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Table 1. Characteristics of tested quinoa genotypes

a3y [ Lacs 4255 dl & 4 ol S ey 0l Sl g R PR o

No. Genotype Origin SsiS Variety 55y dsb Maturity time sl £, Fl phay)als

Year of Sensitivity Saponin The (ol ¢ 50 3
entry into to content dominant The

the country photoperiod color of dominant

f M_.._w color of

ohiage the seed
1 Redcarina The Netherlands 2012 Cultivar o (fr.s - c .,. < ,.\mt
Neutral-day Middle Semi bitter Green Light
2 Titicaca Denmark 2011 Cultivar &0 23 & B s r.a..u&
Neutral-day Early Semi bitter Green Light
3 Gizal Egypt 2013 Cultivar o e ¢ § 7 ,.\mt
Neutral-day Early Semi bitter Green Light
4 Q12 US-Colorado (FAO) 2013 Accession & 3% nd s - o5
Neutral-day Middle Semi bitter Green Light
5 Q18 Chile (FAO) 2013 Accession S o e SO s = o
Neutral-day ~ Early to middle Semi bitter Green Light
6 Q21 Chile (FAO) 2013 Accession < O A B 235 s 7 a2
Neutral-day  Early to middle Semi bitter Green Light
7 Q22 Chile (FAO) 2013 Accession & % o s > oo
Neutral-day Middle Semi bitter Green Light
8 Q26 Chile (FAO) 2013 Accession < O A B 0235 s 7 o)
Neutral-day  Early to middle Semi bitter Green Light
9 Q29 Chile (FAO) 2013 Accession S o e SO s < o
Neutral-day ~ Early to middle Semi bitter Green Light
10 Q31 Chile (FAO) 2013 Accession & 3% nd s - o5
Neutral-day Middle Semi bitter Green Light
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Table 4. Combined analysis of variance for grain yield and other traits of quinoa genotypes in two years

i e s Sl Kol
Source of T Mean of squares
ol 6sl5!
variation Degree als 5 Shas Gls 458 05 6y plis) PPN G 5y slaws Sl Jsb &b L ol Ol
f = =z = =
maocmoa YLD TRW PLH r%h“ GWL,IC r.hiuﬂ r.h&r_% DpC Sap
DF DMA NI LI
L 1 484022"" 4.11°" 295.3" 199.3"°  464.8""  67.26™ 26.7°° 111.6™ 0.0001"
Year
IS S 4 650.42 0.009 66.25 1.18 19.87 22.12 5.37 18.06 0.403
Block/year
S 9 147411°"  0.132"°  1302. 6" 220.7""  38.1"" 37.9"  82.5""  31.14"" 258"
Genotype
e X5 9 8730"" 0.015" 4.29" 2.67" 4.71" 2,520 0.74" 1.45"  0.0001"
GenotypexY ear
bl sl 36 2631 0.102 57.55 4.41 3.74 7.58 3.53 9.88 0.063
Error
&) JOUPS V-
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slass Days to Flowering (DF) r%h% G s, sl (Plant Height (PLH) « & m\r.cc_ Thosand Kernel Weight (TKW) «ls 4158 o5 (Yield (YLD) 4ls uxﬂrfo
oS @b ks <Length of Inflorescences PCQ.VHLW Jsb « Number of Inflorescences (NI) r.nwﬂLN slass (Days to Maturity (DMA) G.N.rxsc G sy

.Saponin (SAP) s sl Ol ;0 <Diameter of Plant Crown (DPC)

4 by Olpi b 2 S

538 o3 VEP L Sy b Gy slaw

o

=

)o

(s

Uk,

2 oS

A3l 5 el 6,8 o3Il Dliw S ge

5 4l s Shee u;i:l.:e

ey

55 sl

).3‘

L .(F d)u\b-) S g oy YY/ Y l;é\.;j.b

O35 g 5 oS (&S 03Il 5 5l Slaws

.

—

MY s glaals 5o aslejl Jle g g soree

S8 3 0 8 AS” (Titicaca) VYF# & (Q31)

P aoals

56

SR gt gy 4

Byl &l

Sl wls 3 Shee Js u:f\-l.:o Sl B

0358 15 or Skl b 035 VY 2

33 pf SN bl gl sladl

..")J{

LT

Jbre sl ole & by e

(O ) 55 LS

\Ys



- s S

OYAY 5 AA) aleiT ol gle Jlo b TS gbe (55 olh) Sliw plo 5 4ils 5 Shas rﬁﬂf -0 Jgd
Table 5. Mean of grain yield of quinoa genotypes in the years of trial (2017and 2018)

53 41> 2 Slas Solposs  wpls G 3 sl G 3 sl o T Job b ks ol
= CFA»\?W%F.MV _ . _ B 3T slaw ) i o
(2 (e 8le) Yy ) (rasle) (e 8le) (ST S )
Genotype YLD (kg/ha) TKW (gr) PLH (cm) DF DMA NI LI (cm) DPC (cm) SAP (mg/gr)
Redcarina 1189° 1.67°% 121.67 53.33° 120° 15¢ 35.33° 13.67% 6.43°
Titicaca 1246 ° 1.73%® 100 © 40.17¢ 113.67° 16.17 ™ 31.67° 1° 5.13°¢
Gizal 1194° 1.58 < 100 © 46.5° 115.67 17.17 % 335%® 10.65° 56°
Q12 1016 © 1.42°¢ 141.83° 53.83° 119.5 % 15.83 % 28°¢ 15.75° 4674
Q18 886 ¢ 1.65% 118.83 ¢ 40.67 ¢ 122.67° 18.33 % 34.17° 13.92® 5¢
Q21 868 * 145¢ 132.33 % 39.67 ¢ 116.17 % 2233° 26.33°¢ 17.33° 497¢
Q22 88749 14° 12233« 54° 1175 19.5%® 2583 ¢ 13.54 % 4431
Q26 1115° 1.85¢ 140.25 ¢ 50.33° 118.67 >4 22.33° 33® 17.42° 56°
Q29 1043 © 1.65% 130.58 ™ 53.83° 118 ¢ 18.33 % 27.33°¢ 14.58 ® 5.57°
Q31 812°¢ 1.48 1325 50.67 " 117 °¢° 18.67 " 26.5° 14.83 63°
o 1025 1.59 124.03 48.30 117.88 18.37 30.17 14.27 5.37
Mean
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Figure. 1. Polygon view of genotpextrait (GT) biplot for quinoa genotypes during two years of experiment
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Fig. 3. Biplot of the average-tester coordination (ATC) for ranking genotypes based on their overall superiority
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Extended Abstract
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Kashmar region.
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Introduction

Quinoa (Chenopodium quinoa Willd.) is an annual seed crop from the Andean
region of South America. The broad adaptation, high nutritional value, and health
benefits of quinoa have contributed to its recent rise in popularity across the
globe (Hinojosa et al., 2019).Quinoa seeds provide a high-quality protein diet to
humans, as they typically contain significant amounts of the nine essential amino
acids. Quinoa also possesses high concentrations of iron, calcium, and phosphorus
(Vilcacundo and Herndndez-Ledesma, 2017), has unique extrusion properties and
has important end-use quality and consumer acceptance characteristics (Aluwi et
al.,2017). Quinoa has the capacity to grow and adapt to marginal environments in
many regions across the globe, and it exhibits notable tolerance to abiotic stressors
such as drought and salinity. In breeding studies, when trying to develop a cultivar
trait, it is possible to disrupt another trait. For this reason, the genotype X yield
x trait (GYT) biplot evaluates all the traits together and provides more accurate

results. In this regard, quinoa breeders should know whether any trait is negatively
Email address of the corresponding author: majidtaherianl@gmail.com
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or positively correlated with grain yield. The aim of this study was to assess
genotypes evaluation and trait profiles of quinoa using the GYT and GT biplot
techniques and characterization of quinoa based on multiple traits under irrigation
conditions.

Materials&Methods

10 quinoa genotypes (G1-G10) were studied during 2017 and 2018 at Kashmar
Agricultural Research Station. The experimental design was a randomized complete
block with three replications. Several main traits i.e., days to heading (DH), days
to maturity (DMA), plant height (PLH), thousand kernel weight (TKW), length
of inflorescences (LI), saponin content (S) and grain yield (GY) were recorded
for all genotypes. Genotype by yield by trait (GYT) biplot and genotype by trait
(GT) biplot methods were used to select and characterize superior genotypes based
on multiple traits. The combined analysis of variance for GY and other traits was
conducted using ADEL-R software. The GYT biplot and GT biplot methodologies
were employed to select and characterize quinoa genotypes based on multiple
traits using GEA-R software.

Results&Discussion

The combined analysis of variance showed that the effect of genotype and
genotypexyear was significant at 1% probability level for all traits whereas the
effect of genotypexyear was significant only for GY. On the whole, the mean of
GY for the evaluated genotypes in the all years of the trial varied from 812 (Q31)
to 1246 (Titicaca) kg/ha. Based on GT-Biplot polygon, Titicaca, Redcarina and
Gizal genotypes displayed high grain yield, thousand kernel weight, length of
inflorescences and saponin content. The vector view of GT biplot showed high
positive correlation between grain yield with thousand kernel weight, length
of inflorescences, saponin content and negative correlation with number of
inflorescences, plant height and diameter of plant crown. Based on the GY T results,
the genotypes Titicaca, Redcarina and Gizal were the best in combining grain
yield with the evaluated traits, respectively. According to the GYT index, Titicaca,
Redcarina and Gizal had the highest values, respectively. On the other hand, these

theree cultivars did not have negative values for combined yield with different
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traits. This indicated the relative superiority of these genotypes in combining grain
yield with the evaluated traits. The value of GYT index for Q18 genotyoe was
close to zero (0.001), indicating that this genotype exhibited average values of
traits in this study.

Conclusion:

Based on the results, the cultivars Titicaca, Redcarina and Gizal were the highest-
yielding genotypes They were distinguished by their high thousand kernel weight,
length of inflorescences and considerable saponin content and low to medium
plant height and diameter of plant crown in Kashmar condition. Also the GYT and
GT biplot offer a useful analytical tool for examining the variation among sets of
genotypes, exploring multiple trait data, which will aide in multi-trait selection.

Keywords: Biplot, Effective traits, Grain yield, Ideal genotype.
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