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Considering the high production potential of quinoa plant, especially under
stressful conditions such as drought and salinity, it is necessary to introduce new
and high-yielding genotypes for cultivation in different regions of Iran. The
objective of this research was to evaluate the diversity of 26 new and foreign
quinoa genotypes in terms of morphophenological characteristics. The experiment
was carried out in a completely randomized design with three replications in
greenhouse of Rice Research Institute of Iran (RRII), Rasht, in 2021. The results
of analysis of variance showed that there was a very significant statistical
difference among the studied genotypes for all measured traits. Factor analysis
using the principal components method identified three main and independent
factors that explained 39.19, 24.63, and 15.94%, respectively, and in total about
80% of the total variance. In addition, cluster analysis based on Ward's minimum
variance grouped the studied 26 quinoa genotypes into three separate clusters;
including 14, 7, and 5 genotypes, which very largely corresponded to grouping of
the principal components. In total, the results of the current study showed that
among the studied 26 quinoa genotypes, genotype No. 12 with 1000-grain weight,
panicle length, and grain yield higher than the other genotypes as well as dwarfism
and earliness characteristics was the most valuable genotype of this experiment.
Furthermore, genotypes No. 4, 8, 17, and 18 for grain yield, genotypes No. 7, 13,
and 15 for earliness, and genotype No. 14 for dwarfism, were the promising
genotypes of this research, which can be used to transfer earliness and dwarfism
to high-yielding genotypes in future breeding programs.
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Genotype DTL DIF DIC DP DM DD DPM PH PL NPP TGW GY
(Day) (Day) (Day) (Day) (Day) (Day) (Day) (cm) (cm) 9n) (gr per plant)

1 12.3ab 49.3b-f 56.0cde 69.7bcd 93.3a-f 104.0a-e 135.7ab 75.3c-f 19.0fgh 19.67d-h 1.31i 26.3jk
2 12.0ab 49.7b-f 60.0cde 72.0bcd 110.3a 116.3ab 127.0ab 67.3d-g 17.0h 20.00c-h 2.72de 40.8ef
3 11.3ab 47.3c-f 57.3cde 65.7cd 99.3a-f 105.0a-e 134.3ab 58.7fg 20.7c-g 20.00c-h 2.66de 38.6fg
4 12.0ab 52.0b-f 57.7cde 65.7cd 101.3a-e 112.3abc 124.0ab 67.7d-g 23.3a-d 20.33b-h 3.45b 48.3bc
5 10.0ab 50.0b-f 57.3cde 64.3cd 90.a-f7 101.7a-e 129.7ab 85.0cde 21.7b-f 19.67d-h 2.80cd 36.6gh
6 9.7ab 56.0bcd 64.3bcd 73.0bcd 97.0a-f 106.0a-e 125.0ab 85.0cde 22.7a-e 28.00a-h 2.82cd 40.3efg
7 13.0a 62.0ab 72.7ab 84.0ab 110.3a 118.0b 105.3b 74.3def 19.7e-h 42.33a 1.83g 23.0kl
8 11.7ab 72.3a 82.7a 92.3a 110.3a 118.0a 166.3a 146.7a 25.0ab 32.00a-g 3.80a 48.3bc
9 10.3ab 49.0b-f 59.7cde 66.7cd 86.0c-f 95.7b-e 121.0ab 66.0d-g 21.7b-f 21.00b-h 2.34f 24.6i
10 12.3ab 54.0b-e 61.0b-e 68.7bcd 107.7ab 112.3abc 124.7ab 70.0def 20.3d-h 18.33e-h 1.69g 31.1kl
11 11.7ab 58.7abc 66.3bc 75.3bc 92.3a-f 111.3a-d 135.0ab 54.7fg 24.7ab 24.00a-h 3.05¢ 23.3de
12 9.3b 38.3f 50.7e 58.0d 82.3def 90.0de 99.0b 67.7d-g 26.0a 23.33a-h 3.86a 54.5a
13 11.7ab 41.3ef 53.3de 61.0cd 81.0ef 90.0de 103.0b 55.7fg 19.7e-h 13.00gh 1.78g 23.5kl
14 12.0ab 50.3b-f 62.0b-e 68.3bcd 93.0a-f 101.3a-e 131.7ab 42.3g 18.0gh 17.67e-h 1.90g 23.0kl
15 11.7ab 51.3b-f 58.0cde 61.7cd 79.7f 88.3e 106.3b 66.7d-g 22.0b-f 21.67b-h 2.73d 36.7gh
16 12.7ab 57.0b-c 64.7bcd 75.3bc 96.0a-f 101.7a-e 119.7ab 54.0fg 19.7e-h 17.33e-h 1.84g 26.6jk
17 11.3ab 53.3b-e 61.7b-e 76.0abc 101.7a-d 109.0a-e 129.0ab 64.0efg 24.0abc 16.67fgh 3.60ab 46.5cd
18 9.3b 57.7bc 61.3b-e 75.3bc 105.3abc 112.0abc 146.0ab 114.7b 25.7a 39.67ab 3.67ab 50.4b
19 12.0ab 49.0b-f 53.0de 61.0cd 82.0def 93.3cde 118.3ab 54.7fg 23.3ad 9.67gh 2.91cd 38.8fg
20 10.7ab 51.3b-f 56.0cde 75.3bc 96.7a-f 109.3a-e 136.3ab 78.3c-f 21.0c-g 36.33a-e 2.40ef 29.3ij
21 11.0ab 48.0c-f 59.0cde 69.3bcd 100.0a-f 110.3a-d 128.7ab 101.0bc 20.0d-h 39.33abc 1.79¢ 23.9kI
22 11.0ab 47.3c-f 55.3cde 75.3bc 92.7a-f 104.0a-e 130.3ab 92.0bcd 21.7b-f 38.67a-d 1.65gh 21.6lm
23 11.7ab 54.7b-e 59.7cde 71.7bcd 95.7a-f 106.7a-e 124.3ab 73.7def 18.0gh 25.67a-h 1.37hi 19.1m
24 12.0ab 42.3def 53.7de 59.7cd 87.3b-f 95.3b-e 110.0b 115.0b 23.0a-e 33.67a-f 3.42b 22.4lm
25 11.0ab 46.3c-f 58.0cde 63.0cd 96.0a-f 104.7a-e 123.7ab 59.7efg 23.3a-d 16.33fgh 2.84cd 33.1hi
26 10.7ab 51.7b-f 60.0cde 68.7bcd 99.3a-f 108.0a-e 121.0ab 91.3bcd 20.0d-h 27.00a-h 1.77g 20.6Im
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Trait? DPM DTL DIC DIF DP NPP DD DM PH PL TGW GY
DPM 1

DTL -0.294 1

DIC -0.231 -0.071 1

DIF 0.113 0.188 0.679** 1

DP 0.386 0.179 0.417* 0.192 1

NPP -0.553** -0.369 -0.198 -0.089 0.519** 1

DD 0.424* 0.156 -0.114 0.175 -0.035 0.406* 1

DM -0.304 -0.081 0.134 -0.154 0.101 -0.276 0.897** 1

PH -0.523** -0.055 0.063 0.126 -0.188 0.599** -0.396 0.368 1

PL -0.098 -0.218 -0.106 0.200 0.059 0.047 0.161 -0.332 0.111 1
TGW 0.027 0.321 0.300 -0.266 -0.258 0.092 -0.065 0.107 0.272 0.500** 1

GY 0.001 0.086 -0.243 0.224 0.218 0.559** 0.019 0.063 -0.300 0.040 0.750** 1

o yd S g gy Jlein] ok 50 ()l e g T 5 il ¥ Jods wiles Clio cbaoles

adlas 390 Sl sl b Juls & a5 0 Jgia

Factor loadings

Trait? Communality
First factor Second factor Third factor

DPM 0.677 0.229 0.231 0.564

DL 0.349 -0.524 -0.520 0.667

DC 0.896 0.079 0.052 0.812

DI 0.913 0.107 0.055 0.849

DP 0.905 -0.028 0.245 0.880

NPP 0.280 -0.101 0.872 0.849

DD 0.867 -0.064 0.195 0.794

DM 0.842 -0.080 0.170 0.745

PH 0.325 0.208 -0.799 0.787

PL -0.051 0.889 0.203 0.835

TGW 0.034 0.940 0.043 0.886

GY 0.133 0.934 0.123 0.905
Eigen value 4.762 2.951 1.859 -
Variance (%) 39.195 24.631 15.944 -
Cumulative variance (%) 39.195 63.825 79.769 -

ol 045 48 8 (a5 )5 Iy e Do 38,8 Las )y ey /0 (YL ele o b sl ¥ Jgan wles Slao (slasles
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[(Afiah et al., 2018 ; Karimi, 2018) Wg ails 3 Shas L aily

Biplot (axes PC1 and PC2: 63.83 %)

A AL SR Lus
et R

PC2 (24 63%)

PC1 (39.19 %)
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Group number

Number/percentage 1 2 3 Number of line
31 1 0 14
Number 0 7 0 7
0 0 5 5
92.9 7.1 0 100
percentage 0 100 0 100
0 0 100 100

grouping correctness 7.96.2
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Cluster Traite DTL DIF DIC DP DM DD DPM PH PL NPP TGW (g;;;:(er
(Day) (Day) (Day) (Day) (Day) (Day) (Day) (em)  (cm) ©  plant
Cluster mean 12252 1160 59.36 50.33 69.76 26.17 10438 9536 7490 20.36  2.00 24.78
1
deviation from the total mean -2.68 0.27 -0.70 -1.22 -0.12 1.50 -0.41 -0.31 -1.30 -1.22 -0.54 -8.68
Cluster mean 12510 11.19 5950 51.71  67.57 20.43 103.14 93.05 67.43 2171 2.81 30.30
2
deviation from the total mean -0.11 -0.13 -0.56 0.16 -2.31 -4.24 -1.65 -2.62 -8.78 0.14 0.27 5.83
Cluster mean 132.87 10.73  62.80 5473 7347 26.40 108.27 100.20 92.13 24.80 3.67 49.61
3
deviation from the total mean 7.66 -0.59 2.74 3.18 3.58 1.73 3.47 4.53 15.93 3.22 1.14 16.15
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