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Introduction

Salinity stress has significantly reduced world crop growth and production, especially in arid and
semi-arid regions (Bahadorkhah and kazemeini, 2014). Drought and salinity reduce crop
productivity, especially in arid and semi-arid regions. Therefore, finding a crop which produces
yield under these adverse conditions is very important (Razzaghi et al, 2011). Quinoa is a new
plant with a high nutritional value that has led the World Food Organization (FAO) to call it
vegetarian caviar (Seifati et al, 2015). Quinoa is a species of passionate herb (Adolf et al, 2013),
and most Quinoa cultivars have the ability to grow in salinity with a concentration of 40 dS/ m
and even more. This amount of salinity is too high for most crops (Jacobsen et al, 2003, Hariadi
et al, 2010).

Methodology

This research was conducted in 1395 at the Research Faculty of the Faculty of Water Sciences
Engineering, Shahid Chamran University of Ahvaz, Iran (longitude 48 degrees and 40 minutes
east, 31 degrees and 20 minutes north latitude, and 18 meters above sea level). The experiment
was conducted in a completely randomized design with three replications and five levels of
irrigation water salinity and based on cultivars in Lysymeter. Irrigation treatments were applied at
five levels of salinity (including 2, 10, 20, 30 and 40 dS / m) from the developmental stage to the
next. The lysimeters are cylindrical (220 liters) and have a thick polyethylene and have a height
of about 80 and a diameter of 60 cm. The seed of the Quinoa plant, cultivar Santamarria, which
was produced from the Agricultural and Natural Resources Research Center of Khuzestan,
cultivated at a depth of 1.5 to 2 cm on November 11, 2016. Until the initial growth stage of the
plant, all treatments were irrigated using Karun River water (salinity level of about 2 dS / m).
Determination of water requirement included determination of reference plant evapotranspiration
(ETo), determination of crop coefficient (Kc) and determination of the effects of conditions of
cultivation and operation operations (Kp). Using the relations (1) and (2), the actual
evapotranspiration of the plant was determined:

ET, = K, X Epan (1)
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ET. = K. X ET, (2

Where Kp is the evaporation coefficient of the pan, Epan the evaporation rate of the pan (mm),
Kc the crop coefficient, Eto the evapotranspiration of the reference plant and ETc the actual
evapotranspiration of the plant (mm). Considering the estimated amount of water for each
treatment, in each step of irrigation, using equation (3), salinity of the drainage water used and
salinity of Karun water were provided by other salinities.

ECadj= ((V1* EC1) +(V2*EC2))/(V1+ V2) 3)

in which V1 and V2, respectively, are the water volume of the control and the volume of
drainage water, EC1 and EC2, respectively, the salinity of water and drainage water salinity and
ECadj is the treatment salinity. On 2017/05/03, after the physiological reach of the plant,
harvesting operations were carried out by cutting the plant from the soil surface, and the
specimens were transferred to the laboratory for drying and weighing. The studied traits in this
research included grain yield, biological yield, harvest index (grain yield division on biological
yield), plant height and 1000-seed weight. The results of the study on the effect of irrigation with
drainage water on the Quinoa plant yield were analyzed using SPSS (Ver. 22) software. Analysis
of variance at a probability level of 1% and comparison of the meanings were done using
Duncan's multi-domain test at a probability level of 5%.

Results and discussion
In Table (1), the results of comparing the effect of salinity on the average of the Quinoa plant
performance indices are presented.

Table 1- Comparison of Salinity Effects Means on Quinoa Performance Index

Harvest index 1000- seed weight Plant Biological Seed Treatmen
(percent) (gn height yield yield t
(cm) (t/ ha) (ton / ha)

28/42 3/82 1162 8/642 2/462 S1
26/9* 3/40¢ 112° 7/71° 2/08° S2

240 3/5° 101¢ 7/37° 1/77° S3

22° 3/24¢ 974 6/22¢ 1/39¢ S4

17¢ 3d 91¢ 5/364 0/914¢ S5

In each column, averages with a common letter, based on Duncan's test, are not significant at 5% probability level.

The results showed that the effect of salinity on seed yield, biological yield, harvest index,
plant height and 1000-seed weight were significant. Increasing salinity from 2 to 40 dS / m
reduced seed yield, biological yield, harvest index, plant height and 1000-seed weight by 62.8,
37.96, 37.95, 21.55 and 20 percent, respectively. The highest seed yield and biological yield were
2.46 and 8.64 ton / ha in salinity S1 (salinity 2 dS / m) and its lowest value was 0.914 and 36.5t/
ha in salinity S5 (40 dS / m) was obtained. The highest and lowest plant height, 1000 seed weight
and harvest index were 116 and 91 cm, 3.8 and 3 grams, 28.4 and 17 percent, respectively, in
salinity s1 and s5.

Conclusion

The results of analysis of variance of measured traits in the experiment showed that the effect
of watering irrigation on grain yield, biological yield, harvest index, plant height and 1000-seed
weight were significant. These results are similar to those of other researchers, including
Talebnejad and Sepaskhah (2015), Koyro and Eisa (2008) and Razzaghi et al (2011). Increasing
water salinity reduced seed yield, biological yield, harvest index, plant height and 1000-grain
weight. The results showed that Quinoa can grow 40 dS / m in irrigation water and have a yield
of 0.914 tons per hectare, and this amount of grain yield indicates that the Quinoa plant is a
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salinity resistant plant. The highest grain yield was obtained in control salinity water treatment (2
dS m-1).
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Table 1- Chemical analysis of irrigation water used in the experiments

Treatments CL HCO K Na Mg Ca pH EC SAR
meq/| (dS/m)
S1 15 6 0.12 11.6 8 55 7.5 2 4.3
S2 85 10 0.33 94.6 25 15 8.13 10 21.2
S3 205 15 0.59 177.4 31 20 7.48 20 35.1
S4 290 15 0.78 236.9 46 25 7.36 30 39.7
S5 395 20 0.96 314.9 61 35 6.95 40 45.5
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Depth  Bulk density EC pH FC PWP Soil texture
(cm) (gricmd) (dS/m) (Vol. %)  (Vol. %)
0-10 1.56 12.9 7.09
10-20 1.56 11.8 7.31
20-30 1.54 8.26 7.55
30-40 1.54 6.41 7.48
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Fig4- Lysymmeters layout(a), Early growth stage of the plant(b), The middle development stage of
the plant(c), The final growth stage(d).
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Table 3- Analysis of Variance of Quinoa Performance Indicators

Sources df

Mean squares

Seed Biological Harvest Plant 1000
performance  performance Index Hight Grain
Weight
Treatment 4 1.155** 4.958** 0.006** 324.90** 0.266
Error 10 0.051 0.040 0.0001 1 0.01

Total 14

**Significant difference at 1% level.

lgas™ 8 jhos S (5Ll 5 (S350 31 S uSlo dwslio —¢  Jou>
Table 4- Comparison of averages of salinity effects on Quinoa performance indexes

Treatment Seed Biological Plant Harvest 1000
performance Performance Hight Index Grain
(Ton.ha®) (Ton.ha) (cm) (%) Weight(gr)
S1 2.46° 8.642 1162 28.42 3.8?
S2 2.08° 7.71° 112° 26.9 3.4b¢
S3 1.77° 7.37° 101° 24P 3.5°
S4 1.39¢ 6.22° 97¢ 22° 3.24¢
S5 0.914¢ 5.36¢ 91° 17¢ 34

in each column, the averages with a common letter based on Duncan's test are not significantly different at the 5% level.
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