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Extended abstract
Introduction

Oilseeds are one of the most important sources of energy all over the world. Rapeseed is an important crop that its oil
has nutritional and high economic value. Rapeseed is one of the most important sources of vegetable oil in the world,
and its seed contains more than 40% of oil, and the meal obtained from oil extraction has more than 35% of protein, and
currently it ranks third among oil plants after soybean and oil palm. in the world. Rapeseed is usually used throughout
the world for food, livestock fodder and industrial applications such as bio-products and biofuel production, biodegrade
able plastics and hydraulic oils. Rapeseed seeds contain protein, minerals, vitamin and oil that are used in nutritional and
pharmaceutical industries [6]. The oleic acid is the most important fatty acid in the oil of rapeseed. The oleic acid has
industrial uses and plays a fundamental role in human nutrition. By using new and high-yield varieties, the economic
performance of this product can be increased. Evaluating of promising advanced lines of soybean under different
environmental conditions is essential in identifying and selecting superior lines with high and stable yield potential.
Genotype x environment interaction effect are important limiting factors in the introduction of new cultivars. The
genotype x environment interaction is a major challenge in the study of quantitative characters because it reduces yield
stability in different environments and also it 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 reach the
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
purpose of this study was to investigate the interaction effect of genotype x environment using the parametric, non-
parametric and SIIG index methods to identify stable genotypes with high grain yield under different environmental
conditions in rapeseed.
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Studying the Genotype x Environment Interaction and Grain Yield Stability ...

Material and methods

In this study, 9 lines and 6 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. In order to analysis the genotype x environment interactions, the parametric, non-
parametric and SIIG index methods were used. Plants were harvested at maturity and then the seed yield was
recorded for each genotype at each test environment.

Results and discussion

Results of combined analysis of variance indicated that the effects of environments (E), genotypes (G) and
genotype x environment (GxE) interaction were significant for seed yield. The results of combined analysis of
variance indicated that 78, 4 and 18 percent of total variation were related to the environment, genotype and
genotype x environment interaction effects, respectively. The results showed that the average yield of genotypes
ranged 2669 to 3398 with a total average of 3065 kg. hat. Genotypes G1 and G15 produced the lowest and the
highest seed yield, respectively. Also, the average seed yield of genotypes G3, G4, G6, G7, G8 and G9 was
higher than the average seed yield. According to the stability analysis results using the Eberhart and Russel
method, the Talaye cultivar with higher grain yield than overall mean and regression coefficient equal to one
(bi=1) was identified as the genotype with high general stability for all regions. Based on the simultaneous
selection method for yield and stability (YSi), the lines Z-900-6, T-1200-1, and Talaye cultivar with the lowest
values were stable, whereas Zarafam, Okapi and Express cultivars with the highest values were unstable. Also,
based on the SIIG index, the lines Z-900-6, T-1200-1, and Talaye cultivar with having high SIIG values as well
as higher grain yields that total average was recognized as superior genotypes from the point of stability and
grain yield. According to the results of cluster analysis, Karaj, Zarghan, Kermanshah and Isfahan locations were
located in a group that indicates these locations had high predictability and repeatability power.

Conclusion

Based on the SIIG index, the lines Z-900-6, and T-1200-1 were better than the other genotypes for seed yield and
stability and had the high general adaptation to all environments. These genotypes have the potential to be used
in research-extension trials for introduction as a new cultivar. Generally, our results showed the efficiency of the
SIIG index to investigate the GXE interaction effect and provides good information about the studied genotypes.

Keywords: Broad adaptability, Eberhart and Russel method, Simultaneous selection for yield and stability,
Winter rapeseed
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Table 1. Code, name and pedigree of the tested rapeseed genotypes.

o lecs Y o i/ ;’U i oS s

No. Code Name/Pedigree Origin Company

1 Gl Zarfam Iran Seed and Plant Improvement Institute (SPII)
2 G2 Z-800-3 Iran Nuclear Agriculture Research School

3 G3 Z-880-6 Iran Nuclear Agriculture Research School

4 G4 Z-900-6 Iran Nuclear Agriculture Research School

5 G5 Z-900-7 Iran Nuclear Agriculture Research School

6 G6 Z-900-8 Iran Nuclear Agriculture Research School

7 G7 Z-900-9 Iran Nuclear Agriculture Research School

8 G8 Talaye Germany Seed and Plant Improvement Institute (SPII)
9 G9 T-1200-1 Iran Nuclear Agriculture Research School

10 G10 Express Germany NPZ

11 G11 Exp-800-1 Iran Nuclear Agriculture Research School

12 G12 Exp-800-2 Iran Nuclear Agriculture Research School

13 G13 Okapi (Check) France Seed and Plant Improvement Institute (SPII)
14 Gl4 Ahmadi (Check) Iran Seed and Plant Improvement Institute (SPII)
15 G15 Nima (Check) Iran Seed and Plant Improvement Institute (SPII)

Table 2. Agro-climatic characteristics of the environments studied in this research
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Table 3. Combined analysis of variance and Eberhart and Russell analysis of grain yield for rapeseed genotypes

Sy mle EERESN Dlas o ¢ sazme Sl :Sle (A0)3) JS Sl § e
Source of variance Df Sum of squares Mean square Total sum of squares (%)
L e
; 11 422354040 38395822 78
Environment (E)
| . | <
e 0903 S8 24 15409066 642044
Replication/E
R 14 21570225 1540730** 4
Genotype (G)
Lo S
e 154 100619037 653370% 18
GxE
o
336 75457068 224575
Error
&S 539 635409436
Total

Jelo s obapl s
Eberhart and Russell analysis

& 179 1.82E+08
Total
G 14 7190075 513576.8"
E 11 1.41E+08 12798607
GxE 154 33539679 217790.1™
E +[G x E] 168 1.74E+08 1037645™
E [Linear] 1 1.41E+08 1.41E+08™
G x E [Linear] 14 5412894 386635.3"
O S 150 28126785 187511.9™
Deviation from regression
Gl 10 1297076 129707.6™
G2 10 446094 44609.4™
G3 10 2037849 203784.9"
G4 10 1029196 102919.6™
G5 10 1439307 143930.7™
G6 10 1934877 193487.7™
G7 10 2730406 273040.6™
G8 10 2336550 233655
G9 10 1233077 123307.7*
G10 10 2609412 260941.2"
Gl1 10 909857.4 90985.74™
G12 10 2006511 200651.1"
G13 10 2957772 295777.2""
Gl14 10 1264167 126416.7™
G15 10 3894633 389463.3"™
336 75457068 224574.6
Error

Aoy ) Jlea CEM 05l pae -
**: Significant at 1% probability level

5l 5,48 &Lu Jlixe Jl jasis gl Kroon Laan- , Kubinger Hildebrand (sl LU sls s,
555 bl 42 S (HUhn and Leon, 1995) o eblie e bl JI asels 5o YL LG Kroon
ob)_}T ¢ J_}J} 0 el JSJ le.hui‘}) oslaru La .la.au X 6‘;: KUbinger B Hildebrand 6@&)) .JJ)‘J déu.';a

cLAQj.A)T dod QLD )‘JW “ 4})3 L RGO BN W Laan- u.:_}) E) CELE.'LAJ:O L};u.la JS\ Se= 9 u.a.?;;'ﬁ
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2oy g sy oMl Ol YSI e o faS
olis op 28 L GA 5 GBGY sl s ol ol
O L GL0 5 GI3GT sl 55 5 o oIkl Olsea
el bogss cp bl Olgea HSde ol i
I (Becker, 1981) S (0 Jsd>) L
S pste 03 ML Sl o3 S R ) S
Ol 3 OF Silsls & )l o)l o555 & (U505
Sl s S il bae Ol b ol i Walasee
S aie pl ks lass Ols 55 (g is LB 5 Slas
Solems Sl 53 Ailas sllae (65508 s 5l
e Lol () Selus pgie 01 S0l50
e Ll s 53 Vs Shes b 5 b slacs 5 St sS
Skl psete il Gb b e S e
Sobea b3l sy e Jalpe 4 pd st 2ol
3 4 ol oy DI o i S sy Ko
S ey e Sl ol 3 il e Jasee Lol d
(YS) 5ol 5 2 Shes sl Olajer G2 8 L Jlra
3 s o SOl (1)) Selus psete 3l 2l
onl By ol bl (G4 5 GBGBY) Jlul slacwis)
Ul onl s g0 152 2 58 2V 3 Shes 51 bl
(P13 Selus psghe lols YSI Jlme &8 35w
bslacssl GuS Gle b slae 5 L3k e ool
AL e ey IS Glacs 53 sl 5 VL s Shes
Movahhedi ) 4 5 | 5l cdises OlalS 55 Oliims L
e (Vaezi et al, 2019) 4 (et al, 2010
Alizadeh et al., ) |5 (Moghaddaszadeh et al., 2018)
s s 5 (Abyar et al, 2021) oL pxS (2020
psste S LYS 5l slne 5 (Ghaffari et al., 2022)

ARA

el s Shes (6)IAL 5 s X S 5 SR () g

5 bl flis Jlgs go,m o8 58w Ol
3 8kes Ol 5 2ol s Shass onl oo (pblise s
ke 3,8 S5 ol 3pse L IS slaas g5 il
5 eslasl U5 (Alizadeh et al., 2020) o,\Sen
Laan- 5 Kubinger Hildebrand) s sl LU (sla sa 31
cblime) bl Jles 53 8 oS Ls S 55058 (Kroon
et 1 ok 53 505 35 IS 5o (ablits 2
M a5 e DLS s
Clguu Bl Clau..n]&
o eslazwl (Laan-Kroon s Kubinger Hildebrand)

Sl slosesl

Sabaghnia et al., 2006; Ebadi et al., 2008; ) ..

Karimzadeh et al., 2013; Akbarpour et al., 2016;
.(Abyar et al., 2021; Ghaffari et al., 2022

3 Ses Sl o =W s ALLE oIl 4 e
313 0L (g eyl oslel & 51 eslinad b a6 il
L R J)j.d L;LA&.A._JJJJ PHE JJQA; U'3'<"L3'° Y
oSS YN0 S ke L YTAA B YV 1y lasals
S b 54 G155 Gl e sy 5 25 LS o
(0 Jsd=) s s g 1y als s S o tiy
LGS 6&%};} Jf<l».9 wi;L:A ¢G15 g_ﬁzs‘fj ﬂb}}h‘«
JS s Sks o Sle 5l 55 G9 5 GB G G6 G4
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Table 4. Analysis of genotype x environment interaction using different nonparametric tests on 15 rapeseed
genotypes grown in 12 environments

Las ;Lo ool am s 93-S oLl
Statistics df ;(2 statistic

Hildebrand 154 344.65™

Kubinger 154 281.39™

Laan-Kroon 154 205.80"

Ao53 ) o s s s e
. Significant at 1% probability level
S 53510 (sl s mbll sl slaeolal =0 J s
Table 5. Non-parametric measures of stability for 15 rapeseed genotypes
Genotype O s fjgj-l:s) Si® Si@ Si® Si® NPi® NPi®@ NPi® NP® YS;
Mean yield
(Kg.hat)

1 2669 5.09 20.33 43.29 8.65 3.58 131 0.87 0.99 23
2 2785 4.08 12.39 28.68 6.95 2.17 0.85 0.59 0.86 15
3 3152 491 17.00 22.00 4.82 3.42 0.48 0.49 0.58 17
4 3190 4.35 13.66 17.17 4.06 3.50 0.41 0.46 0.50 11
5 3012 4.92 17.36 25.74 5.69 4.00 0.44 0.62 0.66 14
6 3208 5.17 19.90 27.65 5.41 3.33 0.63 0.60 0.65 17
7 3243 5.62 23.17 26.60 5.32 4.17 0.42 0.47 0.59 15
8 3369 4.15 13.82 13.82 3.27 4.00 0.26 0.43 0.38 11
9 3160 4.50 15.48 19.46 3.89 3.00 0.31 0.43 0.51 10
10 2964 4.77 16.08 24.98 5.79 3.58 0.54 0.59 0.67 22
11 2973 4.09 11.97 18.37 5.02 3.33 0.40 0.49 0.57 12
12 2940 4.15 13.61 20.88 4.28 3.08 0.52 0.54 0.58 19
13 3059 5.08 19.17 23.22 451 4.08 0.34 0.54 0.56 22
14 2859 3.95 11.72 21.19 4.82 2.75 0.54 0.57 0.65 16
15 3398 5.23 24.75 24.20 4.09 4.33 0.30 0.46 0.46 16

NP® , NPi® NP;@ NP{® (Nassar and Hiihn’s, 1987) ol 5 e 5 (Hiihn’s, 1979) ols slse, LT :Si® , §®) 5@ ;)
(Kang’s, 1988) Kis s i :-KR «(Thennarasu’s, 1995) ;3,5 slas,li

SO Hiihn’s (1979) and Nassar and Hiihn’s (1987) nonparametric measures, NP®) Thennarasu’s non-parametric
(1995) measures, KR Kang’s (1988) rank-sum.

A OA b 4 axs b oramer b SRl
S 255 et Ol e (o) Jame x 55 il
5o LS o) G S, krous
Slagal il glalaos 5o adlllas 5,50 a5
Sl e oSl 0dd ls gme . Llesls OLES |y 5 slize
w (S Sl Ga S5 k5l Sl
Gls 3 Shes w0 by bls sl Sas|, stiasolis
Oy 4 5 Al 05 S) b LI 3 i 55
b 2 sy K sl 8 oS Olg e Ko
6oL Dliaas b el (Kan Lo o Ol

.(Jafari et al., 2015) b

VY

G bl s =g bl ol 4
Jsd > (Eberhart and Russell, 1966) |ul, 5 < la
o p5 Sl aS sl Ol CLJ Ll 0l 0sls ol ¥
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el ol S35 s s g rell slae, bl Ll =l
L byl oSy VST lae bl el
Gl4 5 G11l G2 slacss) Lame bl 5 D852
G15 slacsisl 5 rroll Olpea p3lie (p S L
bowss oeiolbbl ol o zin L G6 5 G13
G13 5 Gl G15 slacsi s ol s o i o bl sy
el g S s oS Boae Sl glacs B3 1
sdasilis Of VU pslie & Lol s ol
Olgsws G115 G4 B2 slesss wul olul
slasrss SO0 dsde) Los bod 55 ekl
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Sl Sy GYIST 5 S 58 ol bl las
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.(2022; Akbari et al., 2022
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Table 6. parametric measures of stability for 15 rapeseed genotypes

A N [T N |
s . ¢ glanm PRSelS (
R Q‘va,ij O)'.‘"‘Jg) dﬂ;) &) MS}“;’ E “' o “)‘: ) ffici ) ’f:
Genotype - ] Variance of 7 ' nvironmental Coefficient o
Coefficien  Regression reqression Wricke’s Shukla's variance determination
variance coefficient dg o ecovalence variance
eviation
1 26.94 0.68 129708 2234415 217626 225635 0.77
2 28.66 0.84 44609 697513 56413 150747 0.94
3 39.30 1.26 203785 2661254 262400 246701 0.88
4 38.11 1.27 102920 1731729 164897 201599 0.94
5 32.28 0.98 143931 1444320 134749 187433 0.86
6 41.15 1.36 193488 3116286 310130 269096 0.90
7 34.81 1.10 273041 2818116 278854 254445 0.81
8 31.18 1.02 233655 2340289 228732 227822 0.81
9 33.40 1.08 123308 1298205 119422 180338 0.90
10 38.07 1.10 260941 2707361 267236 248939 0.81
11 31.39 0.96 90986 924159 80187 161960 0.91
12 32.26 0.92 200651 2071670 200555 217602 0.80
13 27.95 0.74 295777 3613718 362308 292899 0.63
14 33.74 0.98 126417 1268807 116339 178803 0.88
15 26.34 0.72 389463 4611837 467006 341681 0.56

5 3 deolsd 5 sl s 6 bl (ol ases la sy Slas 1S JTesl L 55 ol el -V J i
£l _s).iia.o 5 (d) < gllasls g_,..:.’y) (dH ujl.]a.a

Table 7. Selection index of ideal rapeseed genotype based on non-parametric and parametric methods and
distance from ideal genotype (d*), non-ideal genotype (d*) and grain yield

Py fu 4 o SIHG el Lls s s

Genotypes name SIIG index Grain yield
Gl 0.820 0.518 0.387 2669
G2 0.444 0.884 0.666 2785
G3 0.451 0.706 0.610 3152
G4 0.238 0.906 0.792 3190
G5 0.361 0.805 0.690 3012
G6 0.555 0.602 0.520 3208
G7 0.559 0.649 0.537 3243
G8 0.393 0.868 0.689 3369
G9 0.202 0.947 0.824 3160
G10 0.551 0.610 0.525 2964
G11 0.212 0.960 0.819 2973
G12 0.399 0.750 0.653 2940
G13 0.671 0.618 0.479 3059
Gl4 0.293 0.859 0.746 2859
G15 0.849 0.631 0.426 3398
Mean oSl 3065
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Figure 1. Distribution diagram of rapeseed genotypes based on grain yield and regression coefficient
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Figure 2. Two-dimensional graph of distribution of 15 rapeseed genotypes based on grain yield and SIIG method.
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Figure 3. Classification of the studied environments based on mean grain yield
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