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ABSTRACT

An experiment was conducted at greenhouse, Faculty of Environmental Agricultural
Sciences, Arish University, North Sinai Governorate, Egypt, during two consecutive winter
seasons (2016/2017 & 2017/2018) to investigate the effect of four levels of salinity (control
60, 80, 120, 160 Mm Sodium Chloride) on five genotypes of quinoa plant (M-28, Q-37, S-10,
Regeolone-3, Line-6). Complete randomized design (CRD) was used in three replicates in this
experimental work. Petri dishes of three replicate were used to determine the proportion and
rate of quinoa germination ability. The results of the experiment indicated that germination
rate and germination percentage of quinoa genotypes were significantly affected by salinity
levels. The highest germination rate and percentage were 77.27, 93.76% at 2016/2017 and
92.18, 93.76% at 2017/2018 which obtained by M-28 genotype under control treatment (60
Mm) at both seasons. However, the lowest germination rate and percentage were 40.35,
34.73% at 2016/2017 and 55.27, 35.04% at 2017/2018 which achieved by Line-6 genotype
under 160 Mm treatment at the both seasons. The all studied characters were significantly
reduced by increasing the levels of salinity. The characters of grain weight/plant, harvest
index and 1000 seeds weight were reduced significantly and gradually by increasing salinity
levels from control treatment to 160 Mm treatment.
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INTRODUCTION

Quinoa (Chenopoduim. quinoa Willd.) is
an allotetra ploid plant species displaying
disomic inheritance and belongs to the
amaranthaceae family in the subfamily
Chenopodioideae, which widely cultivated
in South America, mainly in the arid and
semiarid areas of the Andean region
(Stevens et al., 2006). It has multi
economic uses quinoa; highly nutritive
values are being used to make flour, soup,
breakfast and alcohol, while, quinoa flour,
in combination with wheat flour or corn
meal is used in making biscuits, bread and
processed food. Salinity is one of the most
widespread environmental threats to global
crop production, especially in arid and
semi-arid climates, where land degradation,
water shortage and population. Growth is a
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major concern of salt tolerance in C.
quinoa, which a prerequisite for its
sustainable utilization as non-conventional
crop using alternative water sources on
marginal lands (Eisa et al., 2012). This
crop is well adapted to different
environmental conditions, including water
scarcity, low temperatures, salinity and
poor soils (Bascunan-Godo et al., 2015).
So, it has been considered an important
crop with the potential of contributing to
food security worldwide (FAQO, 2011).

Begum et al. (2010) investigated the
response of wheat growth to different
salinity levels (0.0, 4, 8, 12, 16 dsm’l).
They used 50 grains per petri dish and
illustrated that the germination percentage
decreased in high salinity level. Also water
uptake decreased with an increase of
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salinity level, but it was not so much drastic
up to 8dsm™. Accumulation of Na" and CI’
increased, when the grains were treated
with 4dsm™ to 16dsm™ saline solutions.

In quinoa plant, Hirich et al. (2014)
evaluated its response to different irrigation
water salinity treatments (1, 10, 20 and 30
ds m'). They showed that increasing
salinity affected significantly grain yield,
harvest index (HI). The highest HI was
obtained under most stressed treatment (30
ds m’l), while, the lowest values were
obtained under treatment received saline
water with an EC value equal to 10 ds m™.

Panuccio et al. (2014) evaluated the
effect of saline water on seed germination
of the halophyte quinoa. Seeds were
germinated in Petri dishes with sea water
(SW) solutions (25, 50, 75, and 100%) of
Na Cl, Ca Cl,, KCI and Mg Cl, individually,
at the concentrations in which they are
present in SW. They were found that all
salts, at lower concentrations, increased the
germination rate, but not the germination
percentages, compared with control (pure
water). Conversely, seedlings were differently
affected by treatments in respect to salt type
and concentration.

Also, Algosaibi et al. (2015) studied the
effect of four salinity treatments (1.25, 4, 8,
16 ds m™") on grain weigh, 1000-grain
weight and dry weight per plant of quinoa.

Results clarified that the low values of grain
yield were recorded at 16 ds m™ (17.05 g/
plant), while, the highest values were
recorded with 4 ds mtreatment (34.08 g/
plant). 1000-grain weight values were
ranged between 2.97g at 4 ds m™' treatment,
and 3.49 g at treatment 1.25 ds m™.

Germination rate in Petri dishes with
three replications of ten quinoa cultivars
was studied by Tan and kcay (2017). They
found that germination rates of quinoa
cultivars ranged from 0 to 87.3% and 100%
was determined at the Q-52 cultivar. As
salinity level increases, the germination
rates were decreased. Q-52 cultivar had the
maximum germination rate (98%) in the
salt-free conditions.

MATERIALS AND METHODS

This study was carried out at greenhouse,
Faculty of Environmental Agricultural
Sciences, Arish University, North Sinai,
Governorate, Egypt (31° 08’ 40.3 N, 33°
49" 37.2"), during two winter successive
seasons (2016/ 2017 and 2017/ 2018), to
investigate the effect of four levels of
salinity [control (60), 80, 120, 160 Mm
NaCl], on five genotypes of quinoa in case
of germination and grain weight/plant. The
serial number, name and source of the
genotypes materials are presented in Table 1.

Table (1): The serial number, name and source of the genotypes materials.

No. of entry Genotype name Genotype Source
1 M-28 Denmark
2 Q-37 Chile
3 S-10 Denmark
4 Regeolone-3 Chile
5 Line -6 Denmark
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The experimental design was completely
randomized design (CRD) in split —devoted
plots with three replications. The main plots
were devoted to four salinity levels [control
(60), 80, 120 and 160 Mm NacCl], while, the
five genotypes were assigned to the sub —
plots. Day. Plastic pots of 15 cm diameter
and 16 cm depth were filled with 3.00 kg
mixture of 1: 1 sand: clay. Planting dates
were on 13" and 26™ November at 2016/
2017 and 2017/2018 seasons. After 4 days
seedlings were thinned at rate of 25
seedlings/ genotype. Phosphoric acid (H,POs,
85%) at rate of 1 cm/L and NPK (20: 20:
20) at rate of 1g/L were added. The salinity
levels treatments were applied after 30 days
from planting until three months later. The
soil salinity was 4.46 dsm’. Harvesting
date was after 110 days from sowing date.

Germination

The experiment was conducted in vitro.
Grains were surface-sterilized for 20 min in
20% sodium hypochlorite, rinsed and soaked
for 1h in distilled water. Germination carried
out at 25+2°C under dark conditions, the
germination of quinoa by using saline water
with filter paper in Petri dishes. Saline
water developed by using NaCl 1.35g,
3.51g, 6.03g, in 1L of distilled water to
make 60, 80, 120 and 160 Mm treatments.
Quinoa grains (25) were sown in the Petri
dishes with 3 replicates. Germination
checked regularly 3 days after sowing date.

Germination parameters

The germination parameters were
calculated for all germination experiments
during the first 20 days of the germination
test, which consisted of:

Germination Rate (GR)

Defined according to Barlett (1973) as
following:

a+(a+b)+atbtc)+...+(a+b+c+m)

n(atb+c+....... m)
Where:

(a) Number of seedlings emerged at the first count.

(b) Number of seedlings emerged at the second
count.

(c) Number of seedlings emerged at the 3 count.
(m) Number of seedlings emerged at the final count.

(n) Number of counts.
Yield and yield components

At harvest date (110 days from sowing)
a random sample of ten guarded plants were
taken from each pot to measure the
following characters:

Grain weight (g/plant)

It was determined as an average of grain
weight on plant basis.

Harvest index (%)

It was calculated as a percentage of grain
weight (g/plant) divided to plant fresh
weight (g).

1000-grain weight (g)

It was determined as an average of 1000-
grain weight from per plant.

Statistical Analysis

Results were statistical analyzed with
analysis of variance (ANOVA) procedure
using the General Linear Models (GLMs)
procedures using SAS (SAS, 2004).
Differences between means were compared
by using Duncan's multiple ranged tests
(Duncan, 1955).

RESULTS AND DISCUSSION

Germination rate (GR%) and
germination percentage (GP %)

Resuls in Table 2 illustrate that there
were significant differences between
salinity levels on germination rate and
germination percentage.

They were decreased, when salt
concentration increased. The highest values
of germination rate (61.22, 80.80%) were
obtained by 60 Mm treatment at both
seasons. While, the lowest germination rate
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Table (2): Effect of salinity levels on Quinoa germination rate (GR%) and germination
percentage (GP%) at 2016-2017 and 2017-2018 seasons.

Salinity NaCl Germination rate (GR (%) Germination percentage (GP) (%)
(Mm) 2016/2017 2017/2018 2016/2017 2017/2018
60 61.22° 80.88° 71.81° 78.40°
80 58.86™ 78.28" 58.86™ 70.51°
120 55.90® 74.28% 56.24" 59.56"
160 52.89" 69.83° 48.36° 55.60°

*Means followed by the same letters within the same column are not significantly different according to Duncan's multiple

range test at (P <0.05)

(52.89, 69.83%) were found with 160 Mm
treatment at the both seasons (2017 and
2018). This may refers to the osmotic
potential may be the reason for germination
delay. The reduction of radicle growth
under salt stress conditions may due to the
diminution in the turgor of radicle cells.
These results are in agreement with those
found by Panuccio et al. (2014).

The highest values of GP (71.81, 78.4%)
were obtained by 60 Mm treatment at both
seasons While, the lowest (48.36, 55.60%)
were achieved by irrigated water with
salinity level of 160 Mm at the both
seasons. These results are in harmony with
those detected by Begum er al. (2010).
Also, Arshadullah et al. (2016) found that
the germination percentage ranged from 90
to 100% byl4 dSm” and drastically
reduced to 65% at 16 dSm™'. There were
significant differences between genotypes
on germination rate and germination
percentage (Table 3). The highest values of
GR (71.72, 87.9%) were found with the M-
28 genotype at the first and second seasons.
While, the lowest (44.08, 60.23%) were
achieved with the Line-6 genotype at the
both seasons. These results were in
coordinate with those reported by Tan and
keay, 2017. In addition, Sanghera et al.
(2016) on sugar beet genotypes revealed
that the germination rates (%) varied from
60% (Calixta) to 89.67% (Cauvery).

Regjnding to germination percentage of
quinoa seeds. The maximum value of
GP79.8 % was obtained by the M-28
genotype at first season, but each of M-28
and Q-37 genotypes gave valued (87.07%
and 78.90%) at the second season.
However, the minimum value was scored
by the Line-6genotype at the both seasons
(45.74, 50.33%), respectively. These results
coincided with those obtained by Sourour
et al. (2014) on wheat, whereas they showed
that the increase in NaCl concentrations
decreased germination percentage.

Also, the results in Table 4 indicate a
significant interaction differences between
salinity and genotypes on germination rate
and germination percentage. The highest
GR and GP% (77.27, 65.21 and 93.76,
96.33%, in respectively) were obtained by
the M-28 genotype under 60 Mm treatment
at both seasons (2016/2017 and 2017/
2018). While, the lowest GR and GP%
(40.35, 55.2% and 34.73, 35.04%, in
respectively) were obtained by the Line-6
genotype under 160 Mm treatment at the
both seasons.

Results in Table 5 illustrate that there
were significant differences between
salinity levels on grain weight, harvest
index and 1000-grain weight. The highest
values of the harvest index (33.0 & 42.0%
and 33.0 & 41%), respectively were
attained at the 60, 80 Mm treatments at both
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Table (3): Germination rate (GR %) and germination percentage (GP %) for the five
genotypes at 2016-2017 and 2017-2018 seasons.

Germination rate (GR) (%) Germination percentage (GP) (%)
Genotype
2016/2017 2017/2018 2016/2017 2017/2018

Q-37 61.71° 82.01° 69.44° 78.90°
Regeolona-3 56.75° 76.82° 55.15° 61.98"
S-10 51.83¢ 72.05¢ 48.50% 51.81°
M-28 71.72° 87.97° 79.81° 87.07°
Line-6 44.08° 60.23° 45.74° 50.33°

*Means followed by the same letters within the same column are not significantly different according to Duncan's multiple
range test at (P <0.05)

Table (4): Effect of interaction between salinity levels and genotypes on germination rate (GR
%) and germination percentage (GP %) at 2016-2017 and 2017-2018 seasons.

Salinity Genotype Germination rate (GR) (%) Germination ([;Zl)'centage (GP)
NaCl (Mm) 2016/2017 2017/2018 2016/2017 2017/2018
Regtalona-3 65.12" 87.29° 85.80° 91.16"
510 61.21' 82.33° 66.13° 76.46"
60 ML28 55.27 77.40 58.06 67.00%
Line.t 77.27° 92.18° 93.76fa 96.33fa
47.22" 65.21™ 55.30' 61.06
Q-37 63.30° 85.21¢ 71.13¢ 84.36™
Regeolona-3 58.21" 79.34¢ 57.90" 64.60°"
%0 S-10 53.32 74.35 52.33¢ 58.10%"
M-28 74.19° 90.21° 82.83° 94.00"
Line-6 45.28° 62.28" 48.33" 51.50%"
Q-37 60.21% 80.33' 64.76° 74.50cde
Regeolona-3 55.21° 75.30' 51.06" 56.13fgh
120 S-10 50.41" 70.35" 47.43" 47.36hi
M-28 70.21° 87.26° 76.10° 84.76bc
Line-6 43 47° 58.16° 41.8 47.10hi
Q-37 58.23" 75.21" 56.06" 65.56%"
Regeolona-3 52.36 70.31* 45.50" 50.73¢"
S-10 48.31™ 66.11" 38.96' 41.40"
160 M-28 65.22° 82.22° 66.56° 73.20%
Line-6 40.35° 55.27° 34.73™ 35.04

*Means followed by the same letters within the same column are not significantly different according to Duncan's multiple
range test at (P <0.05)
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Table (5): Effect of salinity levels on grain weight, harvest index and 1000- Grain weight
at 2016-2017 and 2017-2018 seasons.

Salinity Grain weight ( g/plant) Harvest Index (%) 1000-Grain weight(g)
NaCl(Mm) ™5016/2017 20172018 2016/2017 _ 2017/2018 20162017 __ 2017/2018
60 6.69° 9.43" 33.00° 42.00° 1.68" 1.87°
80 6.29% 8.75° 33.00° 41.00° 1.55% 1.76°
30.00° 35.00
120 4.74° 6.49° 21.00" 30.00° 1.48° 1.54°
160 2.87° 4.64° 1.00¢ 1.11¢

*Means followed by the same letters within the same column are not significantly different according to Duncan's multiple

range test at(P< 0.05)

seasons. When, the minimum harvest index
was found by 160 Mm NaCl at both
seasons (21.0, 30.0%). These results were
in agreement with those detected by Hirich
etal. (2014).

As for grain weight and 1000-grain
weight, the result in Table 5 showed that
maximum value of grain weight and 1000-
grains weight were (6.69, 9.43 g and 1.68,
1.87 g, respectively) with 60 Mm treatment
at both seasons. Followed in ding the salts
in Table 5 by (8.75, 1.76 g) which obtained
by 80 Mm treatment at the second season.
While, the minimum value was obtained
from160 Mm treatment at the both seasons
(2.87, 4.64 and 1.00, 1.11g), respectively.
These results were in the same line with
those stated by Algosaibi er al. (2015).
There were significant differences between
genotypes on grain weight, harvest index
and 1000-grain weight (Table 6). The highest
grain weight (g/plant) and 1000-grains weight
(8.00, 11.02 g and 1.88, 2.00 g, respectively)
were obtained by M-28 genotype at both
seasons. When, the lowest values 2.63, 4.83
g and 1.22, 1.62 g, respectively were found
by Line-6 genotype at both seasons. As for
harvest Index, the result in Table 6 showed
that maximum harvest index value was
obtained by 32.0% with M-28 genotype

followed by 30.0% with Q-37 genotype at
the first season, but that maximum value
obtained by the M-28 genotype was 42.0%
at second season. While, the lowest harvest
index scolded (29.0 & 34.0%), (29.0 &
0.36%) and (28.0 & 36.0%), respectively
were found by the Regeolona-3, S-10 and
Line-6 genotypes at both seasons. These
results were alleged with the previous
results, which obtained by Miranda et al.
(2013) and they were showed that in the
case of ‘Regalona Baer’ and ‘Villarrica’
genotypes a significant increase in grain
yield (4.2 and 5.1 t ha-', respectively) and
1000 grain weight (3.08 + 0.08 and 3.29 +
0.08 g, respectively).

Results in Table 7 indicat a significant
differences interaction between salinity
levels and genotypes quinoa on grain
weight, harvest index and 1000-grain
weight. The highest grain weight (g/plant)
(10.35, 13.29 g), harvest index (37.0, 47.0%)
and 1000- grain weight (2.80, 3.84),
respectively were obtained by M-28
genotype with 60 Mm treatment (60 Mm) at
both seasons, while the lowest (1.7, 2.63 g),
(21.0, 28.0%) and (0.91, 1.03 g), respectively
for Line-6 genotype with160 Mm treatment
through both seasons.
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Table (6): Differences among quinoa genotypes in concern of grain weight, harvest index
and 1000- Grains weight at 2016/2017 and 2017/2018 seasons.

Salinity Grain weight ( g/plant) Harvest Index (%) 1000- Grain weight(g)
NaCl Genotypes
(Mm) 2016/2017  2017/2018 | 2016/2017 2017/2018 | 2016/2017 2017/2018
Q-37 8.37° 10.51° 36.00™ 39.00°¢ 2.37° 2.73°
Regeolona-3 475" 7.45¢ 31.00°° 38.00% 2.09°% 2.17°%
60 S-10 6.65¢ 9.29¢ 34.00° 41.00° 2.15%¢ 2.40%
M28 10.35° 13.29° 37.00% 47.00° 2.80° 3.84°
Line-6 3.33" 6.62f 28.00%" 42.00° 1.73"% 2.13%
Q-37 8.10° 9.48° 36.00™° 40.00°™ 2.25% 2.487
Regeolona-3 4.13¢ 6.49" 23.00" 39.00¢ 1.86 2.11%
80 S-10 6.05° 8.45¢ 38.00¢ 41.00°™ 2.08°% 2.30%"
M-28 10.07* 13.13* 42.00a 43.00° 2.34% 3.38°
Line-6 3.10™ 6.20" 23.00® 40.00¢ 1.231 2.038
Q-37 6.26% 7.30° 32.00° 35.00°" 2.10°° 2.13%
Regeolona-3 |  4.32% 443" 37.00 0.30¢" 1.42M 1.38'
120 S-10 3.46" 6.52" 22.00% 0.35° 2.13%¢ 1.74"
M-28 7.28° 10.38° 31.00°¢ 42.00° 2.245d 2.35%f
Line-6 2.40 3.851 22.00% 31.00¢" 1.03* 1.31
Q-37 3.25" 5.53¢ 25.00°® 32.00"" 1.52¢" 1.28i
Regeolona-3 244 3.47 21.008 28.00 ™ 1.14* 1.131
160 S-10 2.64" 4.28"0 20.00¢ 28.00" 1.12% 1.16"
M-28 430" 7.30° 26.00°" 34.00™" 2.04% 2.018
Line-6 1.71% 2.63% 13.00" 27.00' 0.91% 1.03’

Table (7): Effect of interaction between salinity levels and genotypes on grain weight,
harvest index and1000- Grains weight at 2016-2017 and 2017-2018 seasons.

Grain weight ( g/plant) Harvest Index (%) | 1000-Grain weight(g)
Genotypes
2016/2017 2017/2018 [2016/2017 2017/2018(2016/2017 2017/2018
Q-37 6.50 8.20° 30.00° 36.00° 1.77% 1.16°
Regeolona-3 S-10 3.91¢ 5.46° 29.00°  34.00 1.62¢ 1.70"
M-28 6.50° 7.13° 29.00° 36.00° 1.72% 1.90"
Line-6 8.00° 11.02° 32.00°  42.00° 1.88° 2.00°
2.63¢ 4.83° 28.00° 36.00° 1.22¢ 1.62°

*Means followed by the same letters within the same column are not significantly different according to

Duncan's multiple range test at (P< 0.05).
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