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Abstract 

Background: Introducing new crops to reduce the nutritional gap in Egypt is an important target. One of these 
crops is Quinoa which is characterized by high nutritional value with multiple food uses. However, it will compete 
with other winter crops, so it is candidate to grow in marginal lands like calcareous soils. Meanwhile, planting density 
and N requirements are not known under such conditions; therefore, this work was undertaken in calcareous soil 
 Caco3 > 50%.

Methods: The experiments included three nitrogen fertilization treatments (0, 50 and 100 kg/fed.) and two plant 
densities (20,000 plants/fed. and 36,000 plants/fed.) on Quinoa (Chenopodium quinoa Willd.) cv. Shibaya Field over two 
consecutive winter seasons of 2018/2019 and 2019/2020 in calcareous soil. Quinoa seed yield, biological yield, straw 
yield, weight of 1000-seed, harvest index, total nitrogen percentage in seeds, crude protein content in seeds, phos-
phorus content in seeds and potassium percentage in seeds were determined. The experimental design was a split 
plot design with three replications.

Results: The results showed that applying nitrogen fertilization at a rate of 100 kg/fed. had significantly greater seed 
yield, biological yield, seed yield, straw yield and weight of 1000-seed. All seed chemical contents except K percent-
age were significantly affected due to nitrogen fertilization. Increasing plant density from 20,000 to 36,000 plants per 
feddan significantly increased the biological yield, seed yield, straw yield, weight of 1000-seed and harvest index. The 
interaction between the two studied factors was significant on all characters of this investigation except, K percent-
age in seeds.

Conclusion: It can be concluded from this study that the quinoa crop responds to the increase in nitrogen fertiliza-
tion and increases productivity and quality when fertilized with a rate of 100 kg nitrogen per fed.
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Background
Quinoa (Chenopodium quinoa) is a pseudo-grain that 
produces a grain-like seed that can be used as a whole 
grain or in bread and soup and as a preparation of vari-
ous food stuffs for infants and for people suffering from 

celiac disease or multiple other uses (Schulte et al. 2005a, 
b; Ascheri et al. 2002). The seeds and leaves are used as 
human food and can also be grown as a fodder crop for 
animal feeding or cover crops.

Quinoa has great adaptability to various agro-climatic 
conditions and can tolerate drought, frost, heat, salinity 
and poor soil in comparison with other crops (Jacobsen 
2003; Jacobsen et al. 2003; Mujica et al. 2004; Geerts et al. 
2008; Martinez et al. 2009). Quinoa is one of the promis-
ing candidates for sustainable cultivation in salt-affected 
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areas. Quinoa is an optional salt plant that can be used as 
an alternative cash crop for land and water unsuitable for 
traditional crops in arid and semiarid regions (Eisa et al. 
2017). The crop tolerates a wide range of marginal soils 
with a wide pH range (4.5–9.5) (Hinojosa et  al. 2018), 
saline (Koyro et  al. 2008), heat (Rashid et  al. 2018) and 
drought stressful environments (Jacobsen et  al. 2003). 
In addition to its agricultural advantages, quinoa is con-
sidered the most important health food in the world. It 
can meet and exceed a person’s daily nutritional require-
ments recommended by the World Health Organization 
(Castellión et al. 2010; Hirose et al. 2010) due to its excel-
lent balance of carbohydrates, fats and protein for human 
nutrition (Maradini-Filho et al. 2017). It is one of the few 
plant foods that is gluten-free and contains all 9 essen-
tial amino acids. The seeds also provide a rich source of 
a wide range of minerals (Ca, P, Mg, Fe, Zn), vitamins 
(B1, B2, C and E) and natural antioxidants (Koyro and 
Eisa 2008; Abugoch et al. 2009; Vega-Galvez et al. 2010). 
Quinoa has received great attention at the global level 
recently, and in Egypt now many researches are being 
conducted on quinoa to try to reduce the food gap and 
exploit many marginal areas affected by salts and low fer-
tility (Choukr-Allah et al. 2016; Eisa et al. 2017).

Nitrogen is one of the major elements that crops need 
in large quantities to give ideal growth and a high yield in 
quantity and quality. Quinoa, like other crops, responds 
to nitrogen fertilization, but studies are still limited on 
the best fertilization levels that give a high-quality seed 
crop due to the diversity of environmental conditions for 
its growth and different genotypes. Fertilizing with nitro-
gen increases growth rate, yield and nutrient uptake for 
its role in improving photosynthesis in leaves, as well as 
in protein synthesis, cell structure and carbohydrate pro-
duction (Weisany et al. 2013).

Oelke et al. (1992) recommended that the rate of nitro-
gen fertilization of quinoa not exceed 170–200  kg of 
nitrogen per hectare and clarified that more than this 
rate would lead to plant dormancy and delay in matu-
rity. Shams (2012) found significant effect of nitrogen 
fertilization at different rates on plant height character-
istics, seed yield and biological yield, reaching 360 kg/ha. 
Gomaa (2013) studied both nitrogen and phosphorous 
fertilizers, and it was found that the protein and nutrient 
content of quinoa seeds increased. Geren (2015) found 
that the content of crude protein in seeds increased by 
16% when fertilized at a rate of 150  kg of nitrogen per 
hectare and the seed yield increased to 2.95 tons per hec-
tare. There are many other researches on the impact of 
nitrogen fertilization on the nutritional content of the 
seeds of quinoa. It is well known that quinoa grain has 
higher contents of P and K mineral. Also, quinoa is a 
good source of protein and can be used as a nutritional 

ingredient in food products] (González et  al. 2012). 
Mujica et al. (2004), reported that while quinoa’s need for 
nitrogen (N) and calcium (Ca) is high, its need for phos-
phorous (P) and potassium (K) is moderate and minimal, 
respectively.

Planting density is one of the most important agricul-
tural practices affecting crop yields (Lescovar et al. 2000; 
Cha et al. 2016). Quinoa is sensitive to different planting 
densities, fertilizer types and application rates (Siavoshi 
et al. 2010). Currently, there are no specific densities rec-
ommended for growing quinoa. The differences in plant-
ing densities are due to differences in soil fertility and 
general soil characteristics in an area (Maliro et al. 2017); 
hence, it is difficult to recommend an ideal planting den-
sity for an area if the crop is newly introduced. Seif et al. 
(2015) found an ideal spacing rate of 40–80  cm with 
nitrogen application rates of 120 kg of urea ha-1 in non-
leaky soils.

The key to successful crop production is the abil-
ity to produce sufficient yields from the lowest possible 
area, volume and energy inputs (Beaman et  al. 2009). 
The amount of light that reaches the plant canopy and 
is absorbed by photosynthesis changes mainly with the 
intensity of the plant through planting density factor 
(Francescangeli et al. 2006).

For each production system, there is an ideal veg-
etation group that maximizes the utilization of available 
resources (water and nutrients), allowing the expression 
of the maximum potential return attainable in that envi-
ronment (Sangoi et al. 2000). However, there is no single 
recommendation for all conditions because the optimum 
quinoa density for maximum economical yield of the 
grain varies with different conditions, such as genotype, 
growth habits, sowing history, climatic conditions, soil 
fertility as well as agricultural management (Carboni-
Risi 1986; Santos 1996). The objectives of this study were 
to examine the effects of nitrogen application rate and 
plant densities on quinoa seed yield, yield attributes and 
quality.

Methods
Experimental site and soil characteristics
Field experiments were conducted over two consecutive 
winter seasons of 2018/2019 and 2019/2020 to determine 
the effects of nitrogen fertilization and plant densities on 
yield, yield components and quality of quinoa (Chenopo-
dium quinoa Willd.) at the experimental Station, Borg E-l 
Arab, Alexandria Governorate, Egypt. The experiments’ 
field soil parameters are listed in Table 1.

Experimental design and treatments
Each experiment included six treatments, which were the 
combination of three nitrogen fertilization treatments 50 
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and 100 kg/fed. as ammonium nitrate 33.5% addition to 
non-nitrogen (Zero N) and two plant densities (20,000 
plants/fed. and 36,000 plants/fed.). The experimental 
design was a split plot design with three replications. 
Each plot consisted of 5 ridges, each of 70 cm apart (15 
and 30 cm between plants) and 3 m long, comprising an 
area of 10.5  m2 (1/400 fed.).

Agronomic practices
Experimental soil was prepared by land plough and 
ridges construction. Organic matter as compost at rate 
of 10  m3/fed. and phosphorus at rate of 31 kg/fed. as cal-
cium super phosphate (15.5%  P2O5) were added during 
the final preparation of land and thoroughly mixed with 
the soil. Potassium was added once at rate of 24 kg/fed. 
as potassium sulphate (48%  K2O) pre-flowering stage. 
Seeds of quinoa cv. Shibaya which obtained from ARC 
were sown on  11th November 2018 in the first season and 
 10th November 2019 in the second one and harvested 
 on7th March 2019 and  11th March 2020 in both seasons 
of study. After one Month from sowing date, seedlings 
were thinned to one seedling per hill and crop practice 
managements of including fertilization, pest, disease 

and weed control were regularly carried out accord-
ing to Ministry of Agriculture and Land Reclamation 
recommendations.

Data collected
At harvesting stage, quinoa plants in each experimental 
plot were cut at 5  cm above the soil surface, and then 
plants were left to air-dried for 7 days. The dried panicles 
for each experimental plot were threshed by hand. After 
that, biological, seed and straw yield (kg/fed.) were deter-
mined on the basis of per sub plot as well as the weight of 
1000-seeds (g) was estimated. Also, harvest index (%) was 
calculated from dividing seed yield (kg/fed.) at biological 
yield (kg/fed.).

Chemical analyses
Total nitrogen percentage (N %) in seeds was deter-
mined according to the modified micro Kjeldahl method 
(A.O.A.C. 1990). Crude protein content in seeds was esti-
mated by multiplying total N value by conversion factor 
of 6.25. Phosphorus content (P %) in seeds was deter-
mined as reported by Fric et al. (1964) using calorimetric 
determination with ascorbic acid. Potassium percent-
age in seeds was determined by using flame photometer 
method (JENWAY, PFP-7, ELE Instrument Co. Ltd., UK) 
as described by Chapman and Pratt (1961).

Statistical analyses
All treatments were arranged and analysed as a split plot 
design according to Snedecor and Cochran (1969) with 
three replicates, after testing the homogeneity of the 
error according to Bartlett’s test, combined analysis for 
both seasons were done. Means of the different treat-
ments were compared using the least significant differ-
ence (LSD) test at P < 0.05.

Results
Biological yield/fed. (kg)
Significant effects were detected due to nitrogen rates 
on biological yield (Table  2), whereas there were suc-
cessive gradual significant increases from zero nitrogen 

Table 1 Physical and chemical characteristics of the 
experimental soil (0–30 cm depth)

Characteristics Values of physical 
and chemical 
characteristics

Sand (%) 83.67

Silt (%) 5.94

Clay (%) 10.39

Texture Sandy loam

Electric conductivity (μs  cm−1) 3.18

pH 8.09

CaCO3 (%) 54.86

Organic matter (%) 0.84

N (%) 0.05

P(ppm) 0.88

K(ppm) 267.15

Table 2 Means of yield and yield components of quinoa as affected by N fertilization rate (combined means of 2018 and 2019 
seasons)

Nitrogen fertilization Biological yield (kg/
fed.)

Seed yield (kg/fed.) Straw yield (kg/fed.) 1000-seed weight (g) Harvest 
index 
(%)

Zero N 485.13 220.58 264.55 2.97 44.98

50 kg N/fed 744.50 351.54 392.96 3.19 47.03

100 kg N/fed 947.28 445.54 501.74 3.32 46.75

L.S.D. (0.05) 40.6 57.2 95.8 0.25 N.S
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to 100  kg  N/fed.; the highest value (947.28  kg/fed.) was 
obtained from 100 kg N/fed. with a percentage increase 
95.26% compared with control. These results behaved the 
trend of the results of straw yield Table 2.

Data in Table 3 revealed that biological yield increased 
significantly with increasing plant density, whereas it 
reached its maximum value (885.78  kg/fed.) under the 
density of 36,000 plant per fed.; on the other side, mini-
mum mean value of biological yield (565.48 kg/fed.) was 
recorded at 20,000 plant per fed. The increase in this trait 
was due to increasing the plant density. The interaction 
between nitrogen fertilizers and plant densities had sig-
nificant effect on biological yield, whereas the highest 
mean value (1141.8 kg/fed.) was recorded at 100 kg nitro-
gen with 36,000 plants per fed (Table 4).

Seed yield/feddan (kg)
Similarly to biological yield/fed, seed yield/fed was sig-
nificantly affected by nitrogen applications, whereas the 
maximum dose of nitrogen recorded the highest values 
of seed yield (445.54  kg/fed.). Nitrogen fertilization at 
rates of 50 and 100 kg/fed. increased the yield by about 
59.37 and 101.98% more than the control as shown in 
Table  2. The obtained results in Table  3 clearly showed 
that the high density (36,000 plant per fed.) significantly 
increased by 66.98% as compared with the low planting 

density (20,000 plant per fed.). Data recorded in Table 4 
cleared the effect of the interaction between nitrogen fer-
tilizers and plant densities on seed yield which was signif-
icant, whereas the highest mean value (550.1 kg/fed.) was 
observed by applying 100 kg N/fed. with plant density of 
36,000 plant per fed.

Straw yield/feddan (kg)
The trend of straw yield behaved similarly to biologi-
cal yield as affected by nitrogen application. It is clear 
from Table  2 that the highest value (501.74  kg/fed.) 
was obtained from 100  kg  N/fed. and the lowest value 
(264.55  kg/fed.) was accorded from zero nitrogen with 
high significance differences between the three treat-
ments of nitrogen, whereas the treatment of 36,000 
plant per fed. obtained 461.47  kg/fed. of straw, but the 
20,000 plant per fed. recorded 311.37  kg/fed. as shown 
in Table  3. Straw yield was significantly affected by the 
interaction between nitrogen fertilizers and plant densi-
ties (Table 4), whereas the highest straw yield (591.7 kg/
fed.) was obtained under the interaction effect 100 kg N 
and 36,000 plant per fed.

Weight of 1000-seed (g)
Data in Table 2 indicated that subjecting plants to nitro-
gen rates caused significant effects on 1000-grain weight 

Table 3 Means of yield and yield components of quinoa as affected by plant densities (combined means of 2018 and 2019 seasons)

Plant densities Biological yield (kg/fed.) Seed yield (kg/fed.) Straw yield (kg/fed.) 1000-seed weight (g) Harvest 
index 
(%)

20,000 plants/fed 565.48 254.12 311.37 3.19 44.67

36,000 plants/fed 885.78 424.32 461.47 3.12 47.84

L.S.D. (0.05) 26.3 7.9 19.5 N.S 1.6

Table 4 Means of yield and yield components of quinoa as affected by the interaction between N fertilization and plant densities 
(combined means of 2018 and 2019 seasons)

Treatments Biological yield (kg/fed.) Seed yield (kg/fed.) Straw yield (kg/fed.) 1000-seed weight (g) Harvest 
index (%)

Zero N

 20,000 plants/fed 379.9 161.1 218.7 2.91 42.5

 36,000 plants/fed 590.4 280.0 310.4 3.03 47.5

50 kg N/fed

 20,000 plants/fed 563.8 260.2 303.6 3.30 46.2

 36,000 plants/fed 925.2 442.9 482.3 3.09 47.9

100 kg N/fed

 20,000 plants/fed 752.8 341.0 411.8 3.38 45.3

 36,000 plants/fed 1141.8 550.1 591.7 3.25 48.2

L.S.D. (0.05) 45.5 13.7 33.8 N.S 2.7
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as an average for the seasons. It increased significantly 
with increasing nitrogen applications. The weight of 
1000-seed reached 3.32 g. under nitrogen rate of 100 kg/
fed., which were significantly greater than nitrogen rates 
of 50 and 0  kg/fed. (3.19 and 2.97  g.), whereas these 
increases reached about 7.41 and 11.78%, respectively, 
compared with nil nitrogen. As for plant density, from 
data pointed out in Table 3, it was noticed that 1000-seed 
weight was not significantly affected by this factor. Also, 
the weight of 1000- seed was not effected significantly by 
the interaction between nitrogen rates and plant densi-
ties (Table 4).

Harvest index (%)
Harvest index was not significantly affected by nitrogen 
application treatments as an average of both seasons 
(Table 2). On the other hand, this character had signifi-
cantly affected by plant densities, whereas the highest 
mean value (47.84%) was achieved under 36,000 plant per 
fed. as un average for both seasons (Table 3). The interac-
tion between the two studied factors was significant for 
harvest index, whereas the maximum value (48.2%) was 
recorded under the high dose of nitrogen and the high 
plant density as shown in Table 4.

Seed nitrogen content (%)
Nitrogen fertilization had a significant effects on seed 
nitrogen content (Table  5). Under nitrogen application 
treatment, seed nitrogen contents for 0, 50, 100  kg/fed. 
treatments were 1.76%, 1.99% and 2.03%, respectively. 
Plant density did not affect nitrogen content significantly 
(Table  6). Planting density and effects on nitrogen per-
centage in seeds were not significant. The interaction 
between nitrogen doses and plant densities as shown in 
Table 7 was significant for the percentage of nitrogen in 
seeds.

Seed protein content (%)
As for the protein % in seeds, the results in Table  5 
indicated that the differences in protein % were signifi-
cant with regard to this chemical content; there was a 

gradually significant increase with increasing the nitro-
gen supply at 100  kg  N/fed., and the highest value was 
12.7 followed by 12.45 for 100 and 50 kg N/fed. with pre-
sent increase of 13.39 and 15.66 compared with control, 
respectively. Such results are in agreement with those 
reported by Ning et  al. (2020). Protein uptake in seeds 
behaved the same trend of seed nitrogen percentage as 
effected by planting density, which were not significant as 
shown in Table 6. The interaction between nitrogen ferti-
lizer and plant densities was significant for seed protein 
content (Table 7).

Seed phosphorus content (%)
Phosphorus percentage in quinoa seeds was significantly 
affected due to nitrogen applications. It was noticed 
that the high values of phosphorus (0.25%) as shown in 
Table 5 were recorded by using 100 k N/fed. treatment. 
But there were no significant effects due to plant density 
on phosphorus contents in quinoa seeds (Table  6). The 
interaction between nitrogen doses and plant densities 
was significant for seed phosphorus contents.

Seed potassium percentage (%)
Data presented in Table  5 showed that potassium per-
centage was not affected by nitrogen applications. On the 

Table 5 Means of quinoa seed chemical contents as affected by 
N fertilization (combined means of 2018 and 2019 seasons)

Nitrogen 
fertilization

N (%) P (%) K (%) Seed protein 
content (%)

Protein 
yield (kg/
fed.)

Zero N 1.76 0.18 1.02 10.98 24.74

50 kg N/fed 1.99 0.20 0.99 12.45 43.32

100 kg N/fed 2.03 0.25 0.98 12.70 56.05

L.S.D. (0.05) 0.1 0.03 N.S 0.62 4.32

Table 6 Means of quinoa seed chemical contents as affected by 
plant densities (combined means of 2018 and 2019 seasons)

Plant densities N (%) P (%) K (%) Seed protein 
content (%)

Protein 
yield (kg/
fed.)

20,000 plants/fed 1.94 0.21 0.99 12.10 31.71

36,000 plants/fed 1.92 0.21 1.01 11.99 51.02

L.S.D. (0.05) N.S N.S 0.06 N.S 5.13

Table 7 Means of quinoa seed chemical contents as affected by 
the interaction between N fertilization plant densities (combined 
means of 2018 and 2019 seasons)

Treatments N (%) P (%) K (%) Seed 
protein 
content (%)

Protein 
yield (kg/
fed.)

Zero N

 20,000 plants/fed 1.62 0.19 1.01 10.13 16.31

 36,000 plants/fed 1.90 0.18 1.03 11.84 33.17

50 kg N/fed

 20,000 plants/fed 2.07 0.20 0.99 12.94 33.64

 36,000 plants/fed 1.92 0.20 1.00 11.97 52.99

100 kg N/fed

 20,000 plants/fed 2.12 0.25 0.97 13.25 45.19

 36,000 plants/fed 1.95 0.25 0.99 12.16 66.91

L.S.D. (0.05) 0.10 0.03 N.S 0.52 8.89
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other hand, this trail was significantly affected by plant 
density (Table  6). Also, potassium percentage was not 
significantly effected due to the interaction between the 
two studied factors in this investigation (Table 7).

Protein yield (kg/fed.)
Protein yield of quinoa had significantly affected by nitro-
gen fertilization as shown (Table  5). The highest mean 
values (56.05 kg/fed.) were obtained by the high dose of 
nitrogen (100  kg  N/fed.), and the percentage increase 
was 75.1 and 126.56%, respectively, compared with con-
trol. Also plant densities had significant effect on pro-
tein yield (Table 6), whereas the maximum value (51.02) 
was recorded under density of 36,000 plant per feddan. 
Protein yield was significantly affected by the interaction 
between nitrogen fertilization and plant density as shown 
in Table 7. The highest value (66.91 kg/fed.) was obtained 
by the interaction treatment (100 kg N/fed. with 36,000 
plant per fed.). The increase in protein yield kg/fed. may 
be due to the increase in the sink capacity and seed yield 
kg/fed.

Discussion
Yield and yield components
Quinoa is a new crop that could be employed in new 
lands or problem soils; therefore, it is very important to 
find out the most suitable agronomic practices includ-
ing planting density and N fertilization to ensure the 
sustainability of this crop. From the study, the crop yield 
and yield components seemed to respond well to either 
N fertilization or plant density as well as the interaction 
between them. The increase in straw yield due to increas-
ing the plant density may be due to the larger stand/unit 
area. Similarly, straw yield was significantly affected by 
the interaction between nitrogen fertilizers and plant 
densities.

The increase in biological yield could be attributed to 
the increase in the straw yield under the same treatments 
and conditions which was confirmed by Gomaa (2013), 
Basra et al. (2014) and Geren (2015).

Regarding the increase in the seed yield since N could 
be attributed to N functions in plant; this fact is described 
according to Weisany et  al. (2013). These results were 
in line with those obtained by Ning et  al. (2020). They 
showed that seed yield increased by 10%–15% with 
increasing nitrogen application up to 160 kg  ha−1). Also, 
the increase in planting density led to significant increase 
in seed yield per area, especially under high density. 
These results were in harmony with those obtained by 
Risi and Galwey (1991); they reported that quinoa pro-
duced a higher seed yield at highest sowing rate which is 
surpassing quinoa planting under low target population 
densities. Also, Sayed et  al. (2018) demonstrated that 

seed yield of quinoa increased by 34.7% with increasing 
plant density from 56.000 plant  ha−1 to 167.000 plant 
 ha−1. Other yield components like weight of 1000-seed 
and Harvest index (%) results indicated that subject-
ing plants to nitrogen rates caused significant effects on 
1000-grain weight since N has many functions in plant; 
this fact is described according to Weisany et al. (2013). 
The negligible effect for nitrogen on 1000-seed weight 
was obtained by Gomaa (2013), Basra et  al. (2014) and 
Geren (2015).

The same trend of biological yield, seed yield and straw 
yield as affected by nitrogen application may be because 
nitrogen supply increases the nitrogen in the above 
ground plant portion, and thus stimulated the metabolic 
activity of plant, and was reflected in the dry matter of 
leaves because of the increase in intercepted light; this 
causes the increase in the straw yield and consequently 
the biological yield. Plant density significantly increased 
straw yield per fed. Nitrogen affects chlorophyll concen-
tration of leaf which results in improved photosynthetic 
efficiency, and outcome is in the form of improved and 
completion of early vegetative growth phases (Amaliotis 
et al. 2004).

The increase in growth and yield attribute characters 
gradually with increasing N-levels may be attributed 
to the role of nitrogen in improving quinoa growth by 
enhancement meristematic cell division and expansion 
(Roggatz et al. 1999; Basra et al. 2014), activity and meta-
bolic, photosynthesis processes and forming filled grains 
consequently producing heavier grains (Abou-Amer 
and Kamel 2011; Shams 2012; Basra et  al. 2014). These 
results are in agreement with those obtained by Schulte 
et  al. (2005a, b), Kakabouki et  al. (2014) and Hakan 
(2015). Their results demonstrated that quinoa grain 
yield increased with the increase in N-levels from 50 to 
150 kg N/ha.

The increase in seed yield per area may be mainly 
attributed to reduce branching at the higher plant den-
sity, and therefore, a higher proportion of seed yield has 
been produced from main panicle, while a lower plant 
density led to an increase in plant branching.

Awadalla and Morsy (2017) found that nitrogen at 
150  kg  N/fad produced the maximum values of plant, 
No. of branches/plant, No. of leaves/plant, No. of inflo-
rescence/plant, 1000 seeds weight, weight of seeds and 
dry. The application of nitrogen fertilizer 50, 100 and 
150 kg N/fad increased grain and biological yields com-
pared with control treatment.

Chemical composition of quinoa seeds
Regarding chemical composition of quinoa seeds, the 
gradual significant increase in seed protein content ( %) 
with increasing the nitrogen supply over the control is 
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in agreement with those reported by Ning et  al. (2020). 
Protein uptake in seeds behaved the same trend of seed 
nitrogen percentage as effected by planting density. Gim-
plinger et al. (2008) and Spehar and Rocha (2009) found 
similar results.

Phosphorus percentage in quinoa seeds was sig-
nificantly affected due to nitrogen applications, while 
Erazzú et  al. (2016) indicated that phosphorus content 
was higher with low planting density of 7 plants/m2 than 
planting density of 46 plants/m2. The interaction between 
nitrogen doses and plant densities was significant for 
seed phosphorus contents.

Potassium percentage was not affected by nitro-
gen application. Decreasing of seeds K-content may be 
due to the competition (Antagonism) between K and 
other elements. Protein yield of quinoa was significantly 
affected by nitrogen fertilization. Also plant densities 
had significant effect on protein yield. Decreasing of 
seeds K-content may be due to the competition (Antag-
onism) between K and other elements (i.e. Na) on the 
soil exchange complex as well as the compression on 
exchange sites of roots account for plant K decrease.

Protein yield was significantly affected by the interac-
tion between nitrogen fertilization and plant density. In 
this respect, Attia (2005) on wheat and Kenawy (2014) on 
barley found the similar results.

Conclusions
It can be concluded from this study that the quinoa crop 
responds to the increase in nitrogen fertilization which 
increases productivity and quality when fertilizing at 
a rate of 100 kg nitrogen per fed was applied. Quinoa is 
one of the recent crops cultivated in Egypt’s land. It needs 
more studies to know the best agricultural practices for it 
to reach the highest yield and quality, because of its high 
nutritional advantages quinoa can aid Egypt’s food self-
sufficiency, as the greatest threat to humanity’s survival 
is the widening gap between population growth and food 
availability.

Abbreviation
Fed.: Feddan = 4200  m2.

Acknowledgements
The authors would like to thank the staff of Experimental Station, Borg E-l 
Arab, Alexandria Governorate, Egypt, for their facilitation during this work.

Authors’ contributions
AMW and MKK: conceived and designed the experiments, OMI and MKK 
performed the experiments, analyzed the data, AMW, OMI, MKK and EMA, 
MSA and AW: wrote the paper, reviewed the manuscript. All authors read and 
approved the final manuscript.

Funding
The work was self-funded by the authors.

Availability of data and materials
The data sets supporting the results are included within the article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Plant Production Department, Arid Lands Cultivation Research Institute, 
City of Scientific Research and Technological Applications, New Borg 
El-Arab 21934, Alexandria, Egypt. 2 Plant Production Department, Ecology 
and Dry Agriculture Division, Desert Research Center, Cairo, Egypt. 3 Field Crops 
Research Department, Agric. and Biol. Res. Inst., National Research Centre, 33 
El-Behooth St., Giza, Egypt. 

Received: 1 November 2021   Accepted: 6 February 2022

References
A.O.A.C. (1990) Official tentative methods of analysis of Association of Official 

Analytical Chemists, 15th edn. Washington, DC
Abou-Amer AI, Kamel AS (2011) Growth, yield and nitrogen utilization 

efficiency of quinoa (Chenopodium quinoa) under different rates and 
methods of nitrogen fertilization. Egypt J Agron 33(2):155–166. https:// 
doi. org/ 10. 21608/ AGRO. 2011. 156

Abugoch L, Castro E, Tapia C, Anõn MC, Gajardo P, Villarroel A (2009) Stability 
of quinoa flour proteins (Chenopodium quinoa Willd.) during storage. Int J 
Food Sci Technol 44:2013–2020

Ascheri JLR, Spehar CR, Nascimento RE (2002) Comparative chemical char-
acterization of instantaneous fours by extrusion-cooking from quinoa 
(Chenopodium quinoa Willd.), corn and rice. Alimentaria 331:89–92

Attia MA (2005) Sowing wheat (Triticum aestivum L.) at Matrouh. Ph.D. Thesis, 
Fac. of Agriculture Ain Shams, Univ. Egypt

Amaliotis D, Therios I, Karatissiou M (2004) Effect of nitrogen fertilization on 
growth, leaf nutrient concentration and photosynthesis in three peach 
cultivars. ISHS Acta Hortic 449:36–42

Awadalla A, Morsy ASM (2017) Influence of planting dates and nitrogen 
fertilization on the performance of quinoa genotypes under Toshka 
conditions. Egypt J Agron 39(1):27–40. https:// doi. org/ 10. 21608/ agro. 
2017. 440. 1047

Basra SMA, Iqbal S, Afzal I (2014) Evaluating the response of nitrogen applica-
tion on growth, development and yield of quinoa genotypes. Int J Agric 
Biol 16(5):886–892

Beaman AR, Gladon RJ, Schrader JA (2009) Sweet basil requires an irradiance 
of biomass production. HortScience 44:64–67. https:// doi. org/ 10. 21273/ 
HORTS CI. 44.1. 64

Carbone-Risi JJM (1986) Adaptation of the Andean grain crop quinoa for culti-
vation in Britain. Ph.D. Thesis, University of Cambridge, Cambridge, UK

Castellion M, Silvia M, Buera P, Sara M (2010) Protein deterioration and longev-
ity of quinoa seeds during long-term storage. Food Chem 121:952–958. 
https:// doi. org/ 10. 1016/j. foodc hem. 2010. 01. 025

Cha MK, Jeon YA, Son JE, Cho YY (2016) Development of planting-density 
growth harvest (PGH) charts for quinoa (Chenopodium quinoa Willd.) 
and sow thistle (Ixeris dentata Nakai) grown hydroponically in closed-
type plant production systems. Hort Environ Biotechnol 57(3):213–218. 
https:// doi. org/ 10. 1007/ s13580- 016- 0008-x

Chapman HD, Pratt PE (1961) Methods of analysis for soils, plant and water. 
Division of Agric. Sci., California Univ.

Choukr-Allah R, Rao NK, Hirich A, Shahid M, Alshankiti A, Toderich K, Fill S, 
Butt KR (2016) Quinoa for marginal environments toward future food 

https://doi.org/10.21608/AGRO.2011.156
https://doi.org/10.21608/AGRO.2011.156
https://doi.org/10.21608/agro.2017.440.1047
https://doi.org/10.21608/agro.2017.440.1047
https://doi.org/10.21273/HORTSCI.44.1.64
https://doi.org/10.21273/HORTSCI.44.1.64
https://doi.org/10.1016/j.foodchem.2010.01.025
https://doi.org/10.1007/s13580-016-0008-x


Page 8 of 8Wali et al. Bulletin of the National Research Centre           (2022) 46:38 

and nutritional security in MENA and central Asia regions. Front Plant Sci 
7:346. https:// doi. org/ 10. 3389/ fpls. 2016. 00346

Eisa S, Eid MA, Abd El-Samad EH, Hussin SA, Abdel-Ati AA, El-Bordeny NE, Ali 
SH, Al-Sayed HMA, Lotfy ME, Masoud AM, El-Naggar AM, Ebrahim M 
(2017) Chenopodium quinoa Willd. A new cash crop halophyte for saline 
regions of Egypt Aust. J Crop Sci 11:343–351. https:// doi. org/ 10. 21475/ 
ajcs. 17. 11. 03. pne316

Erazzú LE, Buedo JA, González SE, Prado FE (2016) Effects of sowing density on 
Chenopodium quinoa (quinoa), incidence on morphological aspects and 
seed yield in Var. CICA growing in Amaicha del Valle, Tucumán Argentina. 
Lilloa 53(1):12–22

Francescangeli N, Sangiacomo MA, Martí H (2006) Effects of plant density in 
broccoli on yield and radiation use efficiency. Sci Hortic 110:135–143. 
https:// doi. org/ 10. 1016/j. scien ta. 2006. 06. 025

Fric E, Payer K, Schutz E (1964) Determination of phosphorus by ascorbic acid 
method. Schw Londwirtsch-Forschung Heft 3:318–328

Geerts S, Raes D, Garcia M, Condori O, Mamani J, Miranda R, Cusicanqui J, 
Taboada C, Yucra E, Vacher J (2008) Could deficit irrigation be a sustain-
able practice for quinoa (Chenopodium quinoa Willd.) in the Southern 
Bolivian Altiplano? Agric Water Manag 95:909–917. https:// doi. org/ 10. 
1016/j. agwat. 2008. 02. 012

Geren H (2015) Effects of different nitrogen levels on the seed yield and some 
yield components of quinoa (Chenopodium quinoa Willd.). Turk J Field 
Crops. https:// doi. org/ 10. 1755/. 39586

Gimplinger DM, Schulte AM, Dobos GG, Kaul HP (2008) Optimum crop 
densities for potential yield and harvestable yield of seed amaranth are 
conflicting. Eur J Agron 28:119–125

Gomaa EF (2013) Effect of nitrogen, phosphorus and biofertilizers on quinoa 
plant. J Appl Sci Res 9(8):5210–5222

González JA, Konishi Y, Bruno MY (2012) Interrelationships among seed yield, 
total protein and amino acid composition of ten quinoa (Chenopodium 
quinoa) cultivars from two different agroecological regions. J Sci Food 
Agric 92(6):1222–1229. https:// doi. org/ 10. 1002/ jsfa. 4686

Hakan G (2015) Effect of different nitrogen levels on the grain yield and some 
yield components of quinoa (Chenopodium quinoa Willd) under mediter-
ranean climatic conditions. Turk J Field Crops 20(1):59–64. https:// doi. org/ 
10. 1755/. 39586

Hinojosa L, González J, Barrios-Masias F, Fuentes F, Murphy K (2018) Quinoa 
abiotic stress responses: a review. Plants 7(4):106. https:// doi. org/ 10. 3390/ 
plant s7040 106

Hirose Y, Ishii T, Fujita T, Ueno N (2010) Antioxidative properties and flavonoid 
composition of Chenopodium quinoa seeds cultivated in Japan. Food 
Chem 119(4):1300–1306. https:// doi. org/ 10. 1016/j. eja. 2007. 05. 007

Jacobsen SE (2003) The worldwide potential for quinoa (Chenopodium quinoa 
Willd.). Food Rev Int 19:167–177. https:// doi. org/ 10. 1081/ FRI- 12001 8883

Jacobsen SE, Mujica A, Jensen CR (2003) The resistance of quinoa (Chenopo-
dium quinoa Willd.) to adverse abiotic factors. Food Rev Int 19:99–109. 
https:// doi. org/ 10. 1081/ FRI- 12001 8872

Kakabouki I, Bilalis D, Karakanis A, Zervas G, Tsiplakou E, Hela D (2014) Effects 
of fertilization and tillage system on growth and crude protein content 
of quinoa (Chenopodium quinoa Wild.): an alternative forage crop. Emir J 
Food Agric 26(1):18–24. https:// doi. org/ 10. 9755/ ejfa. v26i1. 16831

Kenawy MK (2014) Evaluation of barley (Hordeum vulgure, l.) productivity 
under rainfed conditions in wadi hashem (east matrouh). Ph.D Thesis, Fac. 
of Agriculture Alexandria, Univ. Egypt

Koyro HW, Lieth H, Eisa S (2008) Salt tolerance of Chenopodium quinoa willd, 
grains of the Andes: influence of salinity on biomass production, yield, 
composition of reserves in the seeds, water and solute relations. Tasks 
Veg Sci 42(3):133–145. https:// doi. org/ 10. 1007/ 978-1- 4020- 6720-4_ 13

Koyro HW, Eisa SS (2008) Effect of salinity on composition, viability and 
germination of seeds of Chenopodium quinoa Willd. Plant Soil 302:79–90. 
https:// doi. org/ 10. 1007/ s11104- 007- 9457-4

Leskovar DI, Stein LA, Dainello FJ (2000) Planting systems influence growth 
dynamics and quality of fresh market spinach. HortSci 35:1238–1240

Maliro M, Guwela V, Nyaika J, Murphy KM (2017) Preliminary studies of the 
performance of Quinoa (Chenopodium quinoa Willd.) genotypes under 
irrigated and rainfed conditions of central Malawi. Front Plant Sci 8:227. 
https:// doi. org/ 10. 3389/ fpls. 00227

Maradini-Filho AM, Pirozi MR, Borges JTS, Chaves HMP, Santana JBP, Reis-
Coimbra JSD (2017) Quinoa: nutritional, functional and anti-nutritional 

aspects. Crit Rev Food Sci Nutr 57:1618–1630. https:// doi. org/ 10. 1080/ 
10408 398. 10018 11

Martínez EA, Veas E, Jorquera C, San Martín R, Jara P (2009) Re-introduction of 
quinoa into Arid Chile: cultivation of two lowland races under extremely 
low irrigation. J Agron Crop Sci 195(1):1–10. https:// doi. org/ 10. 1111/j. 
1439- 037X. 2008. 00332.x

Mujica A, Izquierdo J, Marathee JP, Jacobsen SE (ed) (2004) Quinua: Ancestral 
Cultivo Andino, Alimento del Presente y Futuro, Puno, Peru: FAO; CIP; 
UNA.

Ning W, Fengxin W, Shock CC, Meng C, Lifang Q (2020) Effects of manage-
ment practices on quinoa growth, seed yield, and quality. Agronomy 
2020(10):445. https:// doi. org/ 10. 3390/ agron omy10 030445

Oelke EA, Putnam DH, Teynor TM, Oplinger ES (1992) In “Quinoa”. Alterna-
tive Field Crops Manual. University of Wisconsin Cooperative Extension 
Service, University of Minnesota Extension Service, Center for Alternative 
Plant and Animal Products

Rashid N, Basra SMA, Shahbaz M, Iqbal S, Hafeez MB (2018) Foliar applied mor-
inga leaf extract induces terminal heat tolerance in Quinoa. Int J Agric 
Biol 20(1):157–164. https:// doi. org/ 10. 17957/ IJAB/ 15. 0469

Risi J, Galwey NW (1991) Effects of sowing date and sowing rate on plant 
development and seed yield of quinoa (Chenopodium quinoa)in a tem-
perate environment. J Agric Sci 117:325–332. https:// doi. org/ 10. 1017/ 
S0021 85960 00670 6X

Roggatz U, Mcdonald AJS, Stadenberg I, Schrr U (1999) Effects of nitrogen 
deprivation on cell division and expansion in leaves of Ricinus Communis. 
Plant Cell Environ 22:81–89. https:// doi. org/ 10. 1046/j. 1365- 3040. 1999. 
00383.x

Sangoi L, Ender M, Guidolin AF (2000) Evolução da resistência a doenças de 
híbridos de milho de diferentes épocas em três populações de planta. 
Revista Ciência Rural Santa Maria 30(1):17–21

Santos RLB (1996) Estudos iniciais para o cultivo de quinoa (Chenopodium 
quinoa Willd.) no Cerrado. Dissertation (Masters degree). Universidade de 
Brasília, Faculdade de Agronomia e Medicina Veterinária, Brasília, DF, 129p

Sayed SE, Abd El-Samad EH, Hussin SA, Ali EA, Ebrahim M, Juan A, González 
MO, Luis Erazzú E, El-Bordeny NE, Abdel-Ati AA (2018) Quinoa in Egypt-
plant density effects on seed yield and nutritional quality in marginal 
regions. Middle East J Appl Sci 8(2):515–522. ISSN: 2077-4613

Schulte AM, Erley G, Kaul HP, Kruse M, Aufhammer W (2005a) Yield and 
nitrogen utilization efficiency of the pseudocereals amaranth, quinoa, 
and buckwheat under differing nitrogen fertilization. Eur J Agron 
2005(22):95–100. https:// doi. org/ 10. 1016/j. eja. 2003. 11. 002

Shams AS (2012) Response of quinoa to nitrogen fertilizer rates under sandy 
soil conditions. In: 13th international conference of Agron Faculty of 
Agriculture, Benha University, Egypt, 9–10 September, pp 195–205

Siavoshi M, Nasiri A, Lawre S (2010) Effect of organic fertilizer on growth and 
yield components in rice (Oryza sativa L.). J Agric Sci 3:15–28. https:// doi. 
org/ 10. 5539/ jas. v3n3p 217

Sief A, El-Deepah H, Kamel A, Ibrahim J (2015) Effect of various inter and intra 
spaces on the yield and quality of Quinoa (Chenopodium quinoa Willd). J 
Plant Prod 6(3):371–383. https:// doi. org/ 10. 21608/ jpp. 49331

Snedecor GW, Cochran WG (1969) Statistical methods 6th. Iowa State Univ. 
Press, Ames

Spehar CR, Rocha EDSJ (2009) Effect of sowing density on plant growth and 
development of quinoa, genotype4.5, in the Brazilian Savannah high-
lands. Biosci J 2009(25):53–58

Schulte AEG, Kaul HP, Kruse M, Aufhammer W (2005b) Yield and nitrogen 
utilization efficiency of the pseudo cereals amaranth, quinoa, and buck 
wheat under differing nitrogen fertilization. Eur J Agron 22(1):95–100. 
https:// doi. org/ 10. 1016/j. eja. 2003. 11. 002

Vega-Galvez A, Miranda M, Vergara J, Uribe E, Puente L, Martinez EA (2010) 
Nutrition facts and functional potential of quinoa (Chenopodium quinoa 
willd.), an ancient Andean grain: a review. Soc Chem Ind 90:2541–2547. 
https:// doi. org/ 10. 1002/ jsfa. 4158

Weisany W, Raei Y, Allahverdipoor KH (2013) Role of some of mineral nutrients 
in biological nitrogen fixation. Bull Environ Pharmacol Life Sci 2(4):77–84

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.3389/fpls.2016.00346
https://doi.org/10.21475/ajcs.17.11.03.pne316
https://doi.org/10.21475/ajcs.17.11.03.pne316
https://doi.org/10.1016/j.scienta.2006.06.025
https://doi.org/10.1016/j.agwat.2008.02.012
https://doi.org/10.1016/j.agwat.2008.02.012
https://doi.org/10.1755/.39586
https://doi.org/10.1002/jsfa.4686
https://doi.org/10.1755/.39586
https://doi.org/10.1755/.39586
https://doi.org/10.3390/plants7040106
https://doi.org/10.3390/plants7040106
https://doi.org/10.1016/j.eja.2007.05.007
https://doi.org/10.1081/FRI-120018883
https://doi.org/10.1081/FRI-120018872
https://doi.org/10.9755/ejfa.v26i1.16831
https://doi.org/10.1007/978-1-4020-6720-4_13
https://doi.org/10.1007/s11104-007-9457-4
https://doi.org/10.3389/fpls.00227
https://doi.org/10.1080/10408398.1001811
https://doi.org/10.1080/10408398.1001811
https://doi.org/10.1111/j.1439-037X.2008.00332.x
https://doi.org/10.1111/j.1439-037X.2008.00332.x
https://doi.org/10.3390/agronomy10030445
https://doi.org/10.17957/IJAB/15.0469
https://doi.org/10.1017/S002185960006706X
https://doi.org/10.1017/S002185960006706X
https://doi.org/10.1046/j.1365-3040.1999.00383.x
https://doi.org/10.1046/j.1365-3040.1999.00383.x
https://doi.org/10.1016/j.eja.2003.11.002
https://doi.org/10.5539/jas.v3n3p217
https://doi.org/10.5539/jas.v3n3p217
https://doi.org/10.21608/jpp.49331
https://doi.org/10.1016/j.eja.2003.11.002
https://doi.org/10.1002/jsfa.4158

	Productivity of Quinoa (Chenopodium quinoa L.) under new reclaimed soil conditions at north-western coast of Egypt
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Experimental site and soil characteristics
	Experimental design and treatments
	Agronomic practices
	Data collected
	Chemical analyses
	Statistical analyses

	Results
	Biological yieldfed. (kg)
	Seed yieldfeddan (kg)
	Straw yieldfeddan (kg)
	Weight of 1000-seed (g)
	Harvest index (%)
	Seed nitrogen content (%)
	Seed protein content (%)
	Seed phosphorus content (%)
	Seed potassium percentage (%)
	Protein yield (kgfed.)

	Discussion
	Yield and yield components
	Chemical composition of quinoa seeds

	Conclusions
	Acknowledgements
	References


