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ABSTRACT 
The response of quinoa (Chenopodium quinoa Willd.) 

grown under salinity stress of irrigation water to nitrogen 
fertilization for improving yield production and quality 
was investigated. In plots experiment, application of 0 
(N0), 14.28 (N1) and 28.56 (N2) g N m-2 as ammonium 
sulfate to quinoa (cultivar Regalona) sown in clay –
textured soil and irrigated by water of 0.65, 10 and 20 dS 
m-1 was studied. The results showed that application of 
nitrogen improved both biomass and seed yield. Nitrogen 
fertilization at rates of 14.28 and 28.56 g m-2 increased the 
yield of biomass by about 33.5 and 60% more than the 
control under fresh and 10 dS m-1 saline water irrigation. 
Under irrigation with 20 dS m-1, N application by 
corresponded rates increased the biomass by 57 and 100%, 
respectively. Similar results were obtained with seed yield. 
Results of N content in seed and hay indicated that, under 
non-saline conditions, N content increased by 7.9 and 
39.7% in hay and 15.9 and 36.8% in seeds over the control 
when the plant fertilized by 14.28 and 28.56 g N m-2, 
respectively. Seed-N decreased by about 17.0, 5.2 and 8.0% 
in the plants irrigated with water of 10 dS m-1 and treated 
by N0, N1 and N2, respectively, whereas irrigation with 20 
dS m-1 water decreased seed-N by 26.4, 10.4 and 17.7% in 
plants fertilized by N0, N1 and N2 respectively. Under non-
saline conditions, nitrogen utilization efficiency (NUtE) 
decreased from 55.1 to 47.5 and 40.3 kg seed kg-1 N in 
plants treated byN0, N1and N2. Similar trends were 
observed in the plants irrigated by higher levels of water 
salinity. The results indicated that quinoa hay yield 
responded to N application more than seed yield response. 
In N0-treated plants, NUtE increased from 55.1 to 66.2 and 
74.7 kg seed/kg N in plants irrigated by water of 0.65, 10 
and 20 dS m-1, respectively. N fertilization with N1 and N2 
did not influence Na and improved K content in the hay of 
plants irrigated by saline water (10 and 20 dS m-1). The use 
of quinoa hay as ruminant feed was supported by the 
results of both organic material content and high levels of 
crude protein as comparing to clover hay. However, the 
low percent of ether extract and higher percents of ADF 
and NDF lowered its quality. Therefore, it could be strong 
feed supplement for ruminants. 

Keywords: quinoa, saline water, forage, ruminants, 
nitrogen utilization efficiency. 

 

 

INTRODUCTION 
Marginal land in Mediterranean region represents a 

significant area and the climate changes impacts lead to 
further land degradation and water scarcity in such arid 
and semi arid environments (Tomaz et al., 2013; 
Karamesouti et al., 2015). Some features of degradation 
can be seen due to soil salinization and drought (Abdel 
Kawy and Ali, 2012), therefore, the agro-ecosystems 
adaptation studies have been increased (Hiernaux et al., 
2016; Tokatlidis, 2013; El-Ramady et al., 2013; Romo-
Leon and van Leeuwen, 2016) particularly towards 
introducing salt and drought tolerant crops as 
alternatives for traditional grain and fodder crops 
(Ahmed et al., 2016; Malhotra and Chhabra, 2013; 
Galvani, 2007). Quinoa (Chenopodium quinoa Willd) 
has garnered much attention in recent years because it is 
highly tolerant to soil salinity and drought (Wu et al., 
2016; González et al., 2015). Quinoa is known as seed 
(pseudo grain) crop and classified within the super foods 
for its high content in protein and high content in lysine, 
which is considered the first limiting essential amino 
acid in cereals (Arendt and Zannini, 2013; Livingston, 
2013). In view of its exceptional nutritional quality and 
ability to grow under marginal environments, the Food 
and Agriculture Organization of the United Nations 
(FAO) has identified quinoa as one of the crops that will 
play an important role in ensuring future food security 
and designated the year 2013 as the “Year of Quinoa” 
(Bazile et al., 2015). In previous study, Mahmoud 
(2017) showed that quinoa was successfully grown 
under the winter season of south Mediterranean climate 
between Med December to the last third of January at 
Northwest Nile delta, Egypt. Other studies confirmed 
the success of quinoa production at South Sinai (Shams, 
2011) and Giza, Ismailia and Wadi El-Natroun, Egypt 
(Shams, 2015). 

 Under abiotic stress conditions (e.g., high soil and/or 
water salinity and alkalinity and drought), quinoa, as a 
facultative halophyte (Ruiz et al., 2014) needs to pay 
attention to fertilization. N, P  and K, fertilization play 
significant role in crop growth and production 
improvement where Mujica et al. (2001) stated that 
quinoa has high requirements for nitrogen (N) and 
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calcium (Ca), moderate for phosphorous (P), and 
minimal for potassium (K) and respond strongly to N 
fertilization (Schulte auf’m Erley et al.,2005). Quinoa as 
a halophyte is adapted to harsh environments with 
highly saline soil and its seed quality affected not only 
by salinity level but also by the type of prevalent salts 
(Wu et al., 2016). In several countries, quinoa plant not 
only is used as super food for humankind but also used 
as forage for livestock and poultry. In South American 
region, the grain of quinoa is used primarily for human 
food and the plant stocks used for animal feed (Rosero 
et al., 2010; Kubelkov et al., 2013; Robinson et al., 
2013 a and b). As feed, quinoa seeds were beneficiary 
diet when introduced to broilers (Jacobsen et al., 1997). 
Also, cooked quinoa was introduced as protein 
supplement to pigs, cattle and chicks (Scanlin and 
Lewis, 2017).       

Under the arid and semi arid conditions of 
Mediterranean region, quinoa species grow well but 
there are no detailed studies on its response to nitrogen 
fertilizer rates when the plant grows under stressed 
conditions such as high salinity of soil and/or irrigation 
water. Therefore, the objectives of the current study 
focused on the influence of N application on yield 
response of quinoa irrigated with saline water and on the 
quality of quinoa hay as forage for livestock. 

MATERIALS AND METHODS 
Plot experiment was conducted to determine the 

effects of nitrogen fertilization and saline water 
irrigation on growth, yield and quality of quinoa crop 
(Chenopodium quinoa Willd.). The agronomic 
performance and nitrogen uptake by quinoa were 
evaluated in order to define substitutes to local winter 
forages feeding of ruminants and sheep. The experiment 
was laid out in a randomized complete block design with 
four replicates in plots (120 cm x 70 cm) containing clay 
soils. The soil properties are listed in Table (1). It was 
carried out at Soil Salinity and Alkalinity Research 
Laboratory, Alexandria, Egypt (GPS: "26.56'29o56 east 
and "02.11'31o13 north). Fertilizers at rates of 16.7 and 
14.3 g P2O5 and K2O per square meter were applied in 
the forms of single superphosphate (P2O5 15.5%) and 
potassium sulfate (K2O 50%), respectively. Seeds of 
quinoa cultivar of Regalona were sown in two rows per 
plot (distance between rows is 50 cm and between plants 
30 cm) by putting 3 seeds in each hole in the upper 3 cm 
soil surface. The treatments are containing three 
nitrogen fertilizer rates (0, 14.28 and 28.56 g N per 
square meter in the form of ammonium sulfate (N 21%) 
and denoted as N0, N1 and N2, respectively) and three 
levels of water salinity (fresh water, EC = 0.65 dS m-1, 
saline water, EC = 10 and 20 dS m-1 by using sodium 
chloride salt). After 21days from sowing date 

(December 25, 2015), one third of nitrogen fertilizer 
was applied and the two other thirds were applied after 
45 and 65 days of plant sowing. The quinoa plants were 
irrigated with the three levels of water salinity. After 
128-135 days from sowing, the above-ground plant 
biomass was harvested from each plot and the dry 
weights were recorded. The seeds then were separated 
and their weights were recorded. The harvest index (HI) 
was calculated according to the following equation: 

                                          seed yield (gm-2) 

Harvest Index (HI) = 

                                  above ground blomass yield (gm-2) 

Nitrogen in seeds and hay 

The quinoa seeds were crushed by mortar then 
sieved through 0.5-mm polyethylene sieve. Also, the air-
dried plant hay was crushed and sieved as mentioned 
above. The amounts of 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 determiner total N as 
described by Jones and Case (1990). Nitrogen 

Table1. The main physical and chemical properties 
of the used soil in the study 

Property Value 
Particle size distribution: 
Sand (%) 
Silt (%) 
Clay (%) 
Soil texture: 
Total carbonate (%) 
Cation exchange capacity (CEC, cmol kg-1) 
Electrical Conductivity (EC, dS m-1) 
pH 
Water soluble cations (meq L-1) 
Ca2+ 
Mg2+ 
Na+ 
K+ 
SAR 
Water soluble anions (meq L-1) 
Cl- 
HCO3

- 
SO4

2- 

 
6.21 

18.20 
75.59 
Clay 
3.98 

55.61 
3.37 
7.42 

 
11.40 
8.60 

14.00 
0.35 
4.44 

 
18.50 
3.55 

11.90 
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Utilization Efficiency (NUtE) was calculated according 
to the following equation: 

                       seed yield (gm-2) 
NUtE =  

                       seed Nuptake (gm-2) 

Sodium and potassium in hay 

Sodium and potassium contents of quinoa hay were 
determined using the dry-ashing procedure (Jones and 
Case, 1990) where 0.5 gram of 0.5-cm 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). 

Biomass compositional analysis 

The dry plant hay of quinoa was milled by hand to 
fine powder using porcelain mill then passed through 
0.5-mm sieve and kept in plastic bottles for analysis. 
Organic matter (OM), crude protein (CP), ether extract 
(EE), acid detergent fiber (ADF), neutral detergent fiber 
(NDF) and acid detergent lignin (ADL) were analyzed 
according to procedures of AOAC (1990) and Van 
Soest et al. (1991). The hemicelluloses (HCEL) content 
was obtained by subtracting ADF from NDF and the 
cellulose (CEL) content by subtracting ADL from ADF.  

RERSULTS AND DISCUSSION 

1. Effect of N application on Yield: 

Table 2 showed that, without nitrogen fertilization, 
about 0.95and 19.4% of quinoa biomass decreased as a 
result of irrigation with water of 10 and 20 dS m-1, 
respectively, as compared to those irrigated with fresh 
water. Nitrogen fertilization at rates of 14.28 and 28.56 
g m-2 increased the yield of biomass by about 33.5 and 

60% more than the control under fresh and 10 dS m-1 
saline water irrigation. Under irrigation with 20 dS m-1, 
N application by corresponded rates increased the 
biomass by 57 and 100%, respectively. Similar results 
were obtained with respect to the seed yield where the 
application of nitrogen significantly increased the yield 
under non-saline and saline conditions of irrigation 
water (Table 2). The relative increases in biomass and 
seed yield are illustrated in Fig. (1).The application of 
nitrogen improved both biomass and seed yield which 
agreed with Razzaghi et al. (2012) and Schulte auf’m 
Erley et al. (2005). Under high salinity conditions (20 
dS m-1), N application rate of N2 had great influence on 
growth improvement of Regalona quinoa as compared 
with its influence under non-saline conditions (Fig. 1).  

 No change in the harvest index (HI) was observed 
according to raising the N application rates with fresh or 
10 dS m-1 irrigation water. However, an obvious 
reduction in HI was induced for the plants irrigated with 
20 dS m-1 saline water (Table 2). Under non-saline 
conditions, Schulte auf’m Erley et al. (2005) found that 
HI of some quinoa cultivars (Cochabamba) was 
enhanced by N fertilization. Szilagyi and Jornsgard 
(2014) reported that the high and low harvest index 
values are related to the early and late maturity of 
quinoa genotypes where they found that early maturity 
genotypes recorded a higher harvest index than late 
maturity genotypes. Also, low values of harvest index 
for late and high values for early maturity genotypes 
supported similar findings by Spehar and de Barros 
Santos (2005). It seems that improvement of HI of 
quinoa seed yield is related to various factors rather than 
N fertilization such as genotypic and abiotic variations. 

2. Influence of N application on N content 

As shown in Table (2), nitrogen content in both seed 
and hay of Regalona quinoa cultivar increased as N 
application rate increased.  

Table 2. Mean values (followed by STDEV values) of Biomass and seed yield, harvest index, nitrogen content 
and nitrogen utilization efficiency of quinoa plant (cultivar Regalona) as influenced by nitrogen fertilization 
rate and irrigation with saline water 

N in plant (%) 
N rate  
 (g m-2) 

Water 
salinity  

(EC, dS m-1) 
Dry Biomass  

(g m-2) 
seed yield  

(g m-2) HI Hay seed  
NUtE    (kg 

kg-1N) 
0 0.65 923.48±23.24 418.08±9.35 0.45±0.01 2.14±0.07 1.82±0.02 55.10±0.72 
 10.00 914.72±37.54 394.47±7.41 0.43±0.02 2.23±0.05 1.51±0.03 66.24±1.28 
 20.00 744.50±85.59 330.13±12.56 0.44±0.06 1.97±0.05 1.34±0.03 74.66±1.88 

14.28 0.65 1232.50±36.04 574.31±9.02 0.47±0.02 2.31+0.03 2.11±0.09 47.47±2.12 
 10.00 1220.97±24.71 542.13±22.84 0.44±0.02 2.32±0.06 2.00±0.01 50.00±0.20 
 20.00 1170.05±47.33 448.34±38.71 0.38±0.04 2.77±0.08 1.89±0.03 52.99±0.93 

28.56 0.65 1478.82±60.04 640.64±38.11 0.44±0.04 2.99±0.06 2.49±0.06 40.26±1.04 
 10.00 1471.33±63.03 680.70±27.99 0.46±0.02 2.97±0.06 2.29±0.14 43.89±2.75 
 20.00 1491.96±93.56 606.92±6.46 0.41±0.03 2.38±0.09 2.05±0.04 48.73±0.91 
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Fig.1. The relative yield of quinoa as results of nitrogen application rate under different levels of irrigation 
water salinity 

On the other hand, the influence of water salinity on N 
content in plant hay slightly changed without significant 
trend whereas, in the seed, N content decreased as water 
salinity increased. Seed-N decreased by 17.0, 5.2 and 
8.0% in the plants irrigated by water of 10 dS m-1 and 
treated by N0, N1 and N2, respectively, whereas 
irrigation with 20 dS m-1 water decreased seed-N by 
26.4, 10.4 and 17.7% in plants fertilized by N0, N1 and 
N2 respectively. These results show the importance of N 
fertilization of quinoa grown under salinity stress to 
maintain adequate or high level of seed protein. The 
importance of N application can be seen in the grown 
quinoa under non-saline conditions where N contents in 
both hay and seed increased by 7.9 and by 39.7% in hay 
and 15.9 and 36.8% in seeds over the control when the 
plants are fertilized by 14.28 and 28.56 g N m-2, 
respectively (Table 2). The relative changes in N 
content in both seeds and hay of quinoa plant as results 
of N application rate and water salinity are illustrated in 
Fig (2).  

The calculated values of nitrogen utilization 
efficiency (Table 2) showed that under non-saline water 
conditions, NUtE decreased as applied N rate increased, 
since NUtE values decreased from 55.1 to 47.5 and 40.3 
kg seed kg-1 N in plants treated by 0, 14.28 and 28.56 g 

N m-2. As demonstrated in Table (2), similar trends were 
observed in the plants irrigated by higher levels of water 
salinity (EC= 10 and 20 dS m-1). These results indicated 
that quinoa hay yield responded to N application more 
than seed yield. Under saline conditions and zero N 
application, soil N utilization by quinoa increased as 
salinity of water increased. NUtE values increased from 
55.1 to 66.2 and 74.7 kg seed kg-1 N in plants irrigated 
by water of 0.65, 10 and 20 dS m-1, respectively (Table 
2). This trend could be related to the genotype because 
some other studies found that quinoa cultivar 
Cochabamba had a higher NUtE than Faro and NUtE 
was not affected by applied N rate (Schulte auf’m Erley 
et al., 2005). In another study, the variations in NUtE 
were attributed to soil texture class where Razzaghi et al 
(2012) found that the NUtE by cultivar of quinoa (cv. 
Titicaca) grown on sandy soil was significantly higher 
than that of sandy loam and sandy clay loam soils.   

3. Influence of N Application on Na and K uptake: 

Figure 3 represents the relationship between 
irrigation water salinity and Na and K content in the hay 
of quinoa plant as a result of various rates of applied N 
fertilizer. Without N application, Na content in quinoa 
hay increased as water salinity increased and vice versa 
with respect to K content. The study of Mahmoud 
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(2017) confirmed this trend of Na and K in Regalona 
cultivar. Application of nitrogen fertilizer at a rate of 
14.29 and 28.58 g m-2 did not influence Na content in 
plant hay and improved K content  with irrigation by 
saline water (10 and 20 dS m-1). In the plants received 
14.29 and 28.58 g N m-2, K content in quinoa hay 
increased by about 52.5 and 26.1% in the plant hay 
irrigated with 10 dS m-1 water and by about 65.8 and 
83.1% in those irrigated with 20 dS m-1, respectively. 
These results refer to the importance of N fertilization to 
quinoa crop grown in saline environments and the 
higher rate of applied N not only enhance the yield 
under salinity stress but also improve the defense 
mechanism against salinity through enhancing the K:Na 
ratio (Fig. 3). In contrast to findings reported by Mujica 
et al. (2001) who stated that quinoa needs no potassium 
fertilization. The current results suggests that application 
of K fertilizer to the crop grown in saline environments 
may enhance the crop yield and there is a need to further 
studies related to the influence of K fertilization rates on 
crop yield and quality. 

 

 

 

4. Quality of quinoa hay as a ruminant feed:  

Digestibility is the most common nutritive parameter 
used in feeding standards for ruminants and is the basal 
unit when evaluating the nutritive value of forage 
(Tassone et al., 2014). Proximate analyses of quinoa hay 
under salinity stress and different levels of N 
fertilization are given in Table (3). The results revealed 
that the quinoa hay under different rates of N 
fertilization and salinity did not differ in organic matter 
(OM) content but contain an acceptable range (84.08 – 
87.96%) when compared to clover hay. Feed protein 
content is often considered a good determinant of 
quality and crude protein (CP) content is very different 
across feeds, but within a feed, higher protein is usually 
associated with higher quality. Referring to clover hay's 
CP, the harvested hay of quinoa irrigated by fresh and 
10 dS m-1 water and fertilized by 28.56 g N m-2 (N2) 
gave CP 19 and 18.8%, respectively (Table 3) and 
reflected good quality with respect to protein content. 
Quinoa hay had lower ether extract (EE) or crude fat 
content at the control and treated plant compared to the 
clover hay. The low values of EE listed in Table 3 (0.14 
– 0.67%) indicate that quinoa hay is considered a poor 
source for energy where the optimum range is 2 – 2.8% 

 
Fig.2. The relative change of nitrogen content in seeds and hay of Regalona quinoa cultivar as results of 
nitrogen application rate and salinity of irrigation water 
 

Hay 

Seeds 
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Fig.3. Sodium, potassium and potassium:sodium ratio in the dry matter of quinoa hay as a result of nitrogen 
fertilization rate and salinity of irrigation wate 

Table 3. Proximate analyses (on DM basis) of quinoa hay of Regalona cultivar compared to clover hay for 
testing as forage for ruminants 

Quinoa 
Water Salinity (dS/m) 

EC=0.65 EC=10 EC=20 
Items (%) 

Clover 
Hay 

N0 N1 N2 N0 N1 N2 N0 N1 N2 
OM  84.9 88.0 86.6 84.2 86.5 87.0 86.9 87.1 84.3 84.1 
CP 15.5 13.8 14.4 19.0 14.0 14.9 18.8 12.4 17.6 14.5 
EE  2.5 0.87 0.79 0.27 0.14 0.22 0.32 0.35 0.48 0.36 
NDF 49.8 65.0 57.5 54.9 58.7 59.9 61.0 60.5 55.9 51.0 
ADF 32.5 41.1 34.2 31.1 33.0 36.1 38.3 37.0 32.8 29.1 
ADL 7.3 8.4 7.5 6.8 7.1 7.5 8.2 6.8 7.0 6.3 
Hemicellulose 17.3 23.9 23.3 23.8 25.7 23.8 22.7 23.5 23.1 21.9 
Cellulose 25.2 32.7 26.8 24.4 25.8 28.6 30.1 30.2 25.8 22.8 
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(Shewmaker et al., 2009). With respect to fiber 
consideration in the ruminant feed, Neutral detergent 
fiber (NDF) content of quinoa hay was higher at all 
levels of N fertilization and water salinity (51.0 – 
61.0%) comparing to clover hay. Shewmaker et al. 
(2009) denoted that NDF values increased with maturity 
or with increasing plant composition and high NDF 
values are related to decline in animal intake. Quinoa 
hay under different conditions of N fertilization and  
water salinity did not differ in acid detergent fiber 
(ADF) content. Hemicellulose is high at all conditions 
of fertilization and salinity compared to the clover hay, 
whereas cellulose content was higher in N0- treated 
plants and irrigated by 0.65 and 20 dS m-1  water and in 
plants fertilized by N1 and irrigated by 10 dS m-1  water. 

CONCLUSIONS 
The results of the current investigation showed the 

importance of nitrogen fertilizer application to quinoa 
crops grown in saline environments to reach the 
maximum or optimum yield. The high rate of applied N 
fertilizer (28.56 g N/m2) was effective in obtaining high 
yield under the irrigation with water of 20 dS/m. Further 
studies are needed to clarify the role of nitrogen 
fertilizer and also K and P applications for optimizing 
quinoa production in marginal soils under the 
Mediterranean climate. The study indicated the 
importance of quinoa hay as forage supplement for 
ruminant due to its high content in both organic matter 
and crude protein.        
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