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ABSTRACT

This study aimed to evaluate seed yield, mor-
phological variability and nutritional quality for two
cultivars of Chenopodium quinoa under high saline
soil conditions (ECe 22 dSm™) in Egyptian North-
eastern coast. Responses to salinity were greatly
differed between the two cultivars. The Peruvian
cultivar CICA produced seed yield significantly
higher than Bolivian cultivar Real. CICA cultivar
also showed significant high performances for
most of morphological traits. Among the 10 mor-
phological traits, leaves dry weight, shoot fresh
weight and leaves fresh weight showed significant
positive association with seed yield. No significant
difference has been found between both cultivars
for most seed quality traits except for the concen-
tration of crude protein and crude fiber in seeds
were significantly higher in CICA cultivar. Although
CICA cultivar exhibited significantly higher sodium
concentration in the leaves than that found in the
leaves of Real cultivar, but it was much more effi-
cient in restricting sodium uploading into seed.
These results revealed that the Peruvian cultivar
CICA seems to be adaptable and more suited to
dry-saline soil in Northeastern coastal region of
Egypt, as it gave considerable high seed yield with
better quality in terms of high protein and fiber per-
centage and low Na concentration in seeds.

INTRODUCTION
Soil salinity is one of the major deleterious en-

vironmental stresses limiting agricultural production
worldwide. Salinity in irrigated lands increased over
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the last 20 years due to poor irrigation manage-
ment, and is predicted to become more pro-
nounced in near future due to climate changes
(Nguyen, 2016). This situation is becoming more
worse in arid and semi-arid regions due to inten-
sive use of precious fresh water as a result of in-
creased in irrigation requirements, under high
evapotranspiration conditions and this inevitably
leads to accelerates the secondary salinization
(Munns, 2005). Nowadays in arid and semi-arid
region, the utilizing of saline water and/or saline
soil in agriculture has appeared as imperative op-
tions (Hirich et al 2014). However, the most of the
world’s major food crops species are salt sensitive
(glycophytes) and can cope only with a very limited
concentrations of salt in their growth media. A soil
or water is considered to be saline when the elec-
tric conductivity reaches 4 dSm™, and that signifi-
cantly reducing the yields of most conventional
crops (Munns & Tester, 2008 and Panta et al
2014). In spite of the intensive research has been
conducted to increase salt tolerance in conven-
tional crops, using classical breeding or genetic
manipulation methods, but because of salt toler-
ance is a complex trait in plants, the outcome have
met limited success so far (Flowers, 2004). On the
other hand, management practices to reduce salt
concentrations in soil or irrigation water are often
expensive and cannot always be applied in devel-
oping countries (Djanaguiraman et al 2006). An
alternative approach to deal with the salinity prob-
lem is utilizing salt tolerant plants for sustainable
food production. Chenopodium quinoa Willd. is a
facultative halophyte and could be used as a prom-
ising alternative cash crop for land and water un-
suitable for conventional crops in arid and semi-
arid regions (Eisa et al 2005). During the recent
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time, quinoa attracted worldwide attention because
of its extraordinary tolerance to various unfavora-
ble environmental conditions (Choukr-Allah et al
2016). Quinoa has the ability to grow and produce
seeds under high salinity levels similar to those
found in sea-water (Koyro et al 2008; Hariadi et
al 2011; Shabala et al 2013; Panuccio et al 2014
and Eisa et al 2017). In addition, quinoa seed is
known for its high nutritional value because of its
unusual composition and exceptional balance be-
tween protein and crude fat. It is an excellent ex-
ample of ‘functional food’ that aims at lowering the
risk of various diseases (Vega-Gélvez et al 2010).
Quinoa seed is among the most important grain
crops, in terms of its high quantity and quality of
protein, whereas its seed has a high content of the
essential amino acids, such as threonine, lysine
and methionine. Also, quinoa seed is a rich source
of nutritional elements and vitamins, and it has
been found to contain compounds like polyphe-
nols, flavonoids, and phytosterols with possible
extra health benefits (Abugoch James, 2009). For
these reasons, global demand for quinoa con-
sumption has increased and its cultivation has
spread around the world in last decades. In spite of
quinoa is a highly salt tolerant species, but it exhib-
ited a considerable intraspecific genetic variability
in tolerance levels (Ruiz et al 2016). Therefore,
basic research on morphological responses and
physiological mechanisms of salt stress on plants
has a paramount importance for selection of the
best suitable genotypes (Shabala et al 2013). This
knowledge may therefore be useful to understand
of salt tolerance traits and can facilitate the selec-
tion of the suitable cultivar with high capability of
resistance and economical potential yield under
saline condition (Adolf et al 2012).

The variability of the morphological, yield and
seed quality traits may be a good opportunity for
elucidating key of salt tolerance mechanisms
through the comparison of various cultivars with
different capability of resistance under saline
stress. Therefore, the objective of the present work
was to evaluate the different capability of two culti-
vars (CICA and real) of quinoa under dry-saline
coastal regions in Egypt.

MATERIALS AND METHODS

Two field experiments were conducted in Sahl
El-tina plain located in northwestern part of Sinai
(latitude 32° 27' 50" and longitude 30° 59' 47") dur-
ing the growing seasons 2013 and 2014 to evalu-
ate the response of two cultivars of quinoa, namely

Chenopodium quinoa willd. cv. CICA and Cheno-
podium quinoa willd. cv. Real. The location was
characterized by high saline soil (Ece 20 dSm'l),
and the electrical conductivity of irrigation water
1.6 dSm™.

Location preparation

Soil in location was prepared for cultivation by
land plough and ridges construction. Compost with
a rate of 4 t fed. and phosphorus at a rate of 50 kg
P,Os fed. were added during the final preparation
of land and thoroughly mixed with the soil. Nitro-
gen was added as side dressing at a rate of 89 kg
N fed. in two equal doses after 30 and 51 days
from sowing date. Potassium was added at a rate
of 55 kg KO fed. at flowering stage. Quinoa grains
were sown on the second week of October, and
they were harvested on the second week of Feb-
ruary for CICA cultivar and the second week of
January for Real cultivar in both. About 8 - 10
seeds per hill were sown at a density of 30000
plants per fed. A complete randomized design with
six experimental plots (replicates), each with an
average area of 16 m? was used. After 3 weeks of
sowing date, plants were thinned to one plant per
hill and crop practice managements were regularly
carried out.

Growth parameters

A random sample of 5 quinoa plants from two
quinoa cultivars were taken from each experi-
mental plot after 60 days of sowing date to deter-
mine the growth parameters (i.e. plant height, main
inflorescence length, number of leaves/plant, shoot
fresh weight, shoot dry weight, stem diameter, leaf
area, leaves fresh weight, leaves dry weight, main
inflorescence weight, sub inflorescences weight,
number of sub inflorescences, mean length sub
inflorescences).

Yield of quinoa varieties

At 120 days for CICA cultivar and 90 days for
Real cultivar, quinoa plant samples from one
square meter of the central rows in each plot were
randomly taken by cutting at ground level, then
plant samples were lift to air-dried for at least 4
days. After that, dried plant samples were threshed
and winnowed by hand. Yield parameters of seed
yield (kg/fed.), weight of 1000 seed (g), seed per-
centage per panicle were determined.
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Biochemical analysis

Grain samples were dried in an oven at 65°C
till constant weight then ground in stainless-steel
mill and kept until biochemical analysis. A definite
weights of seed dried samples were wet digested
as described by (Wolf, 1982) to determine total N
& Na. Total N in quinoa seeds was determined
using micro-kjeldahl method according to Chap-
man and Pratt (1982). Total protein percentage
was calculated using the following equation: pro-
tein % = total N x 6.25. While, sodium percentage
was measured using flame photometer method
(JENWAY, PFP-7, ELE Instrument Co. Ltd., UK)
as described by Cottenie et al (1982). Moisture %,
ash percentage, crude fat, crude fiber and total
carbohydrates, were determined according to the
methods described in (AOAC, 1995).

Statistical analysis

All data sets were tabulated and subjected to
statistical analysis using (SAS) User s Guide,
(1998).

RESULTS
Variability studies

The values for different morphological, chemi-
cal yield and seed quality traits are presented in
Tables (1 & 2). CICA cultivar gave seed yield sig-
nificantly higher than that of Real cultivar. CICA
cultivar also exhibited high values for most mor-
phological traits except mean of leaf area. In this
regard, an important aspect should be taken into
account that is the lack of secondary branches in
Bolivian cultivar Real, on the contrary the Peruvian
cultivar CICA characterized by producing second-
ary branches (Table 1). This is may be an expla-
nation for the increasing the mean of leaf area per
plant in Real over that found in CICA. Regarding
the seed yield, CICA cultivar showed significant
higher values for seed percentage per panicle and
harvest index but was low in weight of 1000 seeds
as compared to Real cultivar. Among all quality
traits, concentrations of protein and fiber in seeds

were significantly higher in CICA than Real (Table
2). In spite of increasing sodium concentration in
the leaves of CICA cultivar over that found in Real
but the seeds of Real had accumulated much
higher sodium concentration than that found in
CICA (Tables 1&2).

Results illustrated in Fig. (1) indicates that ratio
of leaf area (sz) related to Real variety was 1.5
superior than CICA (0.64). On the other hand, CI-
CA was superior in all other characters of growth
parameters. The lower value of ratio was 1.13 rec-
orded to main inflorescence, while the higher ratio
recorded to leaf dry weight (3.25) threefold as
compared to Real. That's mean CICA was the
promising seed has adapted characteristic to grow
well under saline condition in Egypt rather than
Real. In contrary, Real was more promising if it
sowing as a trap for photosynthesis utilizes due to
the higher ratio 1.5 and short time to harvest (60
days). In addition CICA was promising in dry mat-
ter, if the farmer need dry weight, CICA is the best
one.

Correlation studies

The correlation coefficients among various
traits are presented in Tables (3-1, 3-2). All mor-
phological traits except the length of main inflo-
rescence showed positive association with seed
yield, the highest correlation value was recorded
for shoot fresh weight followed by shoot dry weight
(0.96 and 0.94, respectively). Also, plant height
and stem diameter showed highly significant corre-
lation with seed yield. An interesting observation
was appeared with regard to association between
Na concentration in leaves and seed vyield, which
was positive and highly significant, correlated.
Concerning seed yield traits, seed percentage per
main panicle presented a positive and significant
correlation with seed yield. Meanwhile, the weight
of 1000 seed has a negative and highly significant
correlation with seed yield. Among the seed quality
traits, crude protein and crude fiber exhibited posi-
tive significant correlation with seed vyield, but a
negative significant correlation has been recorded
between the concentration of Na in seed and seed
yield.
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Table 1. Mean performance of two cultivars for morphological, chemical and yield traits in Chenopodium

quinoa

Morphological,

. . . CICA cultivar | Real cultivar Mean P=20.05 | P20.01 Ccv
chemical and yield traits
Plant height (cm) 60.3+0.5 49.3+3.2 55.0+£2.6 5.23 8.68 11.6
Main inflorescence length
18+1.0 16 + 3.6 17.0+1.1 5.99 9.95 15.34
(cm)
Number of leaves/plant 142 +£15.3 52 +13.7 97.0+20.1 32.88 54.52 52.1
Shoot fresh weight (g
4 1341421 43.0+13.5 88.6 £ 20.6 21.87 36.27 57.2
plant™)
Shoot dry weight
4 35.5+0.5 15.7+4.9 25.6+4.6 7.91 13.12 44.3
(9 plant™)
Stem diameter (mm) 9.0+£0.0 6+£1.0 75+07 1.60 2.66 235
Mean leaf area (sz) 75+13 11.7+11 96+1.0 2.73 4.53 26.6
Leaves fresh weight (g
4 225+3.0 73+15 149+ 3.5 5.31 8.81 57.3
plant™)
Leaves dry weight (g
4 3.6+05 11+0.2 2.4+05 0.86 1.44 59.8
plant™)
Main inflorescence weight
4 36.2+7.6 16.6 +5.5 26.4+5.0 14.94 24.79 46.5
(g plant™)
sub inflorescences weight
4 51.82 0.0 25.9+11.7 10.64 17.65 |110.73
(g plant™)
Number of sub
) 18.0 0.0 9.0+ 4.06 3.2 5.32 110.44
inflorescences
Mean length sub
) 4.7 0.0 2.3+ 1.09 1.85 3.06 113.92
inflorescences

Na Concentration in

656.7 + 0.0 459.0 £ 0.04 | 557.8+44.3 19.4 32.16 19.5
leaves (mg/kg)

Seed Yield kg fed™ 1910 + 96.4 177 £11.0 1044+ 50.5 155 257 91
1000 seed weight (g) 4.0+0.0 58+0.5 4.9+ 0.43 0.84 1.41 21.2
Seed percentage per

) 75.0+£2.9 63.7 £5.7 69.3+ 3.0 10.27 17.03 10.7
panicle (%)
Harvest index 0.34 £ 0.02 0.13+0.02 0.24+ 0.05 0.05 0.086 48.2

CV: coefficient of variability
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Table 2. Mean performance of two cultivars for 7 quality traits in Chenopodium quinoa seeds
. . . . Mean
Quality traits CICA cultivar Real cultivar +SE P20.05 | P=20.01 cv
Moisture (%) 7.2+ 0.77 7.6+ 0.08 7.4+0.21 1.23 2.05 7.1
Crude Proteins (%) 13.6+£ 0.19 12.80+ 0.13 13.2+0.18 0.36 0.61 3.4
Ash (%) 6.41+ 0.88 5.63+0.19 6.02+ 0.29 1.44 2.38 11.8
Fat (%) 6.76+ 1.14 5.74+ 0.99 6.3+ 0.45 2.41 4.01 17.7
Crude Fiber (%) 4.41+0.35 3.29+ 0.34 3.9+ 0.28 0.78 1.29 17.8
Carbohydrate (%) 61.6+1.14 65+ 0.68 63.3+ 0.82 2.13 3.53 3.2
Na mg kg™ 132.5+ 6.36 270.5+ 17.67 201+ 39.9 57.16 131.84 | 39.72
CV: coefficient of variability
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Fig. 1. Ratio of growth parameter of CICA/Real quinoa varieties
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DISCUSSION

Sustainable agriculture of quinoa on saline soil
presupposes initially the exact knowledge of salt
tolerance traits in order to facilitate the selection of
the suitable cultivar with high capability of re-
sistance and economical potential yield under sa-
line condition. our results showed that both tested
cultivars were successfully grown and produced
seed yield under high salinity in soil equal to 44%
of that present in sea water level. However, higher
seed yield along with better performance for most
morphological and quality traits was recorded by
CICA cultivar versus Real cultivar. This clearly
reflects high adaptability of Peruvian cultivar CICA
to coastal saline area of Egypt.

In our results, among all the morphological
traits, the number of sub inflorescence, sub inflo-
rescence weight and mean length of sub inflo-
rescence exhibited values of coefficient variance
over 100 and that because of the lack of second-
ary branches in Real cultivar. While the other mor-
phological traits, which are comparable between
the two cultivars, leaves dry weight, shoot fresh
weight and number of leaves per plant showed the
higher values for coefficient of variability. This may
be indicates that cultivar with the large number of
secondary branches tends to gain high biomass in
terms of more leaves per plant and higher shoot
fresh weight. On the other hand, shoot fresh
weight and number of leaves per plant also corre-
lated positively with plant height and that reflected
ultimately on seed yield, similar trend was reported
by Rojas et al (2013) and Bhargava et al 2007).
The accumulation of biomass and dividing up to
reproductive sinks are main determinants of crop
yield (Andrade et al 1999). However, the produc-
tive capacity for any crop depends on its photosyn-
thetic efficiency and on the effective uploading into
the part of potential yield, which is estimated as
harvest index. However, harvest index for quinoa
cultivars ranged from 0.06 to 0.8, with a maximum
difference of around 15 times (Rojas et al 2003).
The harvest index in our present work is located
within this range, recorded 0.34 for CICA cultivar
and 0.13 for Real cultivar. Therefore, the harvest
index of the present study clearly point towards
higher efficiency of reproductive partitioning in qui-
noa cultivar CICA than Real under arid agro-
climate Egyptian condition.

Concerning Na concentration in the leaves of
quinoa, our present results showed a significantly
higher accumulation of Na in the leaves of CICA
cultivar than that in the leaves of Real cultivar. This
might be due to that CICA had significant greater

biomass than Real, and it could be therefore ab-
sorb more Na ions. Another explanation has been
reported by (Cuin et al 2012) who attributed the
differences in Na accumulation among quinoa va-
rieties to genotype differences. However, the redis-
tribution of Na from the leaves into seed is an im-
portant factor to assess the quality of the seeds,
especially produced from the saline soil. Our re-
sults clearly indicated that CICA was much more
efficient in restricting sodium uploading into seed.
Among all seed quality traits only the concentra-
tions of protein and fiber in seeds were significantly
higher in CICA than Real. However, in the present
work the protein percentage in quinoa seed pro-
duced under high saline conditions recorded
13.5% for CICA cultivar and 12.8% for Real, and
these percentages are almost high in comparison
to most of cereals. Soil salinity did not influence on
protein content of Peruvian cultivar Hualhuas (Eisa
et al 2017). Also, (Wu et al 2016) reported that
increasing NaCl concentrations up to 32 dS m™ did
not alter protein content in quinoa seeds. The high
protein in seed of quinoa indicates its high poten-
tial as a promising cash halophyte crop in marginal
regions where the poverty is hand to hand with
malnutrition.

CONCLUSION

In the light of previously presented data it could
be concluded that CICA cultivar was superior than
Real cultivar whereas it recorded the vigorous
plant growth parameters under saline condition.
CICA cultivar exhibit significantly higher perfor-
mance for most of investigated morphological pa-
rameter than Real cultivar. Among seed quality
traits, Only the percentage of crude protein and
crude fiber showed significant difference. They
were higher in CICA cultivar than Real cultivar.
Furthermore Peruvian cultivar CICA is more effi-
cient in restricting sodium uploading into seed.
Generally it could be demonstrated that CICA culti-
var seems to be well adapted for dry saline soil in
Northeastern coastal region of Egypt. Where it
gave considerable high yield with better quality.
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