
Rank average Rank
4.83 1 8 6 3 3 8 Isfl
4.00 4 5 4 2 5 4 I1sf2
3.33 3 3 3 7 1 3 Hmd1
6.33 5 11 5 4 6 7 Hmd2
3.50 2 2 1 1 4 11 Qazl
8.17 10 10 2 11 10 6 Qaz2
10.00 9 12 12 10 7 10 Krjl
7.83 7 6 9 5 8 12 Kr|2
8.50 11 9 10 9 11 1 Zrgl
7.83 12 1 8 12 12 2 Zrg2
6.50 8 4 7 6 9 5 Krml
7.17 6 7 11 8 2 9 Krm2
3065
\ GI5
30| G13 .
L
. Kirjl
20 ;
1‘32 Kijl v
. Gl G4
» ¢ Hmd2
10 Qazl Gl Y Isf2
A < v
- v G2 Gl1
5 0 L] [ G=8 Hmd1l
= G| o v
— *®
*
-10- G7
[e7 4
G»
20 Qam
v
Go Zrgl
L ]
=304 Zrg2¥
v
-40_ T T T T T T T
1000 1500 2000 2500 3000 3500 4000 4500
Seed yield (kg.ha)

Lo WY 5 1S Caieii VO (gl baro X g LiiSod p ol adlie (sl 5 il 5 Slas 1 le @Ml Jlages =Y S5
Figure 1. Biplot graph of mean seed yield and first main components of genotype x environment interaction for 15
rapeseed genotypes and 12 environments
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Figure 2. Biplot graph of two main components of 1gg:notype x environment interaction for 15 rapeseed genotypes and
environments

I8 wlplo (Rajcan, 2002; Yan & Kang, 2003
DiSad 043 LS 09,5 S5 0 ladsl g lhen 58S
S B el e 93 cnl (ygloml St b ol
29,5 S22 25 9 UByj cplden ool (halajl Jlu 9
LolSil cpl xihSS 5 mobe ol Sl 5
Sul alyos s lis yol cpl o5 @)ledy il o
3 ez Sy3m Jlo 93 Jgo 53 Gblio (pl (ool Ll
@l Shpe ol 1 Gl cpl 1SS L 1Y
S lgi oo il Jub sla Jlo 4 S5 loren islesl
9y Jlo 2 (b > @ble ol lp g Of Sl S
sy Clilejl plgs oo g Al gl p3b LIS 5 Sles
wjps b pbxl yad Jlo Sl L) S slacsss
do olibl 3 bl (ca0g)S johieds (ladgs
ob puS (Alizadeh et a[., 2020) IS Jeoe
Ghaffari et al., ) b, Sksl 4 (Abyar et al., 2021)

Gl 418 5118 oolazwl 350 5 (2022

ab 3o 1:Ske 45, luop labaoxe (abog)S

P ol adlye Hloa g oyp 390 slalaee
(¥ US3) 3,8 Lasde |y Iobasca 1 09,5 dus yiiSany,
s pleaol) Isfl slaless Jolis (Cluster 1) Jgl 69,5
(s> Jbo ole@ol) ISF2 (pg> Jlo lien) HMA2 (s
o (Jg) Jlo 2358) Qazl 5 (Jg) Jlo laes) HAIL
o g5, ZIGL dess Jlo () QaZ2 bes e
(p52 Jlo 05,) 2162 5 (Jg Ju ol 5) KrmL (|
g 05,5 (Y JS0) 255 )5 (CIUSter 11) g5 09,5 53
{Js) Jlo 2,5) KIjl (slalao Jols 3 (Cluster 111)
gt (ped Jl olile,$) KIM2 5 (p93 Jlo z,5) KIj2
Al polie jlai 5l S 0o )18 09)5 S 3 & albalae
blio )3 XpS o JB 0g)S S gbline I Pl
Yan & ) sl o wids o (y5lpolsS b gholize Llize


http://dx.doi.org/10.61186/jcb.17.1.25
http://jcb.sanru.ac.ir/article-1-1560-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-22 |

[ DOI: 10.61186/ch.17.1.25]

SISD 253 g 03135 pual odlile plyg o S ool s26 300 e

¥ liej IS @bl yiaa oY 53 a3 Mo (gl bz X gl (iSon o5l 4o
48.71 4
32.47 4
g Cluster I Cluster IT Cluster III
=
16.24 4
0.00 - ’__l

Isfl Hmd2 Isf2 Hmdl Qazl Qaz? Zrgl Krml Zrg2 Krjl Krj2 Krm2

Environments

Ja.amx wy) M); L;Lol 4.0.]?9 )Lefsdal.) ))ﬂo& U‘S"LA Al w‘.m‘))dajugn d)g0 L;Lm]aou L_;Auba)s VJSM

Figure 3. Classification of the studied environments based on rank of mean seed yield and four main components of
genotype x environment interaction

b gy olpea (JS ke 51 5YL il 3 Slas (1SSbe (S Az
Oeded MAd dnld G eses (B 5 0, Sles AMMI o siodis g, a5 ob ol zbs IS j5ba

O]9J.f—4.3 N ,...S.o..b » QL.S\) J,)M.g ‘_’,15)) ql&a
S slacass (205 e 5 ples caa bagee (i low]
dw & 1y adllas 3)50 glalome (gladed 4 o0 A aslis
Sl Gl o 53 5 8,5 )5 55 S 05,8
bl Sle 35 09,5 S 25 5 06y colhen (i

9 09 bame X g (AiSeny (ooyp sl Mde )l
Yo Sas b g Hlul slacaisll 9)50 50 (shute leMb
{ASR) 45 (xSke yiahl (bl o dms o )13 )Lisl 5
ASR s a5 L GI 5 GB G11 G2 clacaiss
L G13 4 G3 G12 L10 slacuis; o cnyislnb

Adbee Ko opl (Vb )5 g b 0 bowiss 5y lubl ASR ke sV
il e G 5 BB lacass olul laouss

References

Abyar, S., Navabpour, S., Karimizadeh, R., Gholizadeh, A., Nasrollahnejad ghomi, A. A., & Kiani, G.
(2022). Grain yield stability evaluation of bread wheat genotypes using AMMI multivariate methods.
Journal of Crop Production and Processing, 12(1), 119-132. [In Persian]

Abyar, S., Navabpour, S., Karimizadeh, R., Nasrollahnejad ghomi, A. A., Kiani, G., & Gholizadeh, A.
(2021). Evaluation of genotype x environment interaction and grain yield stability of different bread
wheat genotypes using non-parametric methods. Cereal Research, 11(2), 89-104. [In Persian]

Ahmadi, J., Vaezi, B., & Pour-Aboughadareh, A. (2016). Evaluation of forage yield stability of advanced
lines of grass pea (Lathyrus sativa L.) by parametric and non-parametric methods. Journal of Crop
Breeding, 8, 149-159. [In Persian]

Alizadeh, B., Rezaizad, A., Yazdandoost Hamedani, M., Shiresmaeili, G., Nasserghadimi, F., &
Khademhamzeh, H. R., & Gholizadeh, A. (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. [n Persian]

Alizadeh, B., Rezaizad, A., Yazdandoost Hamedani, M., Shiresmaeili, G., Nasserghadimi, F.
Khademhamzeh, H. R., & Gholizadeh, A. (2020). Evaluation of seed yield stability of winter rapeseed
(Brassica napus L.) genotypes using non-parametric methods. Journal of Crop Breeding, 12(35), 202-
212. [In Persian]

Alizadeh, B., Yazdandust Hamedani, M., Rezaei Zad, A., Azizinia, S., Khiyavi, M., Shirani Rad, A. H.,
Javidfar, F., Pasban Eslam, B., Mostafavi Rad, M., Shariati, F., Rahmanpour Ozan, S., Alem
Khumaram, M. H., Majd Nasiri, B., Amiri Oghan, A., & Zareei Siahbidi, A. (2019). Nima, New
Winter Oilseed Rape Variety for Cultivation in the Cold and Moderately Cold Regions of Iran.
Research Achievements for Field and Horticulture Crops, 8, 61-76. [In Persian]

Danakumara, T., Kumar, T., Kumar, N., Patil, B. S., Bharadwaj, C., Patel, U., Joshi, N., Bindra, S.,
Tripathi, S., Varshney, R. K., & Chaturvedi, S. K. (2023). A multi-model based stability analysis


http://dx.doi.org/10.61186/jcb.17.1.25
http://jcb.sanru.ac.ir/article-1-1560-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-22 |

[ DOI: 10.61186/ch.17.1.25]

GBS 8 g 0l BB ol codljle pligs oo SN (o003l 520640 o>
Yo VEF /Y o)l [ppian Jo [ £ly; oalS oMol aob jings

employing multi-environmental trials (METS) data for discerning heat tolerance in chickpea (Cicer
arietinum L.) landraces. Plants, 12, 3691.

Dezfouli, P. M., Sedghi, M., Shariatpanahi, M. E., Niazian, M., & Alizadeh, B. (2019). Assessment of
general and specific combining abilities in doubled haploid lines of rapeseed (Brassica napus L.).
Industrial Crops and Products, 141, 111754,

Eagles, H., & Frey, K. J. (1977). Repeatability of the stability-variance parameter in oats 1. Crop Science,
17, 253-256.

Ebadi, A. A., Abdollahi, S., & Azizi, H. (2017). Pattern analysis of genotype and year interaction for
grain yield in mutant lines of rice (Oryza sativa L.) using AMMI multivariate method. Iranian Journal
of Field Crop Science, 47, 565-573. [In Persian]

Ebdon, J., & Gauch, H. (2002). AMMI analysis of national turfgrass performance trials. Il. Cultivar
recommendations. Crop Science, 42, 497-506.

Ebrahimi, F., Majidi, M. M., Arzani, A., & Mohammadi-Nejad, G. (2016). Oil and seed yield stability in
a worldwide collection of safflower under arid environments of Iran. Euphytica, 212, 131-144.

Falconer, D. S. (1981). Introduction to quantitative genetics. 2" Ed. Longman, London, UK.

Fallahi, H. A., Ebrahimnejad, S., Sabouri, H., Lakzadeh, I., Ghasemi, M., & Shirali, K. (2018).
Evaluation of genotype x interaction effects on grain yield of barely genotypes using additive main
effects and multiplicative interactions (AMMI). Journal of Crop Breeding, 9, 144-151. [In Persian]

Gauch, H. G. (1992). Statistical analysis of regional trials. AMMI analysis of factorial designs. Elsevier,
Amsterdam, Netherlands. 287 p.

Gauch, H. G., & Zobel, R. W. (1996). AMMI analysis of yield trials. In: Kang M. S. and Gauch-Jr, H. G.
(Eds.). Genotype by environment interaction. CRC Press, Boca Raton, New York. pp: 85-122.

Ghaffari, M., Gholizadeh, A., Andarkhor, S. A., Zareei Siahbidi, A., Kalantar Ahmadi, S. A., Shariati, F.,
& Rezaeizad, A. (2021a). 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]

Ghaffari, M., Gholizadeh, A., Andarkhor, S. A., Zareei Siahbidi, A., Kalantar Ahmadi, S. A., Shariati, F.,
& Rezaeizad, A., (2022). Evaluation of Seed Yield Stability of Sunflower Genotypes Using Non-
Parametric Statistics. Journal of Crop Production and Processing, 12(1), 1-13. [In Persian]

Ghaffari, M., Gholizadeh, A., Andarkhor, S. A., Zareei Siahbidi, A., Kalantar Ahmadi, S. A., Shariati, F.,
& Rezaeizad, A. (2021b). Stability and genotype x environment analysis of oil yield of sunflower
single cross hybrids in diverse environments of Iran. Euphytica, 217(10), 187.

Gholizadeh, A., Khodadadi, M., & Sharifi-Zagheh, A. (2022). Evaluation of genotype x environment
interaction for essential oil yield of coriander genotypes under different irrigation conditions using
GGE biplot method. Environmental Stresses in Crop Sciences, 15(1), 43-52. [In Persian]

Greveniotis, V., Bouloumpasi, E., Zotis, S., Korkovelos, A., Kantas, D., & Constantinos G. (2023).
Genotype-by-environment interaction analysis for quantity and quality traits in faba beans using
AMMI, GGE models, and stability indices. Plants, 12(21), 3769

Habtegebriel, M. H. (2022). Adaptability and stability for soybean yield by AMMI and GGE models in
Ethiopia. Frontiers in Plant Science, 13, 1-19.

Jafari, T., & Farshadfar, E. (2018). Stability analysis of bread wheat genotypes (Triticum aestivum L.) by
GGE biplot. Cereal Research, 8, 199-208. [In Persian]

Khomari, A., Mostafavi, K., & Mohammadi, A. (2017). Stability Study of Yield in Sunflower
(Helianthus annuus L.) Cultivars using AMMI Method. Journal of Crop Breeding, 9, 117-124. [In
Persian]

Mahdavi, A. M., Babaeian Jelodar, N., Farshadfar, E., & Bagheri, N. (2020). Evaluation of stability and
adaption of bread wheat genotypes using univariate statistics parameters and AMMI. Plant Genetic
Researches, 7, 19-32. [In Persian]

MINITAB, INC. (2005). Minitab user’s guide, vers. 14. Minitab Inc, Harrisburg, Pennsylvania, USA.

Mousavi S. M. N., lllés, A., Szab6, A., Shojaei, S. H., Demeter, C., Bakos, Z., Vad, A., Széles, A., Nagy,
J., & Bojtor, C. (2023). Stability yield indices on different sweet corn hybrids based on AMMI
analysis. Brazilian Journal of Biology, 84, e270680.

Movahedi, H., Mostafavi, K., Shams, M., & Golparvar, A. R. (2020). AMMI analysis of genotype x
environment interaction on grain yield of sesame (Sesamum indicum L.) genotypes in Iran.
Biotechnology & Biotechnological Equipment, 34(1), 1013-1018.

Nowosad, K., Liersch, A., Poptawska, W., & Bocianowski, J. (2016). Genotype by environment
interaction for seed yield in rapeseed (Brassica napus L.) using additive main effects and
multiplicative interaction model. Euphytica, 208, 187-194.

Pour-Aboughadareh, A., Ghazvini, H., Jasemi, S. S., Mohammadi, S., Razavi, S. A., Chaichi, M.,
Ghasemi Kalkhoran, M., Monirifar, H., Tajali, H., Fathihafshjani, A., & Bocianowski, J. (2023).
Selection of high-yielding and stable genotypes of barley for the cold climate in Iran. Plants, 12,
2410.


http://dx.doi.org/10.61186/jcb.17.1.25
http://jcb.sanru.ac.ir/article-1-1560-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-22 |

[ DOI: 10.61186/ch.17.1.25]

G5 058 g 0303 5 ol odlile plgs duo Mo o3l H205 00 o>

g Wl ) IS @bl yiaa oY 53 a3 Shos gl b X (gl (iSon o5l 4 jos

Purchase, J., Hatting, H., & Van Deventer, C. (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, 101-107.

Sadeghzadeh, B., Mohammadi, R., Ahmadi, H., Abediasl, G. R., Ahmadi, M. M., Mohammadfam, M.,
Bahrami, N., Khaledian, M. S., & Naserian, A. A. (2018). GGE biplot and AMMI application in the
study of adaptability and grain yield stability of durum lines under dryland conditions. Environmental
Stresses in Crop Sciences, 11, 241-260. [In Persian]

SAS, Inc. (2011) Base SAS 9.1 procedures guide. SAS Institute Inc, Cary.

SPSS, Inc. (2010). SPSS 20. Users Guied. Chicago, USA.

Taherian, M., Bihamta, M. R., Peyghambari, S. A., Alizadeh, H., & Rasoulnia, A. (2019). Stability
analysis and selection of salinity tolerant barley genotypes. Journal of Crop Breeding, 11, 93-103. [In
Persian]

Taleghani, D., Rajabi, A., Saremirad, A., & Fasahat, P. (2023). Stability analysis and selection of sugar
beet (Beta vulgaris L.) genotypes using AMMI, BLUP, GGE biplot and MTSI. Scientific Reports, 13,
10019.

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

Wodebo, K. Y., Tolemariam, T., Demeke, S., Garedew, W., Tesfaye, T., Zeleke, M., Gemiyu, D.,
Bedeke, W., Wamatu, J., & Sharma, M. (2023). AMMI and GGE biplot analyses for mega-
environment identification and selection of some high-yielding oat (Avena sativa L.) genotypes for
multiple environments. Plants, 12, 3064.

Yan, W., & Kang, M. S. (2003). GGE biplot analysis: A graphical tool for breeders, geneticists and
agronomists. CRC Press, Boca Raton, FL, USA.

Yan, W., & Rajcan, 1. (2002). Biplot analysis of test sites and trait relations of soybean in Ontario. Crop
Science, 42, 11-20.


http://dx.doi.org/10.61186/jcb.17.1.25
http://jcb.sanru.ac.ir/article-1-1560-en.html
http://www.tcpdf.org

