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(Triticum turgidum L. var. durum)
Assessment of non-parametric methods in selection of stable genotypes of

durum wheat (Triticum turgidum L. var. durum)
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Table 1. Name/pedigree of durum wheat cultivars and promising lines used in the experiment

L»;,i\( iy L»;,i\( (‘U
Code of Name of bopYomd
lines lines Pedigree of lines
Gl DW-92-1 Behrang (7. durum)
G2 DW-92-2 Chamran (7. aestivum)
G3 DW-92-3 MINIMUS/COMB DUCK 2//CHAM_3/3/FICHE_6/4/MOJO/AIRON/5/SOMAT_3.1/6/CHEN/ALTA...
G4 DW-92-4 ARTICO/AJAIA_3//HUALITA/10/PLATA_10/6/MQUE/4/USDAS573//QFN/AA_7/3/ALBA-D/5/AVO..N
G5 DW-92-5 LD357E/2*TC60//J069/3/FGO/4/GTA/5/SRN_1/6/TOTUS/7/ENTE/MEXI 2/HUI/4/YAV_1/3..3
G6 DW-92-6 CNDO/VEE//7*PLATA_8/3/GUANAY/10/PLATA_10/6/MQUE/4/USDAS73//QFN/...
G7 DW-92-7 CBC 514 CHILE/3/AUK/GUIL//GREEN
G8 DW-92-8 CMHS5.797//CADO/BOOMER _33/4/ARMENT//SRN_3/NIGRIS_4/3/CANELO _9.1
G9 DW-92-9 ARTICO/AJAIA_3//HUALITA/10/PLATA_10/6/MQUE/4/USDAS73/... 84/3/HUI/POC//B...
G10 DW-92-10  LD357E/2*TC60//J069/3/FGO/4/GTA/5/SRN_1/6/TOTUS/...
Gl11 DW-92-11  NUS/SULA//5*NUS/4/SULA/RBCE_2/3/HUI//CIT71/CI1*2/5/ARMENT//SRN_3/NIGRIS_4/3/...
G12 DW-92-12  ALTAR 84/BINTEPE 85/3/STOT//ALTAR 84/ALD/4/POD_11/YAZI 1/5/VANRRIKSE 12...
G13 DW-92-13  KOFA/3/SOMAT_3/PHAX 1//TILO_1/LOTUS_4
Gl14 DW-92-14  CBC 509 CHILE/6/ECO/CMH76A.722//BIT/3/ALTAR 84/4/AJAIA_2/5/KJOVE 1
G15 DW-92-15  SOOTY_9/RASCON_37//SOMAT 3.1
Gle DW-92-16 PLATA_6/GREEN_17/3/CHEN/AUK//BISU*2/5/PLATA_3//CREX/ALLA/3/SOMBRA_20/4/SILVE...
G17 DW-92-17  STOT//ALTAR 84/ALD/3/PATKA 7/YAZI 1/4/SOMAT_3/PHAX 1/TILO_1/LOTUS_4/5/SOOTY...
G18 DW-92-18  RANCO//CIT71/CIl/3/COMDK/4/TCHO//SHWA/MALD/3/CREX/5/SNITAN/6/YAZI_1/AKAKI 4/..N
G19 DW-92-19  YAV79//SOMAT_4/INTER_8/7/YAV79/6/CHEN_1/TEZ/3/GUIL//CIT71/CIl/4/SORA/PLAT..LD
G20 DW-92-20  ALTAR 84/CMH82A.1062//ALTAR 84/3/DIPPER/RISSA//ALTAR 84/AOS/4/ARMEN...
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Table 2. Results of the different statistical test methods of grain yield of 20 durum wheat lines in 8 environments

I embbbgla b,
Nonparametric methods

ey >
@1 bl 4 (Bredenkamp, (Hildgbrand, (De Kroon/Van der
S.0.V = gl df  ANOVA 1974) 1980) Laan, 1981)
Genotypes (G) bossi 19 1139674 12.716™ 117.12™ 51.385"
Environments (E) b Looes 7 240115462 429.43™ 415.11™ 7430.4™
GxE Lowx G55 133 580115 3065.41™ 47597 153.4m

w,:eﬁ:dblcb):)l:@n,,l:@nﬁé oS54 4ns

ns and **: Not significant and significant at 1% probability level, respectively
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Table 3. Stability analysis of grain yield for durum wheat lines based on non-parametric methods in 8 environments

Ola glao, LT 33 glae,LT iy ey Lt WS 5 WSb esls
RO (Huhn, 1990) (Thennarasu, 1995) Rank indexes (Fox et al., 1990)
Name of lines Sith ZiH N Zi® Si® Si® NP NP;? NP NP R SDR TOP
DW-92-1 6.43 0.028ns 31.14 0.030ns 1.08 4.69 3.75 0.250 0.342 0.422 9.50 5.58 0.0
DW-92-2 7.21 0.183ns 38.21 0.165ns 1.38 5.00 4.75 0.288 0.361 0.451 10.25 6.18 0.0
DW-92-3 8.79 2.627ns 57.71 4.011ns 5.94 46.07 6.25 1.042 0.801 0.990 9.50 7.60 50.0
DW-92-4 9.18 3.683ns 58.55 4.291ns 6.67 51.67 6.63 1.893 1.193 1.530 9.63 7.65 75.0
DW-92-5 7.46 0.382ns 38.70 0.199ns 5.91 35.89 5.13 1.464 0.990 1.271 10.88 6.22 62.5
DW-92-6 9.07 3.377ns 65.36 6.909ns 4.12 30.55 6.50 0.394 0.593 0.711 12.25 8.08 37.5
DW-92-7 6.54 0.008ns 31.41 0.023ns 1.90 10.90 3.88 0.235 0.347 0.432 10.38 5.60 12.5
DW-92-8 4.36 3.028ns 13.43 2.633ns 1.59 5.78 2.75 0.250 0.315 0.401 11.50 3.66 0.0
DW-92-9 6.96 0.057ns 33.27 0.000ns 3.85 23.40 4.88 0.513 0.533 0.688 11.13 5.77 37.5
DW-92-10 8.82 2.716ns 55.13 3.207ns 4.80 35.84 6.38 0.750 0.669 0.850 9.38 7.42 37.5
DW-92-11 8.00 1.050ns 44.57 0.859ns 5.08 35.31 5.25 1.050 0.769 0.985 10.00 6.68 62.5
DW-92-12 6.29 0.076ns 27.64 0.211ns 2.48 10.12 4.00 0.533 0.596 0.762 11.25 5.26 25.0
DW-92-13 5.54 0.715ns 22.13 0.829ns 2.07 10.69 3.38 0.293 0.395 0.498 10.88 4.70 12.5
DW-92-14 7.50 0.416ns 40.00 0.305ns 3.95 25.05 5.50 0.524 0.570 0.723 10.00 6.32 25.0
DW-92-15 8.32 1.609ns 47.70 1.399ns 3.40 21.57 5.63 0.469 0.550 0.708 8.63 6.91 25.0
DW-92-16 6.32 0.062ns 27.84 0.196ns 2.28 13.73 4.13 0.306 0.399 0.511 11.13 5.28 12.5
DW-92-17 5.64 0.584ns 22.57 0.764ns 2.47 10.95 3.75 0.357 0.439 0.557 11.50 4.75 37.5
DW-92-18 7.50 0.416ns 40.50 0.352ns 4.24 29.43 4.75 0.594 0.635 0.800 10.25 6.36 25.0
DW-92-19 6.50 0.013ns 29.64 0.087ns 3.58 19.79 4.50 0.474 0.536 0.684 10.75 5.44 37.5
DW-92-20 4.57 1.197ns 16.79 0.110ns 2.36 10.12 3.00 0.333 0.465 0.554 11.25 4.10 25.0
E(SiV) = 6.65 E(S®)=33.25
V(S{V) = 1.736 V(Si®) = 149.21
y? sum =9.140 v Z1,72=31.41
\yy
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Fig. 1. Two-dimensional graph of distribution of 20 durum wheat lines based on grain yield and SIIG method
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Table 4. Selection index of ideal durum wheat genotype based on non-parametric different methods and

distance from ideal genotype (d*), non-ideal genotype and grain yield

g ¥ el SIG sl $ls 3 Shes
Name of lines d+ d- SIIG index  Grain yield
DW-92-1 0.483 0.889 0.648 5687.1
DW-92-2 0.508 0.851 0.626 5602.7
DW-92-3 0.694 0.463 0.400 6226.8
DW-92-4 0.934 0.465 0.333 6416.3
DW-92-5 0.688 0.481 0.411 6395.1
DW-92-6 0.570 0.646 0.531 5888.0
DW-92-7 0.420 0.851 0.669 5734.3
DW-92-8 0.465 0.931 0.667 6052.5
DW-92-9 0.404 0.694 0.632 6086.2
DW-92-10 0.594 0.534 0.474 6002.4
DW-92-11 0.563 0.560 0.498 6178.2
DW-92-12 0.390 0.747 0.657 6232.2
DW-92-13 0.404 0.849 0.678 6020.5
DW-92-14 0.487 0.641 0.568 6005.0
DW-92-15 0.488 0.667 0.577 5815.2
DW-92-16 0.426 0.810 0.656 5923.3
DW-92-17 0.282 0.843 0.749 6094.8
DW-92-18 0.515 0.597 0.537 6087.9
DW-92-19 0.368 0.728 0.664 6116.6
DW-92-20 0.334 0.856 0.719 6215.0
Mean oSole 0.585 6039.0
Aas e Olis C}.&}A O‘l‘ Asls | :ﬂ&s« PP :)_i.L,.:« QL.SJJ@)\ L;so_i‘}l Cfij:)\“LiLéU s 7 SIIG
ol (a}_g.u e i L sl by, ST G3 (DW-92-4) G4 ol oY 3 b 1.5y
ol podd 8 me sl GlaC S 55 500 ol (DW-92-11)G11 5 (DW-92-5)G5 (DW-92-3)
VY


https://dor.isc.ac/dor/20.1001.1.15625540.1397.20.2.3.8
https://agrobreedjournal.ir/article-1-919-en.html

[ Downloaded from agrobreedjournal .ir on 2025-12-22 ]

[ DOR: 20.1001.1.15625540.1397.20.2.3.8 ]

IFAY Oy €Y o 3led ¢ty sl Nl seh) pols alos"

TOP o)Ll ¢(5 )Ll sloa sy, Ol )5

slacssila Sy sl 5l e (Fox et al., 1990)
S 5,8 glatsly s, S (L L Jyams
o) GV (Soan oins DL o go
2l 03 f e nl il s 5, Slas L e L
Jamshidimoghadam ) Cowl ol ufu)\)'f o Oladss
Ebadi tMohammadi et al., 2007 ¢and Pourdad, 2013
oo Le Olgn s -l sl «(Segherloo er al., 2008
Olgea |y (Fox et al., 1990) O, Ker 5 Sb 55 »
Sl 55 oLl gl cmsln jas L &S5
TOP sy slin o 23S Jai 55 S U ames
L olapY Olye 4 DW-92-5 5 DW-92-4 (gla Y
s as s b Y e 4 s YU s Shes il
Slaa=55 bl onl (K @l bl

LSl sla oy o sieq DW-92-20 5 DW-92-17
sDW-92-4 slacs s 5 dals 31 5YL ails 5 Shas
Sl sy Y 93 Ol geas Lgs DW-92-5
slagsben o Conglin o5, (eSS Slidiow
ol (Sl b 4 T (S Ol e

RETR

References

o555 VL il 5, Shes 51V pama o 25 ol
Kaya and Taner, ¢Abdulahi et al., 2003) Lus
Mohammadi et al., ¢Sabaghnia et al., 2006 ¢2003
> .(Jamshidimoghadam and Pourdad, 2013 42007
(SHG r3,) s malyLb sla by =S G ol
Mol Lo Olsea 1y daw e s Shas b gla Y
() ) s 0 glulis

(SIG jesLi) g mlyblb sla by, S gls
2ol sy DW-92-20 5 DW-92-17 sla Y
Ghlw aan j3 s we 6)€jL~J_EJj\ La
OLSa 3 0SSN0 55440 5 Shes b o i)
L DW-92-5 s DW-92-4 sla ,¥ 45 Jl= )5 (s g
PYA0 5 FFVE 5 5 a) Y a5, Ses 55 >
s oY e o G LS g3 p S48
oml g asls 5, Shes 5 51 LacsY o 5oLl
sla gy lesleul a S uas ool CH}A
Osa 9 5Ll g (Thennarasu, 1995) 531, (g el LU
o e Sl u_ia.ﬁ (Nassar and Huehn, 1987)
Soghi et al., ) 552 Vb 3 Sas b Il o)l Sl
.(Jamshidimoghadam and Pourdad, 2013 ¢2017

odlawl 3390 xbw

Abdulahi, A., R. Mohammadi and S. S. Pourdad. 2007. Evaluation of safflower (Carthamus spp.) genotypes
in multi-environment trials by nonparametric methods. Asian J. Plant Sci. 6 (5): 827-832.

Aghaee-sarbarzeh, M., M. Bahari, H. F. Arzadi, B. Andarzian, M. Dastfal and T. Najafi mirak.
2014. Evaluation of grain yield and its stability in durum wheat genotypes in warm and dry areas of
Iran. Iran. J. Crop sci. 16(1):1 -11. (In Persian with English abstract).

Akbarpour, O. A., H. Dehghani, B. Sorkhi-Lalelo and M. Singh Kang. 2016. A SAS macro for computing
statistical tests for two-way table and stability indices of nonparametric method from genotype by
environment interaction. Acta Scientiarum. Agron. Maringa. 38(1): 35-50.

Bredenkamp, J. 1974. Nonparametrische Priifung von Wechselwirkungen. Psychologische Beitrédge, 16: 398-416.

Brennan, J. P., A. Aw-Hassan, K. J. Quade and T. L. Nordblom. 2002. Impact Of Icarda Research On
Australian Agriculture, Economic Research Report No. 11. , Nsw Agriculture, Wagga. Australia.

De Kroon, J. P. M. and P. van der Laan. 1981. Distribution-free test procedures in two-way layouts: a concept

\ye


https://dor.isc.ac/dor/20.1001.1.15625540.1397.20.2.3.8
https://agrobreedjournal.ir/article-1-919-en.html

[ Downloaded from agrobreedjournal .ir on 2025-12-22 ]

[ DOR: 20.1001.1.15625540.1397.20.2.3.8 ]

"t B 3 6 AL sl sy bl
of crossover-interaction. Statistica Neerlandica, 35: 189-213.

Ebadi Segherloo, A., S. H. Sabaghpour, H. Dehghani and M. Kamrani. 2008. Non-parametric measures of
phenotypic stability in chickpea genotypes (Cicer arietinum L.). Euphytica, 162: 221-229.

Farshadfar, E., S. H. Sabaghpour and H. Zali. 2012. Comparison of parametric and non-parametric stability
statistics for selecting stable chickpea (Cicer arietinum L.) genotypes under diverse environments. Aust. J.
Crop Sci. 6(3): 514-524.

Fox, P. N., B. Skovmand, B. K. Thompson, H. J. Braun and R. Cormier. 1990. Yield and adaptation of
hexaploid spring triticale. Euphytica, 47: 57-64.

Hildebrand, H. 1980. A symptotisch verteilungs freie Rangtests in linearen Modellen. Medizinische Informatik
und Statistik, 17: 344-349.

Huehn, V. M. 1990. Non-parametric measures of phenotypic stability. Part I: Theory. Euphytica, 47: 189-194.

Hwang, C. L. and K. Yoon. 1981. Multiple Attributes Decision Making Methods and Applications, Springer,
Berlin Heidelberg. Germany.

Jahromi, H. M. A., M. Khodarahmi, A. R. Mohammadi and A. Mohammadi. 2011. Stability analysis for
grain yield of promising durum wheat genotypes in southern warm and dry agro-climatic zone of Iran. Iran.
J. Crop Sci. 13 (3): 565-579. (In Persian with English abstract).

Jamshidimoghaddam, M. and S. S. Pourdad. 2013. Evaluation of seed yield adaptability of spring safflower
genotypes using nonparametric parameters and GGE biplot method in rain-fed conditions. Seed Plant
Improv. J. 19 (1): 45-63. (In Persian with English abstract).

Kang, M. S. 1993. Simultaneous selection for yield and stability in crop performance trials: Consequences for
growers. Agron. J. 85: 754-757.

Karimizadeh, R., M. Safikhani, M. Mohammadi, F. Seyyedi, A. Mahmoodi and B. Rostami. 2008.
Determining rank and stability of lentil in rainfed condition by nonparametric statistics. J. Sci. Tech. Agric.
Natur. Res. 43(1): 93-103. (In Persian with English abstract).

Kaya, Y. and S. Taner. 2003. Estimating genotypic ranks by nonparametric stability analysis in bread wheat
(Triticum aestivum L.). J. Cent. Eur. Agric. 4 (1): 47-53.

Moghaddam, M. J. and S. S. Pourdad. 2009. Comparison of parametric and nonparametric methods for
analyzing genotype x environment interactions in safflower (Carthamus tinctorius L.). J. Agric. Sci.
Cambridge, 147: 601-612.

Mohammadi, R., A. Abdulahi, R. Haghparast and M. Armion. 2007. Interpreting genotype X environment
interactions for durum wheat grain yields using nonparametric methods. Euphytica, 157: 239-251.

Nassar, R. and M. Huehn. 1987. Studies on estimation of phenotypic stability: Tests of significance for non-
parametric measures of phenotypic stability. Biometrics, 43: 45-53.

Omrani, S., A. Mohammad Naji and M. Esmaeilzadeh Moghaddam. 2017. Yield stability analysis of

YR


https://dor.isc.ac/dor/20.1001.1.15625540.1397.20.2.3.8
https://agrobreedjournal.ir/article-1-919-en.html

[ Downloaded from agrobreedjournal .ir on 2025-12-22 ]

[ DOR: 20.1001.1.15625540.1397.20.2.3.8 ]

IFAY Oy €Y o 3led ¢ty sl Nl seh) pols alos"

promising bread wheat lines in southern warm and dry agroclimatic zone of Iran using GGE biplot model. J.
Crop Breed. 23(9): 157-165. (In Persian with English abstract).

Sabaghnia, N., H. Dehghani and S. H. Sabaghpour. 2006. Nonparametric methods for interpreting genotype x
environment interaction of lentil genotypes. Crop Sci. 46: 1100-1106.

Soughi, H. A., N. A. Babaeian Jelodar, G. A. Ranjbar and M. Hadi Pahlevani. 2016. Simultaneous selection
based on yield and yield stability in bread wheat genotypes. J. Crop Breed. 8 (18): 119-125. (In Persian with
English abstract).

Thennarasu, K. 1995. On certain non-parametric procedures for studying genotype-environment interactions
and yield stability. Ph.D. Thesis. P. J. School, IARI, New Delhi. India.

Zali, H., E. Farshadfar and S. H. Sabaghpour. 2011. Non-parametric analysis of phenotypic stability in
chickpea (Cicer arietinum L.) genotypes in Iran. Crop Breed. J. 1: 89-100. (In Persian with English abstract).

Zali, H., O. Sofalian, T. Hasanloo, A. Asghari and S. M. Hoseini. 2015. Appraising of drought tolerance
relying on stability analysis indices in canola genotypes simultaneously, using selection index of ideal
genotype (SIIG) technique: Introduction of new method. Biol. Forum — An Int. J. 7(2): 703-711.

Zali, H., T. Hasanloo, O. Sofalian A. Asghari and M. Zeinalabedini. 2016. Appropriate strategies for
selection of drought tolerant genotypes in canola. J. Crop Breed. 8(20): 77-90. (In Persian with English
abstract).

Zarei, L., E. Farshadfar, R. Haghparast, R. Rajabi, M. Mohammadi Sarab Badieh and H. Zali. 2012.
Comparison of different methods of stability evaluation in bread wheat genotypes under drought stress

conditions. Electronic J. Crop Breed. 5 (3): 81-97. (In Persian with English abstract).

AR


https://dor.isc.ac/dor/20.1001.1.15625540.1397.20.2.3.8
https://agrobreedjournal.ir/article-1-919-en.html

[ Downloaded from agrobreedjournal .ir on 2025-12-22 ]

[ DOR: 20.1001.1.15625540.1397.20.2.3.8 ]

" S 03 L sl iy b
Assessment of non-parametric methods in selection of stable genotypes of

durum wheat (Triticum turgidum L. var. durum)

Najafi Mirak, T.!, M. Dastfal’, B. Andarzian °, H. Farzadi‘, M. Bahari® and
H. Zali®

ABSTRACT
Najafi Mirak, T., M. Dastfal, B. Andarzian, H.Farzadi, M. Bahari and H. Zali. 2018. Assessment of non-parametric
methods in selection of stable genotypes of durum wheat (7riticum turgidum L. var. durum). Iranian Journal of Crop Sciences.

19(2): 126-138. (In Persian).

To evaluate of non-parametric methods for identification of high yielding and stable durum wheat genotypes,
18 durum wheat promising lines along with two commercial durum (Behrang) and bread wheat (Chamran) as
check cultivars, were evaluated in four warm and dry locations of Iran including Darab, Ahvaz, Khoramabad and
Dezfoul stations during two cropping seasons (2013-2014). The experiments were conducted in a randomized
complete block design with three replications. Results showed that the effect of environment (E), genotype(G)
and interaction of GE were significant in Bredenkamp (except for genotype) and Hildebrand for non-crossover
interaction (without change in rank) and de Kroon/van der Laan (except for interaction of GE) for non-crossover
interaction (with change in rank) methods. Results of SIIG (Selection Index of Ideal Genotype) method, based
on all non-parametric methods, showed that DW-92-17 and DW-92-20 genotypes (with 6095 and 6215 kg.ha™!
grain yield) were the most stable genotypes. According to SIIG method, the majority of non-parametric methods
may identify the stable genotypes considering the static (biological) concept, so the selected genotypes may not
necessarily produce high grain yield. Genotypes DW-92-17 and DW-92-20 were selected as stable lines with
higher yields (compared to control) and DW-92-4 and DW-92-5 genotypes were selected as high yielding lines

for complementary experiments, especially for resistance to diseases and quality characteristics evaluation.

Key words: Interaction of Genotype x Environment, SIIG method, Ideal genotype and Wheat.
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