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Introduction

Prolonged droughts and lack of water resources, followed by the salinity of water and soil resources, have

faced many limitations in the production of some conventional agricultural and garden plants, especially in arid
and semi-arid regions of the country. Therefore, the introduction of new plants with high yield potential, which
have suitable growth in saline soils, the threshold of their seed yield reduction is high, and the production
product is of high quality has been considered in Iran. Quinoa with the scientific name Chenopodium quinoa
Willd. It is an annual plant originating from Latin America, which, despite its high nutritional value, tolerates a
wide range of abiotic stresses and can grow in marginal lands. For this reason, this experiment was conducted to
investigate the performance of quinoa plant genotypes against different levels of salinity in the research field of
the Gorgan Agricultural Meteorological Research Department.

Materials and Methods

Cultivation of seeds of nine genotypes Titicaca (control number), Gizal, RedCarina, Q18, Q21, Q22, Q26,
Q29, and Q31 obtained from Karaj Seedling and Seed Breeding Research Institute in a factorial experiment
based on a complete random block design. Plastic pots were made with a bed of sand and clay in a ratio of two to
one on March 5, 2019. The application of NaCl salt solution treatments at the levels of zero, 10, 20, and 30
decisiemens/m started after the establishment of the plant and reached the six-leaf stage and lasted for 45 days.
After salinity treatment, morphological traits including plant height, stem diameter, number of sub-branches,
inflorescence length, inflorescence width, biomass, 1000 seed weight, and seed weight per plant were measured.

Results and Discussion
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According to this study, with the increase in NaCl salinity level, there was a significant decrease in all traits.
Different genotypes also had significant differences in most traits in each salinity treatment. The RedCarina and
Q12 genotypes consistently exhibited poor performance across all salinity levels in the examined traits, whereas
the Gizal and Q21 genotypes demonstrated high performance in most traits, indicating sensitivity and tolerance,
respectively. These two groups of genotypes consistently clustered together in both cluster analysis and biplot
tests across different salinity levels. However, some genotypes displayed relative performance variations at
different salinity levels. For instance, the Titicaca cultivar excelled at high salinity levels of 20 and 30 dS.m,
while the Q29 and Q31 genotypes exhibited high performance and tolerance to salinity stress at low salinity
levels of zero and 10 dS.m™. Genotypes that had high yield potential at low salinity levels had the highest yield
in vegetative traits at salinity levels of 20 and 30 decisiemens, but had the lowest values in reproductive traits,
especially in seed weight. In Principal Component Analysis, reproductive traits explained the most changes in
high salinity levels. Salinity stress caused a significant decrease in most of the traits of the quinoa plant. The
response of genotypes to different salinity levels was different. In addition, the genotypes showed different
performance even in different growth phases. The high performance in traits related to the vegetative phase and
weak response in the reproductive phase show that the granulation stage in the quinoa plant can be introduced as
a salinity-sensitive stage. These results also show the high diversity of quinoa plant genotypes in each of the
different salinity levels.
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Table 1- Variance analysis of morphological traits of 9 quinoa genotypes under the treatment of 4 levels of salinity
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Table 2- Comparison of the average interaction effect of variety on salinity in the studied traits
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Q12 48.711° 9.07 ' 1.95™ 15.00°4 5.3 3.527 122 0.20%1
Q21 58.11 ° 11.55 ¢ 2.57% 14.88¢1 5.56 4,73 1.30 ¢ 0.87 ¢
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Gizal 49.33 " 10.77 90 2,520 12.66 ™ 6.73" 577" 1.20% 0.93 %"

Red Carina 48947 9.53 1P 2189 13.33™ 4.83¢ 3.94 1.21°¢ 0.55

Ttiticaca 41.44 9.33 kP 2.35 14.11 & 397° 2.64% 1.38 59 0.42
Q12 36.33 ¢ 7.50° 1.31" 11.16' 5,01 3,55 0.981 0.008 1

21 482270 8.88 |7 2.16™ 14.11 % 5,22 4,23k 1441 0.37

o st 822 47.141° 9.35 kP 1.945m 13.14 M 6.48 8.91 1.28 % 0.46 ¥
oI Q26 46.66 I? 9.44 2.54 ¢k 13.88 ¢* 5.40 ¢ 6.23 " 1.35¢" 0.30
30dS m* Q29 42.22 ° 8.55 mP 1.501™ 12.22 ¢ 5.70 b 4,52 ¥ 1.03 0.10
Q31 4712 10.62 1.80%m 13.62 9% 6.17 " 6.32 Vi 0.98! 0.008 1

Gizal 46.00"* 8.22" 2.56 13.50™ 5.76 5.10 % 1164 0.38

Red Carina __ 43.44™ 7.83°P 1,98 13.22 ™ 4.90° 3.57 I 1.24 % 0.28
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Table 3- Correlation coefficients between investigated traits under the influence of different salinity treatments
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Figure 1- Grouping of 9 quinoa genotypes under the influence of salinity control level based on morphological traits using
Euclidean distance
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Figure 4- Cluster and biplot grouping of 9 quinoa genotypes under the influence of 30 deci-siemens salinity level
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Table 4- Principal Component Analysis of different traits at each NaCl salinity level
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C.1 C.2 C.3 C.1 C.2 C.3 C.1 C.2 C.3 C.1 C.2
Plant height ¢l 0.944 -0.044 0.269 0.814 0.425 0.308 0.175 0.395 0.837 0.587 0.738
il 1
ol Job 0.680 0.596 -0.134 0.469 0.549 -0.552 0.263 0.906 0.084 0.274 0.691
Inflorescence length
SLE
ol L’D);_ 0.106 0.943 -0.210 0.837 0.313 0.058 -0.163 0.926 0.139 0919 0.027
Inflorescence width
2 A 2L 0131 -0.050 0925 0927 -0.083 -0.027 -0593 0050 0716 0905 0.235
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Stem diameter 0.279
Biomass leg. 0.983 0.017 0.014 0.250 0.873 0.083 0.860 0.403 -0.176  0.005 0.920
P )’_& u)a_ 0.213 0.697 0.558 0.114 0.857 0.054 -0.745 0.462 -0.256 0.931 -0.069
1000grain weigh
Grain yield «ls 34 -0.071 0.932 0.148 0.542 0.771 0.251 0.016 0.650 0.325 0.833 0.063
Cumulative xess 46.97 74.24 89.74 35.67 69.75 86.22 33.69 66.66 84.68 46.53 81.09
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