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Extended abstract
Introduction
Quinoa (Chenopodium quinoa Willd.) is a beneficial plant with high nutritional value with high
tolerance to salinity and drought stress. Most of the experiments performed on the study of quinoa
salinity stress tolerance in pot and greenhouse conditions were not comparable to the results of cereal
experiment such as wheat and barley performed in field conditions. The purpose of this experiment is
to determine the threshold value of quinoa to salinity stress under field conditions.

Materials and methods

An experiment was performed as a split plot in a randomized complete block design with three
replications on August 7, 2017 at Sadough Salinity Research Station of Yazd National Salinity Research
Center. Experimental treatments including five quinoa genotypes including three quinoa lines
(NSRCQE, NSRCQB, NSRCQC) with Titicaca and Sadough cultivars as subplots and irrigation water
salinity at five levels of 2, 5, 10, 15 and 17 dS m in the main plot. During the growing season, soil samples
were taken from the plant root development area. Seed yield and yield components were measured. The
percentage of saponin, seed vigor, 1000-seed weight and grain size were also measured.

Results and discussion

The results of analysis of variance of the measured traits showed that the effect of salinity stress on plant
height, 1000-seed weight and grain yield was significant at the level of 1%. The effect of salinity stress
on grain size was not significant. Differences between genotypes in terms of plant height, grain yield,
1000-seed weight, biomass and grain size were significant at the level of 1% and panicle length and
number of lateral panicles at the level of 5%. The interaction effect of genotype and salinity on biomass
was not significant at 5% level and on other traits was not significant. The percentage of saponin between
genotypes was significant at the level of 5%. The interaction effect of salinity and genotype on biomass
and saponin percentage was significant at 5% level. The percentage of grain saponin increased
significantly with increasing salinity in NSRCQB genotype and was not affected by salinity stress in other
genotypes. Biomass of all genotypes except Titicaca was not significantly different up to salinity of 10 dS
m. The highest biomass production in non-saline conditions was related to NSERCQE and Sadough
cultivar and These two genotypes had the lowest decrease in biomass production with increasing
salinity. Seed viability was not affected by salinity increase except in NSRCQB genotype seed vigour
decreased by 15%. The lowest 1000-seed weight in non-saline conditions was related to NSRCQB
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genotype and the trend of 1000-seed weight loss with increasing salinity was similar to all genotypes
and decreased by an average of 16%. The results of mean comparison showed that the highest yield at
all salinity levels was observed in Sadough cultivar. Based on the results of the fitted linear equation,
changes in quinoa seed yield to salinity showed that the salinity tolerance thresholds of quinoa genotypes
were 4.3, 8.7, 4.1, 4.8, and 6.8 dS m of electrical conductivity of saturated soil extracts, respectively.
The soil and slope of the line were 3.5, 2.4, 0.1, 0.7 and 0.9%. Fifty percent reduction in wheat yield of
Kavir and barley cultivars of Marvdasht cultivar has been reported at 15 and 20 dS m™ of soil salinity,
while Quinoa Sadough cultivar at 24 dS m of electrical conductivity of soil saturated extract was 80%
seed yield in non-saline conditions. Sadaogh cultivar not only have suitable agronomic characteristics
and high production potential in saline conditions, but also has a higher salinity tolerance.

Conclusion

Quinoa has a higher tolerance to salinity stress than wheat and barley and can be a promising plant for
using saline water and soil resources that are not economically viable for crop production. There is also
a good variety among quinoa genotypes to select for using saline water.
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Fig. 1. Effect of salt stress on seed yield (g m?) of quinoa genotypes. Mean comparison of genotypes evaluated
in each salinity levels. At each salinity level, having similar letters indicates no significant difference.
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Fig. 2. Interaction effect of salinity (dS m™!) and genotypes on foam height (cm)
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Table 3. Result of linear regression of foam height in comparison of salinity for each genotype

93 o 31 85 ol R
Genotype Intercept Slop
NSRCQE 4.18+0.41" 0.12+0.03" 72"
NSRCQC 4.04+0.74* 0.06+0.06" 24ns
Sadogh 5.50+0.48" -0.03+0.04 14ns
NSRCQB 1.72+0.4* 0.20+0.03 92
Titicaca 5.344+0.43" -0.008+0.03" 1.7

el g g o0 O N mhaw )8 ls e oS5 4y NSy

ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively
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Table 4. Interaction effect of salinity and genotypes on measured traits of quinoa

<l o JeSsily Sl
sk Gg e, JeSb Job s alo 513 (39
Irrigation Siule Plant Panicl Lateral Panicule °°¥ <) 1000 Kernel
water salinity Genotype  Germination height length No. Biomass weight
dSm’! e — gm? g

NSRCQE 96.0* 85.5° 11.42 10.12 1709.72 2.4°

NSRCQC 94.7% 82.9% 12.5% 9.9* 1351.0* 2.7*

2 Sadogh 100.0* 80.6* 11.0? 10.5% 1726.7* 2.92
NSRCQB 96.0* 84.7% 13.32 8.1° 1433.0* 2.1¢

Titicaca 96.0° 65.0° 11.12 10.0* 1185.0* 2.7

NSRCQE 88.0% 80.2%¢ 10.0? 9.2% 1860.0* 2.5°

NSRCQC 97.32 85.3% 11.32 8.8% 1676.0* 2.5%

5 Sadogh 89.3% 85.7% 11.12 9.92 2628.7* 2.6
NSRCQB 92.0% 93.7* 13.5% 10.22 1787.0* 2.0¢

Titicaca 94.7% 70.7° 11.22 10.52 1559.0* 2.7*

NSRCQE 92.0° 75.6% 14.3 10.2 2034.7* 2.2°

NSRCQC 94.7* 81.2% 11.98b¢ 10.72 1594.0% 2.4

10 Sadogh 93.32 72.2b¢ 10.3¢ 11.22 1535.3%® 2.6
NSRCQB 69.3% 84.9* 13.3% 6.9° 552.3% 1.8¢

Titicaca 88.0° 82.6° 10.8b¢ 8.5% 1039.0° 2.5%

NSRCQE 86.7% 62.4% 11.0% 10.12 1890.7° 2.1b¢

NSRCQC 92.0? 69.8% 11.1% 10.02 1179.0° 2.5%

15 Sadogh 88.0? 69.3% 10.7% 8.8 1284.0 2.4
NSRCQB 80.02 66.8% 12.12 8.8% 1284.7% 1.9¢

Titicaca 93.3? 61.5° 9.5° 8.9% 1325.7% 2.5°

NSRCQE 98.7% 56.8° 9.1¢ 9.5% 972.3° 2.1b¢

NSRCQC 92.0? 65.5% 10.92 10.32 1075.7% 2.1%®

17 Sadogh 90.7% 66.8° 11.4* 9.5% 2483.32 2.32
NSRCQB 81.3% 64.7* 10.82 8.7% 1673.0% 1.9¢

Titicaca 94.7* 55.9% 9.7b 9.32 814.0° 2.3%
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In each salinity level, similar letters indicate no significantly differences between genotypes
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Fig. 3. Salt stress effect on seed size of quinoa genotypes at 2 dS m™! (a) and 15 dS m™! (b). In each part, the
numbers in each section are the percentage of seeds in each seed size.
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Table S. Coefficient of determination (R2), mean square error (MSER) and 95% confident interval (95% CI) and C50
(in dS m™), S of nonlinear regression fitted and STI of modified discount function, 1 threshold, a0 slop of two piece linear
function for relative seed yield of quinoa genotypes in response of saturated extract of soil salinity

Gl ool . fors s
i 95 o pd O :: 788 olaeb! 290> wﬂ MSER . u”
Genotypes  Coefficient estimation = 95% CI o o A
SE R? STI
) 3.53 1.31 0.70 6.37 98** 185.9
ao 6.53 2.87 0.33 12.73 ' 18.60
NSRCQE
Cso 18.45 1.81 14.54 22.37 98 173.5
p 4.30 2.00 -0.01 8.62 '
) 2.45 1.85 -1.54 6.45 99+« 785
ao 8.71 4.89 -1.87 19.29 ' 25.82
NSRCQC ’
Q Cso 25.76 8.28 7.86 43.67 99 R6.2
p 3.18 1.98 -1.1 7.46 ’
) 1.06 0.59 -0.22 2.34 99 93.6
ao 4.10 491 -6.51 14.72 ' 73.22
Sadogh
Cso 73.22 111.8 -168.3 314.8 99 96.1
p 1.30 1.99 -1.27 3.88 '
1 0.77 0.44 -1.84 1.73 99« 51.9
NSRCOB ao 4.84 4.67 -5.2 14.95 ' 51.53
Cso 51.23 61.77 -82.23 184.7 99+ 554
P 1.98 1.94 2.2 6.18 '
) 0.99 1.92 -3.15 5.14 98« 214
. 15.2 -25. 71
Titicaca » 085 520 599 397 47.26
Cso 47.25 103.4 -176.1 270.6 98 979
P 2.09 4.01 -6.57 10.76
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ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively
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Fig. 4. Electrical conductivity of saturated paste extract of soil salinity (dS m™) on relative seed yield (%) of
quinoa genotypes based on two piece linear function
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Fig. 5. Electrical conductivity of saturated paste extract of soil salinity (dS m™) on relative seed yield (%) of quinoa
genotypes based on modified discount function
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