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Extended abstract

Introduction

Quinoa (Chenopodium quinoa Willd.) is a facultative halophyte with very high adaptability to
varied climatic conditions and high nutritional value. Different quinoa cultivars can have
economical and stable yield in saline soil and water conditions. In addition to salinity, the
chemical composition of irrigation water and thus soil solution affect the uptake and transfer
of water and nutrients, and so plant yield. The intensity of this effect depends on various
factors such as plant species. Calcium to magnesium ratio (Ca/Mg) is one of the quality
indicators of irrigation water that can affect soil physical conditions and nutrient uptake
independent of salinity level. A Ca/Mg < 1 and exchangeable magnesium percentage more
than 25% in irrigation water are considered high enough to reduce soil quality and crop
yields. Currently, frequent droughts and high water extraction have caused a sharp drop in
water levels, increase in salinity, and in some cases a decrease in the Ca/Mg in the
groundwater of most arid regions of the country. Since the effect of Ca/Mg in irrigation water
on growth and yield of quinoa has not been studied so far, so the aim of this study was to
investigate the effect of different Ca/Mg in irrigation water on growth parameters and quinoa
grain yield in saline conditions.

Materials and methods

To study the effect of different Ca/Mg of irrigation water on quinoa growth and yield, three
separate experiments in a randomized complete block design with four replications were
conducted at the Research Greenhouse of Soil and Water Research Institute in 2018.
Experimental treatments included three different Ca/Mg in irrigation water consisting of 0.25,
0.5 and 1, which were made by sodium chloride, magnesium and calcium as nutrient solutions
fit to the salinity tolerance threshold of quinoa at different growth stages. In the previous
research, yield reduction thresholds for Titicaca cultivar at different growth stages in a soilless
culture (perlite) were a: 8 dS m™! for emergence, b: 15 dS m™! for flowering and ¢: 20 dS m™!
for grain filling. To conduct this research, 100 quinoa seeds were planted in pots, and the pots
were irrigated with 8 dS m™ water along with the desired Ca/Mg treatments. After
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establishing the quinoa seedlings and thinning to six plants per pot, pot irrigation was done
with 15 dS m™ salinity along with the desired treatments. After ensuring the end of the
flowering stage, the remaining pots were irrigated with 20 dS m™ salinity with the desired
treatments until physiological ripening. Finally, the analysis of variance of the data was
performed using SAS software and the means were compared with the protected LSD at 5%
probability level.

Results and discussion

The results showed that the emergence percentage and non-uniformity of quinoa were not
affected by Ca/Mg of irrigation water, however, increasing the magnesium amount
significantly improved the emergence rate of quinoa seeds. Although the results showed that
the fresh and dry weight at the flowering stage was significantly affected by Ca/Mg of
irrigation water, the yield and yield components were not significantly affected. Therefore, the
quinoa growth and yield are not affected by the ionic composition of irrigation water in terms
of low Ca/Mg, however, the composition of absorbed and accumulated ions in plant tissues
are significantly changed. So, compared to other conventional crops, quinoa has the potential
to produce economic yield in saline conditions and is not affected by the Ca/Mg of water
sources.

Conclusion

The results of this study showed that different Ca/Mg in irrigation water do not reduce the
growth and yield of quinoa. Therefore, if the salinity tolerance threshold of the plant is
considered, low water quality in terms of high magnesium concentration does not damage the
plant and so can be cultivated with saline water sources such as diluted seawater.
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Table 1. The combination of the nutrients based on Hoagland solution
The amount of nutrients in the treatments

Nutrients Ca/Mg=0.25 Ca/Mg=0.5 Ca/Mg=1
--------------------- e —

Ca(NOs3)2.4H20 15.08 15.08 15.08
KNOs 6.45 6.45 6.45
KH2PO4 2.65 2.65 2.65
MgS04.7H20 62.93 31.46 15.73
K2S04 2.78 2.78 2.78
FeNO3.9H20 0.125 0.125 0.125
FeCl:+tHEDTA 0.783 0.783 0.783
MnCl2.4H20 0.017 0.017 0.017
ZnS04.7H20 0.025 0.025 0.025
CuS04.5H:0 0.0008 0.0008 0.0008
Na:MO4.2H:20 0.0007 0.0007 0.0007
H3BOs 0.0042 0.0042 0.0042
Ca 2.55 2.55 2.55
Mg 12.59 6.30 3.14
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Table 2. Mean square of traits under irrigation regime, superabsorbent and micronutrient

Emergence stage Grain filling stage
Non-uniformity of grain 1000
Emergence emergence Emergence rate weight Grain yield

S.0.V df (%) (Hours) (Seed hour™) (2 eph
Treatment 2 40.14 373.02" 0.001%* 0.074* 0.074"
Error 9 33.25 327.38 0.0001 0.018 0.028

CV (%) 10.15 21.17 11.62 4.49 5.02
0.25 60? 77.88% 0.016° 2.95b 3.38¢°

Treatments 0.5 53.67¢ 77.73 0.020° 3170 3.46°

a/Mg
1 56.67* 83.16° 0.016° 2.92b 3.20°

**: significant at 1% * significant at 5% " non-significant
In each column means with at least one similar letter do not have significant differences based on FLSD test at 5% level

Table 3. Analysis of variance and mean comparison of vegetative traits of quinoa in flowering stage

Flowering Stage

Fresh
Leaves shoot Plant root Dry root
S.0.V df number  number length height weight weight
gp’ m g.p’

Treatment 2 7.41* 0.001" 1.25m 99.51" 0.0013™ 0.002"
Error 9 0.728 0.0061 1.06 20.98 0.0013 0.0003
CV. (%) 6.21 7.85 6.04 9.96 2.5 1.38
Treatments 0.25 13.72° 1? 16.532 41.83° 1.46* 1.37*
Ca/Mg 0.5 15.11* 1? 16.3* 44.66% 1.48° 1.38%
1 12.38° 1? 15.46° 51.532 1.45% 1.33°

**: significant at 1% * significant at 5% ™ non-significant
In each column means with at least one similar letter do not have significant differences based on FLSD test at 5%
level

Table 4. Analysis of variance and mean comparison of ion accumulated in the plant tissue of quinoa in flowering stage
Experiment B: Flowering Stage

S.0.v df K Mg Ca P Na
Treatment 2 0.6068"  0.0977" o.oég** 0.00174" 0.1823™
Error 9 0.0435 0.0008 0.0007 0.00040 0.0084
CV (%) 6.04 3.53 3.72 3.85 4.73
0.25 3.596° 0.9912 0.62¢ 0.547 1.708°
Treatments 0.5 3.747¢ 0.829° 0.7125° 0.508° 1.987°
Ca/Mg 1 3.009° 0.679¢ 0.800° 0.516% 2.128¢

** significant at 1% * significant at 5% " non-significant
In each column means with at least one similar letter do not have significant differences based on FLSD test at 5% level
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Table 5. Analysis of variance and mean comparison of Shoot fresh and dry weight of quinoa in flowering stage

Experiment B: Flowering Stage

Fresh Spike  Dry Spike  Fresh shoot Dry shoot Fresh plant Dry plant
S.0.V df weight weight weight weight weight weight
gpl
Treatment 2 0.022" 0.0012" 1.220" 0.137* 1.536™ 0.206™
Error 9 0.002 0.0002 0.241 0.005 0.228 0.006
(CV) (%) 3.01 2.26 7.77 3.42 5.21 1.81
0.25 1.452 0.72 6.54* 2.21° 9.47% 4.29*
Treatments b ab a a a a
Ca/Mg 0.5 1.36 0.68 6.72 2.19 9.57 4.26
1 1.30° 0.66° 5.69° 1.88° 8.45° 3.88°

**: significant at 1% * significant at 5% " non-significant
In each column means with at least one similar letter do not have significant differences based on FLSD test at 5% level



