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ABSTRACT

The objective of this study was to evaluate the growth and yield characteristics of quinoa genotypes grown
under salinity stresses at different stages of development. The experiment was conducted in Vietham National
University of Agriculture. Two quinoa genotypes and four NaCl salt concentrations (0, 50, 150 and 300 mM) were laid
out in factorial experiment in RCBD with three replications. Salinity stress was induced by irrigation with nutrient
solution containing NaCl with corresponding concentrations to quinoa plants grown in sands for two weeks during
flowering initiation (35 days after sowing). The results showed that salinity reduced plant height, number of leaves on
main stem, number of branches on plant, root length, root dry weight, shoot dry weight, SPAD Chlorophyll Meter
Reading (SCMR), panicle length, seed amount, the number of branches per panicle and 1000-seed weight. Quinoa
genotypes with high potential for the number of leaves on main stem, the number of branches on plant, root length,
root dry weight, SCMR and shoot dry weight under non-stress conditions performed well under salinity conditions.
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Anh hwéng cua diéu kién mén dén sinh trwedng va nang suéat
cua cay diém mach & giai doan ra hoa

TOM TAT

Nghién ciru dwoc tién hanh nham danh gia &nh hwéng cla d6 man t&i sinh trwdng va nang suét clia mot sé
giébng diém mach nhap néi. Thi nghiém tai Hoc vién Noéng nghiép Viét Nam tién hanh trén 2 gibng diém mach, & 4 d6
man c6 ndng dd mudi (NaCl) khac nhau tir 0, 50, 150 dén 300 mM. Thi nghiém dwoc b tri theo thi nghiém hai nhan
t6 trén md hinh khdi ngau nhién hoan chinh (RCBD), véi 3 1an nhéc lai. Man nhan tao dwoc xt Iy trong 2 tuan vao
thoi diém bat dau ra hoa (35 ngay sau gieo) béng cach st dung dung dich nwéc mudi véi dd mén twong ng dwoc
thém vao dung dich dinh duwéng dé twdi cho cay thi nghiém trdng trén cat sach. Két qua thi nghiém cho thay dd man
tang gay gidm chiéu cao than chinh, tdng sé la/than chinh, tdng sé canh/cay, chiéu dai va khéi lwong ré kho, khdi
lwong than 14 kho, chi s6 SPAD, chidu dai bong, tdng sb hat/béng, tdng sé nhanh/bdng va khéi lwong 1000 hat.
Nghién ctru xac dinh, trong didu kién binh thwéng, néu gibng diém mach co tdng sb 1a/than chinh, tdng s canh/cay,
chiéu dai va khéi lwong ré, khdi lwgng than |4 khd va chi s SPAD dat cao sé sinh trudng tét trong diéu kién man.

T khoa: Cay diém mach, khang man, man, Viét Nam.

irrigation management and climate change.

1. INTRODUCTION

Viet Nam is considered one of the five countries

Salinity is the most severe abiotic stress
perceived by plants and affecting 800 million
hectares of land worldwide, including 30% of
the world’s highly productive irrigated land.

Salinization is increasing because of poor

most vulnerable to the impacts of climate
change and associated phenomenon such as sea
level rise, salt-water intrusion and drought.
More than 1 million hectares of cultivated land
along the coast of Viet Nam (in Mekong delta
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and the middle part of Viet Nam) are affected
by different degrees of salinity. Very low yield
and variable growth of rice, peanut or corn
cultivation in these lands were observed. People
living in these areas are, therefore, under food
insecurity as well as malnutrition. Exploiting
salt tolerance in crops is for these reasons an
important target for plant production in the
near future. Most of food and cash crops are
“glycophytes” which perform very poor under
saline conditions. Meanwhile salinity tolerance
is not easy to breed for as it interacts in plants
with many physiological processes that are
controlled by many genes (Nguyen et al,
2013b). One of important approaches to cope
with salinity problems is to directly utilize
“halophytes” which are naturally salt tolerant
species (Jacobsen et al., 2012).

Quinoa is a multipurpose nutritious crop, a
natural halophyte plant which can be grown in
soil conditions with various salinity levels from
non-saline soil to extremely saline soil (salt
concentration in soil solution is as high as 1/2
salt concentration in the sea water) (Bosque-
Sanchez et al., 2003; Adolf et al., 2012). No clear
seed yield reduction in quinoa grown under soil
condition with 40 - 50 dS m™ (400-600 mM
NaCl) was observed. Interestingly, a small seed
yield increase was found when quinoa plant
grown in saline soil with salinity concentration
of 5-15 dS m™ (50-200 mM NaCl) (Jacobsen et
al.,, 2003). Quinoa can grow in high saline soil
(350-400 mM), whereas yield of other food crops
reduced seriously under mild saline condition
(40 mM of salinity levels) (Munns and Tester,
2008; Shabala et al, 2013). Because of good
adaptation, quinoa has been grown directly
under saline conditions (FAQO, 2013) and used to
elucidate the mechanism of its salt tolerance as
well (Shabala et al., 2012). This study aimed at
understanding the agronomical and
physiological changes in quinoa plant grown
under non-salinity stress condition in
comparison with different level of salinity
stresses. The stressed quinoa plants were grown
in sand and irrigated with nutrient solution

containing salt under the net-house conditions.
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2. MATERIALS AND METHODS

2.1. Materials and experimental design

The experiment was conducted under the
net-house condition at the Faculty of Agronomy,
Vietnam National University of Agriculture,
Hanoi, Viet Nam (latitude 21° 00° N and
longitude 105° 56’ E, and 7 meters above sea
level).

The 2 x 4 factorial experiment was designed
in a randomized complete block design (RCBD)
with three
factors included: 1) two quinoa genotypes (Green

replications. The experimental
and Red) were provided by the Chilean National
Agriculture Research Institute (INIA), and ii)
four salinity levels: 0 mM NaCl (fresh water -
control), 50 mM NaCl (mild stress, popular in
salt affected areas in Viet Nam and many other
saline soils in the world), 150 mM NaCl
(moderate stress) and 300 mM NaCl (extreme
stress, comparable to the salt concentration
present in seawater).

Clean sand dried until constant weight was
used as the substrate to uniformly fill in pots 25
x 20 x 20 cm (5 kg pot™). Five germinated seeds
were sown in each pot. At 12 day after sowing
(DAS), the seedlings were thinned to two plants
per pot. Yoshida nutrient solution (0.48 g L
(NH,),S0,, 0.25 g L' KH,PO,, 0.19 g L' KNO,,
0.60 g L' K,SO,, 0.60 g L' Ca(NO.),, 0.66 g L!
MgSO,, 0.59 g L' FeCl,), was used to apply
daily to quinoa plants. During two weeks from
35 DAS to 49 DAS, sodium chloride was added
50 mM day"' gradually to the corresponding
nutrition containers and irrigated to the pots (to
in the higher salt
treatments from shock with too severe salt
When the
required salt

prevent quinoa plants

stress treatment at beginning).
nutrition containers reached
concentration of each experimental treatments,
salt addition was stopped and irrigation with
salt in the nutrition solutions were kept for two
weeks. The salinity of drainage water and
saturated soil extract was monitored to
determine the salinity of the substrate, which
was adjusted to

predetermined levels (Jacobsen et al, 2001;

maintain  salinity at



Nguyen et al., 2013a). No salt was added to the
nutrient solution used in the control pots. After
49 DAS, normal nutrient solution (without
sodium chloride) was applied until the harvest.

2.2. Data collection

Data was collected five times at 35 DAS, 45
DAS (5 days before stopping stress period) and
55 DAS (recovery - 5 days after finishing all
stressed treatments) for plant height, the
number of leaves/stem, the number of
branches/plant, and root length. At the same
time, SPAD Chlorophyll Meter Reading (SCMR)
was recorded by a SPAD chlorophyll meter
(Minolta SPAD 502, Tokyo, Japan) on the
second fully expanded leaf from the top of main
stem between 10.00 and 12.00 am. Shoot and
root samples were separated and dried in hot-
air oven at 80°C for 48 hours or until constant
weight. Shoot and root dry weights were
determined separately.

At harvest, main panicle length, the
number of seed/panicle, the number branches/
panicle, 1000-seed weight, and shoot and root
dry weight were determined.

Salt tolerance index (ST) for shoot and root
dry weight was calculated as the percent of the
dry biomass produced in salinity stress
conditions over the control condition (Nguyen et
al., 2013b).

Nguyen Viet Long

2.3. Data analysis

The data were subjected to analysis of
variance according to a randomized complete
block design for factorial experiment using
CROPSTAT 7.0 package. Least significant
difference (LLSD) was used to compare means.

3. RESULTS AND DISCUSSION

3.1. Effects of salinity stress on growth
parameters of quinoa plant

3.1.1. Plant height

Salinity stress significantly reduced plant
height of quinoa genotypes (Table 1). In fact,
significant decrease in plant height was
observed when salinity levels increased during
salinity stress period from 35 to 45 DAS. After
stress period at 55 DAS, there was a recovery in
plant height of quinoa genotypes at 50 mM of
salinity concentration. However, the recovery in
plant height was not clear when higher salt
concentrations were added to the irrigated
solution. Wilson et al. (2002) observed no
significant reduction in plant height until the
electrical conductivity exceeded 11 dS m™, even
increase in plant height was observed when
irrigated with solution not exceeding 25 dS m™
saline water in several genotypes (Goémez-
Pando et al., 2010). This suggested that quinoa
might utilize salt inclusion mechanism of halophyte

Table 1. Effect of salinity stress on plant height and the number

of leaves on main stem of quinoa genotypes

Plant height (cm)

No. leaves/stem No. branches

Treatments

35 DAS 45 DAS 55 DAS 35 DAS 45 DAS 55 DAS 45 DAS 55 DAS
Genotypes
Red 9.25° 14.80 25.28 5.94 16.24 23.69° 4.97° 14.01°
Green 9.22° 14.47 24.93 5.92 16.19 22.11° 4.67° 13.43°
Salinity levels
0mM 9.23 15.41° 27.41° 5.94 17.25° 26.36° 5.33° 15.75°
50 mM 9.24 14.83° 26.15° 5.94 16.81° 24.50° 5.08° 14,25
150 mM 9.23 14.38" 23.75° 5.97 15.92° 21.58° 4.58° 13.14°
300 mM 9.24 13.92° 23.09° 5.86 14.89° 19.17° 4.28° 11.75°

Note: Means followed by a lower case letter in a column are not significant different at 5% level by LSD.
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plants and under mild stress condition salinity
could enhance plant growth (Munns and Tester,
2008; 2013b).
halophytes could keep growing up to 300-400

Nguyen et al, However,
mM NaCl salt concentration (equivalent to 25-
35 dS m™) in the growing media but not with
our quinoa genotypes in the present
experiment. This showed that when salinity
increases over optimum levels, quinoa plant
height will be inhibited. This indicates that
quinoa is not as salt tolerant as halophyte and
might utilize various strategies to tolerate
salinity stresses as found in barley (Nguyen et
al., 2013b). This makes quinoa an excellent

candidate for salt tolerance study.

3.1.2. Number of Ileaves,
branches, root length, and root and shoot

number of

weight

Salinity stress significantly reduced the
number of leaves on main stem, the number of
branches on plant (Table 1), root length, root
dry weight (Table 2), and shoot dry weight
(Table 3). At 45 DAS, there was no clear effect
of mild salinity stress (50 mM) on the number of
leaves on main stem, but significant effects
were observed at moderate and severe stresses
(150 and 300 mM). Meanwhile,
effects were found at all levels of salinity stress

significant

on the number of branches on plant, root length,
root dry weight, and shoot dry weight. At 55

DAS, the number of leaves on main stem, the
number of branches on plant, root length, root
dry weight and shoot dry weight did not recover
until harvest at all levels of salinity stress. In
previous findings (Ruiz-Carrasco et al, 2008;
Panuccio et al., 2014), shoot length and root
length all significantly reduced in the presence
of salinity. Previous studied showed that shoot
and root weight and total dry matter also
decreased under saline stress conditions for
glycophyte crops (Jacobsen et al., 2001; Ruiz-
Carrasco et al., 2008; Gémez-Pando et al., 2010;
Eisa et al., 2012; Razzaghi et al., 2012; Panuccio
et al., 2014) and in quinoa and others halophyte
plant (Koyro, 2006; Geissler et al., 2009).

3.1.3. SPAD Chlorophyll Meter Reading

Salinity significantly reduced SCMR at
moderate and severe salinity levels (Table 3).
Reduction of SCMR due to salinity stress might
be caused by reduction in chlorophyll content
(Eisa et al, 2012) which brought about
reduction in photosynthesis (Morales et al,
2011; Eisa et al., 2012) in quinoa plant. As the
result, growth and yield of quinoa plant also
reduced under salinity stress conditions.

3.2. Effects of salinity stress on yield
components of quinoa plant

The results also showed that salinity stress
significantly reduced panicle length and yield

Table 2. Effect of salinity stress on root length and number of branches

on plant of quinoa genotypes

Root length (cm)

Root dry weight (mg plant™)

Treatments
35 DAS 45 DAS 55 DAS Harvest 45 DAS 55 DAS Harvest
Genotypes
Red 3.12 6.79 8.77 16.80° 33.33° 76.94° 631.67°
Green 3.12 6.53 8.31 15.96" 31.53° 71.25° 590.83°
Salinity levels
0mM 3.13 7.40° 9.74° 17.97° 39.44° 88.61° 681.67°
50 mM 3.12 7.08° 9.15° 16.54° 34.44° 81.11° 633.33°
150 mM 3.13 6.44° 8.06° 16.07° 27.50° 69.17° 596.67°
300 mM 3.12 5.73° 7.21° 14.95° 28.33° 57.50° 533.33°

Note: Means followed by a lower case letter in a column are not significant different at 5% level by LSD.
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Table 3. Effect of salinity stress on SCMR and shoot dry weight of quinoa genotypes

SCMR Shoot dry weight (g/plant)
Treatments 35 DAS 45 DAS 55 DAS 35 DAS 45 DAS 55 DAS Harvest
Genotypes

Red 30.37 35.14° 43.17° 0.03 0.27° 0.92° 6.20°

Green 30.36 34.52° 42.03° 0.03 0.25° 0.83° 6.08"
Salinity levels

0 mM 30.38 36.25° 44.43° 0.03 0.31° 1.00° 6.62°

50 mM 30.37 35.30° 43.05° 0.03 0.27° 0.90° 6.22"

150 mM 30.36 34.23° 42.44° 0.03 0.25° 0.85° 6.04°

300 mM 30.36 33.54° 40.49° 0.03 0.21¢ 0.75° 5.67¢

Note: Means followed by a lower case letter in a column are not significant different at 5% level by LSD.

Table 4. Effects of salinity stress on yield components of quinoa

Treatments Panicle length (cm) Seed amount (Mark)' No. branches/panicle 1000-seed weight (g)

Genotypes

Red 27.21 3.33 20.33 1.95

Green 26.49 2.98 19.23 1.72

Salinity levels

0mM 29.11? 4.20° 22.71? 2.39°

50 mM 27.75° 3.60° 20.56" 2.01°

150 mM 26.22° 2.77° 18.77° 1.63°

300 mM 24.32¢ 2.05° 17.08* 1.31°

Note: Means followed by a lower case letter in a column are not significant different at 5% level by LSD. * Mark: 1- Very little,

5- Very plenty.

components including seed amount, the number
of branches on each panicle and 1000-seed
weight of both quinoa genotypes. In previous
findings, shoot length, root length (Ruiz-
Carrasco et al., 2008; Panuccio et al, 2014),
number of seeds, dry weight of seeds and seed
yield (Jacobsen et al, 2001; Koyro and Eisa,
2008; Razzaghi et al., 2012; Bonales-Alatorre et
al., 2013; Peterson and Murphy, 2015) were all
significantly reduced in the presence of salinity

3.3. Response of quinoa genotypes to
salinity stress

The interactions between genotypes and
salinity levels were non-significant for all traits
(data not shown). The results indicated that
genotypes with good growth under non-stress
condition performed well under salinity stress
conditions. In fact, Red quinoa genotype showed
higher values for all traits as compared to the

Green quinoa genotype. However, there were
clear differences in the number of branches on
plant, root dry weight, SCMR, and shoot dry
weight between two quinoa genotypes at 45 and
55 DAS. Meanwhile, the significant differences
were found in plant height at 35 DAS, the
number of leaves on main stem at 55 DAS and
root length at harvest. The differences between
quinoa genotypes were not significant in panicle
length and yield components (Table 4).

The
differences among quinoa genotypes for the

present study found significant
number of leaves on main stem, the number of
branches on plant, root length, root dry weight,
SCMR and shoot dry weight. Moreover, non-
significant interaction between genotype and
salinity level 1implies that Red genotype
performing better under normal condition might
adapt better to stress condition when compared

with the Green genotypes. This is somewhat
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Table 5. Salt tolerance index of quinoa genotypes

Shoot dry weight Root dry weight Total biomass
Genotypes
ST+ ST-, ST-3 ST~ ST-, ST-3 ST~ ST-, ST-3
Red 0.95 0.92 0.87 0.94 0.89 0.79 0.95 0.92 0.86
Green 0.93 0.90 0.84 0.90 0.85 0.76 0.93 0.90 0.84

Note: ST-, , ;- Salt tolerance index at NaCl concentration 50 mM, 150 mM and 300 mM, respectively.

different from other finding in other crops that
the small statue plants might tolerate better
with abiotic stresses (Munns and Tester, 2008).
In fact, Red genotype had higher STs than
higher SCMR,
number of leaves on main stem, number of

Green genotype. Therefore,
branches on plant, root length, root dry weight,
root and shoot dry weight under normal and
stress conditions could be wuseful traits for
selection to salt tolerance.

The salt tolerance indexes (STs) of quinoa
genotypes for final shoot and root dry weight
were computed (Nguyen et al., 2013b), and STs
had downward trend in relation to the increased
STs showed that root
growth was more affected by saline conditions

NaCl concentrations.

than shoot growth. Red quinoa genotype had
higher STs than Green quinoa genotype in all
studied traits (Table 5). ST value for root dry
weight was lower than that for shoot dry
weight. Higher negative effects of salt stresses
on the root system than on the shoots were also
found in barley treated with 200mM NaCl in
hydroponics (Nguyen et al, 2013a) and the
reasons for this might be due to direct damage
of saline solutions to the root system. However,
in comparison with other crops such as rice,
soybean or wheat plant growthof quinoa plants
at 40 mM reduced by 60 to 90% compared to
normal condition and at 200 mM plant growth
was suspended (Wilson et al., 2002; Munns and
2008). However, at 300 mM plant
growth of quinoa reduced only 13 to 24%. Plants

Tester,

with better root system could uptake more
nutrient and enhanced stress tolerance (Dinh et
al., 2014). In our study, Red genotype with
deeper roots and higher root weight could
uptake more nutrients to contribute to higher
number of branches (panicles), more seed, seed
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weight and total biomass than Green genotype.
Therefore, the Red genotype also had higher ST
than the Green genotype.

4. CONCLUSIONS

Salinity reduced growth and yield of two
quinoa genotypes. Quinoa genotype with high
potential for the number of leaves on main
stem, the number of branches on plant, root
length, root dry weight, SCMR and shoot dry
weight under non-stress condition performed
better under salinity conditions as well. Red
quinoa tolerates salinity stress better than the
Green genotype.
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