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Tabel 1. Soil characteristics, average annual rainfall, and annual temperature of experiment locations (2016-2019)

SB Clogas (%o 2,3) SUL (lod Sk [ PR NI
Soil properties _ Mean Annual temperature (°C) Mean Annual precipitation (mm)
ol SBocdl adeol IS 1397 1398 1399 1397 1398 1399
Location Soil texture pH 0.C% 2018 2019 2020 2018 2019 2020
ohlss ) —so9 73 0.93 18.3 16.8 17.5 176.8 764.4 435.2
o oo
09 o9~y 7.4 0.61 139 133 145 694.4 900.9 603.6
Jsbr
Ol o s 75 0.48 16.6 17.2 19.3 363.1 538.6 3183
CubdngS =9 7.3 0.89 12.9 11.8 12.3 488.8 952.6 523.2
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Tabel 2. Methods of calculator the stability parameters of Grass pea genotypes
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Tabel 3. Combined analysis of variance for grain and forage yield Grass pea genotypes in three years and four

different locations

Sl (1o il a2 P @L“’_ .
MS df Sources of variation
(Grain yield) «ls > Sloe (Fresh forage yield) 5 adgle 5 Slas
1.48™ 322.1™ 215 Model Jo
8.8™ 1930.0™ 3 Location (L)%
19.4" 8421" 2 Year (Y) Jlo
26.4" 7145.1 5 L x Location Y x Year
’ ’ L x Yu&a X JL.:
1.08 303 24 L x YR (Year xLocation)/ repeat
' ' Lx YIR( e x Jlo) [ 1,5
0.62" 43.5™ 15 Genotype (G)uiss
0.49" 35108 20 Y x G Year xGenotype
Y X Gl x cuigi)
0.34" 17.4m 45 Y x G Location xGenotype
L X Gl x iy
0.328" 17,3 % L xY x G Location xYear xGenotype
LxY xGplKex Jo X cudgl
0.204 13.6 360 Errorlas

2oy ) 50 Jlis! pdaw 53 )1 gixe g )13 Gxo g ol s g NS

ns: not-significant, * and **: Significant at 5% and 1% probability level. respectively

onl Jeily o5 oo 4 ofiy (oluly (g8
G 90 dpogh delusl lalame (gl g 29 Aalgs
Sbowy) 4 dlwly Di pely o5 cunl ool bg)
2y 5 Mie gd e dyly islejl 55 &S el (6,500
(V) 2905 dalgs Cglds (g5 ) o0 398 Ll (300>
Vg ¥ AV OO gl g il o Wy
Sl Sl L8008 e B Gg e plull ]
g ol Vg WS A LAY clacss; Wed
WSy Sl ggeme yuehl Gl 5w S e
5 895 il e pa ) 9 W F A WY ey
sox 2 (M) ohles 5 Sl cbadl oy B
P g Uiudeel S lae ) Cg) SRy
oY ol el 4 dag b owoh s gladgle
9 5 dgle Mg wizmen 5 )lub (npoke KFSI8

el |, Sas

Fadgle 3,8os (5 by o5
By ¥ ol )3 opsiie ST gy 4 ylub 428 @l
ol 5 ddgle 5Slae (g)lul 40 s (Cal sud )
Sless) 5 ws) ouilub Olesa ca Ve g 0
O 9] bl Ol W F A0 Y ojled
SGs) 5 cigl oalul lsea cuipa ) g WY
aS oy L eyt g dwdly asld L00,8 s HlLL
5 9 okl Olisa ) 9 W E A& WY slacuis;
Al 808 e Ll lacas) plysa bl
A0 o)lods laceie) GominShy (i (Soms)S) oo
cod g dndh lawgie Gl meST (gl ((laore Ol
So a8 G5y cupd S (e bawgie 5yl
on oplplo 9wl bawgio b 5l 3YL (6)lub odims LS



ilisee (e e 5 Jlo dw 3 )5 55 5 ol

— bl gy 4 (g 5melybb e psie SO (gylk L;Lm)in‘)b oy ddgle 5 Slas yuolie —F Joi>
Table 4. Values of forage yield, univariate and non-parametric stability parameters by Nassar- Huehn and Thennarasu's method of the Grass pea in three years and four different

locations
Gen. Y 5@ 5@ & 5@ NPD NP@ NP® NP® WiZ el S2di bi CVi 00 11 KR
Gl 16574 3.61 9.52 8.97 2.57 3.17 0.40 0.32 0.31 496 44 6.6 1.1 711 11.5 8.3 6
G2 15847 5.68 22.99 27.84 5.17 3.50 0.55 0.51 0.63 132.8 13.0 16.4 1.1 80.4 10.9 12.3 19
G3 13790 477 16.75 23.77 5.03 3.92 0.61 0.59 0.62 53.9 438 7.0 0.9 76.8 11.4 8.5 21
G4 13745 4.02 11.54 17.11 4.45 3.92 0.71 0.60 0.54 50.7 45 3.6 0.9 70.1 11.5 8.4 21
G5 12839 4.36 14.42 28.00 6.24 3.25 1.33 0.79 0.77 88.6 8.4 7.7 0.8 743 11.2 10.2 27
G6 14668 5.38 20.93 29.71 6.00 3.08 0.63 0.52 0.69 34.0 2.7 4.0 1.1 81.0 11.6 7.6 12
G7 13893 6.79 34.36 54.00 8.86 5.00 1.03 0.76 0.97 77.1 7.2 10.3 0.9 77.0 11.3 9.6 23
G8 14549 5.94 26.88 37.74 6.81 3.92 0.75 0.57 0.76 64.6 5.9 9.2 1.0 78.4 11.4 9.0 18
G9 15357 3.42 11.64 12.80 2.40 2.17 0.32 0.30 0.34 30.2 2.4 3.2 1.1 78.0 11.6 7.4 8
G10 16680 7.09 37.24 44.69 7.02 5.08 0.69 0.65 0.77 155.8 15.4 20.5 1.1 75.7 10.7 135 17
G11 16883 6.03 27.52 36.32 6.56 4.00 0.78 0.57 0.72 704.0 72.4 94.0 0.8 70.3 6.9 40.0 17
G12 13961 6.18 27.97 45.02 7.56 3.83 0.86 0.70 0.90 127.2 12.4 18.2 1.0 83.6 10.9 12.1 25
G13 15141 4.29 13.54 17.35 3.94 3.17 0.32 0.40 0.50 38.7 3.2 3.7 1.1 80.6 11.5 7.8 11
G14 14969 3.70 10.70 12.84 3.27 2.33 0.28 0.31 0.40 18.0 11 2.0 1.1 78.2 11.7 6.8 9
G15 16289 5.61 23.61 25.54 4.89 433 0.39 0.47 0.55 75.2 7.0 2.6 1.2 82.2 11.3 9.6 13
G16 14499 5.98 28.08 34.01 6.04 4.00 0.36 0.51 0.66 118.4 11.5 10.6 0.8 64.8 11.0 11.6 23
KR 5 (9w 5 4200b) O (M) 0) (s pd) CVi o CyamanSy o pd) b (gm )y 51 Blipul) S20i (S g yuilyjlo) 017 () lasyo ggamme) WIZ (51515 sl yzal,b) NP® o NP® NP NPl 4 jLai sla yzal,l) SO 5 SO SO, 5O
(S 4, ggoma)

S® S@ S®andS ® (Nasar and Han parameters), NP ©, NP @, NP © and NP ® (Tenazaro parameters), Wi? (Rick sum of squares), ci? (Shokla variance), s%d; (deviation from regression), b; (regression coefficient), CV; (coefficient of
variation), 6 (Plasted), 0; (Plasted and Peterson) and KR (total Kang's rank).
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Table 5. The ranking of  Grass pea  genotypes in terms of forage yield in three  years and four  different locations in
terms of univariate and non- parametrlc stablllty parameters of Nassar- Huehn and Thennarasu
Gen. Y sm S@ S® NP@ NP®@ NP® NP@ Wiz o7 s2di CVi KR 04 i
GI 3 T T 2 7 § 3 T 5 5 7 1 il 5 12
G2 5 10 9 8 8 7 7 7 8 14 14 13 12 10 14 3
G3 14 7 7 6 7 9 8 11 7 7 7 8 7 11 7 10
G4 15 4 3 4 5 9 11 12 5 6 6 4 2 11 6 11
G5 16 6 6 9 1 6 16 16 13 11 11 9 5 16 11 6
G6 9 8 8 10 9 3 9 8 10 3 3 6 14 5 3 14
G7 13 15 15 16 16 15 15 15 16 10 10 11 8 13 10 7
G8 10 11 11 13 13 9 12 10 12 8 8 10 11 9 8 9
G9 6 1 4 2 1 1 2 1 2 2 2 3 9 1 2 15
G10 2 16 16 14 14 16 10 13 14 15 15 15 6 7 15 2
G11 1 13 12 12 12 12 13 9 11 16 16 16 3 7 16 1
G12 12 14 13 15 15 8 14 14 15 13 13 14 16 15 13 4
G13 7 5 5 5 4 4 3 4 4 4 4 5 13 4 4 13
Gl4 8 3 2 3 3 2 1 2 3 1 1 1 10 3 1 16
G15 4 9 10 7 6 14 5 5 6 9 9 2 15 6 9 8
G16 11 12 14 11 10 12 4 6 9 12 12 12 1 13 12 5

KR 5 (0ogyy 5 20dk) 01 fdby) Oy i o p0) CVIE {00 )55 ) B

(oS 31 lyoal) 52 (DS 55 il ls) 012 (S Slasyo Egame) W2 ([5,35 el ol i) NP®

NP® NP® NPO,( s 5 lai (sl zal)) SO 5 SO SOSD

(S 45 gg0x0)

S® 5@ SO and S ® (Nasar and Han parameters), NP @, NP @, NP @ and NP @ (Tenazaro parameters), Wi? (Rick sum of squares), 6i? (Shokla variance), s°d; (deviation from regression), b; (regression coefficient), CV; (coefficient of
variation), 6 (Plasted), 0; (Plasted and Peterson) and KR (total Kang's rank).
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Table 6. Values of grain yield, univariate stability parameters, non-parametric according to Nassar- Huehn and Thennarasu method of Grass pea in three years and four different

location

Gen. Y SO 5@ SO 5O NP® NP® NP® NP® Wi2 Il S2di bi CVi 04) 01 KR
GI 1511 7.06 36.88 4175 5.95 175 0.56 0.59 0.77 1.85 0.18 0.23 12 58.2 0.116 0.154 7

G2 1247 4.83 17.36 31.38 6.44 358 1.09 0.78 0.79 1.32 0.13 0.18 0.9 55.8 0.120 0.128 29
G3 1525 5.11 20.39 20.86 4.23 4.08 0.39 0.42 0.47 0.86 0.08 0.12 1.0 457 0.123 0.106 12
G4 1478 6.02 28.75 30.85 5.76 4.92 0.45 0.52 0.59 0.88 0.08 0.12 1.0 49.3 0.123 0.107 16
G5 1364 4.09 11.88 19.60 5.40 2.83 0.45 0.51 0.61 0.38 0.03 0.05 1.0 50.3 0.126 0.083 14
G6 1475 455 15.27 16.80 3.60 3.25 0.30 0.41 0.45 0.46 0.04 0.07 1.0 46.0 0.126 0.087 10
G7 1239 3.09 7.97 16.97 439 217 1.03 0.54 0.60 0.23 0.02 0.03 0.9 483 0.127 0.076 17
G8 1411 4.82 16.42 18.69 4.14 3.33 0.35 0.41 0.50 0.66 0.06 0.09 1.0 483 0.124 0.097 13
G9 1254 5.61 22.15 34.00 6.70 4.42 0.60 0.72 0.78 0.91 0.09 0.12 0.9 52.6 0.123 0.108 26
G10 1723 6.05 26.27 30.68 5.54 4.17 0.61 0.57 0.64 7.97 0.82 1.10 1.2 67.4 0.074 0.451 17
G11 1442 6.29 31.36 34.21 5.83 4.75 0.36 0.52 0.62 0.92 0.09 0.12 0.9 44.9 0.123 0.109 20
G12 1523 3.12 7.06 7.17 2.40 2.67 0.41 0.33 0.29 0.29 0.02 0.04 1.0 45.4 0.127 0.078 5

G13 1377 4.36 14.70 23.66 5.22 2.67 0.58 0.52 0.64 0.78 0.07 0.11 1.0 53.1 0.123 0.103 17
Gl4 1312 4.94 18.61 24.56 4.88 3.58 0.43 0.53 0.59 0.69 0.06 0.09 0.9 488 0.124 0.098 18
G15 1405 5.74 23.54 29.04 551 3.67 0.41 0.50 0.64 0.79 0.07 0.11 1.0 485 0.123 0.103 17
G16 1264 4.89 18.27 3131 6.83 4.17 1.20 0.71 0.76 0.86 0.08 0.12 1.0 55.0 0.123 0.106 22

KR 5 (0oger 5 30) O (323) ) (S o p) CVI a5y o pd) DI w5 51 Byl $200i (MS 5 il lg) 02 (Ss) Slagyo gg0m) WIZ o535 (sloyzel,b) NPD 5 NPE NPO NPW,(la 5 lai sla el b) SO 5 SO SO

(K a5, g9ems)

S®W S®@ 5O and S ® (Nasar and Han parameters), NP @, NP @ NP @ and NP @ (Tenazaro parameters), Wi? (Rick sum of squares), 6i? (Shokla variance), s’d; (deviation from regression), b; (regression coefficient), CV; (coefficient of
variation), 6 (Plasted), 0; (Plasted and Peterson) and KR (total Kang's rank).
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Table 7. The ranking of the advanced genotypes of Grass pea in terms of grain yield in three years and four different locations in terms of univariate and non-parametric stability
parameters of Nassar- Huehn and Thennarasu

Gen. Y SW S@ S@ St NP NP NPt NP™ Wi2 Gl sadi CVi KR RN 01
GI 4 16 16 16 16 13 10 13 14 15 15 15 15 12 15 2
G2 15 7 7 13 13 7 15 16 16 14 14 14 14 16 14 3
G3 2 10 10 6 4 10 4 4 3 10 10 10 3 3 10 7
G4 5 13 14 11 11 16 8 9 5 11 11 13 9 6 11 6
G5 11 3 3 5 8 4 9 6 8 3 3 3 10 5 3 14
G6 6 5 5 2 2 5 1 3 2 4 4 4 4 2 4 13
G7 16 1 2 3 5 1 14 11 7 1 1 1 5 7 1 16
G8 8 6 6 4 3 6 2 2 4 5 5 6 6 4 5 12
G9 14 11 11 14 14 14 12 15 15 12 12 12 11 15 12 5
G10 1 14 13 10 10 11 13 12 11 16 16 16 16 7 16 1
Gl11 7 15 15 15 12 15 3 8 9 13 13 11 1 13 13 4
G12 3 2 1 1 1 2 6 1 1 2 2 2 2 1 2 15
G13 10 4 4 7 7 2 11 7 10 7 7 7 12 7 7 10
G14 12 9 9 8 6 7 7 10 6 6 6 5 8 11 6 11
G15 9 12 12 9 9 9 5 5 12 8 8 8 7 7 8 9
G16 13 8 8 12 15 11 10 14 13 9 9 9 13 14 9 8

KR 5 (i 5 52038) 01 {(5209) Oh) A0l t2) VI dms5) 22) B 5305 3 B1yol) i (35 55 ol l) O Sy Sl g5m05e) WE {3,555l ) NP s NP NP POl L (slnyir ) SO 5 S 5050

(S 45 ggoxa)

S®, S@ s®and S ® (Nasar and Han parameters), NP ), NP @, NP © and NP ® (Tenazaro parameters), Wi? (Rick sum of squares), i’ (Shokla variance), s2d; (deviation from regression), b; (regression coefficient), CV; (coefficient of
variation), 0, (Plasted), 6; (Plasted and Peterson) and KR (total Kang's rank).
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Extended Abstract

Introduction and Objective: Considering the requirement of the country to meet the
nutritional needs of the society and the nutritional needs of the existing livestock in order to
meet the nutritional needs, it is necessary to introduce cultivars that can be superior to the
existing cultivars in terms of adaptability and stability in arid and semi-arid regions. The use of
forage plants such as Grass pea can play an important role in crop rotation, soil protection,
reducing weeds and diseases due to high adaptability to dry and semi-arid climates and high
yield potential, nitrogen fixation, tolerance to drought and salinity. This research was carried out
with the aim of evaluating the interaction effect of genotype x environment and the stability of
forage and grain yield of Grass pea genotypes in different regions of the country.

Material and Methods: This study was carried out with 16 advanced Grass pea lines in
Gachsaran, Mehran, Shirvan Cherdavel and Kohdasht stations for three crop years in the form
of a randomized complete block design with three replications. Each genotype was cultivated in
6 lines with a length of 7.03 meters and a distance of 0.25 cm from each other. After analyzing
the composite variance for different years in different regions, mean comparison was done using
the minimum significant difference method at 5% and 1% probability levels. To analys the
stability and compatibility of lines, were used the stability methods of Francis and Kanenberg,
Eberhut and Russell, Rick's equivalence, Shokla's stability variance, Plasted and Patterson's
stability parameter, Finley and Wilkinson, Perkins and Jinks, Gang's total ranking, and the
single-variable, non-parametric method, Nassar- Han and Tanazaro.

Results: The results of composite variance analysis of forage yield and grain yield showed that
the simple effect of year, genotype, location and the genotype x location interaction effect for
both traits were statistically non-significant, and the interaction effect of year x genotype was
significant for forage yield and non-significant for grain yield. It was meaningful. The three-
way effect of year x location x genotype was not significant at statistical probability levels for
forage; but it was significant for grain yield. The forage yield for kholer lines from 12839 kg ha

! for line number 5 to 16680 kg ha* for genotype number 10 with 11.5% drop and 15%
superiority compared to Naghadeh, respectively. Also, in terms of grain yield, Grass pea lines
fluctuated from 1239 kg ha for line No. 7 to 1723 kg ha™* for Line No. 10 with a 2% drop and
36.3% superiority compared to Naghadeh. The results of the stability analysis of forage yield
showed that in terms of the Coefficient of variation parameter, genotypes 16, 5 and 10, in terms
of Phenyl Wilkinson genotypes 15, 2, 13, in terms of Shokla genotypes 14, 9, 6, and in terms of
Rick's equivalence, genotypes 14, 9, 6, and 13 were the most stable genotypes. The analysis of
grain yield stability by univariate method showed that in terms of Coefficient of variation,
genotypes 11, 12, 3, in terms of Phenyl Wilkinson, genotypes 13, 12, 4, 5, 6, in terms of
Shukla's, genotypes 7, 12, 5, 6, and in terms of Rick's equivalence, genotypes 7, 12, 5, 6, and 8
were determined to be the most stable Grass pea genotypes.

Conclusion: Based on the obtained results, in terms of forage yield lines No. 1, 10, 3, 9 and 15
and in terms of grain yield genotypes No. 12, 15, 8, 10 and 7 had high stability and yield
compared to other genotypes. In general, considering all parameters of stability and
compatibility, lines number 1, 10, 12, 15, 8, 7 and 9 were selected as the most stable lines, and
genotypes No. 10 and 15 were suitable for both forage and seed.
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