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Extended abstract
Introduction
Quinoa is a dicotyledonous plant from the Amaranthaceae family. Due to the high nutritional value,
several breeding programs have been started on quinoa in different parts of the world. The goals of the
breeding programs are to increase yield, reduce sensitivity to day length, increase seed size, reduce seed
saponin content, and resistance to powdery mildew and seed color. The purpose of this research is to
select high-yielding and adapted quinoa lines using different parametric and non-parametric methods.

Materials and methods

The advance quinoa line NSRCQ8 (B), NSRCQ7 (C), Sadoq (D), NSRCQg (E) with the Titicaca as control
(T) in five regions, Yazd (Sadoq Salinity Research Farm, National Salinity Research Center), Sabzevar
(Sabzevar Research Station), Shiraz (Khorameh), Bushehr (Ahram) and Iranshahr (Bampur) were
evaluated in the form of randomized complete block design during two years 2019-2019. Planting date
in Sabzevar was August 15 with irrigation water salinity of 2.8 and soil saturated extract salinity of 4.5
dS m, Yazd was 23th of Augest with irrigation water salinity of 12 and soil saturated extract salinity of
16.4 dS m, Shiraz on August 20 and in the second year, August 25 with irrigation water salinity of 11.2
and soil saturated extract salinity of 8.5 dS m*and Iranshahr on December 15 with irrigation water
salinity of 2.8 and soil saturated extract salinity of 9 dS m and Bushehr 22nd of November and in the
second year on the first day of January with the irrigation water salinity of 6 and the salinity of the
saturated soil extract of 10 dS m and the planting date of the first year of Gorgan was the first of March
without the need for irrigation. Yield and weight of 1000 seeds, saponin content and size of seeds were
measured. The saponin content was determined using the method of Koziol, 1991. Bartlett's test was
performed to check the uniformity of variance of environments and then statistical analysis was
performed with SAS software. For the purpose of statistical analysis, line was defined as a fixed factor
and year and place were defined as random factors, and the F test was performed according to the
mathematical expectation of mean square of variation sources. Considering the significance of the
interaction effect of genotype in year and place, stability analysis was done using different parametric
and non-parametric methods with Stabilitysoft software.
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Results and discussion

The results of combined analysis showed that the interaction effect of place and year on grain yield and
foam height was significant. The interaction effect of line and place in year on measured traits was
significant. The interaction effect of year and location on grain yield and foam height was significant.
The results of simple mean comparison showed that the highest grain yield belonged to line D. The
thousand kernel weight of line D was 2.6 g on average and 40% of the seeds were placed in the large
class. The lowest loss percentage related to D line was 9%. Stability analysis with GGEbiplot method
showed that line D is located at the top of the polygon and showed a high private adaptability with all
environments except Bushehr in the first year. According to Wricke (1962) (Wi2) line D was ranked 1.
According to Finlay and Wilkinson's index (bi), number less than one is the least sensitive to
environmental changes, and line D had the lowest (0.9). Eberhart and Russell index (s2d;) showed that
line D was ranked 1. Line D is ranked 1 based on Shukla's index (02;). Total rank stability statistic (KR)
as another measure to determine the stability of genotypes was presented by Kang. Based on this, the
genotype with the lowest value is selected as the most stable. The lowest amount was observed in line D
(2) and the highest amount was observed in line B (6). Based on the average of the total ranks, line D
(1.44+1.09) had the most stability and line B had the least stability based on parametric and non-
parametric indicators of stability. Based on the results of GGEbiplot method and non-parametric and
parametric methods, line D had the highest performance and stability.

Conclusion

Evaluating parametric and non-parametric methods and GGEbiplot method showed similar results and
led to the selection of D line. In addition to stability, this line had a yield of 800 kg ha higher than
Titicaca variety. The amount of seed saponin was half of that in Titicaca variety. Due to the stability and
higher performance of this line, as well as the higher tolerance to salinity, this line was introduced and
named as Sadoq variety. Also, in addition to the yield, thousand kernel weight and the amount of saponin
were also affected by the environment.
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Table 1. Meteorological data and rainfall in the regions (Shiraz, Busher, Sabzevar, Yazd and Iranshahr)

Location J=o

Bushehr i

Sabzevar g jw Shiraz
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Lo Jrigres Lo JrigRes Lo JrijRes

Mean Mean Max Mean Mean Max  Mean Mean Max
Month oo Tem Tem. Tem Tem. Tem Tem.
21 March-21 April ;99 237 29.5 18.4 19.5 185 221
21 April- 21 May ol 1 28.1 342 22.6 304 21.9 29.9
22 May-21 June ol ;5 31.0 37.7 274 33.0 28.1 335
22 June- 22 July w337 38.3 316 36.4 313 35.6
23 July- 22 Aug slow 351 36.9 29.8 38.3 29.0 38.2
23 Aug- 22 Sep e 337 345 25.7 339 26.1 35.0
23 Sep- 22 Oct o 30.0 315 22.1 28.8 21.4 28.0
23 Oct- 21 Nov QL;T 26.0 275 13.2 24.8 154 254
22 Nov-21 Dec 597 21.1 23.7 8.9 17.6 11.0 20.8
22 Dec- 20 Jan $° 16.5 19.6 6.2 114 6.4 14.2
21 Jan-19 Feb Crode 16.3 19.0 6.1 10.9 7.9 11.9
20 Feb- 20 March ot 20.4 25.0 12.7 153 142 19.2
Rainfall During growing season (mm) 144 0 0
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22 Dec- 20 Jan & 16.5 19.6 17.0 155
21 Jan-19 Feb o 16.3 19.0 175 155
20 Feb- 20 March ol 204 25.0 24.7 215
Rainfall during grpwing season (m’m) 144 50
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Table 2. Analysis variance of quinoa lines seed yield in different environments
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Table 3. Mean comparison of quinoa lines seed yield in different environments.

ey p9d Jlw g Jol Jlw el ! pgo Jlw il ! Jol JLw ,lg e £9> JLw ,lgaw
) Bushehr year2 Iranshar yearl lIranshahr year 2 Sabzevar year 1 Sabzevar year 2
Lines El E2 E3 E4 E5
B 44462 390.67 346.29 ® 372.022 95.69 °
C 286.37° 519.63 ® 287.33° 333.34® 93.46°
D 506.452 615.27 2 361.252 358.63 2 214582
E 479.19¢ 334.92°¢ 325.02® 311.01® 36.56 ¢
T 431.4% 503.03 & 319.19® 269.35° 57.86 ¢
Mean 429.60 A 472.70 A 327.82 B 328.87 B 99.63 E
Table 3. Continued alsl.Y Jous
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Shiraz year 1 Shiraz year 2 Yazd year 1 Yazd year 2 Bushehr year 1
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Capital letters for mean comparison among enviroments and small letters for mean comparison among lines in each
enviroment. Same letters in each column indicate no significant difference.
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Table 4. Combined analysis of evaluated traits of quinoa in two years (2019-2020) in five location (Iranshahr, Yazd,
Sabzevar, Bushehr and Shiraz)
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Location (A)
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Year (Y)
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YearxLocation
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Table 5.Mean comparison of seed yield of quinoa lines in two years (2019-2020) in Iranshahr with physical cutting

method for location

als 513 39 oy b o Sy y buvgio y PN e
R o Thousand Extra Large Large Medium Small ol
Line  Seed Yield kernel weight seed seed seed seed Foam height
g.m? g % cm
B 368.5® 2.41° 052 10.6° 65.22 8942 1.6°
C 403.5% 2.70° 0.32 28.6® 61.02 5.7® 1.4°
D 488.32 2.60° 102 4302 446" 35° 2.2°
E 329.9° 3.044 092 3142 53.3® 852 250
T 411.1% 3.032 168 3582 50.0® 49°b 442

Same letters in each column indicate no significant difference.
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Table 6. Mean comparison of seed yield of quinoa lines in two years (2019-2020) in Sabzevar with physical cutting

method for location

oy &l 5 ,5dos als Hl5® 39 iy sl 5y ey 5 Luwgio ydy HooN comignl S gl
Li‘ﬁe Seed Thousand Extra Large Large Medium Small I;o;m heiaht
Yield kernel weight seed seed seed seed g
g.m? g % cm
B 23392 2.41° 532 93¢ 48.6 26.82 432
C 21342 2.64% 1.2° 16.9 b 59.82 20.3® 362
D 286.6 2 2,982 26® 46.02 40.9° 8.3°¢ 408
E 173.82 2.76%® 2.1%® 27.8° 50.7 % 16.4 ¢ 4.32
T 163.6 2 2.80°2 36%® 25.8°P 55.92 12.6 ¢ 378

Same letters in each column indicate no significant difference.
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Table 7. Mean comparison of seed yield of quinoa lines in two years (2019-2020) in Shiraz with physical cutting method

for location
alos o &ils Hl3 159 Cadyd sl pdy iy ydy bwgie Hdu R
o Seed Thousand Extra Large Large Medium Small oiglw A5 gl
Line Yield kernel weight seed seed seed seed Foam height
g.m? g % cm
B 149.82 2.07° 0.3° 59° 53.1°2 33.47° 46%
C 249.9° 2404 16% 9.8° 60.32 23.4° 3.3
D 27542 25773 0.9® 22.47 55.72 15.4° 272
E 190.7 ¢ 2482 1.2° 152 % 51.1° 20.9° 3.72
T 24062 2524 162 21.2¢ 56.7 2 14.6° 342

Same letters in each column indicate no significant difference.
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Table 8. Mean comparison of seed yield of quinoa lines in two years (2019-2020) in Yazd with physical cutting method

for location
als I3 oy39 Colipd b pdy Cdyd jd bwgio j 50
oY b oSdas Thousand Extra Large Large Medium Small oigle &S gl
Line Seed Yield kernel weight seed seed seed seed Foam height
g.m? g % cm
B 261.0° 1.94° 0.72 6.4° 51.02 35.12 35®
C 357.2® 2.15® 222 18.4 ¢ 5792 17.6 % 3.7®
D 418972 2.18%® 182 35412 47.72 12.1°¢ 13¢
E 327.7%® 2332 168 19.6 be 5552 20.7° 2.7°
T 373.3® 2.31® 182 285 5542 109¢ 438

Same letters in each column indicate no significant difference.
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Table 9. Mean comparison of seed yield of quinoa lines in two years (2019-2020) in Yazd with physical cutting method

for location
aldo,Slos Al 58 059 by jlews pdy Cldy ydy bwgie jdy 5 0
oY Seed Thousand Extra Large Large Medium Small oigbw A5 gL
Line Yield kernel weight seed seed seed seed Foam height
gm? g % cm
B 400.1® 2.61° 132 195¢ 63.02 1242 352
C 271.2° 2.61° 062 28.2 ¢ 53.5® 13.0¢ 272
D 432.1% 2982 104 4544 453" 6.6° 20¢
E 401.6° 2932 0.9° 4354 45.9° 7.4° 2.3
T 276.1° 2.90° 192 39.1® 48.1° 7.8° 3.0¢2

Same letters in each column indicate no significant difference.
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Fig. 1. GGEbiplot polygonal diagram for environmental grouping (Yazd, Shiraz, Iranshahr,
Gorgan, Sabzevar, Bushehr first year (Bushehr) and Bushehr second year (Bushehr 2)
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Fig. 3. Bi-plot to investigate between environments Yazd, Shiraz, Iranshahr, Gorgan, Sabzevar,
Bushehr first year (Bushehr) and Bushehr second year (Bushehr 2)
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Table 10. Parametric and non-parametric methods of stability analysis for grain yield (g m™) for five quinoa
lines in ten environments (Yazd, Iranshahr, Sabzevar, Shiraz during two years (2019-2020) and Gorgan

2016-2017 and Bushehr in 2019).

Lﬁzs ;éggofg):g S Z1 S S®) S(6) NP®  NP® NP® NP@W

B 258.13 169 011 204 001 708 462 130 056 056 0.65

C 283.68 173 025 218 0.09 700 443 130 043 051 0.62

D 361.24 102 465 116 193 236 191 120 040 032 0.23

E 282.02 158 001 179 012 596 407 110 044 054 0.58

T 300.28 127 155 117 188 420 360 110 036 052 0.51

Table 10. Continued alsl Ve Jous

oY wls o Khoe W2 W2(%) o% s b CVi  6p 6 KR
Lines Seed Yield (g m?)

B 258.13 51277 28.69 7840 7204 1.08 5885 4246 6870 10

C 283.68 37572  21.02 5302 5359 1.02 49.62 4880 5919 7

D 361.24 26815 15.00 3310 3829 0.99 36.88 5378 5172 2

E 282.02 28866  16.15 3690 4102 0.97 46.53 5283 5314 6

T 300.28 34207  19.14 4679 4820 0.94 4348 5036 5685 5

0i = mean variance component; 6(i) = GE variance component; Wi 2= Wricke’s ecovalence stability index; Wi (%)=Wricke’s
ecovalence stability index percent; bi = regression coefficient; S?di = deviation from regression; ci?> = Shukla’s stability
variance; CVi = environmental coefficient of variance; S® and S® =Nassar and Huhn’s non-parametric statistics; S(3) and
S(6) = Huhn’s non-parametric statistics; NP4 = Thennarasu’s non- parametric statistics; KR = Kang’s rank-sum; Y = yield.
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Table 11. Ranking of Parametric and non-parametric methods of stability analysis for grain yield (g m
2) for five quinoa lines in ten environments (Yazd, Iranshahr, Sabzevar, Shiraz during two years (2019-
2020) and Gorgan 2016-2017 and Bushehr in 2019).

o 4l 2,5 Los S S® s® s® NP®  NP@ NP®  NP@ W2
Lines Seed Yield (g m?)
B 5 4 4 5 5 4 5 5 5 5
C 3 5 5 4 4 4 3 2 4 4
D 1 1 1 1 1 3 2 1 1 1
E 4 3 3 3 3 1 4 4 3 2
T 2 2 2 2 2 1 1 3 2 3
Table 11. Continued alsl ) Jous
oY ails 9 o ot sd CVi KR 603 6 SR AR SD
Lines Seed Yield (g m?)
B 5 5 5 5 5 5 1 73 4.56 1.03
C 3 4 4 4 4 4 2 60 3.75 0.86
D 1 1 1 1 1 1 5 23 1.44 1.09
E 4 2 2 3 3 2 4 46 2.88 0.89
T 2 3 3 2 2 3 3 36 2.25 0.68

0i = mean variance component; 6(i) = GE variance component; Wi 2 = Wricke’s ecovalence stability index; bi

= regression coefficient; Sdi 2 = deviation from regression; ci 2 = Shukla’s stability variance; CVi

environmental coefficient of variance; S® and S@ =Nassar and Huhn’s non-parametric statistics; S(3) and S(6)
= Huhn’s non-parametric statistics; NP4 = Thennarasu’s non- parametric statistics; SR= sum ranks; AR =

average of the sum ranks; Y = yield.
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