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Table 1. Preliminary test results of typical soil in the control area.
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Table 3. Analysis of variance of quinoa traits.
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- . .
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Fig. 1. Effect of irrigation water salinity (ECw) on saturated
soil electrical conductivity (ECe); The columns with dissimilar
letters are significantly different based on Duncan's test at the
probability level of 5%.
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Fig. 2. Effect of irrigation water salinity (ECw) and nitrogen (N) levels on quinoa grain yield; The columns with dissimilar letters are
significantly different based on Duncan's test at the probability level of 5%.
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Table 2. Mean comparison of interaction effect of nitrogen fertilizer and salinity of irrigation water on some traits of quinoa plant.
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Nitrogen fertilizer Salinity of Yield 1000 s eeds- Plant height Relative water Plant nitrogen
(ke ha'l) irrigation water (¢ pot) weight (cm) content )
£ (dS m) &P 2) ) ~
0 0 9.832 2.284 52.06 49 83.29de 4212
0 3 10.042 2.26¢ 56.842 90.16¢¢ 3.774¢
0 6 9.62 2.117k 55.03% 94.372¢ 3.51¢h
0 9 8.992 221k 53.72¢ 93.93 ¢ 3.78¢¢
0 12 6.43 i 1.791 53.22d 93.1624 4.09 ¢
0 15 9438k 1.52m 50.87¢f 83.29d= 4.132b
50 0 8.93b 2.117%k 51.4¢ 85.351 3.57th
50 3 7.454¢ 2.08k 80.18f 85.454f 3.69¢h
50 6 8.02¢f 2.372¢ 48.06M 90.91 b 4.44 ¢
50 9 7.674¢ 2.03bh 50.81¢f 84.12f 3.4871
50 12 7.58¢¢ 2.08k 48.84hi 84.86 3.7¢h
50 15 6.14] 1.831 50.75¢f 85.361 4.182d
100 0 8.24 ¢« 241 ¢ 51.18¢f 86.88 ¢ 3.51¢h
100 3 7.12¢1 2432 48.34¢h 85.351 3.43 i
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100 9 6.94 &1 2.31bh 46.43K 84.59 ¢ 3.88¢
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100 15 7.1¢ 2.15Mk 47.005! 88.62 4 4.11%
200 0 8.17% 2.362¢ 48.00 1 91.15%¢ 3.65¢h
200 3 459! 2472 459! 95.152 2.957k
200 6 7.9¢f 2.21¢k 47.627k 92.7624 3.17
200 9 7.44 th 23108 48.1214 96.1% 2.82k
200 12 6.61 2.1Fk 44.56™ 95.07%¢ 3.44hi
200 15 6.73 1 2.07k 46.18! 94.66 *¢ 3.870f
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The means with common letters in each column are not significantly different based on Duncan's test at the probability level of 5%.
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Fig. 3. Effect of irrigation water salinity (ECw) and nitrogen (N) levels on 1000-seeds weight; The columns with dissimilar letters are
significantly different based on Duncan's test at the probability level of 5%.
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Fig. 4. Effect of irrigation water salinity (ECw) and nitrogen (N) levels on plant height; The columns with dissimilar letters are
significantly different based on Duncan's test at the probability level of 5%.
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dissimilar letters are significantly different based on Duncan's test at the probability level of 5%.
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Abstract

In order to determine the effect of different levels of nitrogen on some traits of quinoa (Gizal genotype)
under salinity stress of irrigation water, a factorial experiment was conducted in a completely randomized
design with three replications in a greenhouse at Shahed University of Tehran. Nitrogen as the main factor
including 0, 50, 100 and 200 kg ha™! was applied at planting time and before flowering stage. The salinity of
water including 0, 3, 6, 9, 12 and 15 dS m! was considered as a sub-factor in the irrigation of pots. The
initial soil salinity was 13 dS m™. Results showed that nitrogen fertilizer and water salinity had a significant
effect on the measured morphological and physiological characteristics. The highest yield was obtained in
the control treatment. Increasing nitrogen up to 200 kg ha! decreased grain yield by 8% and increased 1000-
seeds weight by 13%. The highest yield (8.79 g pot!) was obtained in the control treatment of irrigation
water. Also, the salinity of irrigation water at 15 dS m™ reduced grain yield and 1000-seeds weight by 30 and
24%, respectively. The relative water content, sodium and chloride contents of the plant increased with
increasing water salinity, and plant height, potassium content and K/Na ratio of the plant decreased
significantly. Increasing the salinity of irrigation water up to 15 dS m™! caused a 6% decrease in potassium
and a 9% increase in quinoa sodium. According to the obtained results, quinoa can be recommended in the
areas where salinity of irrigation water and soil as well as low soil fertility are limiting factors.

Keywords: Chlorine, Sodium, Relative water content, Yield.

Background and Objective: Salinity can reduce nitrogen uptake by plants. Reduction of nitrogen ultimately
reduces crop growth and yield (3). The purpose of this study was to investigate the effect of nitrogen
fertilizer on the growth and yield of quinoa under saline irrigation water.

Methods: The experiment was conducted as factorial in a a completely randomized design with three
replications in a greenhouse at Shahed University of Tehran. In this experiment, nitrogen as the main factor
including 0, 50, 100 and 200 kg ha™! was applied during planting time and before flowering stage. The
salinity of water including 0, 3, 6, 9, 12 and 15 dS m™! was considered as a sub-factor in the irrigation of pots.
A total of 72 pots (30 cm diameter and 40 cm height) were prepared and filled with 6 kg of soil. In each
replication 10 quinoa seeds (Gizal genotype) were sown and reduced to 5 buds after establishment. The
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greenhouse was double-sided, and its walls and roof were made of polyethylene. Temperature, humidity and
light were continuously adjusted by installing special sensors and the relative humidity was about 75%.

Results: The highest yield (8.79 g pot™!) was obtained in the control treatment of irrigation water. Also, the
salinity of irrigation water at 15 dS m™' compared to the control reduced grain yield and 1000-seeds weight
by 30 and 24%, respectively. Studies show that increased water salinity decreases the weight of 1000 seeds
(2). The relative water content (RWC), sodium and chlorine contents of the plant increased with increasing
salinity, and plant height, potassium content and K/Na ratio of the plant decreased significantly. Increasing
the salinity of irrigation water up to 15 dS m™! caused a 6% decrease and a 9% increase in quinoa potassium
and sodium, respectively. Grain yield in treatments of 15, 12, 9, 6 and 3 dS m™!' decreased by 30, 21, 11, 4
and 6%, respectively.

Conclusions: It can be concluded that quinoa is a plant with low nutritional expectations as reported in the
literature (1). With increasing salinity of irrigation water, mineralization of ammonia decreases and quinoa is
a plant that takes up nitrogen well in the form of nitrate and ammonium. Therefore, salinity of soil and
irrigation water did not negatively affect the nitrogen uptake, which can be the mechanism of resistance of
quinoa plant against salinity. Higher rate of nitrogen application (200 kg ha') induced plant to enter an
earlier reproductive phase in late March, while lower rates delayed this phase (early to late April).
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