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Table 1. Code, name and origin of the studied bread wheat lines in this research 

Origin  Name/pedigree  Code  

CIMMYT  AFTAB  G1  

CIMMYT  TACUPETO F2001*2/BRAMBLING// KIRITATI/ 2*TRCHCMSS08Y00140S-

099Y-099M-099NJ-29WGY-0B  

G2  

CIMMYT  LERKE/5/KAUZ/3/MYNA/VUL//BUC/FLK/4/MILAN/6/PROGRESO 

F2007/7/KIRITATI/4/ 2*SERI.1B*2/ 3/KAUZ*2/BOW//KAUZ 

CMSS08B00400S-099M-099Y-25M-0WGY  

G3  

CIMMYT  92.001E7.32.5/SLVS/4/WHEAR/KUKUNA/3/C80.1/3*BATAVIA//2*WBLL1CM

SA08M00321S-040M-0NJ-14Y-0B  

G4  

CIMMYT  QUAIU #1CGSS01B00046T-099Y-099M-099M-099Y-099M-29Y-0B-12B-0Y  G5  

CIMMYT  BECARD/PFUNYE #1CMSS09Y00374S-099Y-099M-099Y-10WGY-0B  G6  

CIMMYT  MEX94.27.1.20/3/SOKOLL//ATTILA/3*BCN/4/PUB94.15.1.12/WBLL1PTSS09

GHB00029S-0SHB-099Y-11Y-020Y-0MXI  

G7  

CIMMYT  SOKOLL/3/PASTOR//HXL7573/2*BAU/4/SRMA/TUIPTSA08M00045S-

050ZTM-050Y-28ZTM-010Y-0B  

G8  

CIMMYT  SOKOLL/3/PASTOR//HXL7573/2*BAU/4/MEX94.2.19//SOKOLL/WBLL1PTSA

08M00050S-050ZTM-050Y-56ZTM-010Y-0B  

G9  

CIMMYT  PASTOR/KAUZ/6/CNDO/R143//ENTE/MEXI_2/3/AEGILOPS SQUARROSA 

(TAUS)/ 4/WEAVER /5/2*KAUZ/7/2*PRL/ 2*PASTOR//PBW343*2/ 

KUKUNACMSS09Y01016T-099TOPM-099Y-099M-099Y-21WGY-0B  

G10  

CIMMYT  KACHU/3/PBW343*2/KUKUNA//PBW343*2/KUKUNACMSS09B00277S-

099ZTM-099NJ-099NJ-19WGY-0B  

G11  

CIMMYT  BAJ #1/3/TRCH/SRTU//KACHUCMSS 10Y00030S-099Y-099M-11WGY-0B  G12  

CIMMYT  KACHU/SAUAL/8/ATTILA*2/PBW65/6/PVN//CAR422/ANA/5/BOW/CROW//

BUC/PVN/3/YR/4/TRAP#1/7/ATTILA/2*PASTORCMSS10Y00374S-099Y-

099M-1WGY-0B  

G13  

CIMMYT  KACHU/SAUAL/3/TRCH/SRTU//KACHUCMSS10Y00375S-099Y-099M-

6WGY-0B  

G14  

MYTCIM  ROLF07/3/TRCH/SRTU//KACHU/4/SAUAL/MUTUSCMSS10Y00986T-

099TOPM-099Y-099M-7WGY-0B  

G15  

CIMMYT  MUTUS//ND643/2*WBLL1CMSS08Y00224S-099Y-099M-099Y-7M-0RGY  G16  

  

  

 b !N2- 7R1� &�= 7�+BV* A+"�5+]"
 %�* �� /D,�E� ���� &�= 

Table 2. Agro-climatic characteristics of the environments studied in this research 

Location / Year Environmental code Longitude Latitude Altitude (m) Rainfall (mm) 

Gachsaran / 2017-2018 E1 E50°50´ N30°17´ 710 445 

Gachsaran / 2018-2019 E2 

Gachsaran / 2019-2020 E3 

Khoram Abad / 2017-2018 E4 E48°28´ N33°39´ 1125 520 

Khoram Abad / 2018-2019 E5 

Khoram Abad / 2019-2020 E6 

Gonbad / 2017-2018 E7 E55°12´ N37°16´ 45 550 

Gonbad / 2018-2019 E8 

Gonbad / 2019-2020 E9 

Moghan / 2017-2018 E10 E47°88´ N39°39´ 100 312 

Moghan / 2018-2019 E11  

Moghan / 2019-2020 E12 
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Table 3. Non-parametric stability statistics studied in this research 

Formula† Reference 

 
Huhn, 1979; Nassar and Huhn, 1987 

 Huhn, 1979; Nassar and Huhn, 1987 

 Huhn, 1979; Nassar and Huhn, 1987 

 Huhn, 1979; Nassar and Huhn, 1987 

 
Thennarasu, 1995 

 
Thennarasu, 1995 

 Thennarasu, 1995 

 Thennarasu, 1995 

†: The parameters , , , , ,  and N are the rank of the ith genotype in the jth environment, mean rank 

for the ith genotype across all environments, rank of the ith genotype in the jth environment according to adjusted 

data, mean rank for adjusted data, median ranks for adjusted data, median ranks for the original data (unadjusted) and 

number of environments, respectively. 
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Alizadeh et al., 2020�� .( 3� /��2�0 /0&�*12I 72��' /� 
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 )Yan and Kang, 2003; 

Esmaeilzadeh Moghaddam et al., 2018;(.   

� � &�L�*����2 &�=Hildebrand   Bredenkamp 
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Laan-Kroon .<�=�0 u+M(
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2006; Ebadi Segherloo et al., 2008; Karimizadeh 

et al., 2013; Alizadeh et al., 2020.(
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%�SA+"� �� T�2 U!.R &�=KBLM� &�= 

Table 4. Combined analysis of variance for seed yield of bread Wheat lines in different environments  
Source of variations df Grain yield Sum of squares Mean square %TSSa 

Environment (E) 11 118288757** 1301176327 118288757 91.49 

Replication / E 24 245271** 5886503 945271 - 

Genotype (G) 15 953203** 14298049 953203 1.54 

G × E 165 433647** 71551824 433647 5.03 

Error 360 81087 - - - 

Total 575  1422104099 - - 

CV (%) - 8.09 - - - 
aTotal sum of squares. 
** Significant at 1% probability level. 

  

  

 b !N5- ;.<�=�0 /�PQ
 %�S  × A+"�g�H* �0 T��'�&�L�*����2 &�= KBLM�  &*�016 %�S  �� 7H��0 ���� T�2 U!.R12 A+"� 

Table 5. Analysis of line × environment interaction using different nonparametric tests on 16 bread wheat lines 

across 12 environments 

Statistics df χ2 Statistic 

Hildebrand 165 566.51** 

Kubinger 165 48.58 ns 

Laan-Kroon 165 305.14** 

Bredenkamp 165 8744.03** 
ns and **: Not-significant and significant at 1% probability level, respectively. 
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Table 6. Non-parametric stability statistics evaluated for 16 bread wheat lines 

Genotype 
Mean yield 

(Kg.h-1) 
Si

(1) Si
(2) Si

(3) Si
(6) NPi

(1) NPi
(2) NPi

(3) NPi
(4) KR 

G1 3766.3 4.00 13.82 12.67 3.00 5.00 0.38 0.43 0.33 12 

G2 3357.6 5.80 26.99 53.18 8.99 3.33 1.52 0.77 1.04 26 

G3 3489.4 4.27 12.91 17.75 4.25 3.08 0.36 0.46 0.53 14 

G4 3389.4 4.79 17.09 26.86 5.43 3.08 0.51 0.57 0.68 19 

G5 3647.7 6.03 29.27 29.27 4.73 4.58 0.35 0.47 0.55 19 

G6 3550.6 6.06 26.24 33.31 6.23 4.58 0.56 0.59 0.70 20 

G7 3812.6 4.30 15.15 13.51 3.30 5.00 0.38 0.45 0.35 12 

G8 3534.1 5.76 24.52 37.63 7.02 4.00 0.80 0.69 0.80 22 

G9 3522.3 4.77 17.17 24.91 4.88 3.25 0.43 0.55 0.63 19 

G10 3192 4.62 15.84 30.30 7.04 3.67 1.17 0.82 0.80 31 

G11 3540.1 5.06 18.42 24.32 5.28 3.50 0.49 0.48 0.61 9 

G12 3625.8 4.91 17.18 19.89 4.63 3.83 0.39 0.47 0.52 12 

G13 3593.9 4.74 17.30 18.56 3.90 3.92 0.34 0.44 0.46 12 

G14 3395.1 4.85 16.64 24.40 5.47 3.25 0.46 0.54 0.65 16 

G15 3538.1 4.17 12.39 14.73 3.62 2.67 0.31 0.35 0.45 9 

G16 3299.1 4.76 16.91 31.00 6.67 4.08 1.00 0.77 0.79 20 

S(i), Huhn’s (1979) and Nassar and Huhn’s (1987) non-parametric statistics; NP(i), Thennarasu’s (1995) non-parametric 

statistics; KR, Kang’s (1988) sum rank statistics. 
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Table 7. Stability rank of 16 bread wheat lines in each stability statistics along with their average rank 
Genotype Mean yield 

(Kg.h-1) 
Si

(1) Si
(2) Si

(3) Si
(6) NPi

(1) NPi
(2) NPi

(3) NPi
(4) KR ASR 

G1 2 1 3 1 1 15 5 2 1 3 3.4 

G2 14 14 15 16 16 6 16 14 16 15 14.2 

G3 11 3 2 4 5 2 4 5 6 7 4.9 

G4 13 9 8 10 10 2 11 11 11 9 9.4 

G5 3 15 16 11 7 13 3 6 7 9 8.9 

G6 6 16 14 14 12 13 12 12 12 12 12.3 

G7 1 4 4 2 2 15 6 4 2 3 4.3 

G8 9 13 13 15 14 11 13 13 14 14 12.9 

G9 10 8 9 9 8 4 8 10 9 9 8.4 

G10 16 5 5 12 15 8 15 16 15 16 ١٢�٣ 

G11 7 12 12 7 9 7 10 8 8 1 ٨�١ 

G12 4 11 10 6 6 9 7 7 5 3 ۶�٨ 

G13 5 6 11 5 4 10 2 3 4 3 ۵�٣ 

G14 12 10 6 8 11 4 9 9 10 8 8.9 

G15 8 2 1 3 3 1 1 1 3 1 2.4 

G16 15 7 7 13 13 12 14 15 13 12 11.1 

S(i), Huhn’s (1979) and Nassar and Huhn’s (1987) non-parametric statistics; NP(i), Thennarasu’s (1995) non-parametric 

statistics; KR, Kang’s (1988) sum rank statistic; ASR, average stability rank of all non-parametric statistics. 
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 b !N8- -����) T*��<�=   t��� &�L�*����2 &�=Fox et al., 1990 ( ��16 /D,�E� ���� T�2 U!.R %�S  
Table 8. Nonparametric statistics of Fox et al. (1990) in the 16 studied bread wheat lines 

Code G1 G2 G3 G4 G5 G6 G7 G8 G9 G10 G11 G12 G13 G14 G15 G16 

Low 8.3 75.0 41.7 50.0 16.7 50.0 25.0 58.3 50.0 66.7 50.0 41.7 25.0 41.7 33.3 66.7 

Mid 33.3 8.3 50.0 41.7 25.0 8.3 8.3 25.0 33.3 33.3 33.3 16.7 41.7 50.0 50.0 33.3 

Top 58.3 16.7 8.3 8.3 58.3 41.7 66.7 16.7 16.7 0.0 16.7 41.7 33.3 8.3 16.7 0.0 
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Table 9. Spearman’s rank correlation coefficients between mean grain yield (GY) and non-parametric stability 

statistics in 16 bread wheat lines 

Statistics† GY Sᵢ⁽¹⁾ Sᵢ⁽²⁾ Sᵢ⁽³⁾ Sᵢ⁽⁶⁾ NPᵢ⁽¹⁾ NPᵢ⁽²⁾ NPᵢ⁽³⁾ NPᵢ⁽⁴⁾ KR 

Sᵢ⁽¹⁾ 0.03ns          

Sᵢ⁽²⁾ -0.07ns 0.91**         

Sᵢ⁽³⁾ 0.56* 0.74** 0.68**        

Sᵢ⁽⁶⁾ 0.74** 0.60* 0.48ns 0.93**       

NPᵢ⁽¹⁾ -0.57* 0.13ns 0.27ns 0.02ns -0.13ns      

NPᵢ⁽²⁾ 0.65** 0.44ns 0.34ns 0.79** 0.90** 0.035ns     

NPᵢ⁽³⁾ 0.73** 0.52* 0.42ns 0.90** 0.96** -0.03ns 0.94**    

NPᵢ⁽⁴⁾ 0.77** 0.57* 0.47ns 0.94** 0.99** -0.15ns 0.89** 0.96**   

KR 0.61* 0.43ns 0.39ns 0.87** 0.83** 0.09ns 0.76** 0.88** 0.87**  

TOP 0.92** -0.11ns -0.24ns 0.31ns 0.53* -0.77** 0.39ns 0.48ns 0.56** 0.34ns 
†: GY, grain yiels; S(i), Huhn’s (1979) and Nassar and Huhn’s (1987) non-parametric statistics; NP(i), Thennarasu’s (1995) 

non-parametric statistics; KR, Kang’s (1988) sum rank statistics. 
ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively. 
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Figure 1. Cluster analysis of non-parametric stability parameters based on average grain yield of 16 bread wheat 

lines in 12 environments 
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Figure 2. Cluster analysis of the studied environments based on average grain yield of 16 bread wheat lines 
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Abstract 
Water scarcity is the most essential limiting element of agricultural production, particulary in arid 

and semi-arid areas throughout the world. The line × 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. In this regard to 

analysis of line × environment interaction and determine the yield stability of bread wheat genotypes, 

15 new bread wheat lines along with Aftab cultivar were evaluated in a randomized complete block 

design with three replications in four experimental field stations (Gachsaran, Khoramabad, Moghan and 

Gonbad) during three cropping seasons. Results of combined analysis of variance indicated that the 

effects of environments, line and line × environment interaction were significant, suggesting that the 

lines responded differently in the studied environment conditions. So, there was the possibility of 

stability analysis. According to mean rank of nonparametric stability parameters, the lines G1, G3, G7 

and G15 with the lowest value for mean rank were stable, whereas lines G2, G6, G8 and G10 with 

highest values were unstable. Also, the results indicated that the nonparametric statistics Si
(3), Si

(6), NPi
(2), 

NPi
(3), NPi

(4), KR and Top were associated with mean seed yield and the dynamic concept of stability. 

Therefore, these methods were suitable for selecting stable and high yielding lines in bread wheat. 

Finally, G7 line with average grain yield and high general stability was the top line of this test, which 

after additional tests can be a candidate for a new cultivar to introduce. 
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