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ABSTRACT

Introduction: Oats (Avena sativa L.), as one of the multi-purpose crops with high nutritional value, are used for both grain production and as fodder. Oat grain
yield is strongly affected by biotic and abiotic factors. These factors can lead to a decrease in yield stability and complexity in predicting genetic results.
Therefore, identifying superior and stable genotypes across different environments is crucial. This research aims to evaluate the yield and stability of oat
genotypes under various climatic conditions to identify and introduce genotypes with high yield and optimal stability.

Materials and methods: In this research, 21 oat genotypes were evaluated using a randomised complete block design with three replications across 16
environments (combination of year and place) under different conditions, including full irrigation, post-anthesis drought stress, and rainfed conditions during the
years 2009-2015. Stability analysis was conducted using univariate parametric methods, Lin and Binn’s superiority index (Pi), Romer’s environmental variance
(S%), Francis and Kannenberg’s coefficient of variation (CVi), Wricke’s ecovalence (W2i), Shukla’s stability variance (%), Plaisted and Peterson's statistic
(Ei)| geometric adaptability index (GAI), Pinthus's coefficient of determination (R2i), Finlay and Wilkinson’s linear regression coefficient (bi), Eberhart and
Russell’s variance deviation from the linear regression (S2di), and Perkins and Jinks's regression coefficient (8i). Non-parametric methods such as Kang’s rank-
sum method (RSM), Nassar and Huehn’s and Huehn’s stability statistics, Thennarasu’s stability statistics, and Fox’s superiority index were also applied. In
parametric analyses, 13 environments were selected due to non-homogeneity of error variances, while all 16 environments were included in the non-parametric
methods.

Results: Based on parametric indices, genotypes 19, 7, 21, 15, 4, and 6 with the lowest Pi values, and genotypes 1, 6, 20, 14, and 3 with the lowest W2i, 6%, and
values were identified as the most stable genotypes. Furthermore, genotypes 2, 11, 5, and 3, with the lowest S? values, and genotypes 5, 2, 6, 3, 12, 13, 9, and
21, with the lowest CVi values, were more stable than the other genotypes. The highest GAI values were observed in genotypes 19, 7, 21, 5, 17, and 4, which
were identified as stable genotypes. Genotypes 2 and 15, with the highest R?% values and above-average yield, exhibited greater stability. Additionally,
genotypes 1, 6, 8, 17, 20, and 21 were recognized as the most stable genotypes due to their bi values being close to one. Genotypes 1, 6, and 20 were noted for
having bi value close to one and lower S2di values. Furthermore, genotypes 6 and 20 exhibited the lowest Ri and S%di values. Based on the non-parametric RSM
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statistics, Genotypes 7, 19, and 21 were introduced as the most stable genotypes. Utilising Nassar and Huehn’s indices including 5

identified as stable genotypes. respectively enotypes 1, 6, 18, and 20 were also Genotypes 1, 6, and 18, and Genotypes 6 and 15, G6, enotypeGSi'j' and Si-ZB-,
In the evaluation of Thennarasu’s statistics including NPEI:LI,NPiI:!I,NPi'::' and .‘\]Pi':m, Genotypes 1, 6, 18, and 20, Genotypes 1, 2, 11, 14, 18, and 20,
Genotypes 1, 2, 8, 9, 11, 14, 18, and 20, and, Genotypes 1, 2, 11, 14, 18, and 20 were respectively introduced as the most stable. Additionally, based on the TOP
index, genotypes 4, 7, 15, 19, and 21 were identified as the most stable with favourable yields. According to the MID index, Genotypes 1 and 6 were identified
as the most stable with average yields.

Conclusion: Based on the results of the most parametric and non-parametric indices, Genotype 6 (GA Mitchell) was identified as the most suitable and stable
genotype, exhibiting a grain yield higher than the mean. Therefore, this genotype can be utilized as a valuable genetic resource in future breeding programs.
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Table 1- Name, and origin of the studied oat genotypes across 13 environments during

the cropping years (2009-2015).

5355 o les Genotype No. —5355 pb Genotype name L Origin
1 Ozark USA
2 UPF775456 Brazil
3 Wallaroo Australia
4 Euro Australia
5 Wintaroo Australia
6 GA-Mitchell USA
7 Potoroo Australia
8 13Zop95 Canada
9 Mortlock Australia
10 OH1022 USA
11 1A91098-2 USA
12 4Z0p95 Canada
13 Swan Australia
14 Kalott Sweden
15 Tarahumara Mexico
16 C-1/130 USA
17 UFRGS948886 Brazil
18 Nasta Finland
19 Brusher Australia
20 Arnold Germany
21 Quoll Australia
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Table 2- Types of experiments conducted across different locations, environments, and
cropping years in the stability analysis of different oat genotypes.

COd? of the . . Cropping .
enw:]cznme Location of the experiment Year Environment
El oLzile 5" Kermanshah 2009-2010 ~» Rainfed
E2 oLzile ,5 Kermanshah 2009-2010 sladlos F 5l ae  Sis i Post-anthesis drought stress
E3 olzile,s Kermanshah 2009-2010 ! Irrigated (Normal)
E4 o2 obledlul Eslamabad-e Gharb  2012-2013 ! Irrigated (Normal)
E5 olad s . Sarpol-e Zahab 2011-2012 ! Irrigated (Normal)
E6 oled ;. Sarpol-e Zahab 2011-2012 ~ Rainfed
E7 olzile 5" Kermanshah 2012-2013 ~» Rainfed
ES olisle .5 Kermanshah 2013-2014 Sladlos 3 5l aw  Sas i Post-anthesis drought stress
E9 olzile 5 Kermanshah 2013-2014 ~» Rainfed
E10 ! Hlam 2014-2015 ! Irrigated (Normal)
El1 olzile 5" Kermanshah 2014-2015 ~» Rainfed
E12 olzile,s” Kermanshah 2014-2015 Sladlos 3 5l aw  Sas i Post-anthesis drought stress
E13 oLzile 5" Kermanshah 2014-2015 ! Irrigated (Normal)
E14 oLzile,s Kermanshah 2012-2013 ! Irrigated (Normal)
E15 LI Ham 2014-2015 ~» Rainfed
E16 o2 obledlul Eslamabad-e Gharb  2012-2013 oo Rainfed
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Table 3- Combined analysis of variance for grain yield of 21 oat genotypes across 13
environments during the 2009-2015 cropping years.

Slayye w55k Mean squares

o5 2ol SOV sol;1 as o df 4ils o Sles Grain yield
L. Environment (E) 12 155134234™
Lo ) S5 1) sllas (Error 1: R/E) 26 4249846
—uigi5 Genotype (G) 20 24732337
Lae x i) (G X E) 240 2136835™
Y slas Error 2 520 978182
Js Total 818 4264363

**: Highly significant (a= 1%).
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Table 4- Univariate parametric stability statistics for grain yield of 21 oat genotypes across 13 environments during the 2009-2015
cropping years.

Genotype  Grain yield (kg. ha™) Pi S? CVi W3 o?i 8, GAI R bi* S2di B
1 3914 3734648 3368532 46.89 2250999 169840 454620 3431 28.00 1.14 147459 0.19
2 3760 4792352 1154802 2858 5772577 494196 608689 3597 68.00 0.63" 170429 -0.31
3 4318 3139243 1980152 32.59 4765547 401443 564632 4115 20.00 0.82 347575 -0.13
4 5003 1491584 4417764 42.01 6192898 532910 627078 4508 41.00 1.29° 333572 0.27
5 4720 2571904 1746525 27.99 7106601 617067 667053 4555 29.00 0.73 456528 -0.22
6 4756 2086046 2394209 32.53 3025732 241197 488515 4466  4.00 0.93 263698 -0.02
7 5719 707479 4925040 38.80 9805094 865612 785112 5242 34.00 1.33° 591484 0.37
8 3912 4020910 3163967 45.46 4945812 418047 572518 3473 2.00 1.05 440345 0.10
9 4293 3132429 2177981 34.38 5834933 499939 611417 4019 12.00 0.84 464660 -0.11
10 4363 2651495 4798963 50.21 8919377 784033 746362 3609 35.00 1.32° 529713 0.36
11 3179 6590011 1467301 38.09 7629686 665245 689938 2938 42.00 0.66" 399000 -0.28
12 4352 3071939 2016584 32.62 6803886 589185 653809 4112 18.00 0.79 504915 -0.16
13 4465 2949832 2166840 32.96 6614587 571749 645527 4237 13.00 0.82 521902 -0.12
14 3197 6285504 2041789 44.69 4676904 393279 560753 2818 17.00 0.83 352435 -0.12
15 5199 1278541 7564272 52.89 21626454 1954421 1302297 4260 61.00 1.67° 760201 0.71
16 3890 4767591 3064888 45.00 18845331 1698265 1180623 3502 6.00 0.80 1609431 -0.15
17 4895 2339411 3500184 38.22 12514489 1115162 903648 4550 0.00 0.99 1137678 -0.04
18 3202 6148165 2140559 45.69 4968490 420135 573510 2789 13.00 0.85 391697 -0.10
19 5865 381302 5634482 40.47 16363223 1469650 1072030 5337 24.00 1.36 1125351 0.41
20 3375 5548960 2696614 48.65 4153233 345046 537843 2908 0.00 0.97 376179 -0.02
21 5268 1197731 3535529 35.69 8131031 711422 711872 4907 1.00 1.08 721861 0.12
Mean 4364

‘_g)L_\.g.L; uM.Slgl)ls i “Sg‘) u..s}!!;l W2 uf,:..;ilf 9 Ml).e g_;l].:..;u o po CVi )09, L_,’Ja.au UMJLA)‘S S% P g U"J Sy ua>lm Pi o JL&J}\ C‘la"“’ 5 Ho:b1=1 ua).e dlﬁ t QsA)'T A s®
iz g 7S g gy ye By Jooly 5 Sl 5 S
*Result of t-test for Ho: bi = 1 hypothesis at the 5% probability level. Pi: Lin and Binn’s superiority index, S%: Romer's environmental variance, CVi: Francis and

Kannenberg’s coefficient of variation, W?: Wricke’s ecovalence, o?: Shukla’s stability variance, 8;: Plaisted and Peterson's mean variance component, GAl: Geometric
adaptability index, R?: Pinthus’s coefficient of determination, bi: Finlay and Wilkinson’s linear regression coefficient, S?di: Eberhart and Russell’s variance (mean square)
deviation from the linear regression, and Ri: Perkins and Jinks's regression coefficient.
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Table 5- Nonparametric analysis of variance for genotype x environment interaction of oat
genotypes across 16 environments during the 2009-2015 cropping years.

& 2lyLb bgy, Nonparametric methods

s 2l R RESS
SOV DF

Gl e 1) ool yailyl oy,5's g,
De Kroon and Van der Laan
method (crossover interaction)

Gslonl S 28 Jlie 1) GuaSSo 2 %,
Bredenkamp method (non-
crossover interaction)

bamo x i35 Jliia 1
G x E interaction

300

6045.76™ 6536.98™

**: Highly significant (a= 1%).
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(Hameed et al., 2020)
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Table 6- Ranking of oat genotypes based on grain yield in 16 different environments the mean and standard deviation of the environments'
ranks.

Genotvoe L. Enironment laams 4, HeSlaMean  lalas 45, ,Las il ilStandard
P El E2 E3 E4 E5 E6 E7 E8 E9 FE10 FE11 E12 E13 FE14 E15 E1l6 environments' rank deviation of environments' rank
1 15 11 8 10 12 13 12 12 19 21 18 13 21 4 19 10 13.62 4.85
2 17 20 15 17 16 11 16 18 7 16 10 12 6 20 10 18 14.31 4.40
3 9 14 12 14 7 7 13 17 9 18 7 6 15 17 4 12 11.31 4.39
4 4 4 5 6 3 5 4 6 6 14 9 14 17 5 13 3 7.37 4,54
5 8 13 16 8 8 6 10 9 2 2 1 3 18 8 5 9 7.87 4.85
6 5 7 11 9 11 2 8 8 8 7 11 7 14 6 9 7 8.21 2.80
7 3 3 2 4 1 1 3 10 10 1 5 9 1 13 2 5 4.65 3.84
8 12 10 7 15 18 17 7 19 15 8 13 17 13 11 17 17 13.50 4.00
9 13 8 20 12 10 4 14 14 5 17 8 18 3 15 7 8 11.00 5.15
10 7 6 4 5 14 12 9 16 17 11 20 20 8 14 18 13 12.00 5.22
11 19 21 21 21 16 15 20 11 16 19 16 16 12 14 14 19 17.06 3.25
12 10 9 6 11 15 16 17 13 3 5 6 8 10 7 11 11 9.89 4,01
13 16 12 13 16 6 3 15 7 12 10 2 5 9 18 8 14 10.31 4.89
14 21 18 17 19 21 19 19 15 14 12 15 21 19 21 16 21 18.00 2.87
15 2 2 1 3 5 14 5 4 21 9 19 11 16 3 3 6 7.37 6.59
16 14 16 9 20 13 18 21 1 4 13 14 10 20 10 12 15 13.12 5.54
17 1 15 18 7 4 9 1 5 13 9 4 4 2 19 1 4 7.87 5.85
18 15 17 14 18 20 21 18 20 20 20 17 19 7 16 21 20 17.87 3.48
19 1 1 3 1 2 8 6 3 1 4 12 2 5 2 15 1 4.18 4.19
20 20 19 19 13 17 20 11 21 18 15 21 15 11 9 20 16 16.56 3.88

21 6 5 10 2 9 10 2 2 11 6 3 1 4 1 6 2 5.00 3.44
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Table 7- Nonparametric stability statistics for grain yield of 21 oat genotypes across 16 environments during the 2009-2015
cropping years.

o g ka5 ol syluly slao bl 53hl @olly sleeLo] oSL s n slagarls
Genotype  Grain yield Nassar and Huehn’s and Huehn’s stability statistics Thennarasu’s stability statistics Fox superiority indices
No. (kg-ha") e 7D e 7(® NE) g(® N Np@  p@  Np®@ Wl AeS bsgie
i i i i i i i i i i TOP% MID% LOW%
4207 5.63 2.40 23.56 2.20 30.24 5.22 3.81 0.31 0.34 0.41 6.25 56.25 37.50
3789 6.74 0.08 33.00 0.17 4525 7.23 4,94 0.31 0.39 0.47 1250  25.00 62.50
4397 6.80 0.04 33.18 0.16 4798 7.71 5.00 0.42 0.49 0.60 31.25 43.75 25.00
5160 7.42 0.24 42.25 0.40 58.28 8.44 5.38 0.98 0.85 1.01 68.75  25.00 6.25
4864 6.82 0.04 33.45 0.13 48.36 7.20 4.63 0.58 0.71 0.87 3750 50.00 12.50
4920 4.21 10.01 13.66 6.78 18.53  4.06 2.69 0.34 0.44 0.52 4375 56.25 0.00
5628 8.36 2.45 51.43 2.80 68.19 9.10 6.44 2.15 1.52 1.83 75.00 25.00 0.00
3995 7.02 0.00 35.85 0.01 48.34  6.67 4.63 0.33 0.43 0.52 1250 37.50 50.00
4426 6.38 0.48 29.96 0.58 42.05 7.39 4,94 0.45 0.48 0.58 25.00 50.00 25.00
4411 7.45 0.28 40.33 0.17 53.78  7.33 5.13 0.43 0.51 0.62 25.00 43.75 31.25
3352 7.15 0.04 36.47 0.00 50.88  7.49 5.00 0.29 0.34 0.42 0.00 25.00 75.00
4510 6.81 0.04 33.40 0.14 4528 6.61 456 0.46 0.57 0.69 31.25 50.00 18.75
4453 8.33 2.34 50.43 243 67.61 8.85 6.19 0.56 0.66 0.80 31.25 43.75 25.00
3243 7.27 0.10 38.40 0.04 5486 8.38 5.50 0.29 0.33 0.40 0.00 12.50 87.50
5372 9.08 5.68 60.60 7.35 83.10 10.15 6.94 1.54 1.02 1.23 68.75  12.50 18.75
4025 8.07 1.52 46.60 1.27 62.13 8.18 5.75 0.43 0.50 0.61 12,50  50.00 37.50
4946 8.49 2.95 53.83 3.78 7555 952 6.06 1.01 0.90 1.08 56.25  25.00 18.75
3309 5.62 243 23.80 212 3321 553 3.63 0.20 0.26 0.31 6.25 6.25 87.50
5971 8.88 4.64 57.03 5.32 75.62 9.10 6.44 2.58 1.75 212 81.25 125 6.25
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Figure 1- Scatter plot of different oat genotypes based on the mean grain yield and S.f”

stability parameter.
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Figure 2- Scatter plot of different oat genotypes based on the mean grain yield and
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