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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
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well as the weight and number of seeds per panicle, was significant at the 1% level of significance.
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

5L 3l ey EH WK EHCIRWRRY EH WK O &l 39 FHERIRES
o iy tausgio e TP L S AR R JC A
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 12.2° 46.6 2 38.0° 5378 2.09°b 11.12°¢ 6.46 ¢ 31482
50 18.5° 5402 26.5° 4918 2.27° 18.06° 11.17° 4954 @
100 30.02 54,02 15.3°¢ 5208 2532 22.034 14,478 5818 2
Cultivar 3,
Rahmat 41,74 50.4 P 74° 5384 3.032 20.26 @ 11.088 3640.5°
Sadogh 19.3° 58.02 21.4° 475 2.25°b 20.134 12,248 537152
Titicaca 16.8° 5752 24.1° 5728 2.23°b 17.114 12.30¢ 5407.4 28
Red line 3.2¢ 40.2 ¢ 5462 475 1.68 ¢ 10.17° 7.10° 41425°
Table 3. Continued alol.Y Jouo
3o 3oy sV kd
& e S
Percentof W omb sk grem Sp el JosShdeb sl . "
water Stem Dimeter Dimeter vl Plant Panicule  Panicule 410 oyes  clloy a3l
requirment Lower Upper  Biomass  height length weight  Grain yield Harvest index
% mm g.m? cm g g.m? %
25 5.00 ¢ 4.99°b 809.32 78.33°¢ 17.04¢ 3452 227.1°¢ 28.92°
50 5.97°b 5.66 ® 1137° 97.8° 22.08° 3.492 356.2° 32.59 %
100 7.062 6.202 1669 @ 1092 25.21° 3.7° 550.02 33.46°
Cultivar 3,
Rahmat 7.982 6.432 16412& 110672 29.28 @ 2.65°¢ 408.32 24.18°
Sadogh 4.02° 5.59 P 1180° 85.5P 17.17° 4202 42782 36.05 @
Titicaca 3.86° 5.16° 1063 %  77.1° 20.92°b 3.81%® 419.4 2 38418
Red line 8.182 5.28 P 935°¢ 107.1¢8 17.40° 3.52°P 255.5°P 27.97°

el B Sl Gy IS s BB pae saiaslid aiw ;2 40 alie By >
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
LI R IRV

Percent of Cloyo dild duoyo  lawgio dild dojs K8 Aild o0
water ) Percentage of Percentage of Percentage of > 0,5 das
requirment  Cultivar large grains medium grains small grains Grain yield
0,
% am?
Rahmat 58.002 37.20°¢ 4.60° 575.02
100% Sadogh 33.40° 53.00° 12.00° 641.62
Titicaca 24.00°¢ 60.40 @ 14.50° 633.3 ¢
Red 4.80 ¢ 65.00 @ 30.20% 350.0°
Rahmat 38.20¢ 51.20 % 9.80° 375.02
50% Sadogh 16.70° 62.30 2 20.40° 391.74
Titicaca 16.30° 62.102 20.90° 375.02
Red 2.90° 40.402 55.10% 275.0°
Rahmat 28.90% 62.90 2 7.60° 275.02
25% Sadogh 7.70° 58.20 2 31.70° 250.02
Titicaca 10.20° 50.00 2 37.00° 24164
Red 1.90 P 15.30° 78.50 2 141.6"

ol b o Sile gl pixe WS pae odims lis siw 1o 40 alie 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 ol

Jgl adlge p9d adlge pow adlgo Pl adlge
Percentage of large grains Sl yd 43S o yd 0.32 -0.10 0.21 0.27
Percentage of medium grains Luwgio dild duoyo 0.11 0.21 0.19 -0.75
Percentage of small grains Py 4l wus o -0.31 -0.07 -0.30 0.28
Foam height < el )l 0.04 0.03 0.47 0.32
Thousand kernel weight 410 413 (39 0.30 -0.11 0.33 0.04
Panicle Weight Jssl o ,e 0.33 0.16 -0.06 0.10
Grain weight in panicle JeSl yo &ils (39 0.30 0.28 -0.13 0.03
Grain Number in panicle Josily yo ails slaxi 0.17 0.36 -0.32 -0.10
Stem Diameter Lower aSlw oyl yhs 0.12 -0.40 -0.35 -0.07
Stem Diameter Upper adlw YU 4lad 0.31 -0.11 -0.12 -0.08
Biomass 0995 Cemmnd 0.35 -0.08 -0.09 0.08
Plant Height &g glas,l 0.20 -0.31 -0.38 -0.14
Panicule length Jssb Jgb 0.30 -0.19 0.04 0.14
Panicule Wide Jessl o ,e -0.07 0.36 -0.28 0.29
Grain Yield ailo 8 yShos 0.31 0.20 -0.10 0.15
Harvest Index il g asli 0.01 0.46 -0.02 0.05
Eigenvalue o9 yolie 7.20 3.55 1.71 1.14
Percent of Variance ol lg sy 45.03 22.20 10.67 7.15
Cumulative Variance o il 4lg 45.03 67.23 77.90 85.05

Sy 5y SIS 08, ool 25 ;0 a5 Wio,)S oyl g (ow)y Q29, Titicaca, ) 55 4w (Nadali et al., 2022)
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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 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). In this plot Rahmat with water treatment of 100, 50 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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