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Soil salinization is a serious environmental menace that reduces the development, growth and yield of most of the plants.
Growing halophyte crops such as quinoa (Chenopodium quinoa Willd.) is a promising way of productive utilization of saline
soils. The present study was conducted during 2018-19, in which we investigated the comparative salt tolerance potential of
two genotypes of quinoa (Puno and Al) on the basis of growth, ionic and physiological attributes. Five-week-old seedlings of
both genotypes were exposed to different levels of salinity (0, 100, 200 and 400 mM NaCl) developed in Hoagland’s nutrient
solution. Results revealed that root and shoot growth, chlorophyll contents, membrane stability and relative water content
remained unchanged at lower level of NaCl (100 mM). However, these attributes decreased significantly at higher level of
NaCl (400 mM). The Na* concentrations increased, whereas K* concentrations and the ratio of K*: Na* showed an inverse
relation to the increasing salinity levels. The comparison of both genotypes indicated that physiological attributes and plant
biomass were higher in Al than Puno due to less uptake of Na* ions and higher K*: Na* ratio. Therefore, Al is more suitable

genotype than Puno to be grown on saline soils in arid regions of Pakistan.
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INTRODUCTION

Soil salinization is one of the serious environmental
constraints distressing > 6% of the total land and >20% of the
irrigated area globally (Qadir et al., 2014). Pakistan is also
facing this menace and approximately 12.9% of country’s
land (10 mha) is salt affected (FAO, 2008). Many crops show
stunted growth and less yield on saline soils (Negréo et al.,
2017; Abbas et al., 2018). On salt-affected soil, plants suffer
from osmotic stress which causes water deficit in plants
(Flowers and Colmer, 2015). This effect is followed by ionic
toxicity and nutrient deficiency (Saqib et al., 2013; Abbas et
al., 2015). Salinity also reduces leaf pigment contents,
relative water contents (RWC) and gas exchange attributes
(Amjad et al., 2015; Abbas et al., 2018). Ultimately, plant
biomass, growth and productivity are severely decreased
under salinity stress (Saqgib et al., 2005; Abbas et al., 2018).
The extent of salinity-induced alteration in plant’s behavior is
related to the type and amount of salts in growth medium,
exposure duration, growth stages and highly on plant
genotypes (Adolf et al., 2012; Abbas et al., 2018).

The most promising approach for counteracting soil salinity
is the cultivation of halophyte plants (Shabala et al., 2013).
There is a great genetic variability among halophytes with
respect to their salt tolerance potential (Ruiz-Carrasco et al.,

2011). Monocotyledonous halophytes show optimum growth
around 50 mM NacCl concentration, whereas, dicotyledonous
halophytes show maximum growth around 150 mM NaCl
level (Glenn et al., 1999; Flowers and Colmer, 2008). The
most auspicious example of the dicotyledonous halophytes is
quinoa. It is regarded as highly tolerant plant against salinity
stress (Koyro and Eisa, 2008; Jacobsen, 2011), and combined
stress of salinity and drought (Razzaghi et al., 2011). It has
the capacity to grow even at 400 mM salt concentration
(Jacobsen et al., 2003) and produces seeds of high nutritional
quality (Jacobsen et al., 2003; Ruiz-Carrasco et al., 2016).

According to Wilson et al. (2002), quinoa uses different
tolerance mechanisms against salinity at different growth
stages. During the initial growth stage, the salt tolerance is
related to controlled metabolism in the form of osmolyte
accumulation, osmotic adjustment and ion absorption
(Ruffino et al., 2010). In the later growth stages, cell turgor is
maintained by adjusting leaf water potential and regulating
the tissue ionic uptake (Hariadi et al., 2010). When grown on
saline soil, quinoa has the capability to accumulate organic
solutes such as; soluble sugars and proline (Rosa et al., 2009).
Quinoa is an Andean native crop and it mainly cultivated for
its edible seeds. Under the present changing climate scenario,
this plant is considered very important with respect to food
security due to its exceptional nutritional features (Stikic et
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al., 2012). Recently, quinoa is widely cultivated in many
countries worldwide and great variability has been noticed
regarding its growth period and yield which are mostly due to
difference in latitude (Christiansen et al., 2010; Razzaghi et
al., 2015). Moreover, different genotypes of quinoa
demonstrate considerable variability in morphophysiological
responses when expose to salinity stress (Adolf et al., 2012).
We want to grow two quinoa genotypes (Al and Puno) on salt
affected soils in Pakistan. Puno is a Danish variety, whereas
Al is originated from USA. The comparative potential of
these genotypes to grow under salinity stress is unknown. The
current study was therefore planned to determine the salinity
tolerance potential of both these genotypes of quinoa by
determining their growth, ionic and physiological attributes.

MATERIALS AND METHODS

Plant material and growth conditions: The current study was
carried out in the wire house of the Department of
Environmental Sciences, COMSATS University Islamabad,
Vehari Campus (latitude 30.02° N, longitude 72.21° E,
altitude 135 m, and average annual rain fall 127 mm), during
2018-2019. The climatic conditions during the study period
were as: sunshine; 8 hours and 23 minutes, minimum
temperature; 12 °C, maximum temperature; 25 °C, minimum
relative humidity; 46%, and maximum relative humidity;
77%. The seeds of two quinoa genotypes (Puno and Al) were
germinated in sand culture. Seeds of genotype Puno were
obtained from the Department of Plant and Environmental
Sciences, Faculty of Life Sciences, University of
Copenhagen, Denmark, whereas the seeds of Al (belongs to
USA) genotypes were taken from Soil Salinity Research
Institute Pindi Bhattian, Pakistan. Four-week-old uniform
seedlings of both genotypes were transferred to Hoagland’s
nutrient solution contained in 10 L plastic tubs. There were
three seedlings of each genotype in each tub. After
establishment of plants for one week, sodium chloride (NaCl)
was applied to develop 0, 100, 200, and 400 mM
concentrations. The solution pH was adjusted with NaOH or
HCl at 6.5 £ 0.2 on daily basis and the nutrient solution was
changed on weekly basis. Each treatment was replicated
thrice.

Chlorophyll content analysis: The uppermost fully expanded
leaves were collected from each plant and were frozen using
liquid nitrogen. Later on, about 1.0 g leaf samples were
ground in darkness using acetone (80%). The samples were
centrifuged at 3000 x g for 10 min and supernatant was
collected. The absorbance of the obtained supernatant was
noted using UV-Vis spectrophotometer (Lambda 25,
PerkinElmer, Inc. USA), at 663.2 and 646.8 nm wavelengths.
The extinction coefficients and equations given by
Lichtenthaler (1987) were used for the estimation of
chlorophyll content.

Membrane stability index (MSI): The procedure described
by Sairam et al. (2002) was followed for measuring MSI.
Electrical conductivity (EC) of leaf leachates in deionized
water (DI) was measured at two different temperatures.
Freshly harvested leaf samples (about 0.5 g) were shifted in 2
sets of test tubes having 10 mL of DI water. One set was
heated in water bath at 40 °C for 30 min, and the other was
heated for 10 min at 100 °C. Electric conductivities of both
sets were measured as EC1 and EC, respectively using EC
meter. The values of MSI were calculated as per following
equation;

MSI = 1-22 <100
EC2

Relative water content (RWC): The fully expanded leaf from
the top (2™ leaf) of each plant was collected for determining
RWC. Fresh weight (0.5 g) of these leaves was recorded
immediately after harvesting. Turgid weight of these leaves
was recorded after placing them in 100 mL distilled water for
4 h. The samples were then oven dried at 70 °C for 48 h to
record dry weight. The equation given by Sairam et al. (2002)
was used to estimate RWC.

RWC = freslh welght—mywelght %100

turgid weight - dry weight

Harvesting and growth measurements: After five-week
exposure to treatments, shoots and roots were separately
harvested. The fresh biomass and lengths of shoots and roots
were measured immediately after harvesting. The samples
were air dried for one week, then oven dried for 48 h at 70 °C
and the weight was recorded.
lonic concentrations: Roots and shoots were ground
separately. The ground plant samples were acid digested with
a diacid mixture (HNOs and HCIO4in 2:1 ratio). The digestate
were cooled, filtered and diluted up to 50 mL using DI water.
The ionic concentrations (Na* and K*) of the samples were
measured using a flame photometer (BWB-XP5).
Statistical analysis: A complete randomized design with
factorial arrangements was followed in the experiment. The
obtained data were statistically analyzed by two-way analysis
of variance (ANOVA). Least significant difference (LSD) test
at 5% significance level was used for further comparison of
genotypes and treatments (Steel et al., 1997).

RESULTS

Plant growth: The growth of both genotypes was decreased
with an increase in NaCl concentration except for 100 mM as
shown in Table 1. Growth parameters of both genotypes were
higher at the lower level of salinity (100 mM NaCl) in
comparison with control. At higher level of NaCl (400 mM),
root and shoot lengths were decreased by 46% and 52% in
Puno, and 39% and 41% in Al, respectively as compared to
controls. Similarly, fresh weights of root and shoot were
decreased by 48% and 46% in Puno, and 39% and 38% in Al
as compared to controls. The respective decrease in root and
shoot dry weights were 57% and 61% for Puno, and 44% and
49% in Al over the controls.
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Table 1. Effects of various levels of NaCl (mM) on root and shoot lengths, and root and shoot weights of two quinoa

genotypes
Parameters Genotypes Control 100 mM NaCl 200 mM NaCl 400 mM NacCl
Root length (cm) Puno 11.10+0.50 d 13.00+0.40 c 9.00+0.30 e 6.00+0.50 f
Al 14.80+0.30 b 17.00+0.72 a 13.00+0.40 ¢ 9.00+0.40 e
Shoot length (cm) Puno 16.80+0.60 d 20.00+0.80 ¢ 13.20+0.90 e 8.00+0.90 f
Al 23.80+0.60 b 25.80+0.60 a 20.00+0.60 ¢ 14.10+0.50 e
Root fresh weight (g plant)  Puno 0.48+0.03 d 0.60+0.04 cd 0.40+0.04 f 0.25+£0.03 g
Al 0.82+0.03 b 1.004£0.04 a 0.70+0.02 ¢ 0.50+0.03 e
Shoot fresh weight (g plant?) Puno 2.80£0.20 e 5.00+£0.40 ¢ 2.10+£0.30 f 1.50+0.20 ¢
Al 6.50+0.30 b 8.90+0.30 a 5.00+0.40 ¢ 4.00+0.40 d
Root dry weight (g plant?) Puno 0.07+£0.01 d 0.10+0.01c 0.06+0.00 e 0.03£0.00 f
Al 0.16+0.01 b 0.2240.01 a 0.14+0.01 b 0.09+0.01 c
Shoot dry weight (g plant?)  Puno 0.51+0.08 d 0.72+0.05¢ 0.52+0.04 d 0.20+0.04 e
Al 1.1740.05b 1.72+0.04 a 1.10+0.06 b 0.60+0.04 cd

The values are mean of three replications + SE. For each parameter, different lettering indicates the significant difference among treatment
and genotypes at 5% probability level.

Chlorophyll content: At a level of 100 mM NaCl, the NaCl, chlorophyll contents were at par with control treatment
chlorophyll contents were significantly higher with respectto  in both genotypes. However, at 400 mM NaCl, chl-a, chl-b
control in both genotypes (Fig. 1A, 1B, 1C). Evenat 200 mM  and total chl contents of Puno were reduced by 48%, 55% and
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Figure 1. Effects of NaCl (mM) on chlorophyll a (A) chlorophyll b (B) and total chlorophyll (C) contents of two
quinoa genotypes. Values are mean of three replications + SE. For each parameter, values with different
letterina indicate the sianificant difference amona treatment and aenotvoes at 5% orobability level.
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51%, respectively compared with control. The respective
decrease in chlorophyll contents of Al was 42%, 51% and
45% over the control treatment.

Membrane stability index and relative water content: The
MSI of both genotypes was not affected at lower level of
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salinity (100 mM NaCl) (Fig. 2A). However, the higher
salinity levels caused significant decrease in MSI of both
genotypes. At the highest level of salinity (400 mM NacCl),
MSI of Puno and Al decreased by 44% and 30%, respectively
in comparison to control treatments. Similarly, the RWC of
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Figure 2. Effects of NaCl (mM) on membrane stability index (A) and relative water contents (B) of two quinoa
genotypes. Values are mean of three replications = SE. For each parameter, values with different lettering
indicate the significant difference among treatment and genotypes at 5% probability level.
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Figure 3. Effects of NaCl (mM) on shoot Na* (A) root Na* (B) shoot K* (C) and root K* (D) concentrations of two
quinoa genotypes. Values are mean of three replications + SE. For each parameter, values with different
lettering indicate the significant difference among treatment and genotypes at 5% probability level.
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both genotypes was not significantly affected at 100 mM
NaCl (Fig. 2B). However, RWC of both genotypes was
significantly decreased at higher salinity levels. At 400 mM
NaCl level, RWC of Puno and Al decreased by 46% and
27%, respectively over the control.

lonic concentrations: The Na* concentrations in shoot and
root of the two genotypes were increased with an increase in
salinity levels (Fig. 3A, 3B). The comparison of both
genotypes indicated that Na* concentrations in plants were
higher in Puno as compared to Al for all treatments. At
salinity level of 400 mM, shoot Na* concentrations in Puno
and Al were 179 and 140 mg g* DW, respectively. Whereas,
root Na* contents were 105 and 80 mg g** DW in Puno and
Al, respectively. The K* concentrations of plants (shoot and
root) decreased in both genotypes as a result of increasing
NaCl in the growth medium (Fig. 3C, 3D). The K*
concentrations were considerably higher in Al as compared
to Puno for all the treatments. At the highest levels of salinity,
shoot K* concentrations in Puno and Al were 122 and 160 mg
gt DW, respectively. While, root K* concentrations were 125
and 165 mg g™ DW in Puno and A1, respectively.
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Figure 4. Effects of NaCl (mM) on shoot K*: Na* ratio (A)
and root K*: Na" ratio (B) of two quinoa
genotypes. Values are mean of three replications
+ SE. For each parameter, values with different
lettering indicate the significant difference
among treatment and genotypes at 5%
probability level.

The ratios of K*: Na* in plants decreased considerably in both
genotypes with an increase in the salt stress (Fig. 4A, 4B).
These ratios were at peak in control plants and least in 400
mM NaCl treated plants. The genotype Al had higher ionic
ratio in root and shoot of plants as compared to Puno.

DISCUSSION

The current study was carried out to compare the salinity
tolerance potential of two quinoa genotypes having different
origin. The genotypes Puno is a Danish variety, whereas Al
is originated from USA. When exposed to salinity stress, both
genotypes showed typical halophytic nature and showed
higher growth and biomass at lower salinity level (100 mM
NaCl) in comparison to control treatment. Similarly, an
enhancement in growth of different quinoa genotypes under
NaCl level of 150 mM has been previously observed (Hariadi
et al., 2010). Survival of quinoa even at 500 mM NaCl was
also observed in a Peruvian variety by Koyro and Eisa (2008).
We also found that both genotypes survived at NaCl level of
400 mM, but there was a considerable decrease in growth and
biomass of both genotypes. Our results revealed that growth
and biomass of genotype A1 was less decreased as compared
to Puno, indicating greater salinity tolerance potential of Al
genotype. Similarly, Ruiz-Carrasco et al. (2011) explored the
salt tolerance potential of four genotypes of quinoa
originating from different locations at 150 and 300 mM NacCl
levels. They concluded that based on relative decrease in root
length and plant biomass, the genotype PRJ was the most
tolerant and BO78 the most sensitive one among the four
tested genotypes. Plant shows different responses under the
salt stress conditions and it involves changes in uptake and
metabolic pathways which are activated at the cellular
homeostasis. All these changes lead to different type and
degree of adaptation, and these changes results in the altered
growth patterns of root and shoot (Patterson et al., 2009).

Leaf chlorophyll contents and RWC were not decreased at
lower salt level (100 mM), and were rather increased in both
genotypes, confirming the salt loving nature of both
genotypes. Panda et al. (2017) noticed that the chlorophyll
contents in halophyte Suaeda maritima seedlings were not
affected even at 400 mM NaCl level. However, we found that
at a higher level of salinity these attributes were decreased in
both quinoa genotypes as noticed in many other quinoa
genotypes (Takagi and Yamada, 2013; Amjad et al., 2015).
Reduction in chlorophyll contents in quinoa at higher salinity
level might be due to degradation of chlorophyll structure
(Rangani et al., 2016). These attributes were decreased to
greater extent in Puno than Al indicating higher stability of
chlorophyll structure in Al than Puno. Reduction in the
stability of cell membrane of both genotypes under higher salt
stress is an indicator of the oxidative stress due to the
overproduction of reactive oxygen species (ROS). Salinity-
induced membrane damage due to ROS has been widely
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reported in various plants including quinoa (Amjad et al.,
2015; Rehman et al., 2019). The relatively less decrease in
MSI in case of Al confirms its greater tolerance against
salinity induced oxidative stress.

We noticed an increasing trend in Na* concentration in tissues
of both genotypes with increasing salt concentrations in the
medium. Plants can cope with the potential Na* toxicity by
four ways; (a) reduced uptake of Na* by roots (b) limiting Na*
translocation from root to shoot (c) re-transporting Na* from
the shoots (d) vacuolar sequestration of Na* ions (Munns and
Tester, 2008). A remarkable variability in these strategies has
been observed among different plant species and genotypes
(Munns and Tester, 2008; Abbas et al., 2018). Shabala et al.
(2013) explored the genotypic differences regarding salt
tolerance among fourteen quinoa genotypes on the basis of
shoot Na* uptake. According to their findings, the three most
tolerant varieties accumulated very small amount of Na* and
hence they exhibited the exclusion strategy. The remaining
eleven varieties accumulated relatively higher quantities of
Na* and sequestered it into vacuoles. In our study, although
both genotypes differed considerably regarding the amount of
Na* uptake, however, both genotypes followed the same
strategy for dealing with excessive Na* in the medium. Both
genotypes accumulated higher Na* in shoot than in roots, so
they probably sequestered the excessive Na* into their leaf
vacuoles. In case of quinoa, mostly it has been found that the
Na*/H* exchangers are more up regulated in leaves then in
roots. It suggests that the most prominent mechanism of
salinity tolerance in quinoa is vacuolar Na* compartmentation
rather than root exclusion (Maughan et al., 2009; Shabala et
al., 2013).

In halophytes, inorganic mineral ions are used to sustain the
cell turgidity under saline conditions (Parida et al., 2016). We
observed that with increasing the salinity stress, K*
concentration was lessened in both genotypes. Under salinity
stress, Na* ions use cations channels to enter into the cell
(Flowers and Colmer, 2015). Consequently, with an increase
in Na* concentration, the concentration of K* is decreased
(Amjad et al.,, 2015; Abbas et al., 2017) leading to K*
deficiency (Munns and Tester, 2008).

We found that K*: Na* ratio decreased in both genotypes with
an increase in level of salinity. This ratio is an important
element elucidating the salt tolerance potential of quinoa
(Adolf et al., 2013). Potassium is an essential macro nutrient
involved in activation of more than 50 enzymes (Marschner,
1995; Shabala, 2003) including the enzymes involved in
biosynthesis of chlorophyll. Both Na* and K* ions have very
similar ionic radius and hydration energy. Therefore, under
saline conditions, Na* enters the cell by using K* channels
located at cell membranes (Marschner, 1995). The higher
cytoplasmic concentration of Na* leads to lower K*: Na* ratio,
which ultimately affects plant metabolism. Moreover, loss of
K* from leaf mesophyll cells under salinity (Shabala et al.,
2005) causes the activation of many proteases which initiate

the programmed cell death (Shabala, 2009). Hence, the
capability of the plants to limit K* loss and maintenance of
high ionic ratio (K*: Na*) in cytoplasm is an indication of their
salt tolerance potential (Adolf et al., 2012). We noticed
considerably higher K*: Na* ratio in Al genotype than Puno,
due to which the former genotype showed greater salt
tolerance potential and produced more biomass.

Conclusion: The study elaborated that plant growth,
chlorophyll and membrane stability of quinoa genotypes
remained undamaged up to 100 mM NaCl level. However, at
higher salinity level these attributes were decreased
significantly. The comparison of both genotypes indicated
that physiological attributes and plant biomass were higher in
Al than Puno due to due to less buildup of Na* and greater
uptake of K* ions. Therefore, Al is more suitable genotype
than Puno to be grown on saline soils in arid regions of
Pakistan.
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