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Article Info ABSTRACT
Article type: Background and Objective: Quinoa (Chenopodium quinoa Willd.),
Research Full Paper  4ywino to jts remarkable genetic diversity, broad ecological adaptability,
high nutritional value, and considerable tolerance to various
environmental stresses, has been recognized as a promising and strategic
crop for enhancing food security and ensuring sustainable agricultural
production in arid and semi-arid regions. Given the increasing
challenges of water scarcity and the deterioration of irrigation water
quality in Iran, the identification and characterization of salt-tolerant
lines hold particular significance. Accordingly, this study was conducted
to identify, evaluate, and determine the most influential agro-
morphological traits contributing to the selection of early-maturing,
Article history: high-yielding, and salt-tolerant quinoa lines among a diverse set of

2025-10-01 :

5095.11.2 germplasm accessions.
Materials and Methods: For this purpose, 49 quinoa lines were
evaluated in a lattice design with two replications under saline irrigation
water conditions in August 2022 at the Sadouq Salinity Research Station
of the National Salinity Research Center in Yazd. Traits including plant
height, panicle length and weight, grain yield, 1000-seed weight,
biomass, and saponin content were measured. The data were analyzed
using analysis of variance (ANOVA), correlation analysis, clustering,
and principal component analysis (PCA).

g:r}l]wgilsl:rit Findings: The results of the ANOVA revealed that the effect of lines

GenZti c diver}s]ity was significant (p < 0.01) for all traits. Lines 47 and 49 had the highest

Grain yield grain yield (281.11 and 277.43 g m™2, respectively), while lines 7 and 33

Panicle length exhibited the highest 1000-seed weight (2.73 and 2.74 g, respectively).

Panicle weight In contrast, line 3 showed the lowest grain yield and the highest saponin

content (20.6%). Cluster analysis grouped the lines into six distinct
clusters, with cluster III (lines 5, 47, and 49) demonstrating the highest
yield and biomass. The first three principal components accounted for
approximately 72% of the total data variance. Heritability results
indicated that traits such as plant height, panicle weight, and grain yield
were significantly under genetic control and possess high potential for
improvement through selection.

Conclusion: Overall, this study confirmed the presence of considerable
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genetic potential among early-maturing quinoa lines for cultivation
under saline conditions. Traits associated with panicle and biomass were
identified as key indicators for selecting high-yielding lines. Lines 47
and 49, due to their superior grain yield, desirable biomass, and low
saponin content, are recommended as promising candidates for direct
release or for use in hybridization programs aimed at developing salt-
tolerant cultivars. The high heritability of the most important traits
highlights the potential success of future breeding programs. Ultimately,
these findings can contribute to the expansion of quinoa cultivation and
improvement of food security in arid and saline regions of Iran.
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Table 1. List of Quinoa Lines

Number s ;L. Line Y Number ;L. Line :»Y Number ;L. Line :»Y

1 VE-IC-99-1 17 VE-IC-99-17 33 VE-IC-99-33
2 VE-IC-99-2 18 VE-IC-99-18 34 VE-IC-99-34
3 VE-IC-99-3 19 VE-IC-99-19 35 VE-IC-99-35
4 VE-IC-99-4 20 VE-IC-99-20 36 VE-IC-99-36
5 VE-IC-99-5 21 VE-IC-99-21 37 VE-IC-99-37
6 VE-IC-99-6 22 VE-IC-99-22 38 VE-IC-99-38
7 VE-IC-99-7 23 VE-IC-99-23 39 VE-IC-99-39
8 VE-IC-99-8 24 VE-IC-99-24 40 VE-IC-99-40
9 VE-IC-99-9 25 VE-IC-99-25 41 VE-IC-99-41
10 VE-IC-99-10 26 VE-IC-99-26 42 VE-IC-99-42
11 VE-IC-99-11 27 VE-IC-99-27 43 VE-IC-99-43
12 VE-IC-99-12 28 VE-IC-99-28 44 VE-IC-99-44
13 VE-IC-99-13 29 VE-IC-99-29 45 VE-IC-99-45
14 VE-IC-99-14 30 VE-IC-99-30 46 VE-IC-99-46
15 VE-IC-99-15 31 VE-IC-99-31 47 VE-IC-99-47
16 VE-IC-99-16 32 VE-IC-99-32 48 VE-IC-99-48

49 VE-IC-99-49
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Table 2 - Irrigation Water Quality at the Sodough Salinity Research Station, Yazd
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Table 3. Analysis of Variance for the Evaluated Traits of Quinoa Lines
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Table 4. Comparison of the Mean Quinoa Agronomic Traits Affected by Line
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Figure 1. Clustering of 49 Quinoa Lines Based on Measured Traits Using the
Ward Method
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Table 5 — Comparison of Means Among the Three Clusters for the Studied Traits
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Table 6- Principal Component Analysis (PCA) of the Studied Traits in Quinoa Lines

Jol adlge p9d adlge pom 4dlge

Traits oles First component C;g;gggn ¢ corzggr(lien ¢
Plant Height G plil 0.32 -0.20 -0.37
Panicle Weight JdsSal G 0.43 0.25 0.38
Panicle Length St Jsb 0.46 0.12 0.00
Panicle Width JsSSl o e 0.34 0.25 0.54
Seed Yield (gr) 4ls 5 Slas 0.30 -0.50 0.01
Thousand kernel Weight <l e 05 0.35 0.30 -0.35
Biomass 03§ e 0.42 -0.30 -0.31
Foam height oesle & i) -0.03 0.63 -0.46
Eigenvalue o5 polie 3.05 1.52 1.16
Cumulative Variance sl Aoy

percent i 0.38 0.57 0.72
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Figure 2. Biplot illustrating the distribution of early-maturing quinoa lines based on three factors
influencing grain yield
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Table 7- Heritability of measured traits of quinoa
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lis Traits ) @) H?) g pdye,l s
G plil Plant Height 187.01 222.17 84.1
d5SSL 05 Panicle Weight 4.77 6.73 70.9
ISt sk Panicle Length 2.15 6.21 34.7
JsSSL e ,e Panicle Width 0.08 0.48 17.5
s 5 Shos Seed Yield 2414.09 3609.98 66.9
als im0 Tho“\i,a;‘;}iemd 0.05 0.08 62.5
03 Fl Biomass 0.063 0.095 66.7
Pl 8 Pl Foam height 0.39 1.55 24.9
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