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ABSTRACT 

Although quinoa is one of the oldest crops in Latin America, there have been several attempts in 
the past two decades to bring this crop into the Mediterranean region. The objectives of this research 
are to identify the productivity of clay and sandy soils of the quinoa and study the effect of irrigation 
water salinity and nitrogen fertilization rate on seed and straw yield and quinoa yield components 
(Regalona variety). Quinoa plants were grown in ponds containing clay or sandy soil. At the time of 
harvest, the plant height, number of branches per plant, and the yield of both seeds and straw were 
measured. In addition, sodium, potassium and protein contents in seeds and straw were estimated. 
Both the crop yield and its components were clearly affected by the soil type, water salinity and 
nitrogen fertilization rate. Obtained results showed that the yield significantly increased in clay soil 
compared to sandy soil, regardless of the effect of water salinity and/or nitrogen fertilization rate. But, 
in sandy soil, increasing water salinity significantly reduced seed and straw yield in the non N 
fertilized treatments. Nitrogen fertilization at rates of up to 120 kg / ha greatly improved the 
productivity of quinoa grown in sandy soil, especially under the high salinity conditions of irrigation 
water. It seems that the mechanism of increasing the protein content in the quinoa is the most present 
from the mechanism of increasing K: Na ratio in the defense of plants when exposed to salt stresses 
and nitrogen fertilization supports this mechanism.   
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Introduction 

Due to climate changes and their impacts on the global level, many agricultural ranges will be 
affected either directly or indirectly by damage to water resources in terms of quantity and quality and 
by the exposure of agricultural soil to drought and salinization. The compatibility with these expected 
changes to address the problems of providing food to the growing numbers of people is one of the 
main objectives of ongoing research in the area of localization with climate change. There is growing 
interest in non-conventional crops that are compatible with climate change and bear the stresses of 
soil and water salinization and drought tolerance. Since saline soils are harmful to most plants and 
cause reduced plant growth and development, due to mainly reduced uptake of water, toxicity of Na+ 
and Cl− ions, and decreased uptake of essential nutrients such as potassium and calcium  as well as 
salinity inhibits the aquaporins and, thus, the water transport (Hasegawa et al., 2000 and Boursiac et 
al., 2005), a promising way to overcome this problem is to use halophytes in agriculture as new 
potential crops (Panta et al., 2014). Quinoa is one of those crops that are growing in importance 
because of its nutritional quality to humans and animals and, recently, quinoa has been cultivated 
under saline conditions, as well as saline sources of irrigation in the Mediterranean climate (Hussain 
et al., 2018; Mahmoud, 2017 and Bazile et al., 2016).  
 Quinoa is considered as one of the ancient crops and food source of Andean Region countries 
(People of Inca) which include Colombia, Venezuela, Ecuador, Peru and Bolivia. According to FAO 
(2015), quinoa is a broadleaf plant that, recently, has had serious worldwide attention because of its 
extraordinary tolerance to different environmental stresses. It is a facultative halophyte and its grains 
are a rich source of a wide range of minerals, vitamins, natural antioxidants and high-quality proteins. 
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     Due to climate change and its impact on water resources on the one hand and rainfall in arid 
regions on the other hand, there are trends towards the use of salt water in the irrigation of crops that 
bear high levels of salts such as quinoa to be an acceptable alternative in those areas (Choukr-Allah et 
al., 2016). 

In the southern Mediterranean basin, which is subject to significant changes and has a negative 
impact on the current agricultural patterns, several countries such as Egypt, Tunisia and Morocco 
have started to introduce quinoa as a grain crop compatible with a wide range of climates (Shams, 
2011; Filali, 2011; Fghire et al., 2013 and Benlhabib et al., 2015).  

Nitrogen fertilization is one of the most important factors affecting the production of quinoa, 
especially in marginal lands or those that lose many of their fertility elements (Razzaghi et al., 2012 
and Carlesson et al., 1984). Thus, a number of studies have been concerned with the nitrogen 
fertilization of quinoa and have shown its importance due to the high content of protein characterized 
by quinoa on the one hand and the great diversity in the content of grains of amino acids (Schulte 
auf’m Erley et al., 2005 and Jacobsen et al., 1994).  

The results of the previous experiments have been successful in the cultivation of quinoa in the 
North of Nile Delta clay soil as a winter crop, which was cultivated from December to May 
(Mahmoud 2017 and Mahmoud and Sallam 2017) using saline irrigation water reached to 20 dS/m. 
However, because the horizontal expansion of new agricultural land occurs in areas with sandy soil 
and water sources of varying quality from groundwater resources, it is necessary to test quinoa 
cultivation in those environments. Therefore, this research focuses on comparing the productivity of 
quinoa in both clay and sand soils and the effect of salinity irrigation water and nitrogen fertilization 
on different crop components. 
 
Materials and Methods  
 

The experiments of quinoa (Chenopodium quinoa) plantation were conducted in the 
greenhouses of the Department of Saline and Alkaline Soils Research, Soil, Water and Environment 
Research Institute of the Agricultural Research Center in Sabihia area in Alexandria, Egypt (GPS: 
"26.56'29 o 56 east and "02.11'31o13 north). The greenhouses contain soil plots with dimensions of 70 
cm x 160 cm and a depth of up to 100 cm. The soil contains two types of agricultural soils: clay and 
sandy; Table (1) shows the most important physical and chemical properties of these soils.    
 
Table 1: Some selected properties of studied soils. 

Parameter Soils 
Clay Sandy 

Soil suspension pH 7.42 7.33 
ECse (dS/m) 3.37 1.29 
Soluble cations (meq/L) 

  Ca2+ 11.40 3.95 
Mg2+ 8.60 1.42 
Na+ 14.00 6.50 
K+ 0.35 0.32 
Soluble Anions (meq/L)  

  Cl- 18.50 2.79 
HCO3

- 3.55 0.98 
SO4

2- 11.90 8.40 
Total carbonate (%) 3.98 0.85 
Total Organic Matter (%) 2.41 0.14 
Particle size distribution: 
Clay (%) 75.59 2.00 
Silt (%) 18.20 3.00 
Sand (%) 37.90 95.00 
Texture Clay Sandy 

 
Quinoa seeds of Regalona genotype were obtained from Desert Research Center, Cairo, Egypt 

and were cultivated on 25 December 2018 in the plots in two rows where the distance between rows 
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were 50 and between plants 30 cm. After surface-mixing of phosphate and potassium fertilizers by the 
rate of 70 and 60 kg P2O5 and K2O per hectare in the forms of single superphosphate and potassium 
sulfate, respectively, five seeds were set at every hole in each plot (every plot contains two rows and 8 
plant sets). The plants were irrigated by three levels of water salinity: fresh water (EC = 0.65 dS m-1) 
and saline waters having EC = 10.0 and 20.0 dS m-1. After 30 days of cultivation, plants were thinned 
to 2 per hole. The effect of the nitrogen fertilization rate on the growth and yield of quinoa grown in 
both soils was tested using 3 rates: soil nitrogen  (control), 60 kg and 120 kg ha-1 were added after 20, 
50 and 80 days of planting with one third of the quantity each time in the form of ammonium sulfate. 

The experiment was statistically designed as split split complete blocks with three replicates. At 
harvest, plant height, branch number, dry biomass yield and seed yield were recorded. Obtained data 
were statistically analyzed using Costat software (Cohort, 1986). 
 
 Sodium and Potassium Content 

Sodium and potassium contents of quinoa hay and seeds were determined using the dry-ashing 
procedure (Jones and Case, 1990) where 0.5 gram of 0.5-mm ground dried hay was transferred into 
porcelain crucible and heated to 550 oC in a muffle furnace for 6 hours. After cooling, the ash was 
dissolved in 10 mL dilute acids mixture (600 mL distilled water: 300 mL HCl:100 mL HNO3) and 
transferred into 250-mL volumetric flasks then the volume of 250 mL was completed by distilled 
water. Concentrations of Na and K were measured using flame photometer (Jenway model CM6 3LB, 
UK). 

 
Protein Content 

Quinoa seeds and straw were crushed by mortar then sieved through 0.5-mm polyethylene 
sieve. Total nitrogen in seeds and hay of quinoa plants were determined using kjeldahl procedure 
(Jones and Case, 1990) where 0.5 g seed or hay powder were transferred into Kjeldahl's digestion 
tubes, 5.0g of digestion mixture (100:1:100 CuSO4.5H2O: Se: K2SO4, respectively) was added to the 
plant tissue then 10 mL of concentrated H2SO4 was added. Kjeldahl tubes were transferred into the 
digester (Tecator Digestion system 20, Sweden) and the digestion heat reached to 410 oC and settled 
to 60 minutes. After cooling, the tubes were transferred to Kjeldahl distillation unit (Foss tecator 2100 
Kjeltec, Sweden) for determining total N as described by Jones and Case (1990).  
 

Results and Discussion  
 
Effect of Soil Type on Quinoa Yield and Yield Components: 
 

The results of seed and straw yield of quinoa (Table 2) showed that the yield significantly 
increased in clay soil compared to sandy soil, regardless of the effect of salinity of irrigation water 
and/or nitrogen fertilization rate. On the other hand, in clay soils, irrigation with high salinity water 
did not affect the production of both grain and straw of quinoa, but it had a significant effect on the 
growing plants in the non N fertilized sandy soil where there was a significant reduction in seed and 
straw yield (Figure 1). A field study performed in Southern Italy found that the Danish quinoa variety 
“Titicaca” had no significant difference in yield when irrigated with saline water of 22 dS/m, mixed to 
approximate a 1:1 ratio of seawater to freshwater, compared to a fresh water control (Pulvento et al. 
2012). However, the addition of nitrogen fertilizers has increased both grain yield and hay yield 
significantly in sandy soils compared to clay soils.  In a study conducted in the city of Ghayathi in 
Abu Dhabi, United Arab Emirates, quinoa irrigation with saline water had EC between 14-15 dS/m 
resulted in a grain yield of 750 g/m2 and was considered the highest seed yield in this experiment 
(Rao et al., 2013).  
 The calculated ratio of seed: straw yield is an important indicator that reflects the impact of 
ecological factors and/or genetic factors related to the cultivar (Regalona) of grown quinoa. In clay 
soils, increased water salinity and/or N fertilization rate reduced this ratio (Fig. 2). 

The results in Table (2) showed that the average number of branches of the plant, in general, 
was in the mud floor larger than in the sandy soil. The level of salts in irrigation water had a negative 
impact on the number of branches in both lands. The average number of branches in the clay soil 
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decreased from 44 to 32 and 19 branch/m2 due to increased electrical conductivity of irrigation water 
from 0.65 to 10 and 20 dS/m, respectively. While the number of branches of quinoa grown in sandy 
soil increased from 16 to 18 branch/m2 as a result of increased salinity of irrigation water to 10 dS/m 
and then decreased to 11.8 branch/m2 in irrigated soil with 20 dS/m water. This significant increase in 
the number of branches of quinoa growing in clay soil compared to sandy soil may be due to the 
increase in the percentage of organic matter and to the clay texture, which is reflected in a several 
other positive properties of clay soil (e.g., cation exchange capacity and water holding capacity). 
 
Table 2: Effect of salinity of irrigation water and nitrogen fertilization on average values of yield and 

yield components of quinoa grown in clay and sandy soils. 
Treatments No. 

Plant/m2 
Plant height 

(cm) 
Yield 

Seed no./g 
Salinity Nitrogen rate Straw Seed 

Clay Soil 

 
N0 44.16 120.00 393.83 695.00 313.2 

So N1 38.66 125.00 467.97 810.83 360.6 
N2 35.71 112.50 553.68 857.17 389.8 
N0 32.59 101.25 388.04 521.25 260.8 

S1 N1 19.59 102.50 372.98 550.44 261.4 

 
N2 28.36 131.25 486.50 613.92 315.0 

 
N0 19.12 118.75 430.90 556.00 281.2 

S2 N1 27.71 137.50 535.15 637.08 334.4 
N2 16.10 112.50 485.34 503.88 279.5 

Sandy Soil 
N0 15.99 75.00 118.15 243.25 322.0 

So N1 18.77 122.50 309.28 729.75 325.0 

 
N2 14.60 112.50 278.00 521.25 392.0 

 
N0 18.07 70.00 97.30 69.50 560.0 

S1 N1 18.77 132.50 347.50 729.75 428.0 
N2 15.99 115.00 312.75 590.75 336.0 
N0 11.82 60.00 48.65 69.50 356.0 

S2 N1 17.38 90.00 180.70 243.25 373.0 

 
N2 16.68 103.50 319.70 347.50 417.0 

 
 

  

  
Fig. 1: Effect of salinity of irrigation water and nitrogen fertilization rate on seed and straw yields of 

quinoa grown in clay and sandy soils. 
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Fig. 2: Influence of irrigation water salinity and N fertilization rate of the seed: straw ratio of quinoa 
grown in clay and sandy soils. 

 
Nitrogen fertilization has had a significant effect on the increase of branching in quinoa grown 

in sandy soil compared to clay soils (Table 2) particularly under the conditions of irrigation with 
water having salinity 20 dS/m. 

For plant height, there was no specific trend due to water salinity or nitrogen fertilization rates 
in both soils (Table 2). However, the height of quinoa plants varied from 101 to 137 cm in the clay 
soil and from 60 to 132 cm in sandy soil. The results of sandy soil showed a decrease in the height of 
plants due to increasing salinity of irrigation water from 75 cm to 70 cm and 60 cm in the irrigated 
land with water supply of 0.65, 10 and 20 dS / m, respectively. 

Although many of the published studies indicate the ability of quinoa to withstand 
environmental and physiological stresses (Peterson and Murphy, 2015; Benlhabib et al. 2004 and 
Adolf et al., 2012), current results indicate that the optimal conditions for growth (nitrogen 
fertilization and freshwater irrigation) significantly improve production. 
 
Sodium and potassium uptake 

The results of sodium and potassium content in both seeds and straw of quinoa show that they 
are associated with salinity levels in irrigation water and are not affected by the level of nitrogen 
fertilization (Table 3) in clay soil. However, the results of the sandy soil showed that their uptake was 
affected by mainly by salt level and slightly by nitrogen fertilization.  

The values of potassium to sodium ratio in plant tissues are used as one of mechanisms of salt 
tolerance by plants (Marschner, 1995). Where the exposure of salt-tolerant plants to salt stress to 
uptake more K+ versus Na+ and then increases its proportion to sodium. Sun et al. (2017) confirmed 
occurrence this mechanism in some quinoa cultivars, but, in some halophytic plants such as quinoa, it 
seems that this mechanism is not clear in the Regalona cultivar (Table 3) and other mechanisms that 
work on plant growth well under salt stress conditions could be work. 
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Table 3: Effect of salinity of irrigation water and nitrogen fertilization on the average values of 
sodium, potassium and protein contents (%) in seeds and straw of quinoa grown in clay 
and sandy soils. 

Treatments 
Straw Seed 

Salinity 
Nitrogen 

rate 

    Na K K/Na Protein Na K Protein K/Na 
Clay Soil 

 
N0 1.60 1.18 0.73 3.19 0.46 1.37 15.09 2.97 

So N1 1.93 0.87 0.45 3.89 0.35 1.25 16.06 3.55 
N2 1.82 0.96 0.53 4.55 0.42 1.30 16.63 3.09 
N0 2.42 1.45 0.60 3.97 0.60 1.50 15.13 2.52 

S1 N1 2.59 1.42 0.55 4.59 0.58 1.47 17.20 2.54 

 
N2 2.51 1.43 0.57 5.46 0.67 1.50 16.06 2.25 

 
N0 2.90 1.40 0.48 4.32 0.70 1.61 16.66 2.32 

S2 N1 2.29 1.19 0.52 6.02 0.51 1.22 17.24 2.40 
N2 2.95 1.35 0.46 5.63 0.61 1.56 16.57 2.56 

Sandy Soil 
N0 1.36 1.34 0.98 3.72 0.31 0.50 15.00 1.61 

So N1 1.31 0.31 0.24 3.76 0.35 1.03 16.67 2.94 

 
N2 1.10 0.26 0.24 3.80 0.31 0.54 17.85 1.77 

 
N0 2.78 1.43 0.51 4.20 0.30 0.78 16.35 2.60 

S1 N1 3.54 1.43 0.40 4.55 0.10 0.54 16.66 5.40 
N2 3.13 1.09 0.35 5.27 0.45 1.08 17.57 2.40 
N0 2.88 1.29 0.45 4.22 0.71 1.37 15.47 1.93 

S2 N1 3.44 0.75 0.22 4.66 0.56 1.47 15.22 2.63 

 
N2 3.82 1.07 0.28 7.09 0.56 0.98 17.56 1.75 

 
Protein Content 

The results in table 3 indicated that the protein content of the quinoa plant in both seeds and 
straw was affected by salinity of irrigation water and nitrogen fertilization rate in both soils, but this is 
more pronounced in sandy soil. In the clay soil, irrigation with water having electrical conductivity 
(EC) 10 dS/m increased the protein in quinoa straw by 24.45% while not significantly affecting the 
seed protein. Irrigation with water having EC 20 dS/m increased protein in straw by 35.4% and in 
seeds by 10.4% (Table 3). While in the sandy soil, irrigation with water having EC 10dS/m increased 
the protein to 12.9 and 9.0% in straw and seeds, respectively, and irrigation with water having EC 20 
dS/m gave corresponded values 13.4 and 3%. In field experiments on several varieties of quinoa at the 
University of Iowa, USA, irrigation of water with EC 32 dS/m increased the proportion of seed 
protein compared to that of irrigated with fresh water (Wu et al., 2016). Koyro et al. (2015) discussed 
that the total protein content of quinoa could contribute to salt tolerance under salinity stress. 

Since nitrogen is the main element in the physiology of amino acid production and then 
protein, the results in Fig. 3 showed the association of quinoa content of the protein with nitrogen 
fertilization under the different levels of irrigation water salinity in both soils. 

The results of the analysis of variance (ANOVA) in Table 4 show that the effect of soil type on 
the measured variables related to the crop or its components comes first, followed by nitrogen 
fertilization and salinity of irrigation water. On the other hand, the interaction between soil type and 
nitrogen fertilization was highly effective on both seed and straw yield and protein content in quinoa 
seeds.  

In conclusion, the results of quinoa yield in both clay soil and sandy soils under saline and 
nitrogen fertilization irrigation conditions showed significant improvement in both seed and straw 
yield. In the clay soil, the salinity of irrigation water did not have a clear effect compared to sandy 
soil. Under the conditions of quinoa irrigated with saline water, nitrogen fertilization plays an 
important role in obtaining good productivity for both seed and straw. The results obtained from the 
study showed that under salt stress, the protein content in seeds and straw increases as one of the 
mechanisms used by quinoa to mitigate the negative effects of salinity on yield. 
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Fig. 3: Influence of irrigation water salinity and N fertilization rate on protein content in quinoa 

grown in clay and sandy soils. 
 
Table 4: Significance of soil type, water salinity and N fertilization rate and their interactions on the measured 

parameters of yield, yield components and Na, K and Protein contents in seeds and straw of quinoa 
plant.  

             

  df 
Plant 
height 

Branch 
number 

Straw 
yield 

Seed 
yield 

Seed 
number 

Na 
in 

Straw 

Na 
in 

Seed 

K 
in 

Straw 

K 
in 

Seed 

Protein 
in 

Straw 

Protein 
in 

 Seed 

             
Main Effects 

Soil Type 1 ** *** *** *** ** ns *** ** *** ns ns 
Water Salinity 2 ns ns ns * ns *** *** ** *** *** ns 
N Fert. Rate 2 ** ns ** ** * * * ns ns ** ns 
Interaction 
Salinity X N 2 ns ns ns ns ns ns * ns * ns ns 
Salinity X Soil Type 2 ns ** ns ns ns *** *** ns *** ns * 
Soil Type X N 2 ** ns ** * ns ns ns * 

 
ns *** 

Salinity X Soil Type X N 4 ns ns ns ns ns * ns ns *** ** ns 
MS Error 18 374.57 83.08 7766.66 22819.2 2958.6 0.125 0.007 0.084 0.014 0.249 0.281 
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