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Assessment of the adaptation of oilseed rape (Brassica napus L.) genotypes using
non-parametric statistical methods
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Table 1. Specifications and climatic information of locations of experiment

SUL sles il S ol oS

R Sl dsb oL s Lo mhe il Average annual temperature  Average annual rainfall
Location Longitude Latitude Elevation (m) 0O (mm)
Zarghan 06,5 52°43° 29°46° 1600 18.0 150
Hamedan Oldes 48°52° 34°80° 1741 11.0 323
Esfahan Olgao! 51°657 32°00" 1570 2.00 113
Khoy S 44°57 38°33° 1130 10.0 253
Karaj 5 50°57° 35°48° 1300 17.0 244
Kermanshah Lk 5° 47726 34°8° 1346 215 488
19
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Table 2. Oilseed rape genotypes, locations and the codes of them

S clacs 55 a4l R 4l
Oilseed rape genotypes Code Location Code
Ahmadi Gl 9394_Esfahan El
BAL921 G2 9394 Hamadan E2
BAL9211 G3 9394_Karaj E3
BAL923 G4 9394 _Kermanshah E4
BAL924 G5 9394_Khoy E5
BAL926 G6 9394_Zarghan E6
BAL928 G7 9495_Esfahan E7
HW921 G8 9495 _Hamadan ES8
HW922 G9 9495 Kargj E9
HW923 G10  9495_Kermanshah E10
Nafis G11 9495 Khoy E11
Nima G12  9495_Zarghan E12
Okapi G13
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Table 3. Combined analysis of variance and comparison of non-parametric methods for evaluation the interaction of oilseed rape genotypes and environment

L sla s,

T amys S e byl 4 Nonparametric methods
S.0.V ek ol d.f Combined analysis  (Bredenkamp,1974)  (Hildebrand,1980) (Kubinger, 1986) (De Kroon/Van derLaan, 1981)
Genotype sy 12 22783638™ 21.49" 103.75™ 69.95™ 36.09™
Environment Lo 11 523461011 380.82" 290.76™ 328.17" 243.49™
GxE Lo sgs 132 114302640 2969.32"™ 466.30™ 150.14" 223.26™
ns, * and **: Not significant and significant at 5% and 1% probability levels, respectively Lo y3 5 gy ezl sk )3 4l gme 5 Jl3 me b 5 5 4 bk 35 NS

Sl (435 53 ) 53l S S g pde Y3005 5 03,5 (63 03m3T 81 5 (455 53 o 0 3) 55l ol S b 2SCan 355 e S S 5 Wl pitlon ccalSit (5 25b0 sl s sl o 3
1 The null hypothesis for Berdenkamp and Hildebrand is lack of non-crossover GEI and for de Kroon/van der Laan is lack of crossover GEI
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Table 4. Seed yield rankings for oilseed rape genotypes

1S slacs 55 ool

Oilseed rape genotypes E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12 Mean

Ahmadi 5 12 45 12 6 12 11 13 12 13 6 2 9.04

BAL921 4 4 6 1 3 1 7 5 3 5 4 12 4.58

BAL9211 11 6 10 4 2 9 8 9 2 12 3 3 6.58

BAL923 12 8 13 10 1 6 10 6 10 8 9 4 8.08

BAL924 13 13 11 13 8 5 1 11 4 3 7 13 8.50

BAL926 10 7 2 2 7 3 6 7 13 4 11 8 6.67

BAL928 9 11 12 8 9 10 4 8 1 6 5 11 7.83

HW921 6 1 1 7 10 2 5 2 9 11 8 7 5.75

HW922 7 5 9 5 12 13 13 4 7 2 13 10 8.33

HW923 3 10 8 9 4 8 12 10 11 10 1 1 7.25

Nafis 1 2 7 3 5 7 9 1 6 1 2 5 4.08

Nima 2 3 45 6 13 4 2 3 8 9 12 9 6.29

Okapi 8 9 3 11 11 11 3 12 5 7 10 6 8.00
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) e oL Kl ((GLSn j5p S5 LS 23 1S lacs 55 sl = 6 2Ll slao,leT
Ola 9 )L\AJ r)b OJLGT )‘ oslanl b RGN OJLAT U‘i‘ L: RO P W) Ub‘ c._g' d).,\_>- BE J_.pb- J‘Q.LAJT
9 Si(3) L;LAOJLAT d._: 4._>-‘55 L_: A J.:iU @b d‘i‘ cSi(z) 4.5 L ua;:.:«.a cSi(l) cQLA 9 )Lai d)‘ O)LOT )\ aéu:.w‘
Lsug:,.;yj QL.:& )J V—;) g)f.j)“'“‘."lf- &l_{‘ v.;)Si(G) }C,._&\J ‘) OJL—AT d‘)l-\.&ﬂ U'.’.j:‘S BAL921 g:,.;};j
55 o 3 e i Lal ol sl gy 2 3590 50 LS 53 p S LS FrVAF 0T 5, Slas lds
il T s il b s da 55 ple s Sles 3 S 53 p S LS YAYSIY S ¥ERY/Y s Shes L
O iy 53 5 Jlo 33 (b e a5 50, &S FYVE) 5 Shee i op b by o 055 izl

\Al


https://dor.isc.ac/dor/20.1001.1.15625540.1400.23.1.5.9
https://agrobreedjournal.ir/article-1-1119-en.html

[ Downloaded from agrobreedjournal.ir on 2026-01-29 |

[ DOR: 20.1001.1.15625540.1400.23.1.5.9 ]

TEV-AY B O 503l e I sl 55 8 sl o ,I"

Q‘j_.;u QJ._va. a Sl Ca e 6\—“&?'-“ BE

Sy pal b S ) Ml

sl ;b WLl (Rao and Prabhakaran, 2000)
o L Sl s an g Ll sle iy, Ols
SIS L s Laesls 03 5 Jits 5 Jlo 5 sl 3
Sl o i) b awslan 5o (it s bl
ails (6 S b Oy slmonls 4 S
S A 0 (ST L Ll K O, b Sl
W SST e 3,15 (6 51 gl jesls
Sl sl 5 LT ki 5 o 5 4y 2
Sdams 503l s S .(Nassar and Huhn, 1987)
u_::.;_uﬂ > (Karimizadeh and Mohammadi, 2011)
by e G585 V0 S Lo 3 G 95 Kes
36l sla s 3l s ol OLSG iy o
S 4S A ge PLD‘ T L5 S eslizul S Lt
(6 2alLL GLaskae Ol Sl 2 0e ()85l s
2o Lawlis 53 0la 5 5lai 5 95l slao,leT
LS b e Lyl s ks 5 s LaoylT
5 =50 45 3 LU oML Calee sla g
¢S g LU oLl Sler plal 2 53 15 A o
S 5 maS 3, Shee b 48 4 SO SO (S
o oo 35N oyLeT Slaslinal s i § IS
oyleT 95 .4 ﬁp;a;&;ﬁwgcu,\ sllis
1S 5 &K 5 o & L5 Ry 50
LS o8, 9 5 5 oSlos 51ty 5 e Ly
Mol Gl 55 Ol 580 S 2S5 Slae
fomme slone 45 5l OLis [ leT ool bkl a s
352 P Slaad ) glell etld o it 4
(Pourdad et al., 2014)
O 5 5lai p 33 5 Jsl (s, slaslne (IS 5ok
54l ST ol s laasir 4 55LL
Y5, Shas Ly ol slacs 55 olola 4 5l
wleld s S ol o 0l T B (6l ot
P30 3 0ls5 oo Sl 5 VL s Shee b slacs 555

Y

el (o5l 3557 52 (2L (glaslns Sl oslizul L
Aol ST s a0 SI® 6 )LaT 487 i s 0l s
SI® o LaT 5l 5SS (omilisls 5 56855 (5L,
Sl s 85 elelid 53 0T s ol by ils
s b ;| (Karimizadeh et al., 2009) | ;-3
SI® 0 i SIO (Slwlos Falu J s 0 Koo
(Kaya and Taner, 2003) 3,15 Cuses 1 OT 5l o3lizul

3355 035 5 Il glmo T 3l eslicul L
5§ 4S Ui jes s 5 (Thennarasu, 1995)
slacs 55 Ol 53 oML op i lol> BALO2S
o 3L go)laT 55 ay a5 Loy ShaleST IS
Kl L0 YL 5 S o s 51 s
RGN Hiry-3 N Lt S N 9

(Fox et al., 1990) O,Lan 5 LSLs g, o
Olee LU a5,y lols Lademens ST1 )5 87 5 535
oslal e a8 5955 5 op oIl (il YL TOP
5 55 ALt sl asls 1) oYL WS LOW
Sorsi O TOP oylaT ldie op sYU 54 dal
YL 5 3 i dpame s o35 4 by e Sl
S8 'Y sbes sy w s LOW oylel Hlade
W23l jolaist| BALO2S U guamensS

elasbae 5l G 5 (RS) SO asy o LT
3 oo ok OT Ly L ¥ (6 5liny 48
3 ,Ses a3y 5k 5l o,leT ul 3 (Kang, 1988)
i 355 25 o 03l WS 53 byl 65N 455
shls sl ansls 1y o ylaT oul Ol e oy 2eS 4 S
Ol 53235 a5 (S5l 5 3, Ses 55 2 5
(AR5 ol 93 (s g 2050 1S sl 55
ol pls (Csls 15 RS Sldie o 28 HWO2L L5 535
3 Nee U i 55 o ool o)l ol ot
g h D gmien o gl

p a5 g bt gla by, ST,
or 534S (S5 sedd Ay e 1 a
(=S iy Ol L g anils gl ad; b oo


https://dor.isc.ac/dor/20.1001.1.15625540.1400.23.1.5.9
https://agrobreedjournal.ir/article-1-1119-en.html

[ Downloaded from agrobreedjournal.ir on 2026-01-29 ]

[ DOR: 20.1001.1.15625540.1400.23.1.5.9 ]

VB Sl a,u‘ry,\;“ﬁ.u?g"o\ﬁ\g\,)'pb@fu"

S slacs 55 82 ol (6 el slaoleT -0 J s

Table 5. Stability nonparametric statistics for oilseed rape genotypes

15 gl 55 s 3 Shos Ol 5 5lal (6ol sleo,leT 530 Golul glao,lT ) faere oSB pasls
Oilseed rape Seed yield 5 Sles 45, (Nassar and Huhn, 1987) (Thennarasu, 1995) (Kang, 1988) (FOX, 1990)
genotypes (kg.hah) Yield ranks S Z® S Z® S® S® NP®  NP® NP® NP® RS Low Mid Top
Ahmadi 35144 7.25 5.26 2.15ns 20.39 2.58ns 19.38 4.80 375 033 048 058 23 58.33 33.33 8.33
BAL921 4078.6 6.50 3.48 1.61ns 9.73 1.15ns 20.71 5.27 217 054 065 0.76 8.33 5833 3333
BAL9211 3930.7 6.83 4.42 0.03ns 15.06 0.07ns 22.62 5.92 350 050 0.56 0.67 50.00 16.67 33.33
BAL923 3763.1 7.17 3.94 0.32ns 12.15 0.21ns 15.70 3.84 250 029 041 049 10 66.67 25.00 8.33
BAL924 3559.2 7.42 5.14 1.63ns 18.63 1.35ns 25.29 5.41 375 039 049 0.60 24 58.33 25.00 16.67
BAL926 3914.2 6.75 4.68 0.33ns 15.48 0.13ns 20.50 4.90 325 046 056 0.70 14 3333 4167 25.00
BAL928 3632.2 6.83 3.64 1.07ns 9.79 1.12ns 15.02 3.91 233 027 038 046 17 66.67 25.00 8.33
HW921 3998.6 7.25 4.83 0.65ns 16.39 0.36ns 24.04 6.17 342 053 067 084 4 3333 3333 3333
HW922 3624.5 6.58 4.83 0.65ns 16.45 0.37ns 20.00 4.80 342 043 047 058 16 50.00 41.67 8.33
HW923 3826.2 7.08 4.59 0.19ns 15.72 0.18ns 23.48 5.52 342 040 052 0.63 18 66.67 8.33 25.00
Nafis 4336.0 7.58 5.14 1.63ns 18.99 1.57ns 20.80 7.10 375 094 102 126 14 8.33 4167 50.00
Nima 3902.4 6.33 4.61 0.21ns 15.70 0.18ns 25.78 6.21 317 060 060 0.73 14 4167 2500 33.33
Okapi 3756.0 7.42 4.17 0.04ns 12.08 0.23ns 14.00 4.00 292 034 042 052 15 58.33 25.00 16.67
Grand Mean E(S1) E(S2) VAR(S1) VAR(S2) Chi-Square Statistic Chi-Square Statistic ~ Prob
for 71,22 for Sum of 71,22
3833.59 4.3 14 0.41 15.803 8.35 22.36 0.05

V¢


https://dor.isc.ac/dor/20.1001.1.15625540.1400.23.1.5.9
https://agrobreedjournal.ir/article-1-1119-en.html

[ Downloaded from agrobreedjournal.ir on 2026-01-29 |

[ DOR: 20.1001.1.15625540.1400.23.1.5.9 ]

TEV-AY B O 503l e I sl 55 8 sl o ,I"

A)
Ahmadi
EghL924 Mafiz
[ ] L ]
HWo2 HWo21
. e BaLo26e
LWZES .
) o5 M3
—~ .
- Okapi
w
_ Balos
- .
BALO2S
. BAL92I
[ ]
ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ 10000 360000 3500 100000 4 M B
&ls >J§L.s
Seed yield (kg.ha?)
B)
. AhrFadT 024 Nafis
3.80 . o -
360 BALO211
HWo22 HWe23 o HWS21
4 b ® paros ®
. Nings
. .
:'" 3 Oleapi
= L ]
% 23
BALO23
. BAL92S .
* BALS
L ]
4 3800 1 4 4200.00 4 14
PHERN V2

Seed yield (kg.hat)

(Gl Ol 5 5las dgl oyl 5 13" Glacs 55 ails 3 Shas ol 5 1518 Glacs 55 25T, - S
(u) )j\)l.:: d)‘ OJLAT)

Fig. 1. Distribution of oilseed rape genotypes according to the seed yield of oilseed rape genotypes
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Table 6. Correlation between non-parametric stability statistics for oilseed rape genotypes

Seed yield Sm Si® Si® Si® NP NP NP{® NP{® RS Fox
Seed yield 1.000 -0.223 -0.231 0.352 0.615*  -0.139 0.791**  0.802** 0.802** -0.807** 0.884**
SI1 -0.223 1.000 0.970** 0.358 0.408 0.880** 0.190 0.295 0.295 0.385 0.044
SI2 -0.231 0.970** 1.000 0.385 0.423 0.894** 0.170 0.264 0.264 0.420 0.026
SI3 0.352 0.358 0.385 1.000 0.852**  0.411 0.648* 0.687** 0.687** -0.133 0.643*
SlI6 0.615* 0.408 0.423 0.852**  1.000 0.494 0.846** 0.879** 0.879** -0.271 0.879**
NP1 -0.139 0.880** 0.894** 0.411 0.494 1.000 0.178 0.278 0.278 0.363 0.152
NP2 0.791** 0.190 0.170 0.648*  0.846** 0.178 1.000 0.929** 0.929** -0.552 0.907**
NP3 0.802** 0.295 0.264 0.687** 0.879** 0.278 0.929**  1.000 1.000** -0.519 0.918**
NP4 0.802** 0.295 0.264 0.687** 0.879** 0.278 0.929**  1.000** 1.000 -0.519 0.918**
RS -0.807** 0.385 0.420 -0.133 -0.271 0.363 -0.552 -0.519 -0.519 1.000 -0.584*
Fox 0.884** 0.044 0.026 0.643* 0.879** 0.152 0.907** 0.918** 0.918** -0.584* 1.000

A

ns.uﬁ&,@Jw‘cﬁdﬁ)u@m,)u@uﬁ;gﬁ:;.u_:wﬁ,
ns, * and **: Not significant and significant at 5% and 1% probability levels, respectively
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Assessment of the adaptation of oilseed rape (Brassica napus L.) genotypes
using non-parametric statistical methods

Veisizadeh, Z.1, R. Khademian? and B. Alizadeh?®

ABSTRACT

Veisizadeh, Z., R. Khademian and B. Alizadeh. 2021. Assessment of the adaptation of oilseed rape (Brassica napus L.)

genotypes using non-parametric statistical methods. Iranian Journal of Crop Sciences. 23(1): 67-80. (In Persian).

One of the most important challenges for plant breeding has always been genotype x environment
interaction. In present study, genotype X environment interaction was invesitigated for 13 winter oilseed rape
genotypes in six cold and temperate cold locations in Iran using non- parametric statistical methods during 2014-
2017 growing seasons. Four methods; Hildebrand, Bredenkamp, Kubinger, and De Kroon/van der Laan to verify
the main effect of genotype and environment as well as gennotype xenvironment interaction effect. Also, Nassar
and Huhn, and Thennarasu as well as Fox's superiority index and summation rank of Kang methods were used
for assessment of dadaptability of ghenotypes. Determination of significant main and interaction effect revealed
that all effects were significance with the exception of interaction effect in Kubinger method. By using plot from
the first method of Nassar and Huhn and Thennarasu, genotype BAL921 with mean seed yield of 4078.6 kg.ha™*
was superior to the other genotypes. Fox and sum of ranks of Kang methods identified cv. Nafis and cv. Nima
with mean of 4336 and 3902.4 kg.ha! seed yield as adapted cultivars. Identification of superior genotype(s) is
more reliable by method that considers high yield and yield stability of genotype(s). In this study, Fox and sum
of ranks of Kang methods was more efficient than other non-parametric statistical methods used due to having

the features, therefore the genotypes selected using these methods were identified as the most suitable genotypes.

Key words: Adpatation, Genotype x environment, Oilseed rape, Seed yield and Yield stability.
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