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Abstract

Background and objectives:

Cocksfoot (Dactylis glomerata L.) belongs to the Gramineae family, Pooideae subfamily, and Cyperales
order. Nowadays, this plant is cultivated as a fodder crop to create natural pastures and rangeland restoration
programs. This plant is cultivated as pure stands or mix-cropping with other grasses or legumes. Stability
analysis of genotypes in different environmental conditions to introduce superior genotypes is one of the
main goals of plant breeding programs. Considering the variation of climate conditions in different regions
of Iran, studying and understanding the interaction between genotype and environment is vital. Various
stability analyses, such as parametric and non-parametric methods, have been proposed to study the genotype
X environment interactions. Stability analysis using non-parametric methods is much simpler than parametric
methods; it reduces the deviation from outlier data and does not require normal data assumptions. Therefore,
the present study aimed to investigate the stability of forage dry matter yield of 36 cocksfoot populations in
different climatic conditions in the west and northwest of Iran using non-parametric methods.

Methodology:

The seeds of 36 populations of cocksfoot were sown in the field using a randomized complete block design
with three replications in Kermanshah, Hamadan, Zanjan, and Ardabil provinces, Iran, in
2011. Dataonforage dry matter vyieldswere collected over two years. The genetic diversity of
populations was investigated by combined analysis of variance, and mean comparison was made using
Duncan's method. After ensuring the significance of the genotype xenvironment interaction effect, the
stability analysis was made for forage dry matter yield using different non-parametric methods such as
(Ketata et al., 1989; Huehn, 1979; Thennarasu, 1995; Kang, 1988; Fox et al., 1990). Non-parametric
statistics were calculated using Excel 2010 software. The cluster analysis, principal component analysis
(PCA), and biplot diagrams were made using Minitab 16.

Results:

The combined analysis of variance analysis between four locations over two years showed a
significant effect of genotypes, environment and genotype x environment interaction effect (p<0.01). A
mean comparison between genotypes was done using Duncan's method, which placed them in different
groups._Different non-parametric methods introduced different genotypes as stable genotypes. A comparison
of the results of five non-parametric methods for determining the stability analysis of genotypes for dry
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matter yield showed that the two methods of Huehn and Thennarasu were consistent with each other in
identifying stable genotypes with average yield. On the other hand, the Kang, Ketata and Fox methods were
highly correlated with dry matter yield and introduced the stable genotypes having higher forage production.

Conclusion:

Based on five non-parametric methods and according to forage dry matter yield, the genotypes G14 (USA),
G15 (Karaj), G29 (Urumia), G35 (Gene Bank), G20 (Malayar), and G24 (Russia) were identified as the best
genotypes. Therefore, they can be introduced as selected genotypes for cultivation in similar areas, or they
can be used as cocksfoot germplasm for breeding programs. Among the five non-parametric stability
analysis methods, the Ketata method covered most of the stable genotypes coupled with high dry fodder
yield, so using this method in investigating the stability of cocksfoot and similar plants is more appropriate.
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Table 1 Geographical locations and meteorological information of the tested environments (1990-2010).

. . . Elevation Average annual Annual mean
Location Longitude Latitude .
(masl) rainfall (mm) temperature (°C)
Ardabil 48°17'24"E 38°14'33"N 1351 295.5 9.2
Zanjan 48°29'87"E 36°40'30"N 1638 311.1 111
Hamadan 48°30'54"E 34°47'54"N 1741 317.7 114
Kermanshah 46°31'39"E 34°06'34"N 1350 469.5 13.7
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Table 2. Combined ANOVA for DM vyield of 36
genotypes in four environments

SOV df MS
Environment 3 15.170™
Error 1 8 0.058
Genotype 35 0.704™
Genotype X Environment 105 0.529™
Error 2 280 0.039

CV% =13. 4%
**: Significant at the 1% probability level
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Table 3. Dry matter performance of 36 cocksfoot populations based on the average of four locations in Iran.

Genotype  Gen bank  Origin DM vyield Genotype  Gen bank  Origin DM vyield
No code Ton/h No code Ton/h
G1 197 Karaj (IR) 1.876 b G19 1453 Hamadan (IR) 1.223 Im
G2 199 Gene bank (IR)  1.793 bed G20 1455 Malayer (IR) 1.555 f-i
G3 255 Marand (IR) 2.063 a G21 1551 Russia 1.277 klm
G4 265 Qazvin (IR) 1.416ijk G22 1555 Kyrgyzstan 1.475 g-j
G5 411 Ardabil (IR) 1.384 i-l G23 1556 Estonia 1.279 kim
G6 412 Avrdabil (IR) 1.500 g-j G24 1557 Russia 1.546 f-j
G7 455 Tabriz (IR) 1.487 g-j G25 1609 Netherlands 1.361 j-m
G8 499 Zanjan (IR) 1.659 c-g G26 1634 USA 1.553 f-i
G9 540 Sirjan (IR) 1.185m G27 1668 USA 1.357 j-m
G10 628 Bejar (IR) 1.529 f-j G28 1715 USA 1.185m
G1l1 783 Qazvin (IR) 1.812 bc G29 1761 Urmia (IR) 1.666 c-g
G12 1053 Karaj (IR) 1.807 bc G30 1773 Sari (IR) 1.610 e-h
G13 1054 Spanish 1.449 h-k G31 2310 Zanjan (IR) 1.176 m
Gl14 1058 USA 1.862 b G32 10095 Sari (IR) 1.516 g-j
G15 1072 Karaj(IR) 1.754 b-e G33 10112 Karaj (IR) 1.293 kim
G16 1094 Gene bank (IR)  1.271 klm G34 10113 Karaj (IR) 1.710 b-f
G17 1250 Gene bank (IR)  0.907n G35 10155 Gene bank (IR)  1.618 d-h
G18 1261 USA 1.487 g-j G36 10505 Gorgan (IR) 1.477 g-j
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Means of genotypes within a column followed by the same letter are not significantly different (at P = 0.05).
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Table 4. Non-parametric stability statistics for DM yields of 36 genotypes in four environments of Iran.

Kang Fox
Yield Ketata et al. (1989) Huehn (1979) Thennarasu (1995)
Genotype oh (1988) | (1990)
89y kr ar SO 5@ 5@ S® | NP®  NP@ NPO® NP® RS TOP

Gl 188 | 1.10 580 54.9 33.0 3014.6 1559 269 | 4025 081 0.90 0.74 38 50
G2 179 | 058 557 54.4 17.5 2962.9 1594 335 | 5150 0.99 0.93 0.50 35 50
G3 2.06 0.77 39.0 49.5 355 2459.3 189.1 3.74 | 37.00 1.76 124 131 36 75
G4 142 | 019 837 254 15.8 646.9 231 1.01 | 2400 0.28 0.29 0.31 36 0
G5 138 | 053 87.0 51.1 223 2620.6 90.3 172 | 3150 0.30 0.51 0.41 36 25
G6 150 | 051 745 46.8 26.3 2197.6 88.50 170 | 31.75  0.39 0.57 0.53 23 25
G7 149 | 030 780 34.9 226 1220.6 46.95 136 | 27.75  0.32 0.42 0.45 37 25
G8 166 | 083 775 53.8 28.1 2895.0 1120 206 | 37.00 040 0.65 0.50 42 25
G9 1.18 0.60 95.7 443 24.6 1964.9 61.56 1.28 | 37.00 0.35 0.46 0.54 42 25
G10 153 | 030 727 36.1 19.1 1304.2 5378 150 | 2800 0.34 0.44 0.39 33 25
G11 181 | 070 57.2 594 19.1 3530.2 1849 355 | 56.00 1.09 0.98 0.58 37 50
G12 181 0.57 53.7 44.1 15.6 1944.9 108.5 2.73 | 42.75 0.77 0.88 0.54 26 50
G13 145 | 062 712 49.4 425 24475 103.0 1.89 | 3450 0.50 0.63 0.92 48 25
G14 186 | 036 385 315 25.6 993.6 7743 231 | 2825 091 0.91 1.36 17 75
G15 1.75 0.25 43.7 28.4 20.0 808.9 55.47 1.89 | 24.75 0.74 0.64 0.78 26 75
G16 127 | 045 955 42.8 20.0 1833.0 5758 131 | 29.00 0.26 041 0.40 33 25
G17 091 | 055 1122 401 17.1 1610.9 4305 106 | 3375 0.27 0.39 0.35 43 0
G18 149 | 054 685 49.0 336 2409.0 1055 231 | 4175 071 0.64 0.75 30 50
G19 122 | 027 1037 326 11.6 1064.9 30.7 0.94 | 2250 0.19 0.28 0.20 38 0
G20 155 | 013 66.5 19.7 14.5 389.67 175 0.96 | 1750 0.28 0.28 0.36 36 0
G21 1.28 0.50 87.0 341 225 1164.6 40.1 113 | 25.25 0.33 0.46 0.53 33 0
G22 147 | 011 775 16.8 9.67 284.3 1101 062 | 1275 0.16 0.20 0.20 37 0
G23 128 | 040 915 28.6 19.6 821.6 26.9 0.89 | 2475 029 0.38 0.46 30 0
G24 155 | 0.23 685 28.1 23.6 793.00 3473 109 | 2025 031 0.37 0.55 28 25
G25 136 | 038 855 42.2 15.1 1784.3 6261 168 | 37.00 042 0.44 0.30 30 25
G26 155 | 035 687 41.7 335 1742.9 76.05 202 | 3650 0.50 0.55 0.76 38 50
G27 1.36 0.62 83.2 49.4 28.1 2442.9 88.03 162 | 32.25 0.35 0.54 0.58 55 25
G28 119 | 064 925 45.7 39.6 2089.0 67.75 166 | 4450 0.50 0.52 0.78 60 0
G29 167 | 011 520 14.1 6.33 200.67 1158 081 | 1050 0.23 0.29 0.23 29 75
G30 161 0.62 52.7 54.2 411 2946.9 16760 3.04 | 3150 1.07 0.85 1.12 28 75
G31 118 | 0.68 937 47.0 29.0 2216.2 7092 157 | 41.00 042 0.51 0.62 57 25
G32 152 | 079 57.2 574 46.6 3300.9 1729 289 | 4000 1.08 0.89 1.25 47 50
G33 129 | 054 835 3657 | 2533 1337.00 48.04 131 | 2550 0.38 0.50 0.58 37 0
G34 171 | 1.01 620 62.7 42.1 3942.0 190.7 332 | 5450 101 0.92 1.01 42 50
G35 162 | 021 592 29.8 20.0 892.92 4521 151 | 1525 0.34 0.39 0.45 37 75
G36 1.48 0.79 62.0 56.7 455 3223.3 155.9 261 | 41.00 0.87 0.81 1.14 52 50

8gy, kr and &r Ketata et al.(1989) non-parametric stability indices;
Si: Huehn’s (1979) non-parametric stability indices;
NP: Thennarasu’s (1995) non-parametric stability indices;

RS: Kang’s (1988) stability index,
TOP: Fox et al. (1990) stability index.
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Table 5. Ranking of 36 genotypes for DM yield and Non-parametric stability statistics in four environments of Iran.

Yyy

Genotype ;;illging Ketata et al.(1989) Huehn (1979) Thennarasu(1995) (}fggg) F(olggg;i I
kr 8r Sgy SO §s® §® 50 NP NP;® NP;® NP RS TOP
Gl 2 10 32 36 27 32 29 29 28 28 31 25 11 2
G2 6 7 31 23 9 31 31 34 34 31 34 14 8 2
G3 1 2 27 31 30 27 35 36 23 36 36 35 9 1
G4 24 26 4 4 7 4 4 6 7 7 5 5 9 4
G5 25 29 28 18 16 28 24 21 17 9 17 10 9 3
G6 18 20 22 17 23 22 23 20 18 18 22 17 2 3
G7 19 23 12 10 18 12 11 13 12 11 11 11 10 3
G8 10 22 29 34 24 29 28 25 24 19 26 15 12 3
G9 34 34 20 24 20 20 16 10 26 15 15 18 12 3
G10 16 19 13 9 10 13 13 14 13 14 13 8 7 3
G11 4 35 30 11 35 34 35 36 35 35 21 10 2
G12 5 19 22 6 19 27 30 32 27 29 19 3 2
G13 23 18 26 25 34 26 25 23 21 24 23 30 15 3
G14 3 9 12 22 9 21 27 14 30 32 36 1 1
G15 7 7 15 6 14 22 8 26 24 28 3 1
G16 31 33 18 15 13 18 15 12 15 4 10 9 7 3
G17 36 36 15 21 8 15 9 7 20 5 8 6 13 4
G18 20 16 24 19 29 24 26 26 31 25 25 26 6 2
G19 32 35 10 8 3 10 6 4 6 2 3 2 11 4
G20 13 14 3 3 3 3 5 6 2 7 9 4
G21 30 28 11 16 17 11 8 9 10 12 14 16 7 4
G22 22 21 2 1 2 2 1 1 2 1 10 4
G23 29 30 7 14 12 7 5 3 9 13 6 4
G24 15 15 5 6 19 5 7 8 5 10 6 20 3
G25 26 27 17 13 5 17 17 19 25 20 12 4 3
G26 14 17 16 11 28 16 20 24 22 23 21 27 11 2
G27 27 24 25 26 25 25 22 17 19 16 20 22 17 3
G28 33 31 21 28 31 21 18 18 33 22 19 29 19 4
G29 9 4 1 2 1 1 2 2 1 3 4 3 1
G30 12 5 30 27 32 30 32 32 16 33 28 32 1
G31 35 32 23 29 26 23 19 16 30 21 18 24 18 3
G32 17 9 34 32 36 34 33 31 27 34 30 34 14 2
G33 28 25 14 20 21 14 12 11 11 17 16 23 10 4
G34 8 12 36 35 33 36 36 33 35 32 33 31 12 2
G35 11 11 8 5 14 8 10 15 3 13 9 12 10 1
G36 21 13 33 33 35 33 30 28 29 29 27 33 16 2

8gy, kr and &r Ketata et al.(1989) non-parametric stability indices;

Si: Huehn’s (1979) non-parametric stability indices;

NP: Thennarasu’s (1995) non-parametric stability indices;
RS: Kang’s (1988) stability index,
TOP: Fox et al. (1990) stability index.
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Figure 3. Scatter plot of DM vyield of 36 cocksfoot genotypes and the average rank of Huehn's statistics (Si), the average rank of Thennarasu's
statistics (NP), the sum rank of Kong's statistics, the average rank of Fox's statistics and the average rank of Katata's statistics
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Table 6. List of stable genotypes based on each of the investigated non-parametric methods.

Huehn (1979) Thennarasu (1995)

Kang (1988)

Fox et al (1990) Ketata et al.(1989)

G29 G29
G20 G20
G22 G22
G4 G4
G19 G19

G14
G12
G15
G30
G24
G6

G3 G14
G14 G15
G15 G29
G29 G35
G31 G20
G35 G24
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Figure 4. Dendrogram of genotypes cluster analysis by Ward's method based on non-parametric statistics
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Figure 5. Biplot (PC1 vs. PC2) of non-parametric stability parameter in 36
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