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Table 1- Name and origin of genotypes of quinoa

ID  awls Origin  Liw
Titicaca Denmark

Red Carina Holland, Dr. Cheraghi
Gizal Egypt
COLORADO USA, 2011 FAO (Q12) FAO
NAVLE-CHILE 2011-FAO (Q18) FAO
Bio-Bio_CHILE 2011_FAO (Q21) FAO
CHILE 2011 -FAO (Q22) FAO
CHILE 2011- FAO (Q26) FAO
CHILE 2011- FAO (Q29) FAO
CHILE 2011- FAO (Q31) FAO

o e S jo by Jad (b ez (5L Oliee g Alale glos (5:Sibe =Y Jgux
Table 2- Average monthly temperature and the amount of cumulative rainfall during the
growing season in the studied areas

Mean temperature (°C)  Llos Sl Rainfall (mm)  b,b ¢l
Month 3 355 el dngyl  pedls s 355 e ang)l  pedlS
Karaj  Shahrekord  Urmia  Kashmar Karaj  Shahrekord  Urmia  Kashmar

April 13.64 10.93 11.62 17.77 0.89 1.65 2.56 1.31
May 18.45 15.12 15.65 23.03 1.84 1.20 1.43 0.49
June 25.58 22.62 21.81 30.07 0.24 0.00 0.55 0.00
July 31.91 25.39 26.71 32.87 0.00 0.00 0.00 0.00
August 28.41 24.68 24.12 29.66 0.00 0.00 0.00 0.00
September  23.99 20.32 20.07 25.07 0.03 0.00 0.09 0.00

ls 0, Shoe (Sl po (255ke) <8 7o il )lg 4528 @l - =¥ Jgu
Table 3 A- Results of combined analysis of variance (mean squares) of grain yield

&l s’ @olio &ol3T a4 413 0 ,Sdos

S.0.V. df Grain yield

Environment e 3 10224326"
Block(Environment)  (fuso)S ol 8 13519

Genotype «wigi} 9 247231™%

Environment X Genotype g x o 27 114750"
Error isle)l slas 72 3961
C.V. (%) &l ks s g - 6.70

S gixe e M. o )0 ) Jlaim| e 1o lo giee e
**: Significant at 0.01 probability levels; ns: non-significant.
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@lizes lalSe jo ails o Slee il jly 4500 mlis - =Y Jgo
Table 3 B- Results of analysis of variance of grain yield in different locations

(MLS.) ey po cruSiloo

S ek = s 555 Y s
Karaj Shahrekord Urmia Kashmar

Block sl 2 1363™ 31718 20026 970"
Genotype ceigi) 9 66304" 259229" 186697 79253"
Error  cile;l s 18 1699 3429 7557 3161
CV. (%) &y sy - 9.56 3.44 8.00 10.49

SIS Fae e NS, 1o, ) Jlois| o j5 Jls e s
**: Significant at 0.01 probability levels; ns: non-significant.

Ao laplSe )3 1908 slacadsss (LS ;5 @5 5kS) ails o Slos (2 S0le e —F Jgur
Table 4- Mean comparison of grain yield (kg.ha™) of quinoa genotypes in different locations

i) s 55 Sl duog)| oS il
Genotype Karaj Shahrekord Urmia Kashmar Mean
Red Carina 540 1699 1107 639 996
Titicaca 470 1280 1066 829 911
Gizal 412 1761 1362 719 1063
Q12 413 1470 842 483 802
Q18 360 1701 1614 406 1021
Q21 237 1800 1122 368 882
Q22 247 1410 829 387 718
Q26 717 2196 1014 621 1137
Q29 570 2129 1096 543 1085
Q31 347 1560 818 362 772
LSD 0.05 71 100 149 96 n.s.

L0 Ao 9o yd O Jletil mhans o lo gime IS JBlas (503l b Jius & 50 4 b Silo
The means were independently compared with the LSD test at the 5% probability level.

Srebl slagts; ool 15 slagiess ails o Sles )luk a5 -0 Jgur
Table 5- Stability analysis of grain yield of quinoa genotypes based on parametric methods

ails H |
- - ol ailie  cups  cwys 51 Gl OERIE VISt
8 Sfbespilyly cins oy e oS ok »
: _. = e 2, O O ) N 3
Genotype Yield u-';-"-w 0 v, b s, 3{53_.,, w2
i Oi
Red Carina  996.42 23300 42585 53.16 0.91 111 766 9636
Titicaca 911.17 70088 30888 38.07 0.55 7664 104506 262289
Gizal 1063.33 30963 40670 57.44 1.02 7215 16475 51015
Q12 802.00 29256 41096 60.24 0.82 1342 12635 41799
Q18 1020.50 72074 30392 72.22 1.16 35101 108975 273015
Q21 881.58 33373 40067 82.34 1.24 610 21897 64028
Q22 718.33 23880 42440 72.92 0.90 253 538 12766
Q26 1137.17 55268 34593 63.81 1.18 21122 71162 182264
Q29 1084.58 43377 37566 68.37 1.25 7805 44407 118051

Q31 771.58 24829 42203 73.71 0.97 2392 2674 17893
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SARLLL slagtsy ubul 2 155 slagelsis ails o Skes gk 425 -7 Jgua
Table 6- Stability analysis of grain yield of quinoa genotypes based on nonparametric methods

. 953 glae ol O 9 Ll

T Thennarasu’s non-parametric statistics Nassar and Huhn’s non-parametric statistics
Genotype NP® Np® NP@ NpD s® S© Z, s@ 7, sM
Red Carina 0.24 0.00 0.20 0.00 0.86 0.57 1.59 2.00 2.07 1.67
Titicaca 0.84 0.57 0.46 2.25 7.43 1.91 1.47  14.25 1.83 4.83
Gizal 0.31 0.34 0.25 2.25 1.47 0.80 0.86 3.67 0.73 2.33
QI2 0.43 0.83 0.44 3.50 1.59 1.18 1.47 2.25 1.67 1.83
Q18 0.56 0.62 0.80 2.75 4.00 1.33 0.00 8.00 0.00 3.33
Q21 0.95 0.48 0.65 2.25 9.00 2.74 147 1425 1.12 4.50
Q22 0.22 0.67 1.38 1.00 0.33 0.67 2.61 0.25 6.09 0.50
Q26 0.45 0.49 0.32 3.75 3.19 1.16 0.00 8.25 0.03 3.50
Q29 0.27 0.38 0.60 2.25 1.20 0.80 1.12 3.00 1.31 2.00
Q31 0.81 0.70 1.88 1.50 3.00 222 1.47 2.25 1.67 1.83

Gk slogasly Gulul 15 slacaisiy sanas, -V Jeu
Table 7- Ranking of quinoa genotypes based on stability indices

gy onSle Syl
S 0, 6(;) Cv; Szdi Gzi Wiz NP® NP Np® Np® NE) S@ s e, Lad, Sbze

Genotype SR AR SD
CI;:’iﬂa 1 2 111 2 1 1 1 2 2 2 25 156 1.03
Titicaca 9 9 1 7 9 9 9 6 5 4 9 9 10 120 750 250
Gizal 5 5 3 6 5 5 4 2 2 4 4 6 6 65 406 144
Q12 4 4 4 4 4 4 5 10 4 9 5 3 3 82 513 2.09
Q18 10 10 7 10 10 10 7 7 8 8 8 7 7 129 806  1.69
Q21 6 6 10 3 6 6 10 4 7 4 10 9 9 115 719 234
Q22 2 2 8 2 2 2 1 8 9 2 1 1 1 58 363 3.22
Q26 8 8 5 9 8 8 6 5 3 10 7 8 8 102 638 250
Q29 7 7 6 8 7 7 3 3 6 4 3 5 5 79 494 195

Q31 3 3 9 5 3 3 8 9 10 3 6 3 3 91 5.69 2.82
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Abstract

Quinoa is known as a suitable plant in adverse environmental conditions due to its
desirable nutritional value and high production potential such a country like Iran, which
has a climate diversity, it will create food security, increase farmers' incomes and
sustainable production. To study the genotype and environment interaction and
determine the stability and adaptability of grain yield of quinoa genotypes in different
regions of Iran, ten genotypes were evaluated in a randomized complete block design
with three replications in four regions of Karaj, Shahrekord, Urmia, and Kashmar
during 2017-2018 cropping season. The studied genotypes included Titicaca, Red
Carina, Gizal, Q12, Q18, Q21, Q22, Q26, Q29, and Q31. The results of the combined
analysis of variance showed that the effect of environment and the genotype and
environment interaction on the grain yield were significant (p<0.01). The highest grain
yield in Karaj and Shahrekord (717 and 2196 kg.ha™, respectively) was obtained by the
Q26 genotype and in Urmia and Kashmar (1614 and 829 kg.ha™, respectively) by the
Q18 and Titicaca genotypes, respectively. According to the results of stability and
compatibility analysis with different methods and indices (parametric and non-
parametric), the Red Carina genotype was identified as a genotype with suitable and
stable yield and compatible with the study areas, with 996 kg.ha' grain yield higher
than the average yield of all genotypes (939 kg.ha™), the highest rank of simultaneous
selection index for yield and stability, the lowest mean rank (1.56), and the minimum
standard deviation of rank (SD = 1.03).
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