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ABSTRACT. Salt stress affects crop growth and productivity. In this study, we determined the growth, yield of
photosystem II (PSII), and K* and Na* concentration in root, stem, old leaves, and young leaves of two Mexican
varieties of rice, Tres Rios and Cotaxtla. In addition, the K*/Na™ ratio in stem and root of both varieties was
determined. The experiment was conducted in a growth chamber under controlled conditions, under a
completely randomized distribution, with a 2 x 2 (Variety x Salinity) factorial arrangement and 12 replications.
Plants were grown in a hydroponic solution for 15 days and then some of them were treated with 100 mM
NaCl; control plants (without NaCI treatment) were grown in parallel. Salt stress caused 20 and 15% reductions
in stem and root length, respectively, in the variety Tres Rios, while in the variety Cotaxtla no significant
differences were observed in these variables compared to the control. Dry matter weight decreased by 24% in the
variety Tres Rios. The quantum yield of PSII decreased by 30% the third day of treatment application, in both
varieties. Na™ concentration was significantly (p < 0.05) higher in NaCl-treated plants. In the variety Tres Rios,
the yield of PSII was completely eradicated six days after treatment implementation, while the K+ concentration
in stem and older leaves also decreased and the lowest K*/ Na* ratio in stem was recorded, which could indicate
that it is more susceptible to salinity than the variety Cotaxtla.

Keywords: Oryza sativa, yield of photosystem II, K*/Na™ ratio, salinity.

Crescimento, atividade fotossintética, concentra¢ao de K* e Na* em plantas de arroz em

condicoes de estresse salino

RESUMO. O estresse salino afeta o crescimento ¢ a produtividade das culturas. Neste ensaio determinou-se o
crescimento, o rendimento do fotossistema II (PSII) e a concentracio de K™ e Na* nas raizes, caules, folhas
velhas e jovens das variedades mexicanas de arroz: Tres Rios e Cotaxtla. Ademais, estudou-se a relagio K*/Na* na
parte aérea e raizes de ambas variedades. O experimento foi conduzido em uma cimara de crescimento, sob
condigdes controladas, em delineamento inteiramente ao acaso, com arranjo fatorial 2 x 2 (Variedade x
Salinidade) e 12 repetigdes. As plantas foram crescidas em solugio hidroponica durante 15 dias e posteriormente,
uma parte foi tratada com 100 mM de NaCl; e o restante como plantas controle (sem tratamento com NaCl), as
quais foram crescidas paralelamente. O estresse salino provocou redugdes de 20 e 15% na longitude dos brotos e
rafzes, respectivamente na variedade Tres Rios; entretanto, na variedade Cotaxtla nio apresentaram diferengas
significativas nestas variaveis com relagio ao tratamento controle. O peso da matéria seca reduziu-se 24% na
variedade Tres Rios. O rendimento quintico do PSII diminuiu 30% ao terceiro dia da aplicagio dos tratamentos
em ambas variedades. A concentracio de Na* foi significativamente maior (p < 0,05) nas plantas tratadas com
NaCl. No entanto, na variedade Tres Rios, o rendimento do PSII diminuiu completamente depois de seis dias da
aplicagio dos tratamentos, a concentracio de K* nos talos e folhas velhas também foi diminuida e registrou-se a
menor relagio K*/Na* nos brotos, o que poderia indicar que se trata de uma variedade mais suscetivel 2
salinidade com relagio a variedade Cotaxtla.

Palavras chave: Oryza sativa, rendimento do fotossistema I, relagio K*/Na™, salinidade.

Introduction

Salinity is a major problem in irrigated and rain-
fed agriculture. The irrigated farming system
provides about a third of the world's food
(MUNNS, 2002) and it is estimated that about 20%
of the irrigated area (45 million ha) is affected by
salinity (FAO, 2008). Salt stress is also a problem in

rain-fed agriculture, especially in coastal areas as salt
water enters them during high tide (WALIA et al.,
2005). It is estimated that 2% of the rain-fed
agriculture area (32 million ha) is affected by salinity
(FAO, 2008). The salinity problem has been
addressed through improvements in production
practices and the introduction of tolerant varieties.
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However, the implementation of proper irrigation
management in areas affected by salinity has been
economically unviable and difficult to implement on
a large-scale basis (WALIA et al., 2005).

Osmotic stress and ion toxicity are effects caused
by salinity. Osmotic stress is the result of the salt in
the growth solution reducing the capacity of the
plant to absorb water, while ion toxicity is caused by
an excessive amount of salts entering the
transpiration flow and damaging leaf cells. Reduced
growth and photosynthesis are the main effects of
salt stress (MUNNS et al., 2006). The ability of
plants to grow under salinity is a feature that
determines crop distribution and productivity in
many areas; therefore, it is important to understand
the mechanisms that confer tolerance in saline
environments (PATTANAGUL; THITISAKSAKUL,
2008).

In general, rice shows variability in its sensitivity
to excessive salinity at different stages of growth. It is
considered a relatively saline-tolerant species in the
germination stage, whereas the vegetative and early
reproduction stages are the most sensitive to salinity,
directly affecting yield (ZENG, 2004).

Several studies have been conducted to identify
responses of rice to salinity. Walia et al. (2005)
compared phenotypic responses of two indica rice
genotypes, salt-tolerant FL478 and salt-sensitive
IR29, under salinity stress during the vegetative
stage of growth. Their results demonstrate that
FL478 is salt tolerant and maintains a low Na*-to-
K* ratio in shoot tissue, and may be relatively less
stressed at the cellular level compared to IR29.
Moreover, Moradi and Ismail (2007) evaluated three
rice varieties (IR651, IR632 and IR29) during
vegetative stage under culture solution and three
electrical conductivities (0, 6 and 12 dS m™). They
found that tolerant rice varieties maintained a
relatively higher photosynthetic function after a
brief period of acclimation following exposure to salt
stress. Results of three indica rice (Pokkali, Java and
IR20) grown under 0, 50 or 100 mM NaCl in
hydroponic culture, suggest that differences in the
amount of Na* entering in shoot, and as a
consequence the ability of a rice variety to withstand
saline stress, are influenced by the location, amount
and chemical composition of apoplastic barriers in
the roots (KRISHNAMURTHY et al., 2009).

The aim of this study was to determine the effect
of salt stress on the growth and photosynthetic
activity of two Mexican rice plant varieties (Tres
Rios and Cotaxtla) during the vegetative stage
(tillering), as well as evaluate the K* and Na*
concentration in root, stem, old leaves and young
plants under controlled

leaves in grown
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conditions, and also the K*/Na* ratio in shoot and
root in order to identify their salinity-tolerance level.

Material and methods

We used two varieties of rice (Oryza sativa L. ssp.
indica), Cotaxtla and Tres Rios, obtained from the
germplasm bank at the experimental field operated
by the National Institute of Forestry, Agricultural
and Livestock Research in Zacatepec, Morelos. The
experiment was conducted at the Max Planck
Institute of Molecular Plant Physiology in Golm,
Germany, between January and February 2010.

The sceds of both wvarieties were surface
sterilized with 70% ecthanol for 5 min. and then
disinfected with a solution of 3% sodium
hypochlorite and a drop of Tween 20 for 30 min.,
then washed with sterile water five times and
dried in filter paper. The dried embryos were placed
in a glass bottle containing MS medium
(MURASHIGE; SKOOG, 1962), supplemented
with 3% (w/v) sucrose and solidified with 0.8% agar.

For germination, the glass bottles were subjected
to darkness for five days at 28°C. Then the
germinated seeds were transferred to a tissue culture
room under controlled conditions (16h light at 140
pmol m? s@, 22°C, 8h dark and 70% relative
humidity) for seven days. Twelve days after seeding,
the plants were transplanted to hydroponic tanks
containing 10 L of nutrient solution containing 1.43
mM NH,NO;, 1.00 mM CaCl, 2H,0, 1.64 mM
MgSO, 7H,O, 0.13 mM K,SO,, 032 mM
NalH,PO, 2,0, 1.00 Fe-EDTA, 7.99 uM MnCl,
4H,O, 0.15 uM ZnSO, 7H,O, 0.15 pM CuSO,
5H,0, 0.075 uM (NH,),Mo,0,, 4H,0 and 1.39 uM
H;BO; (YANG et al., 1994). The pH of the nutrient
solution was kept between 5.5 and 6.0. The nutrient
solution was renewed every 5 d.

Two NaClI concentrations, 0 mM (control) and
100 mM, and two rice varieties (Tres Rios and
Cotaxtla) were evaluated. Salt stress was applied 15
days after transferring plants into hydroponic tanks
by adding 100 mM NaCl. Non-stressed plants
(control) were grown in parallel.

Photosynthetic activity was determined with the
PAM-2000 portable fluorometer (Walz, Germany),
without dark adaptation. The measurements were
made in the second fully expanded leaf before
applying the treatments, 1, 3, 5 and 6 days after
initiation of salt stress. Six days after treatment
application, plants were harvested and separated into
shoot and root to determine their length, fresh
weight and dry weight. The roots were rinsed twice
to remove excess salts from the nutrient solution.
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The dry weight was determined 48h after drying the
samples at 70°C in an oven with forced air
circulation. To determine the concentration of
potassium (K*) and sodium (Na*), plants were divided
into root, stem, old leaves and young leaves. The dry
samples were subjected to wet digestion with a mixture
of perchloric and nitric acids (ALCANTAR,;
SANDOVAL, 1999). The extracts obtained were read
on a VARIAN™ Liberty Series I inductively coupled
plasma-atomic emission spectrometer (ICP-AES),
while the K¥/Na* ratio was obtained from the content
of these ions in shoot and root, based on the
concentration and dry matter weight.

The data were analyzed with SAS statistical
analysis software ver. 9.0 (SAS INSTITUTE, 1990)
under a completely randomized design in a 2 x 2
(variety x concentration) factorial arrangement,
resulting from the combination of four treatment
levels with 12 replications each. A plant was
considered an experimental unit. To determine
statistical differences, we performed an analysis of
variance and a means comparison using Tukey’s test
with a significance level of 95%.

Results and discussion

Root and stem growth

Based on the variety factor, there were no
significant (p > 0.05) differences in stem length;
however, due to NaCl concentration and its
interaction with the wvariety, there were highly
significant (p < 0.01) differences. In the case of root
length, the three sources of variation presented
significant difterences (Table 1).

Table 1. Results of analysis of variance (ANOVA) of variety,
NaCl concentration (NaCl) and their interaction (Variety x
NaCl) for shoot length and root length of rice plants.

DF Length

Source of variation

Shoot Root
Variety 1 ns ok
NaCl concentration 1 >k ok
Variety x NaCl 1 *k *

ns = Not significant; * = Significant at 5% level; ** = Significant at 1% level.

Application of 100 mM NaCl significantly
(p = 0.05) reduced shoot and root length in the
variety Tres Rios (20 and 15% respectively,
compared to the control) as shown in Figure 1,
while in the variety Cotaxtla there were no
significant (p > 0.05) reductions in shoot and root
length in the presence of NaCl. Similar results have
been obtained in other rice varieties, namely BR11,
BR23, BR29 and BR 31 (ALAM et al., 2004) treated
with 0.0, 4.5, 8.5 or 12.5 dS m™ (approximately
equivalent to 0, 45, 85 and 125 mM NaCl,
respectively). In the variety IR36, 14-days-old
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seedlings treated with 50 mM NaCl for 7 days
showed damage symptoms caused by salinity
mainly in old leaves, including rolled leaves with
tips withered and necrosis(GONG et al., 2006),
similar to those observed in Figure 2, which is
explained by accumulation of toxic concentrations
of Na® in older leaves (MUNNS; TESTER,
2008).
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Tres Rios Cotaxtla

Varieties
A
18 7 [l Control
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)
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Tres Rios Cotaxtla
Varieties

B

Figure 1. Effect of salinity (100 mM NaCl) on the shoot length
(A) and root length (B) of rice plants of Mexican varieties (Tres
Rios and Cotaxtla), after six days of treatment.

Means with different letters, in each subfigure, are significantly different (Tukey, 0.05).
Vertical bars represent standard errors (n=12).

Cotaxtla Cotaxtla
100 mM NaCl Control

Tres Rios

Tres Rios
Control 100 mM Nacl

Figure 2. Rice plants of two Mexican varieties Tres Rios and
Cotaxtla, 30 days after germination and six days after the start of
salt treatment (100 mM de NaCl).
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Jamil et al. (2006) found a direct relationship
between reduced shoot and root length with
increased salt concentration in the growth medium,
which was also observed in the variety Tres Rios in
our experiments. They suggest that the above-
mentioned variables are important indicators of salt
stress tolerance because the root is in direct contact
with the growth medium and absorbs water and
other components of the media, making them
available to the rest of the plant. Therefore, shoot
and root length is an indicator of plant response to
salinity. Furthermore, salinity problems are
generally related to the presence of high
concentration of Na* and CI', and excessive salt in
soil or nutrient solution causes a decrease in nutrient
uptake by plant such as N by bean
(CHAKRABARTI; MUKHERJI, 2003) and rice
(ABDELGADIR et al., 2005). Also, ionic imbalance
is an effect of salt stress, which occurs in the cells
due to excessive Na* and CI” and reduces the
absorption of other mineral nutrients, such as K,
Ca’* and Mn?** (HASEGAWA et al., 2000;
SUDHIR; MURTHY, 2004).

Biomass production

In shoot and root fresh weight, highly significant
(p = 0.01) effects were found based on the source of
variation, variety and NaCl concentration. Similar
results were obtained in root fresh weight with the
effect of the variety x NaCl interaction, contrary to
that recorded in shoot where no significant
difference was found (Table 2).

Table 2. Analysis of variance of variety, NaCl concentration
(NaCl) and their interactions (variety x NaCl) for the shoot and
root fresh weight in rice plants.

Fresh weight

Source of variation DF Shoot Root
Variety 1 il *x
NaCl concentration 1 dok *k
Variety x NaCl 1 ns **

ns = Not significant; * = Significant at 5% level; ** = Significant at 1% level.

Salt stress (100 mM NaCl) significantly reduced
shoot fresh weight in both varieties (Figure 3A). The
variety Tres Rios had 31% less shoot fresh weight
and the variety Cotaxtla had 22% less, in both cases
compared to the control. With respect to the variable
root fresh weight (Figure 3B), only the variety Tres
Rios was affected, showing a significant (p < 0.05)
decrease of 27% compared with the control.

The variety Tres Rios had a significant reduction
in shoot and root dry matter weight (Figure 4). The
decrease was 24% in both variables compared with
the control. This was due to the wvariety x
concentration interaction, since no significant
(p > 0.05) differences were found as a result of

Morales et al.

variety factor or the NaCl concentration. Similar
results have been obtained in other rice varieties,
BR11, BR23, BR29 and BR31 (ALAM et al., 2004),
wheat (SAQIB et al,, 2005) and sweet sorghum
(ALMODARES et al., 2007). In the case of sweet
sorghum, differences in salinity tolerance in the
vegetative state are due to genetic diversity and
inherited differences among varieties. It was also
observed that by increasing the concentration of
sodium, the fresh and dry matter weight of the
plants decreased. Some species are sensitive to
salinity, especially in the vegetative phase, because
the mechanisms of stress tolerance have not been
fully developed. However, other species may show
tolerance to salinity during the vegetative phase of
development (ROY et al., 2005).
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Figure 3. Shoot fresh weight (A) and root fresh weight of rice
plants of two Mexican varieties (Tres Rios and Cotaxtla), growing
under salinity (100 mM NaCl) for six days.

Means with different letters, in each subfigure, are significantly different (Tukey, 0.05).
Vertical bars represent standard errors (n=12).

The variety Cotaxtla showed no difterences with
respect to shoot and root dry matter weight, six days
after the application of 0 and 100 mM NaCl. This
response has been reported in other rice varieties
(IR632, IR651 and IR29) in experiments in which

Acta Scientiarum. Agronomy

Maringa, v. 34, n. 3, p. 317-324, July-Sept., 2012



Salinity in Rice plants

plants subjected to salt stress for one week show no
negative effects. However, after two weeks of
treatment with salts, growth was significantly
reduced in the three varieties (MORADI; ISMAIL,
2007).

Kumar et al. (2009) evaluated 11 varieties of rice
under saline conditions and found that tolerant
varieties have greater plant height and dry matter
weight. In this context, the variety Cotaxtla neither
had the highest shoot and root length values, nor
exhibited significant (p > 0.05) reductions in plant
length, root fresh weight, shoot dry weight and root
weight, which could indicate that it is a salt-tolerant
variety.
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Figure 4. Effect of salinity on shoot dry weight (A) y root dry
weight (B) of plant of the Mexican rice varieties (Tres Rios and
Cotaxtla), growing in the presence of 100 mM NaCl for six days.

Means with different letters, in each subfigure, are significantly different (Tukey, 0.05).
Vertical bars represent standard errors (n=12).

Photosynthetic activity

Plants subjected to salt stress have reduced
photosynthetic efficiency, which seems to be
associated with the complex of photosystem II
(PSII) (MUNNS et al., 2006). Salinity reduces PSII
activity and promotes the destruction of chlorophyll
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pigments by the accumulation of ions that may
inhibit the quantum yield of electron transport in
PSII (SUDHIR; MURTHY, 2004).

The above is seen in Figure 5, which shows the
quantum yield of PSII in the second fully expanded
leaf. When plants grew in the absence of salinity,
both varieties had a high yield of PSII. However,
when plants were subjected to salt stress (100 mM
NaCl), a reduction of photosynthetic yield was
observed three days after application of treatments in
both varieties. Six days after application of
treatments, the variety Tres Rios showed no yield of
PSII, while the variety Cotaxtla had a 90% reduction
compared with the control.

These results differ from those reported in other
rice varieties (IR651 and IR632) tolerant to salinity
(MORADYI; ISMAIL, 2007), and those obtained in
sorghum (NETONDO et al., 2004). In both cases,
there were no significant changes in the quantum
yield of PSII under saline conditions, which may
indicate that salinity does not severely affect the
transport of electrons in sorghum (NETONDO
et al,, 2004). Rice varieties IR651 and IR632 can
serve as an indirect way of determining the effect of
salinity on the photosynthetic apparatus (MORADI;
ISMAIL, 2007).

o
w»n
I

o
[
I

—— TR-Control

Quantum yield of PSII electron
transport (relative units)
=
s

0.2 - —=— TR-Salinity
—+— CO-Control
0.1 { —— CO-Salinity
0.0
0 1 3 5 6

Time (d)

Figure 5. Changes in the quantum yield of PSII electron
transport on the second fully expanded leaves of Mexican rice
varieties (Tres Rios and Cotaxtla) growing with 100 mM NaCl.
Vertical bars represent standard errors (n=12).

Table 3 presents the simple effects and
interaction of the factors evaluated on the quantum
yield of PS II. For the variety factor, significant
differences were observed on days 0, 1, 5 and 6 after
the application of treatments, whereas for NaCl
concentration, effects were significant at 1% on days
3, 5 and 6. Finally, the variety x NaCl concentration
interaction was highly significant during the fifth
and sixth days of salt stress.
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Table 3. Results of analysis of variance (ANOVA) of variety,
NaCl concentration (NaCl) and their interaction (Cultivar) for
quantum yield of PSII in lives of rice plants.

Source of variation DF Time days

0 1 3 5 6
Variety 1 Kk Sk * s Tk
NaCl concentration 1 ns ns *k *ok *k
Variety x NaCl 1 ns ns ns ok okl

ns = Not significant; * = Significant at 5% level; ** = Significant at 1% level.
Sodium and potassium concentration

K* concentration in different rice plant organs was
significantly different due to the variety x NaCl
concentration interaction (Table 4). In root, there were
differences due to the variety factor, with Tres Rios
having a higher K* concentration than Cotaxtla, with
and without the application of NaCl in the growth
medium. In stem, the statistical differences observed
are due to the NaCl concentration factor, ie. the
presence of salts significantly reduced K* concentration
in stem. Differences were also caused by the variety x
NaCl interaction, since while in the variety Tres
Rios the K*' concentration in stem decreased
significantly, it increased in the Cotaxtla variety. The
same behavior was obtained in the concentration of
old leaves in both varieties.

Table 4. K* concentration (mg kg™ dry weight) on root, stem
and leaves of two Mexican varieties Tres Rios and Cotaxtla, six
days after the start of salt stress (100 mM NaCl).

- NaCl K* concentration (mg kg™ dry weight)
Varieties (mM) Root Stem Old leaves Young leaves
Tres Rios 0 66.57 a 50.86 a 56.59 a 30.65b
Tres Rios 100 67.41a 11.81d 27.22b 55.62a
Cotaxtla 0 28.09b 1892 ¢ 18.63 b 28.65b
Cotaxtla 100 2222b 41.87b 50.72a 54.12a
Varieties
Tres Rios 66.99 a 31.34a 4191a 43.14a
Cotaxtla 25.16 b 30.39a 34.67 a 41.39a
NaCl (mM)

0 47332 34892 37.61a 29.65b
100 44.82a 26.84 b 3897 a 54.87 a
LSDﬂ 05

Variety (V) 4.55 22.74 23.75 8.07
NaCl 29.77 22.03 24.27 311
V x NaCl 7.87 6.38 22.08 6.47
CV 6.54 7.90 22.06 5.85

Means with different letters, in cach column, are significantly different (Tukey, 0.05).

The reduction in the K* concentration obtained
in the variety Tres Rios is similar to that obtained in
other rice varieties (WALIA et al., 2005) and wheat
(SAQIB et al., 2005; SHARMA et al., 2005). This is
due to the presence of NaCl in the growth medium,
which can interfere with the absorption of cations
like K*, Ca®" or Mg™, or as the result of the
substitution of K" by Na* (TESTER;
DAVENPORT, 2003). K* concentration in young
leaves increased significantly by applying salinity, in
both varieties, as an effect of NaCl concentration
and its interaction with the variety factor.

As a result of the variety x NaClI concentration
interaction (Table 5), by applying 100 mM NaCl in

Morales et al.

the hydroponic solution, Na* concentration was
significantly higher in root, stem and leaves of both
varieties, compared with the control. These results
are consistent with those obtained in other rice
varieties, FL478 and IR29 (WALIA et al., 2005),
wheat (SAQIB et al., 2005; SHARMA et al., 2005),
soybean and cucumber (DABUXILATU; IKEDA,
2005), where there was a positive relationship
between salt concentration and Na* concentration
in root and stem.

Table 5. Na* concentration (mg kg™ dry weight) on root, stem
and leaves of two Mexican rice varieties Tres Rios and Cotaxtla,
six days after the start of salt treatment.

Varictics NaCl Na* concentration (mg kg™ dry weight)
(mM) Root Stem Old leaves Young leaves
Tres Rios 0 356b 3.50¢ 345b 277 c
100 2637 a 13.88b 17.15a 9.87b
Cotaxtla 0 2.88b 141 ¢ 1.84b 217 ¢
100 2125a 37.14a 27.25a 16.65 a
Varieties
Tres Rios 14.97 a 8.69b 10.30 a 6.32b
Cotaxtla 12.07 a 19.28 a 14.55a 941a
NaCl (mM)
0 322b 2.46b 2.65b 247b
100 2381a 2551a 2220a 1326 a
LSDy 5
Variety (V) 15.35 18.58 15.07 17.99
NaCl 5.40 11.70 6.81 3.48
Vx NaCl 10.79 2.65 10.25 1.76
CV 30.54 7.25 31.56 8.55

Means with different letters, in each column, are significantly difterent (Tukey, 0.05).

Tester and Davenport (2003) indicate that many
plants can tolerate salt stress by excluding Na* from
the stem, or at least from the leaves, and maintaining
high levels of K*. This could be happening in the
variety Cotaxtla, since in saline conditions, it had a
higher concentration of Na* in stem than Tres Rios,
perhaps as a mechanism for excluding Na* from the
leaves. In addition, under the same conditions, this
variety had a significant increase in the K*
concentration (Table 4) in old leaves and stem,
while Tres Rios showed reductions.

Na® concentration was higher in young leaves
treated with salinity in both varieties. However, the
variety Cotaxtla recorded a higher Na* concentration
in young leaves compared with the variety Tres Rios.
Under some conditions, a high Na* concentration in
stem may be beneficial in helping the plant to maintain
its turgor, since the ions are sequestered in the vacuole
and can thus reduce the toxicity of Na* (MUNNS;
TESTER, 2008).

The ability of plants to discriminate between
Na* and K* can be determined by an index, the
K*/Na* ratio (FLOWERS, 2004). Figure 6 shows
the K*/Na* content ratio in shoot and root of the
two rice varieties studied. In general, it was found
that by applying 100 mM NaCl in the hydroponic
solution, the K*/Na* ratio was significantly (p < 0.05)
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reduced in both varieties. Similar results have been
obtained in other rice varieties, FL478 and IR29
(WALIA et al., 2005) and IR36 (GONG et al., 2006),
and in wheat (SAQIB et al., 2005), Sesbania rostrata
and beans JUNGKLANG et al., 2003). In shoot,
the variety Tres Rios had the lowest K¥/Na™ ratio
when the plants were subjected to stress. The
information presented here is similar to that
reported for other rice varieties that differ in salt
tolerance (MORADI; ISMAIL, 2007). These
authors found that the saline-susceptible variety
IR29 had a K*/Na* ratio in leaves significantly less
than the IR632 and IR651 varieties (tolerant).

16 a Il Control
14 .

b Salinity
12

10

Shoot K*/Na* ratio
[oe]
L

2 d €

Tres Rios Cotaxtla

Varieties
A
21 Il Control
18 Salinity
15

124

Root K*/Na™ ratio

Tres Rios Cotaxtla

Varieties

B

Figure 6. Effect of salinity on K*/Na* ratio in shoot (A) and root
(B) of Mexican rice plants Tres Rios and Cotaxtla. After six days
of exposure to 100 mM NaCl.

Means with different letters, in each subfigure, are significantly different (Tukey, 0.05).
Vertical bars represent standard errors (n=4).

Conclusion

The application of 100 mM NaCl in growth
medium for six days caused significant reductions in
the variety Tres Rios in shoot and root length, and
fresh and dry matter weight. Moreover, it led to a
significant decrease in the quantum yield of
photosystem II, lower K* concentration in stem
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and leaves and, consequently, a lower K*/Na*
ratio in the stem, suggesting that this cultivar is
more susceptible to salinity than the variety
Cotaxtla, which showed greater tolerance to this stress.
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