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Extended Abstract

Background: The process of selecting and introducing compatible genotypes with high yield
potential requires evaluation in different years and places. Due to the severe and rapid changes in
climate, which confront crops with all kinds of stress, especially drought stress, it is expected that
the cultivated area of crops, such as sunflower, which is highly desirable for planting due to its
special characteristics, will decrease. Undoubtedly, improving drought tolerance and developing
high-yielding cultivars is one of the most important goals in breeding programs. On the other
hand, in the selection and introduction of varieties, performance, the most important feature of
the breeding program, due to its polygenic nature, is strongly affected by biotic and abiotic
stresses. Therefore, taking into account the quantitative control, and the effects of the environment
and the interaction of the genotype x environment, selection for this trait is complex, costly, and
time-consuming. Therefore, understanding the genotype x environment interaction is essential
for the development of high-yielding and stable genotypes. Crop stability in the agricultural
concept means no deviation from the expected product response. Based on this, several methods
have been introduced for selection with optimal efficiency and high accuracy. Stability indices
are divided into two main groups: parametric and non-parametric stability indices. Each of these
two groups has advantages and disadvantages. Thus, if parametric methods are more capable of
evaluating the interaction effects of the genotype x environment and analysis of stability, non-
parametric methods have a higher ability to analyze non-crossed interactions. However, it seems
that the purpose of the plant breeder and the size of the studied sample are decisive in the
superiority of these statistics. If the purpose of the plant breeder is only to rank genotypes among
environments, non-parametric statistics are more suitable. If the sample size is small, the use of
parametric statistics will be more appropriate than non-parametric ones, but if the sample size is
large, the efficiency of both types of stability indices will be equal. It seems that using both
stability indices helps in selecting genotypes with stable performance. In this research, it was tried
to obtain comprehensive information about the studied genotypes using both groups of stability
indices.

Methods: One hundred oilseed sunflower genotypes were evaluated in a 10 x 10 simple lattice
design under two normal and drought stress (irrigation limitation) conditions during 2012 and
2013 (four environments) in terms of seed yield in Qezeljeh village in West Azerbaijan, Iran. For
this purpose, cultivation was done in lines with 5-meter long. The distance between the lines was
60 cm, and the distance between the plants on the lines was 50 cm. The criterion for applying the
treatment was the rate of evaporation from the class A evaporation pan. In both years, the field
was irrigated up to the 8-leaf stage in both normal and limited irrigation experiments after 90 mm
of evaporation from the Class A evaporation pan. From the 8-leaf stage onwards in the normal
irrigation experiment, irrigation continued in the same way until the end of the growing season.
In limited irrigation, irrigation was done after 180 mm of evaporation from the Class A
evaporation pan. Parametric and non-parametric stability indices were used to select genotypes
with high and stable performance. In this regard, the analysis of variance (ANOVA) was done
with a mixed linear model, considering the environment and genotype as fixed effects and the
year and replication as random effects. SAS software version 4.9 was used for ANOVA, and the
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STABILITYSOFT program under the R environment was used for stability analysis. Stability
analysis was done with seven different parametric methods (based on ANOVA and regression
analysis) and 11 non-parametric methods. Moreover, the STABILITYSOFT program was used
to show the relationship between different stability indices in the form of a heat map plot.
Results: Based on the results of combined ANOVA, the effects of the genotype and genotype x
environment were significant. Considering the variability observed among genotypes and the
different reactions of genotypes from one environment to another, stability analysis was done
with different parametric and non-parametric methods to select stable genotypes. Based on the
correlation results, the average yield (MY with S(3) statistics at the 5% probability level and with
S(6), NP(2), NP(3), NP(4), GE (6(i1)), and Kang statistics at the 1% probability level showed a
negative correlation and with NP(1), Wi2, ci?, Reg, MV (0i) and Sdi? statistics at the 1% level
showed positive and significant correlations. In particular, the three Shukla's statistics (ci2),
Wick's equivalence (Wi?), and MV (0i) parameters showed a positive correlation with yield.
Based on all parametric and non-parametric stability parameters, the AS613 genotype was
introduced as a genotype with high yield and stability.

Conclusion: The stability indices, which evaluate the stability of genetic materials, can be
beneficial to a large extent in the optimal and efficient selection of parental genotypes for
developing high-yielding and stress-tolerant cultivars.
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Table 3. Estimated stability parameters for grain yield in sunflower genotypes evaluated under normal and drought
stress conditions during two cropping years

09e5) AP0 2 e Slaghy)
Methods based on regression analysis

by 4325 2 (e sy
Methods based on analysis of variance

; L Sk il s 4l e Slyts g ;
45, R 5 . Lo ad) 0eSke uilylg addge 4 Jol 3,Ses 4 S5ke
. K i o bl adlge > ) . s} oylosd
oSy | oS e (12.L) GE (o5t 9 S5) oMl e (5 5 ) () L
Total July g eyl ol GE variance Mean variance ) oy Coefficient of Yield eronne
rank Eberhart and OpaiaShyy b tollin component Wricke Shukla environmental average (gr)
Russell Finlay and (Plal;sted) (Plaisted and W2 [ variations (Francis
Sai? Wilkinson bi 0p) Peterson) ! and Kzg}enberg)

107 36.06 1.68 217.75 193.04 494,91 166.12 75.41 31.82 1
104 220.95 0.81 214.07 373.17 1564.84 530.04 54.97 45.67 2
138 64.24 0.61 217.63 198.70 528.51 177.55 61.22 23.94 3
72 59.02 0.93 218.02 179.73 415.86 139.23 41.20 41.14 4
96 96.11 1.63 216.42 258.17 881.77 297.71 61.14 42.89 5
110 28.85 0.71 218.60 151.31 247.02 81.80 49.15 25.24 6
110 87.33 0.72 217.21 219.38 51.34 19.33 49.06 34.98 7
101 732,57 213 199.56 1084.52 5790.28 1967.27 83.11 60.11 8
89 33.37 1.13 218.62 150.47 242.01 80.10 58.92 29.33 9
88 0.73 0.83 219.38 113.01 19.53 4.43 55.26 20.02 10
112 87.83 0.48 216.85 237.11 756.67 255.15 44.25 35.35 11
33 0.80 1.07 219.42 111.11 8.25 0.59 38.10 37.23 12
132 95.87 0.23 216.08 274.67 979.76 331.04 49.84 30.62 13
75 45.05 0.93 218.36 163.29 318.16 106.00 42.68 37.36 14
54 16.52 0.67 218.86 138.61 171.55 56.13 29.05 37.25 15
139 183.71 0.22 213.94 379.52 1602.59 542.88 63.16 33.10 16
119 10.87 0.63 218.94 134.72 48.50 48.29 70.29 13.77 17
94 16.23 1.78 217.96 182.52 432.40 144,86 68.77 35.31 18
84 24.00 0.71 218.72 145.36 211.66 69.78 40.01 29.96 19
142 33.26 0.57 218.32 165.15 329.21 109.76 76.30 15.17 20
131 1.81 0.39 218.75 144.12 204.29 67.27 49.91 11.18 21
91 96.23 1.79 216.02 277.93 999.13 337.62 57.56 48.56 22
147 80.51 1.22 217.43 208.83 588.67 198.01 99.70 21.19 23
99 39.14 297 211.55 496.87 2299.67 779.98 68.47 58.88 24
168 59.02 -0.32 214.91 332.23 1321.69 447.34 53.15 23.47 25
66 60.57 1.35 217.77 192.03 88.88 164.07 45.53 47.08 26
66 7.77 1.21 219.18 122.70 77.06 24.00 56.51 29.18 27
151 85.82 1.73 216.44 257.31 876.68 295.97 105.61 25.39 28
62 3.63 1.28 219.22 120.96 66.73 20.48 58.11 29.50 29
39 10.11 0.77 219.11 126.28 98.33 31.23 29.34 38.35 30
91 47.34 0.88 218.29 166.76 338.82 113.03 46.18 33.91 31
98 22.41 0.56 218.56 153.42 259.54 86.06 35.90 28.68 32
37 7.03 1.49 218.85 139.00 173.92 56.94 44.77 44.76 33
82 21.06 1.95 217.33 213.77 18.03 208.00 62.40 42.70 34
136 127.85 -0.63 211.59 494.72 2286.90 775.64 56.32 34.07 35
115 25.17 1.09 218.83 140.07 180.24 59.09 83.77 19.41 36
144 27.52 0.07 217.23 218.46 645.87 217.47 33.07 24.38 37
84 43.36 0.53 218.02 179.81 416.33 139.39 32.67 37.59 38
59 35.63 0.89 218.57 152.72 255.41 84.66 36.94 40.29 39
114 42.82 1.86 217.10 224.92 84.28 230.53 78.00 33.93 40
95 1.65 257 215.01 327.04 1290.83 436.84 66.56 50.92 41
140 6.67 0.25 218.29 166.54 337.47 112.57 32.74 15.78 42
131 115.34 3.20 208.00 670.77 3332.64 1131.33 123.39 36.69 43
108 16.43 0.49 218.58 152.33 53.07 83.86 34.01 26.18 44
57 26.28 1.25 218.71 146.02 215.59 71.11 46.81 38.87 45
156 89.03 0.04 215.66 295.37 1102.74 372.87 56.23 25.65 46
136 47.18 0.50 217.87 187.12 459.74 154.16 54.36 22.81 47
108 7.26 244 215.56 300.42 1132.74 383.07 80.79 40.15 48
90 28.88 229 215.79 289.06 1065.27 360.12 60.82 51.37 49
125 10.44 0.51 218.77 143.10 98.23 65.21 53.25 15.66 50
125 13.02 243 215.49 303.58 1151.47 389.44 91.81 35.35 51
75 7.57 0.93 219.26 119.11 55.75 16.75 49.03 26.35 52
139 81.65 0.38 216.80 239.51 770.92 260.00 54.69 26.86 53
109 24.65 0.91 218.84 139.53 177.07 58.01 67.04 21.11 54
102 68.91 1.27 217.66 197.42 520.89 174.96 61.97 33.92 55
121 56.08 1.77 217.03 228.30 704.34 237.36 81.12 32.08 56
94 48.23 2.38 214.89 333.23 1327.64 449.36 57.28 57.77 57
119 79.21 0.57 217.21 219.32 650.99 219.21 48.83 31.81 58
160 6.63 0.04 217.64 198.45 527.02 177.04 30.78 12.89 59
103 144.73 3.99 200.00 1062.92 5661.99 1923.63 96.97 57.41 60
53 16.75 0.90 219.03 130.29 122.16 39.33 37.97 35.40 61
86 77.65 0.82 217.52 204.16 560.97 188.59 43.72 39.43 62
29 4.48 1.15 219.30 117.04 43.48 12.57 39.40 39.42 63
89 4.98 0.97 219.33 115.70 35.48 9.85 65.09 20.23 64
119 19.19 0.72 218.84 139.40 176.27 57.74 73.90 15.66 65
164 200.45 0.46 21411 371.15 1552.84 525.96 88.85 25.30 66
88 54.03 1.78 217.05 227.06 696.96 234.84 58.54 44.47 67
7 15.53 2.01 217.26 217.24 638.62 215.00 57.84 46.93 68
143 47.38 0.80 218.24 169.09 352.64 117.73 85.78 17.35 69
84 81.33 0.65 217.28 216.03 631.48 212,57 38.72 41.98 70
111 7.47 0.54 218.89 137.04 162.28 52.98 44.33 18.63 71
130 28.38 0.68 218.58 152.11 251.76 83.41 72.91 16.61 72
54 19.45 111 218.96 133.64 142.06 46.10 43.92 36.58 73
102 14.33 0.86 219.07 128.25 110.01 35.20 64.72 19.73 74
68 4.23 0.58 219.03 130.19 121.54 39.12 27.49 30.07 75
29 411 1.09 219.34 115.26 32.90 8.97 37.90 38.75 76
113 0.24 0.13 218.09 176.29 395.37 132.26 6.63 28.35 7
118 27.33 0.97 218.79 142.02 191.85 63.04 85.32 17.64 78
139 23.36 0.01 217.13 223.25 674.35 227.15 27.99 26.38 79
115 43.79 0.73 218.27 167.58 343.69 114.68 52.86 26.45 80
63 0.94 1.08 219.41 111.46 10.31 1.29 53.38 26.93 81
75 7.07 0.74 219.16 124.09 85.33 26.81 39.39 26.76 82
71 4.09 0.74 219.23 120.41 63.50 19.38 38.18 26.84 83
88 114.20 0.64 216.47 255.78 867.57 292.87 39.45 46.55 84
95 3.35 0.34 218.59 151.78 249.82 82.75 18.47 28.66 85
106 43.71 -0.05 216.44 257.12 875.55 295.59 26.78 37.77 86
123 32.97 0.68 218.47 157.81 285.63 94.94 54.98 22.74 87
129 40.00 1.09 218.47 157.60 284.36 94.50 88.39 19.60 88
141 30.56 0.62 218.46 158.21 288.02 95.75 84.52 13.94 89
59 7.70 1.29 219.11 126.42 99.14 31.51 53.63 32.79 90
47 7.14 1.39 219.00 131.64 130.19 42.06 49.90 37.67 91
70 6.99 0.67 219.08 127.68 106.63 34.05 33.15 29.19 92
123 19.03 0.36 218.25 168.34 348.16 116.21 32.29 25.28 93
95 14.64 231 216.02 277.58 997.05 336.92 69.19 44.81 94
54 28.60 1.17 218.71 146.09 215.98 71.25 43.48 40.25 95
110 5.11 0.45 218.79 142.04 191.93 63.06 30.55 22.57 96
140 62.48 0.56 217.60 200.18 537.30 180.54 60.14 23.56 97
141 155.91 0.01 213.96 378.81 1598.38 541.45 59.71 31.94 98
71 1.65 0.62 219.16 124.13 85.56 26.89 29.67 28.46 99
116 35.00 0.55 218.25 168.53 349.32 116.60 43.45 26.71 100
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Table 4. Estimated non-parametric stability parameters for grain yield in 100 sunflower genotypes evaluated under
normal and drought stress conditions during two cropping years

(V%8 5),15) 5,55 celoo ol

Tiiennarasu statistics (Tiiennarasu, 1995)

(VR (598) 9m 5 (VAAY ccy50 5 L) (90 9 s (slmo Lol

e &5 g5 oylad
Nassar and Huehn (Nassar and Huehn, 1987) and Huehn (Huehn, 1979) statistics (e5)> il Genotype
S1

Yield average (gr)

NP4 Ps NP> NPy 6 Ss3 Z3 Sz Z, number
0.59 0.51 0.38 2759 .63 37.38 011 663.58 0.03 315 31.82 1
0.75 0.54 0.51 31.84 178 74.60 2.18 1579.00 151 47.33 45.67 2
0.94 0.74 0.57 29.84 231 79.27 0.33 1123.00 0.34 40.00 23.94 3
0.25 0.35 0.27 27.59 0.65 9.27 1.39 38.00 151 19.33 41.14 4
0.47 0.49 0.37 33.75 1.20 30.20 0.06 712.25 0.0002 33.50 42.89 5
0.78 0.62 0.49 19.84 1.85 38.24 0.65 427.00 26.00 25.24 6
0.52 0.51 0.39 31.59 141 32.93 0.08 694.25 0.002 32.83 34.98 7
0.73 0.55 0.66 43.84 1.97 91.87 6.59 2128.33 241 51.00 60.11 8
0.75 0.53 0.40 26.09 1.70 45.08 0.13 653.67 0.003 32.67 29.33 9
0.52 0.36 0.66 10.59 1.49 17.49 1.90 137.00 12.33 20.02 10
0.64 0.60 0.50 37.50 1.83 53.27 0.31 111425 0.36 40.17 35.35 11
0.08 0.14 0.13 0.22 0.88 2.60 20.25 5.98 .50 37.23 12
0.75 0.62 0.36 24.34 170 60.26 0.21 1064.67 0.31 39.67 30.62 13
0.36 0.38 0.26 24.34 0.90 15.97 0.89 356.67 0.62 24.33 37.36 14
0.20 0.26 0.24 17.59 0.48 6.07 1.85 46.25 2.74 1450 37.25 15
0.96 0.73 0.56 41.09 2.12 86.95 1.29 1405.67 1.30 46.33 33.10 16
0.82 1.87 0.88 18.75 2.14 13.65 2.42 48.92 4.63 8.83 13.77 17
0.72 0.51 0.34 22.50 1.81 62.21 0.29 1104.25 0.21 38.50 35.31 18
0.47 041 0.29 22.00 122 22.48 0.72 04.67 0.49 25.33 29.96 19
1.37 1.60 0.77 26.84 341 71.18 0.73 403.33 0.77 23.33 15.17 20
0.91 3.24 0.95 21.50 2.22 11.96 2.55 26.92 5.69 .17 11.18 21
0.40 0.52 0.36 39.00 112 23.87 0.22 596.67 0.10 29.67 48.56 22
121 1.04 0.53 33.50 3.52 102.55 0.34 1128.00 0.34 40.00 21.19 23
0.28 0.43 0.48 38.09 0.76 16.48 0.52 68.25 0.75 23.50 58.88 24
1.24 0.95 0.70 34.25 2.99 124.70 231 1600.33 159 47.67 23.47 25
0.30 0.36 041 22.09 0.73 14.66 0.75 396.92 0.60 24.50 47.08 26
0.36 041 0.23 13.75 0.88 13.49 1.49 16.92 2.02 17.17 29.18 27
118 0.96 0.64 31.34 2.82 96.47 0.27 1093.33 0.34 40.00 25.39 28
0.64 0.40 0.36 16.09 1.45 35.49 0.41 51158 0.26 27.50 29.50 29
0.16 0.25 0.20 17.75 0.33 3.61 2.18 88.33 3.62 11.67 38.35 30
0.49 0.45 0.33 26.50 124 28.09 0.25 582.92 0.06 30.50 3391 31
0.56 0.57 0.33 25.00 155 28.48 0.63 434,25 0.47 25.50 28.68 32
0.14 0.31 0.32 24.00 0.36 3.55 2.14 94.92 3.79 11.17 44.76 33
0.54 0.47 0.45 28.25 1.48 48.66 0.21 1062.33 0.04 35.67 42.70 34
0.96 0.73 0.54 39.09 2.02 87.57 1.43 143758 1.48 4717 34.07 35
0.92 0.85 0.63 20.50 2.20 4454 0.83 74.92 0.80 23.17 19.41 36
1.03 0.82 0.63 29.34 2.61 90.25 0.36 113558 0.23 38.83 24.38 37
0.28 0.40 0.31 26.25 0.71 12.83 1.09 305.67 1.30 20.33 37.59 38
0.34 0.38 0.25 23.34 0.75 16.24 0.80 381.67 0.67 24.00 40.29 39
0.58 0.58 0.40 34.59 137 36.04 0.19 612.67 0.12 29.33 33.93 40
0.26 0.48 0.33 38.00 0.72 10.94 1.14 295.33 111 21.33 50.92 41
0.88 134 0.71 26.00 2.00 31.85 1.49 17.67 1.81 18.00 15.78 42
117 1.04 0.71 51.09 3.06 124.56 2.36 1608.92 1.08 4517 36.69 43
0.46 0.53 0.35 17.25 1.09 18.25 1.33 250.92 155 19.17 26.18 44
0.23 0.33 0.20 23.34 0.48 6.96 1.77 62.92 2.36 15.83 38.87 45
114 0.94 0.56 34.75 3.25 106.38 1.30 1409.58 114 4550 25.65 46
0.91 0.75 0.60 30.09 2.38 76.76 0.11 1004.25 0.05 35.83 22.81 47
0.67 0.69 0.48 39.25 1.94 54.20 0.16 1034.25 0.21 38.50 40.15 48
0.31 0.40 0.47 29.84 0.84 19.50 0.37 28.25 0.56 24.83 51.37 49
0.43 133 0.78 21.25 1.10 7.09 247 39.58 5.28 7.17 15.66 50
0.80 0.74 0.50 38.84 1.88 60.38 0.05 950.92 0.16 37.83 35.35 51
0.39 0.31 0.32 12.34 0.90 12.13 1.70 174.92 2.10 16.83 26.35 52
0.80 0.67 0.45 30.25 1.93 68.97 0.60 1224.25 0.65 42.50 26.86 53
0.97 0.76 0.52 20.75 2.29 54.13 0.28 568.33 0.05 30.67 2111 54
0.64 0.57 0.44 33.50 171 46.57 0.03 923.67 0.19 38.33 33.92 55
0.66 0.59 0.39 32.84 171 42,99 0.03 752.33 0.01 34.67 32.08 56
0.16 0.47 0.48 41.50 0.39 493 1.85 147.00 2.78 14.33 57.77 57
0.75 0.69 0.46 34.50 2.08 56.51 0.06 960.67 0.17 38.00 31.81 58
1.10 2.24 0.80 33.75 2.95 35.20 1.68 178.92 2.10 16.83 12.89 59
0.44 0.56 0.37 52.59 1.07 25.58 0.16 628.92 0.01 32.17 57.41 60
0.36 0.34 0.21 20.09 0.78 15.22 1.04 318.25 0.90 22.50 35.40 61
0.41 0.45 0.33 30.75 1.06 21.94 0.38 523.00 0.14 29.00 39.43 62
0.10 0.22 0.20 11.50 0.24 154 2.49 37.58 5.28 7.17 39.42 63
0.57 0.45 0.64 11.25 1.36 17.04 1.88 142.00 2.78 14,33 20.23 64
0.62 137 0.82 14.50 1.66 10.83 2.40 52.33 457 9.00 15.66 65
1.44 1.00 0.71 36.25 3.69 160.48 6.04 2072.92 3.91 55.83 25.30 66
0.30 041 0.37 30.34 0.74 14.90 0.79 383.58 0.75 23.50 44.47 67
0.18 0.35 0.33 30.09 0.48 5.16 1.89 138.92 2.64 14.83 46.93 68
1.29 1.25 0.65 28.00 3.25 75.42 0.21 603.33 0.04 31.00 17.35 69
0.42 0.49 0.36 35.50 112 24.45 0.22 599.00 0.05 30.67 41.98 70
0.46 0.83 0.64 19.25 115 11.91 212 98.25 3.68 11.50 18.63 71
0.97 114 0.70 22.34 2.38 37.24 1.29 260.67 1.30 20.33 16.61 72
0.39 0.34 0.28 22.25 1.00 18.98 0.69 412.92 0.51 25.17 36.58 73
0.54 0.67 0.61 16.50 141 14.43 1.96 126.25 2.83 14.17 19.73 74
0.29 0.32 0.17 11.91 0.67 8.74 1.82 153.00 2.59 15.00 30.07 75
0.18 0.16 0.24 11.25 0.44 5.14 1.97 125.58 3.14 13.17 38.75 76
0.68 0.56 0.42 26.25 1.82 47.45 0.0003 842.25 0.06 36.17 28.35 77
0.85 1.10 0.72 18.75 2.30 35.90 1.39 239.33 2.06 17.00 17.64 78
0.94 0.71 0.56 26.09 211 78.19 0.37 1140.25 0.47 4117 26.38 79
0.62 0.63 0.47 26.84 161 34.65 0.58 44758 0.70 23.83 26.45 80
0.49 0.26 0.37 10.34 1.06 19.19 1.30 259.00 1.44 19.67 26.93 81
0.35 0.40 0.30 18.59 0.90 10.90 177 161.67 241 15.67 26.76 82
0.25 0.34 0.38 12.75 0.71 5.09 231 67.00 4.20 10.00 26.84 83
0.26 0.42 0.27 33.84 0.58 10.00 131 255.00 137 20.00 46.55 84
0.47 0.48 0.26 17.41 1.17 22.00 0.82 377.67 0.62 24.33 28.66 85
0.54 0.49 0.49 29.25 1.40 47.35 0.28 1100.92 0.16 37.83 37.77 86
0.87 0.64 0.54 25.59 2.05 62.50 2.7E-08 833.33 0.01 34.67 22.74 87
0.95 0.98 0.60 24.75 231 48.98 0.59 44,92 043 25.83 19.60 88
0.94 2.30 0.86 23.00 2.37 20.14 2.22 82.25 3.68 11.50 13.94 89
0.36 0.33 0.23 17.84 0.96 13.44 1.37 242.00 1.44 19.67 32.79 90
0.19 0.33 0.16 22.00 0.55 4.97 2.06 109.33 3.29 12.67 37.67 91
0.21 0.31 0.23 13.50 0.52 4.28 2.30 68.92 4.14 10.17 29.19 92
0.75 0.74 0.42 24.50 1.96 38.79 0.49 481.58 0.23 27.83 25.28 93
0.24 0.46 0.20 38.84 0.60 9.26 1.46 222.92 2.02 17.17 44.81 94
0.34 0.35 0.31 18.75 0.77 15.59 0.86 366.33 0.72 23.67 40.25 95
0.73 0.76 0.55 19.59 178 33.30 0.99 330.25 1.02 21.83 22.57 96
1.24 1.05 0.58 31.50 3.23 89.48 0.03 924.67 0.19 38.33 23.56 97
0.96 0.74 0.56 38.00 2.38 91.29 2.63 1650.92 2.64 51.83 31.94 98
0.28 0.29 0.23 13.09 0.66 7.17 2.00 118.92 2.93 13.83 28.46 99
0.70 0.58 0.51 29.09 1.87 55.85 0.004 865.67 0.003 32.67 26.71 100

117 146.1 26.45 3170.77 Egoxe
0.61 0.67 0.45 26.25 154 38.02 577.17 31.70 oSke
Prob Chi-square statistic for sum of Zi, Z» Chi-square statistic for Z1, Z» VAR(S)2 VAR(S): E(S)2 E(S): Prob
0.05 123.225 0.05
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Table 5. Ranking of sunflower genotypes in terms of stability statistics

> Sdes pSile
Std AR SR KangsR  6() 6 CVi Sd2 o W2 NPs NPs NP, NPy S¢ Ss S S . (p59) ) olad
Yleld(av)erage Genotype number
qr,

10.44 5719 915 54 a7 59 84 60 59 539 53 47 42 57 55 62 68 66 48 T

2863 6844 1095 52 8 93 54 99 93 93 67 51 64 74 61 8 95 96 11 2

1311 7338 1174 84 39 62 70 78 62 62 8 74 75 64 8 8 8 86 76 3

19.39 3450 552 22 47 54 28 75 54 54 13 19 18 57 14 17 30 32 18 4

23.19 57.38 918 45 20 8L 69 90 81 8L 42 42 39 78 42 5 70 71 15 5

14.07 53.44 855 58 65 % 43 52 3 36 71 61 60 27 66 63 51 56 74 6

15.96 5725 916 58 30 71 42 86 71 71 45 45 44 73 48 54 69 70 39 7

33.86 7519 1203 48 1 100 89 100 100 100 64 52 86 98 72 94 100 98 1 8

1317 53.69 859 35 66 35 65 57 35 3 70 50 47 50 58 67 67 68 54 9

32.89 3494 559 32 98 56 3 46 21 87 3 52 38 17 13 85 10
19.84 6575 1052 62 25 76 34 87 76 76 57 60 63 8 65 73 8 89 36 11
25.41 10.63 170 3 100 1 21 3 1 101 1 1 1 1 1 11 32 12
21.22 6506 1041 81 19 82 44 89 82 82 69 62 36 43 57 78 82 85 50 13
13.47 3763 602 23 56 45 29 67 45 45 29 23 16 43 28 34 41 48 30 14
17.74 2075 332 8 78 23 6 3% 23 23 9 5 13 18 8 11 20 20 31 15
23.98 7931 1269 85 6 95 73 97 9 95 8 71 74 96 78 89 92 94 44 16
35.39 5181 829 69 80 21 81 29 21 21 74 97 99 22 79 28 5 5 98 17
18.08 5581 893 40 45 5 79 34 56 56 63 46 32 38 63 8 8 82 38 18
12.40 3944 631 28 69 32 27 4 32 32 40 30 21 33 43 46 49 53 52 19
2317 7106 1137 92 55 46 85 56 46 46 99 96 94 55 98 83 48 42 96 20
35.72 5088 814 79 70 31 46 7 31 3 79 100 100 32 8 23 2 2 100 21
26.58 55.38 886 38 17 84 61 91 84 84 33 48 37 93 39 47 62 61 7 22
17.05 8019 1283 95 36 65 98 82 65 65 95 88 67 76 99 96 88 86 82 23
3258 5244 839 47 4 97 78 61 97 97 17 33 59 90 23 36 55 43 2 24
22.93 82.19 1315 100 11 90 48 74 9 90 97 8 8 8 93 99 9 97 78 25
18.79 3919 627 16 43 58 37 76 58 58 21 22 48 35 20 30 47 50 8 26
22.16 2025 468 16 91 10 5 26 10 10 27 31 11 12 27 271 21 28 56 27
18.03 8119 1299 96 21 80 99 8 80 8 94 8 8 71 91 95 83 86 71 28
25.82 3825 612 14 92 9 63 9 9 9 56 27 3 14 50 58 57 57 53 29
20.62 15.94 255 5 88 B3 7 27 13 13 4 4 7 19 3 4 10 12 26 30
10.48 47.75 764 38 53 48 38 69 48 48 44 34 30 54 44 50 61 62 43 31
10.98 46.00 736 46 60 41 17 42 4 41 50 55 29 47 53 51 52 54 57 32
19.17 2056 329 4 77 24 3% 19 24 24 3 10 26 42 4 3 11 9 13 33
18557 5419 867 27 35 6 72 41 66 66 49 39 53 60 51 71 81 74 16 34
25.32 7744 1239 82 5 9% 58 94 9 9 8 70 68 94 74 90 94 95 10 35
24.00 5900 944 65 74 27 90 46 27 27 80 81 80 29 8 66 43 41 88 36
22.65 7119 1139 94 32 69 14 49 69 69 90 79 8 63 90 92 89 84 75 37
16.15 3631 581 28 46 55 12 64 55 55 19 25 24 52 18 25 38 36 29 38
15.14 3388 542 12 61 40 18 59 40 40 25 24 15 40 22 35 45 47 19 39
15.49 6069 971 64 28 73 86 63 73 73 52 58 4 8 46 60 65 60 1 40
3178 4375 700 22 12 89 76 6 89 89 16 41 31 8 19 21 37 38 6 41
27.07 56.38 902 88 54 47 13 17 47 47 77 94 92 49 73 53 28 30 93 42
27.07 8450 1352 79 3 98 100 93 98 98 93 8 90 99 94 98 97 9@ 33 43
14.15 3931 629 55 62 39 16 35 39 39 38 49 33 16 36 39 33 31 69 4
16.96 26.56 425 11 68 33 39 47 33 33 11 14 5 40 7 12 24 24 24 45
20.68 8088 1294 97 15 86 57 88 86 8 92 82 72 8 9 97 93 93 70 46
13.26 7019 1123 82 44 57 52 68 57 5/ 78 76 78 66 8 8 79 75 79 47
25.89 6538 1046 55 14 87 87 22 87 8 60 67 57 95 70 75 80 82 21 48
25.16 4888 782 37 16 85 68 53 85 85 23 28 55 64 26 42 59 51 5 49
31.27 4500 720 75 71 30 49 28 30 30 36 9 9 31 37 13 4 3 95 50
23554 6963 1114 75 13 88 96 30 838 8 73 72 62 91 68 79 77 77 37 51
23554 2806 449 23 94 7 41 24 71 7 32 9 25 8 30 24 25 25 68 52
17.14 70.63 1130 85 24 77 53 8 77 77 72 6 52 68 69 8 91 91 62 53
22.41 59.81 957 57 75 26 77 45 26 26 8 78 66 30 8 74 60 63 83 54
12.37 6156 985 49 4 60 71 79 60 60 58 5 51 76 59 68 75 80 42 55
1531 6469 1035 72 26 75 88 73 75 75 59 59 45 75 59 65 71 72 46 56
35.77 44.06 705 40 10 91 60 71 91 91 38 58 97 5 21 18 3 57
15.08 66.25 1060 69 31 70 40 81 70 70 66 68 54 8 76 77 78 719 49 58
31.72 63.06 1009 98 40 61 10 16 61 61 91 98 9 78 92 57 26 25 99 59
3377 62.06 993 51 2 99 97 95 99 99 37 54 39 100 35 49 66 67 60
17.88 2825 452 7 83 18 20 37 18 18 28 16 8 28 25 32 39 40 35 61
17.93 4725 756 31 37 64 32 80 64 64 34 36 27 70 34 44 58 59 22 62
2312 1263 202 1 95 6 25 13 6 6 2 6 6 2 2 23 63
31.39 3813 610 35 96 5 75 14 5 5 51 3 8 4 4 37 19 18 84 64
33.20 4894 783 69 76 25 83 39 25 25 55 95 97 13 56 19 94 65
22.40 88.13 1410 99 9 92 95 98 92 92 100 8 90 8 100 100 99 100 72 66
21.96 4569 731 32 27 74 64 72 74 74 2 29 39 69 21 31 46 43 14 67
23.96 3400 544 26 33 68 62 33 68 68 7 18 28 66 10 18 21 68
1857 7481 1197 93 49 52 93 70 52 52 98 92 8 59 97 8 64 65 91 69
21.22 4969 795 28 34 67 23 83 67 67 35 43 34 8 38 48 63 63 17 70
2755 4150 664 61 79 22 3 23 22 22 38 8 8 25 40 22 12 10 89 71
23555 6281 1005 78 63 38 8 50 38 38 8 91 89 37 8 61 36 36 92 72
17.55 3338 534 8 81 20 33 40 20 20 31 17 20 36 32 40 50 52 34 73
27.27 4313 690 49 85 6 74 31 16 16 47 6 79 15 49 29 16 17 86 74
19.97 21.00 336 18 84 7 4 12 17 17 20 1 3 7 16 15 22 22 51 75
22.96 1469 235 1 97 4 19 11 4 4 6 2 13 4 6 9 15 15 25 76
2157 51.88 830 63 48 53 1 1 53 53 61 53 49 52 64 70 73 76 60 77
27.63 58.44 935 68 73 28 92 48 28 28 75 90 93 22 8 59 31 27 90 78
23,59 6631 1061 85 29 72 5 43 72 72 8 69 71 50 77 8 90 90 67 79
6.70 5506 881 65 52 49 47 66 49 49 54 63 56 55 54 56 54 46 66 80
27.23 29.13 466 15 99 2 50 2 2 43 38 33 4 3 33 61 81
20.52 2775 444 23 N 1 24 20 11 11 26 26 22 21 29 20 23 23 64 82
24.29 2200 352 20 93 22 10 8 14 15 43 7 8 71 1 63 83
28.88 4138 662 32 23 78 26 92 78 78 15 32 19 8 12 18 34 35 10 84
17.05 36.06 577 42 64 37 2 8 37 37 41 40 16 17 41 45 44 48 58 85
23.42 56.19 899 53 22 79 65 79 79 48 44 61 62 47 69 84 77 27 86
13.67 62.94 1007 73 58 43 55 55 43 43 76 64 69 48 75 81 72 712 80 87
18.31 66.38 1062 77 59 42 94 62 42 42 84 8 77 46 8 72 53 55 87 88
30.46 61.63 986 920 57 4 91 54 44 44 81 99 98 39 86 43 10 97 89
19.81 2844 455 12 87 14 51 25 14 14 30 12 20 31 26 32 33 45 )
19.54 21.25 340 6 82 9 45 21 19 19 8 13 2 33 11 7 13 14 28 91
2111 1938 310 19 86 15 15 18 15 15 10 2 11 10 5 55 92
16.34 5519 883 73 51 50 11 38 50 50 68 75 50 45 71 64 56 58 73 93
31.32 4144 663 42 18 83 80 32 83 8 12 37 4 91 13 16 29 28 12 9%
14.24 3200 512 8 67 34 31 51 34 34 24 20 23 22 24 33 42 45 20 95
23.00 4725 756 58 72 29 9 15 29 29 6 77 710 26 62 55 40 39 81 9%
14.97 7569 1211 88 38 63 67 77 63 63 9 89 76 72 95 91 76 80 77 97
24.05 8025 1284 90 7 94 66 96 94 94 8 73 72 8 8 93 98 99 47 98
22.10 2006 321 20 89 12 2 12 18 7 10 10 15 14 14 16 59 99
11.32 59.56 953 67 50 51 30 58 51 51 62 57 65 61 67 76 74 68 65 100
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Figure 1. Heat map of correlation between stability indices in sunflower genotypes
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