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Extended abstract
Introduction
Quinoa (Chenopodium quinoa) is a functional grain with high nutritional value that is tolerant to salt
and drought stress. Drought, a notable environmental stress, poses a challenge to plant growth and
development. Since most of Iran is considered to be arid and semi-arid regions from a climatic
perspective, drought is one of the most significant abiotic stresses in this region. Therefore, cultivating
drought-resistant plants, such as quinoa, is a solution to prevent a decrease in crop yield.

Materials and methods

To investigate the effect of drought stress on quinoa cultivars, the experiment was conducted as a split-
plot design based on a randomized complete block with three replications in 2023. The experiment was
carried out in Zarand, Iran. The levels of drought stress treatment, which served as the main factor,
included the following: 1. Full irrigation, providing 100% of the plant's water requirement (control), 2.
Irrigation deficiency at 50% of the plant's water requirement (moderate drought stress), 3. Irrigation
deficiency at 25% of the plant's water requirement (severe drought stress). Subplots consisted of three
quinoa cultivars, including Rahmat, Sadouq, Titicaca, and one Line (Red Seed Line). The drought stress
treatments were calculated using evaporation and transpiration data based on the crop coefficient. Seed
cultivation was performed manually on August 15. The studied traits at the end of the growing season
included: plant height, panicle weight, panicle length, panicle width, number of seeds per panicle, seed
weight per panicle, 1000-seed weight, stem diameter at the base of the panicle, seed saponin content,
and seed size. One square meter was taken from each plot to measure biomass and seed yield.

Results and discussion

The analysis of variance results indicated that drought stress significantly affected several factors,
including the percentage of large and small seeds, 1000-seed weight, panicle weight, diameter of the
bottom part of the stem, biomass, plant height, panicle length, and grain yield, all at the 1% significance
level. The impact of drought stress on stem diameter at the base of the panicle was significant at the 5%
level. The differences among cultivars in all measured traits were significant at the 5% level. The
interaction effect of drought stress and cultivar on the percentage of large, medium, and small seeds, as
well as the weight and number of seeds per panicle, was significant at the 1% level of significance.
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Biomass was reduced by 31% and 51% under 50% and 25% of the plant's water requirement, respectively,
while seed yield decreased by 35% and 58%, respectively. Rahmat cultivar had the highest seed yield
under severe drought stress, producing 275 g m-2. Under moderate and control conditions, Sadouq
yielded 641 and 391 g m-2, respectively. The yield reduction rate under severe stress conditions for
Rahmat and Red Seed Lines was lower compared to the other two cultivars. Drought stress significantly
influenced seed size, as increased stress resulted in smaller seeds. In addition, cultivars with smaller
seeds were more significantly affected by intense stress. The correlation analysis revealed that traits
significantly influencing seed yield, including panicle weight, 1000-seed weight, biomass, and large seed
size, were strongly and positively correlated with seed yield at the 1% level of significance. In contrast,
the percentage of small seeds showed a significant negative correlation with yield. The saponin content
showed no significant correlation with any of the measured traits. Principal components analysis (PCA)
also revealed that biomass, panicle weight, diameter of the upper part of the stem, 1000-seed weight,
panicle length, and large seed size had the most significant positive effects on grain yield.

Conclusion
Based on our findings, for selecting lines under drought stress conditions, it is recommended to assess

grain size and yield at a moderate stress level of 50% of the plant's water requirement.
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Table 1. The results of soil analysis before planting
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Table 2. Analysis of variance of measured traits
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Table 3. Comparison of the average measured characteristics of quinoa at different levels of drought and cultivars

BIRE{ RPN &ls s yo &ls s yo ald s yo PEXHIOSTY Al slaxy
o o bose  Saes €50 Ggmaggy O gl Ussil e
Percentof  Percentage Percentage Percentage Thousand Grain Grain
water of large of medium of small Foam Kernel Panicule  weightin  number in
requirment grains grains grains height weight weight Panicule Panicule
% cm g
25 12.2b 46.62 38.02 5.372 2.09°P 11.12¢ 6.46 ¢ 31482
50 18.5P 54,08 26.5°P 4914 2.27° 18.06° 11.17° 4954 2
100 30.08 54.08 15.3°¢ 5.202 2.532 22.03% 14.47 ¢ 5818 2
Cultivar 3,
Rahmat 4172 50.4° 7.4°¢ 5.382 3.032 20.26 2 11.084 3640.5°
Sadogh 19.3b 58.02 21.4° 47° 2.250b 20.13% 12.244 537154
Titicaca 16.8" 5758 24.1° 5722 2.23°P 17.114 12.30% 5407.4 2
Red line 3.2° 40.2 ¢ 54.62 47° 1.68° 10.17° 7.10° 4142.5°
Table 3. Continued aolol .Y Jous
JIRETIRWIR @Y ks
‘5"[ a8l (<3}
Percent of  “Slw owl yhad Stem wg el Josuil Job  Josily ) . o
water Stem Dimeter Dimeter ~ o*bg Plant Panicule  Panicule 41°oyMes  clloy asls
requirment Lower Upper Biomass  height length weight  Grainyield Harvest index
% mm g.m? cm g g.m? %
25 5.00°¢ 4.99° 809.32 78.33°¢ 17.04°¢ 3.452 227.1°¢ 28.92°
50 597" 5.66 ® 1137° 97.8° 22.08° 3.492 356.2° 32.59 ®
100 7.06°2 6.20 2 1669 2 1092 25218 3.78 550.02 33.46¢
Cultivar 3,
Rahmat 7.98° 6.43°2 16412 11062 29.282 2.65°¢ 408.32 24.18°"
Sadogh 4.02° 5.59° 1180° 85.5° 17.17° 4,202 427.82 36.05¢
Titicaca 3.86° 5.16° 1063°%  77.1° 20.92° 3.81%® 419.4¢ 3842
Red line 8.18¢ 5.28 P 935°¢ 107.12 17.40° 3.52° 255.5° 27.97°

sl 1 She (o Sme DS poe oniaolis gt o 40 alin g,
Similar letters in each column indicate no significant difference between the means
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Table 4. Interaction effect of drought stress and cultivar on grain size and yield traits of quinoa cultivars
@T 3L 3l aweyo

Percent of Calyd dild doye  lawgho dild duo ;s (S8 wild w0
water w55 Percentage of Percentage of Percentage of ailo o Sdas
requirment  Cultivar large grains medium grains small grains Grain yield
0,
o g.m?
Rahmat 58.00 2 37.20°¢ 4.60° 575.02
100% Sadogh 33.40° 53.00° 12.00° 641.62
Titicaca 24.00°¢ 60.402 14.50° 633.3¢
Red 4.80¢ 65.00 2 30.202 350.0°
Rahmat 38.202 51.20%® 9.80° 375.02
50% Sadogh 16.70° 62.302 20.40° 391.72
Titicaca 16.30° 62.102 20.90° 375.02
Red 2.90° 40.402 55.102 275.0°
Rahmat 28.90° 62.902 7.60° 275.08
25% Sadogh 7.70°P 58.202 31.70° 250.02
Titicaca 10.20° 50.002 37.00° 241.6%
Red 1.90° 15.30° 78.502 141.6°

ol L1 Sbee (o Sme B poe oailis gt o 40 alin By,
Similar letters in each column indicate no significant difference between the means
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Table 5. Principle component analysis of measured traits of quinoa
. . Componentl  Component2 Component3 Component 4
Traits wlawo

Jol adlge o 4dlgo Py adlgo Pl adlgo
Percentage of large grains JORJEH CIVERS 0.32 -0.10 0.21 0.27
Percentage of medium grains Lwgio dils suoyo 0.11 0.21 0.19 -0.75
Percentage of small grains 3y «lo woyd -0.31 -0.07 -0.30 0.28
Foam height s ela 0.04 0.03 0.47 0.32
Thousand kernel weight als 515 39 0.30 -0.11 0.33 0.04
Panicle Weight J¥ssil o e 0.33 0.16 -0.06 0.10
Grain weight in panicle Josil o ails (39 0.30 0.28 -0.13 0.03
Grain Number in panicle Jssl 5o ailo oluss 0.17 0.36 -0.32 -0.10
Stem Diameter Lower a8lw b Hhs 0.12 -0.40 -0.35 -0.07
Stem Diameter Upper adlw YU ,lad 0.31 -0.11 -0.12 -0.08
Biomass 0095 S ) 0.35 -0.08 -0.09 0.08
Plant Height Wg elai,l 0.20 -0.31 -0.38 -0.14
Panicule length Josst Jeb 0.30 -0.19 0.04 0.14
Panicule Wide Joessb o e -0.07 0.36 -0.28 0.29
Grain Yield PRI PV 0.31 0.20 -0.10 0.15
Harvest Index sy asLis 0.01 0.46 -0.02 0.05
Eigenvalue ojg pwoldo 7.20 3.55 1.71 1.14
Percent of Variance ol ylg v o 45.03 22.20 10.67 7.15
Cumulative Variance o il 5lg 45.03 67.23 77.90 85.05

Sgr 55 SIS 08, duals 55,0 a5 Wo,S o g gy Q29, Titicaca, ) w555 4w (Nadali et al., 2022)
Lmls @ arg Loy 5 Q26 gy wgio 15 10 9 (RS G e 58 99,8lE 10 0 ley cilS )b 50 (Q26
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Fig. 1. Correlation between the measured traits of quinoa. foam height (FH), Grain yield (Seed yieldM), panicle
weight (Panicle W), thousand kernel weight (TKW), biomass (BiomassM), Percentage of large grains (large seed
size), Stem diameter upper (SDU), panicle length (P1), plant height (PH), lower stem diameter (SDL), Percentage
of small grains (small seed size), panicle weight (PW), number of grain in panicle (Seed N in panicule), Harvest
index (HI) and Grain weight in panicle (Seed w in Panicule).

* Significant at 5% level, ** Significant at 1% level and *** Significant at 0.1% level.
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Fig. 2. Bi-plot diagram of principal component analysis for the three main components affecting quinoa
grain yield. foam height (FH), Grain yield (Seed yieldM), panicle weight (Panicle W), thousand Kkernel
weight (TKW), biomass (BiomassM), Percentage of large grains (large seed size), Stem diameter upper
(SDU), panicle length (P1), plant height (PH), lower stem diameter (SDL), Percentage of small grains (small
seed size), panicle weight (PW), number of grain in panicle (Seed N in panicule), Harvest index (HI) and
Grain weight in panicle (Seed W in Panicule). In this plot Rahmat with water treatment of 100, S0 and 25
are: Ra -25, Ra-50 and Ra -100, Sadoq with water treatment of 100, 50 and 25 are: S -25, S -50 and S-100
and Titicaca with water treatment of 100, 50 and 25 are T-25, T-50 and T-100, respectively. The red line
with water treatment of 100, 50 and 25 are Red-25, Red-50 and Red-100, respectively.
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