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Prospects of quinoa cultivation in marginal lands of Egypt
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Abstract

There is great opportunity in marginal lands of Egypt to be used in food production.
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However, these lands are characterized by low fertility and saline soil, scarce water
resources and harsh weather conditions. One crop that proved to be able to grow
under these unfavorable conditions is quinoa, classified by FAO in 2013 as a super
food crop due to its high nutritional values. One of the most important benefits of
quinoa flour is that it can be mixed with wheat flour in bread making, thus it can
reduce the gap between flour production and consumption in Egypt. In this review,
research carried out on quinoa, internationally and nationally, is highlighted in order
to help researchers in Egypt to expand and improve their work with this important
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and promising crop.
Keywords: Super food, composite flour, sandy soil, salt-affected soil, water stress,
salinity stress
INTRODUCTION has a mild flavor and can be consumed the same ways

Cultivation of drought and salt tolerant crops has the
potential to enhance farm-level productivity and liveli-
hoods in drought and salt prone areas (Kaya and Yazar,
2016). Quinoa is one of these crops that is considered
as a halophytic grain crop (Ruiz et al., 2016) grown in
various climatic zones (Jacobsen et al., 2012) and it can
be cultivated in low fertile soil (Vilche et al., 2003). It
is adapted to adverse soil and climatic conditions in
places where most agriculture is marginal (Garcia et
al., 2015). The quinoa plants are reported to be toler-
ant to drought (Garcia et al., 2007) and can tolerate the
stresses of soil and water salinity (Wu et al., 2016). At a
globallevel, there are more than 6000 varieties of quinoa
that are cultivated by farmers (Rojas et al., 2015). Those
varieties can be classified into five main categories or
ecotypes, according to their adaptation to specific agro-
ecological conditions in major production areas (Bazile
etal.,2015).

Quinoa seed has an extraordinary nutritional value for
human, as it have an excellent balance of carbohydrates,
lipids and protein for nutrition (Maradini-Filho et al,
2017). Quinoa protein has all essential amino acids
found in wheat and in addition it contains lysine and
sulfur amino acids (Escuredo et al., 2014) which meet
and surpass the daily intake requirements that is rec-
ommended by the World Health Organization (Hirose
et al., 2010). Quinoa has been selected by Food and
Agriculture Organization of The United Nations (FAO,
2013) as one of the crops destined to contribute to food
security in this century.

Quinoa is classified within the super foods for its high
content in protein. It also has lysine, which is considered
the first limiting essential amino acid in cereals (Ar-
endt and Zannini, 2013). Quinoa seed, when properly
handled to remove the bitter saponins in the pericarp,
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as cereal grains (Fuentes-Bazan et al., 2012).

Marginallandsin Egyptarelocated on both eastand west
fringes of the Nile Delta and Valley. They are scattered
over various areas in the country, where it covers 1.01
million hectares. Some of these lands are suitable to be
cultivated with crops similar to the one cultivated in the
Nile Delta and Valley. Other areas are unsuitable due to
high soil salinity levels and/or have low quality ground-
water for irrigation. These marginal lands are viewed as
an opportunity for increasing agricultural production
and ensuring food security in the country, if salinity
tolerant crops were cultivated. Thus, introduction of salt-
tolerant crops to these marginal areas, such as quinoa, is
one strategic solution to cope with the high food demand
of the growing population (Daoud et al., 2016).

Integrating quinoa as new crops in the Egyptian crop-
ping pattern could play an important role in reducing
wheat flour production-consumption gap. Because
quinoa has a potential to grow as an alternative crop in
marginal areas or with poor soil quality, it could con-
tribute to increasing national agricultural production.
It could be used to produce composite flour to partially
replace wheat flour imports and encourage the use of
locally grown crops for flour production (Jisha et al,
2008 and Hasmadi et al., 2014).

Although quinoa grains do not contain gluten, it can
be mixed with wheat flour in the preparation of bread
with high nutritional value (Morita et al., 2001). Abdel-
latif (2018) indicated that the chemical composition of
quinoa seeds can be successfully used as a food ingre-
dient to develop new products with high nutritional
and organoleptic properties. Substituting wheat flour
with 20% quinoa resulted in elevating protein, fat and
fiber percentages than that of wheat flour (Soliman et
al., 2019).
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The objective of this review is to shed the light on the
research done on quinoa internationally and nationally
to help researchers in Egypt to expand and improve their
work with this important and promising crop.

Effect of soil and water salinity on quinoa

In general, plants respond to salinity stress in two
phases. In the first phase, a rapid response to the increase
in external osmotic pressure which starts immediately
after the salt concentration around the roots increases
to threshold levels, which decreases new shoot growth.
In the second phase, a slower response due to the ac-
cumulation of Na* in leaves (salt accumulation to toxic
concentrations) and increases senescence of older leaves
(Munns and Tester, 2008). Quinoa’s salinity tolerance is
a heritable trait with a polygenic character linked to a
complex genetic basis that can be used as an efficient cri-
terion for selection of salt resistant populations (Flowers
and Colmer, 2008). Quinoa’s tolerance to high salinity
at the primary stages of seed germination is based upon
alterations in the levels of primary metabolites and en-
zyme activity (Adolf et al., 2013).

Algosaibi et al., (2015) cultivated quinoa in a greenhouse
and irrigated it with four salinity levels (1.25, 4, 8 and 16
dS/m). Theyreported that the highest values of seed yield
were recorded with 4 dS/m salinity level. Furthermore,
16 dS/m salinity level recorded the lowest seed yield of
quinoa. Mahmoud (2017) conducted experiments in
clay soil with salinity level equal to 3.37 dS/m. The plants
were irrigated with three levels of saline water, namely
0.65, 10 and 20 dS/m. Her results indicated that quinoa
seed yield was negatively influenced by increasing water
salinity, where about 12 to 21% reductions in seed yield
were recorded in the plots irrigated with water having 10
dS/m. Furthermore, 40 to 45% reductions in seed yield
were recorded in the plots irrigated with water having
20 dS/m. Eisa et al., (2014) indicated that cultivation of
quinoa under high saline soil conditions (ECe=27 dS/m)
resulted in 30% yield reduction compared to soil with
low salinity level (ECe=1.9 dS/m). On the other hand,
Kaya and Yazar (2016) indicated that quinoa irrigated
with saline water of 30 dS/m resulted in 18% reduction
in the yield. The reduction was 7 and 14% with water
salinity levels of 10 and 30 dS/m, respectively in com-
parison to irrigation with fresh water. Razzaghi et al.,
(2011) reported that the seed yield of quinoa cultivar
Titicaca was reduced under salinity up to 20 dS/m of
the irrigation water, but when exposed to salinity levels
higher than 20 dS/m the plants adapted to it without yield
components reduction. Eisa et al., (2017) reported that
quinoa seed yield was reduced under EC value equal to
17.9 dS/m, however seed quality was not highly affected.
Similarly, Riccardi et al., (2014) reported that irrigation
of quinoa plants with saline water (ECe=22 dS/m) did
not affect seeds quality.

From the above results, we can conclude that quinoa can
be successfully grown and produce yield in salt-affected
soils, where most of traditional crops cannot grow. Al-
though the yield was reduced al high salinity levels, seed
quality was not significantly affected.
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Effect of water stress on quinoa

Water scarcity is a severe problem affecting plant growth
and yield in the world. Under drought, many species
respond by increasing the proportion of assimilates di-
verted to root growth with the concomitant root/shoot
ratio increase (Sharp and Davies, 1989). A decrease in
both transpiration and CO, assimilation rates were ob-
served under water deficit as a result of low cell turgidity
and stomatal closure of the leaves (Waseem et al., 2011).
Water stress affects cell turgidity and stomatal aperture
of leaves resulting in decreases in both transpiration
rates and CO, assimilation (Waseem et al., 2011). Un-
der reduced rate of CO, assimilation, leaf metabolism
is impaired. Furthermore, Albert et al., (2011) reported
that “the equilibrium between photochemical activity
at photosystem II and electron requirement for photo-
synthesis is affected, generating an over excitation on
photosynthetic system and photoinhibitory damages of
photosystem II reaction centers” Adaptation to water
stress has been associated with cell osmotic adjustment,
which is accomplished by accumulation of different
compounds, such as soluble sugars, proline, glycine
betaine, polyols, and other organic compounds (Chai
et al.,2001).

Soil moisture playsan important role in determining the
time and rate of quinoa seed germination and seedling
growth (Gonzalez et al., 2009). Quinoa develops unique
resistance mechanisms to water stress, allowing the
plant to adapt to harsh conditions in arid and semi-arid
regions (Jacobsen et al., 2003). Moreover, using deficit
irrigation with fresh water to irrigate quinoa resulted
in reduction in yield, where application of 50 and 75%
of full irrigation resulted in 6 and 9% reduction in the
yield of quinoa (Kaya and Yazar, 2016). Algosaibi et
al., (2017) indicated that reduction of irrigation water
by 50% reduced the quinoa seeds by only 14%. Geerts
(2008) showed deficit irrigation is a valuable option for
yield stabilization of quinoa plant in various areas of
Bolivian Altiplano, where intra-seasonal dry periods
are of great occurrence.

Razzaghietal., (2012) attained no significant differences
between yield of quinoa cultivar Titicaca under full and
deficit irrigated treatments in a clay-loam soil. Pulvento
et al., (2012) showed the ability of the same cultivar to
preserve yield under drought and soil salinity at a level
of 16 dS/m in an open-field experiment conducted in
South Italy in clay-loam soil. Similarly, Cocozza et al.,
(2012) recorded good resistance of this cultivar to water
and salt stress through stomatal responses and strict
dependencies between relative water content and water
potential components that caused osmotic adjustments,
which is important for the maintenance of leaf turgor
favorable to plant growth.

Uses of Quinoa internationally

In 2013, the United Nations declared the International
Year of Quinoa. FAO organization defined quinoa to
be the only plant food that provides all essential amino
acids (Romero and Shahriari, 2011). Furthermore, it
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is cheap to produce due to its ability to adapt to differ-
ent climate and soil conditions and its broad genetic
variability (Molina-Montenegro, 2013). Processing of
quinoa produces pearled quinoa, granules, flakes, flour,
nodules, oil, pasta and starch (Francis et al., 2002).

Fresh quinoaleaves and harvest chaffare quite attractive
for sheep, goats and fish (Arendt and Zannini, 2013)
and quinoa leaves may be used for silage (Bazile et al.,
2015). Residue from milling has a high nutritional con-
tent and can be used as animal feed. Low quality broken
grains are used for poultry feed whereas stalks, bits of
leaf, remains of the panicle, inflorescences, flowers and
pedicels are used to feed sheep (Jacobsen et al., 2003).

Introduction of quinoa in Egypt

A series of studies were conducted on quinoa in Egypt to
hopefully lead to its inclusion to innovate the cropping
system of desert areas. Quinoa seemed to be very perti-
nent to grow in the Egyptian desert and new reclaimed
sandy soil to combat degradation in these soils.

Shams (2011) reported that thirteen varieties and
strains of quinoa (from Europe and Peru) were grown
in sandy soils of North Sinai in Egypt under two land
preparation treatments, namely with or without till-
age. The results indicated that the European varieties
out-yielded the Peruvian varieties (1.93 ton/ha versus
1.71 ton/ha, respectively). Furthermore, cultivation of
quinoa under no tillage resulted in a higher yield, com-
pared to cultivation with tillage (1.59 ton/ha versus 1.49
ton/ha, respectively).

Shams (2011) tested the effect of four sowing dates of
quinoa seeds (15" of November, 15" of December, 1%
of February and 15" of February) and two inter-row
spacing, i.e. 15 and 20 cm apart in sandy soil. His results
indicated that the highest yield was obtained when 15
cm inter-row spacing was used, where yield reduction
was reduced by 18%. Moreover, the yield of quinoa was
reduced when planting date was delayed to February,
where yield reduction was 63%.

Abdel-Rheem et al., (2014) indicated that the suitable
sowing date for quinoa in Middle Egypt is 25" of No-
vember, where the highest yield was obtained. Further-
more, irrigation application when 60% of soil moisture
was depleted (irrigation every 40 days) resulted in the
highest yield. They also reported that water consump-
tive use for quinoa was between 215 and 226 mm.

Shams (2012) also conducted field trials in Egypt north
Deltasandy soils to determine the adequate nitrogen fer-
tilizer rates for quinoa higher yields. The results showed
that fertilizing quinoa with 360 kg N/ha increased plant
height to reach 52.7 cm, increased grain yield per plant
to reach 10.1 g/plant, increased grain yield to 1.20 kg/
ha and increased biological yield to 2.79 kg/ha.

According to Gomaa (2013), the highest values of
quinoa yield in calcareous soil in Egypt were recorded
with application of 240 kg/ha ammonium nitrate in
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combination with bio-fertilizer (Nitrobin), in addition
to application with 120 kg/ha calcium super phosphate
in combination with bio-fertilizer (Phosphorin). She
also indicated that the above treatment increased crude
protein and mineral elements (phosphorus, potassium
and calcium) in seeds.

Shams (2018) conducted field trials at Ismailia to evalu-
ate nine quinoa genotypes under arid environment of
sandy soil to determine its agronomic potential and
chemical composition. The results showed that all the
studied quinoa genotypes were successful in sandy soils
with good grain yield under Egyptian conditions. Sea-
son length of the studied genotypes ranged between 115
to 160 days in the field. The highest yield was obtained
from Amarilla Sacaca genotype with a season length
of 160 days. The highest protein content in quinoa
grains was recorded from QS17-2 accession, while the
lowest value was recorded by Blanca de Junin variety.
Moreover, Salcedo INTA variety had the lowest saponins
content in quinoa grains while QS16 accession recorded
the highest content.

Bazile et al., (2016) reported that “the FAO organization
is actively involved in promoting and evaluating the
cultivation of quinoain 26 countries outside the Andean
region with the aim to strengthen food and nutrition,
where Egypt was one of these countries”. Field evalua-
tions were conducted in two seasons and in two sites
using 13 genotypes. A higher value than the weighted
average yield for all countries was obtained with 1.89
ton/ha at the first site and 2.35 ton/ha at the second
Egyptian site.

Eisa et al., (2017) tested the response of quinoa plants
to high salinity under the Egyptian conditions. They
concluded that quinoa seed yield was reduced as a result
of increasing soil salinity up to 17.9 dS/m. Their results
also indicated that there was a high ash content in seeds
under saline conditions due to the increase of Na as well
as K, P and Fe concentrations. By contrast, soil salin-
ity led to significant decrease of Ca and Zn contents in
seeds. Furthermore, Na was mainly accumulated in the
pericarp followed by embryo tissues. They concluded
that increasing most of essential minerals, especially Fe,
in quinoa seeds produced under high saline conditions
gave quinoa a distinctive value for human consumption.

Eisa et al., (2018) tested the effect of two planting densi-
ties for quinoa, namely 56,000 plants/ha as low density
and 167,000 plants/ha as high density in marginal soil of
El-Fayoum, where Ec was 5.3 dS/m in irrigation water
and 3.8 dS/m in soil paste. Their results indicated that
a higher yield was obtained when the higher planting
density was used. However, this high plant density was
associated with significant reduction in seed quality in
terms of protein content.

According to Mahmoud (2017), sowing quinoa in
North Egypt in the beginning of winter season (last
quarter of November where maximum air tempera-
ture was 18.8 °C and minimum temperature was 8.2
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°C) resulted in higher plant height, biomass and seed
yields, compared to the sowing at second quarters of
December and January. The optimum growth was as-
sociated with relative humidity of 68.8% and cumula-
tive daylight hours of 1819 h and cumulative sunshine
hours of 977 h. Symptoms of powdery mildew disease
were observed on the quinoaleaves 53 days after sowing
and progressed in appearance. The high percentages of
relative humidity could be the major cause of spreading
the disease in quinoa.

CONCLUSIONS

The productivity of traditional crops in the Egyptian
cropping system is low when cultivated in marginal
lands as a result of soil low fertility, soil high salinity
and harsh weather conditions. In these environmental
conditions, quinoa is considered as a good candidate to
be cultivated there. According to research on quinoa in
Egypt, it could be concluded that:

« Quinoa is a winter crop cultivated in both sandy and
salt-affected soils;

o The suitable sowing date for quinoa is between 15"
and 21* of November;

« Its season length is between 115 and 160 days, depend-
ing on the used genotype;

« The suitable inter-row spacing for quinoa is 15 cm in
sandy soils;

o In sandy soils, nitrogen fertilizer requirement for
quinoa is 360 kg N/ha. Application of 240 kg N/ha to
quinoa, in addition to biofertilizer (Nitrobin) is suf-
ficient to fulfill its requirements.

« Phosphorus fertilizer requirement for quinoa is about
30kg P,0./ha when applied with biofertilizer (phospho-
rin);

 Quinoa can be grown with no tillage in the sandy
lands of Sinai;

o It can be grown under rainfed conditions and it gives
a higher yield with supplementary irrigation;

» Some quinoa cultivars can tolerate salinity levels up
to 17.9 dS/m;

o Under salt-affected soil, the suitable planting density
of quinoa to obtain reasonable yield with high quality
is 56,000 plants/ha;

« Quinoa can also be cultivated successfully under ir-
rigation. Its water consumptive use is between 215 and
226 mm. Quinoa can produce its highest yield when
irrigated every 40 days in clay soil;

« Livestock production can be implemented in marginal
lands in Egypt, where quinoa can be cultivated. Fresh
leaves and harvested branches could be used in feeding
livestock.

» When quinoa seeds are processed to produce flour, it
can be mixed with wheat flour to reduce flour produc-
tion-consumption gap.
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