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SUMMARY

In the State of Rio Grande do Sul, Brazil, flooded rice fields using Patos Lagoon
as the source of water for irrigation are subject to be damaged by salinity, since
this source is bound to the sea on its southern end. The sensitivity of rice is variable
during plant development, being higher in the seedling and reproductive periods.
However, there is not enough information about the behavior of plants under salt
stress during the course of its development, especially in the vegetative stage.
This study evaluated the effect of different levels of salinity of irrigation water on
the salinity of soil solution over time and on some plant attributes, during the
vegetative stage of rice. The study was conducted in a greenhouse, where seeds of
the variety IRGA 424 were sown in pots and irrigated with water with electrical
conductivity (ECi) levels of: 0.3, 0.75, 1.5, 3.0 and 4.5 dS m'l, from the tillering
initiation (V4) until the panicle initiation (PI). The evaluations made were the
electrical conductiviy of soil solution (ECe), the dry biomass of plants and stems,
tillering, height and the transpiration of plants. The ECe increased with the ECi
over time, and was determined by water transpiration flux in pots. The ECe values
at the end of the experiment were high and, in most cases, higher than the critical
values for flooded rice. The growth attributes of rice were negatively affected
from ECi of 2.0 dS m'! and ECe 0of 4.0 dS m1.

Index terms: electrical conductivity, tillering, vegetative growth, Oryza sativa L.
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RESUMO: ATRIBUTOS DE ARROZ IRRIGADO E DA SOLUCAO DO SOLO
INFLUENCIADOS POR NIVEIS DE SALINIDADE DA LAMINA
DE AGUA DE IRRIGACAO

No Rio Grande do Sul, lavouras de arroz irrigado que utilizam como fonte hidrica a
Laguna dos Patos estdo sujeitas a sofrer danos pela salinidade, uma vez que esse manancial
liga-se ao mar em sua extremidade sul. A sensibilidade do arroz é varidvel no decorrer do
ciclo de desenvolvimento da cultura, sendo maior no periodo de plantula e no reprodutivo. No
entanto, pouco se sabe sobre o comportamento das plantas em condigées de estresse salino no
decorrer do seu ciclo de desenvolvimento, principalmente no periodo vegetativo. Este trabalho
teve como objetivo avaliar o efeito de diferentes niveis de salinidade da dgua de irriga¢do
sobre a salinidade da solugdo do solo e sobre atributos de planta durante o periodo vegetativo
do arroz. O trabalho foi conduzido em casa de vegetagdo, onde o cultivar IRGA 424 foi
semeado em vasos, que foram irrigados com dgua com niveis de condutividade elétrica (CEt)
de: 0,3; 0,75, 1,5; 3,0; ¢ 4,5 dS m™! a partir do inicio do perfilhamento (V4) até a diferenciacdo
do primérdio floral (DPF). Foram avaliados a condutividade elétrica da solug¢do do solo
(CEe), a matéria seca da parte aérea e dos colmos, o perfilhamento, a estatura e a transpiragdo
das plantas. A CEe aumentou com a CEi ao longo do tempo e foi determinada pelo fluxo de
transpiragdo de dgua em ambiente confinado. Os valores de CEe atingidos no final do
trabalho foram elevados e, na maioria dos casos, superiores aos valores considerados criticos
para o arroz irrigado. Os atributos de crescimento do arroz irrigado foram alterados
negativamente a partir da CEi de 2,0 dS m eda CEede 4,0 dS m™L.

Termos de indexagdo: condutividade elétrica, perfilhamento, crescimento vegetativo, Oryza

sativa L.

INTRODUCTION

The salinity is one of the main factors of land
degradation in the world, acting negatively on crop
growth. Inthe case of rice (Oryza sativa L.), especially
in the coastal areas and floodplains of the State of Rio
Grande do Sul, Brazil, the irrigation water salinity
can affect large areas of three producing regions:
Southern, Internal Coastal Plain and External Coastal
Plain, since the main source used in these regions is
the Laguna dos Patos lagoon, which is connected to
the Atlantic Ocean on its southern edge. This effect
occurs both in the winter months because of the
prevalence of south winds, as well as in the summer
months, when low rainfall, associated with the
increased demand for water from the surrounding
crops, reduce the level in the lagoon, allowing the entry
of saline water from the sea (Marcolin et al., 2005).

The electrical conductivity (EC) is the attribute
most often used for monitoring the salinity of the
water, and the values at the catchment points of
irrigation water around the lagoon have ranged from
less than 0.3 dS m'! up to 7.0 dS m™1, over the years
(Fraga et al., 2007). The value of the electrical
conductivity of irrigation water (ECi) established as
critical for rice cultivation in the states of Rio Grande
do Sul and Santa Catarina is 2.0 dS m'! (SOSBAI,
2007). However, this salinity measure is not always
a good attribute to evaluate the risk, since the damage
to rice is directly related to the salinity of the soil
solution in the root zone (effective electrical
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conductivity - ECe). The tolerance of rice to ECe is up
t0 3.0 dS m'!, a value considered as critical (Ayers &
Westcot, 1985). The relationship between ECi and
ECe depends on the leaching fraction (LF), i.e., the
amount of irrigation water that moves below the root
zone, which in turn varies with soil texture. The
ECe of 3.0 dS m'! corresponds to different ECi,
according to equation 1, depending on the soil
permeability (Ayers & Westcot, 1985). Therefore,
Zeng & Shannon (2000) found that the salinity of the
soil solution (ECe) from 1.9 dS m'! was enough to affect
rice (cultivar M-202), suggesting the need for studies
for the varieties and climatic conditions in southern
Brazil.

ECe=ECi + (2.2 x LF) )

The increase in salinity harms the biomass
production of rice linearly (Ehrler, 1960, Zeng et al.,
2001, Melo et al. 2006; Carmona et al., 2009). This
occurs by tillering reduction (Castillo et al., 2007) and
plant height reduction (Gain et al., 2004; Motamed et
al., 2008). The primary cause of the damage caused
by salinity may be related to photosynthetic rate and
growth of leaf tissues (Cramer, 2003). In both cases,
the stress can affect cell expansion at the leaf growth
zone, which can be direct or indirect (Setter et al.,
1983). The direct effect of stress occurs in the
photosynthetic apparatus and the indirect is on the
growth, which causes a reduction in the delivery of
photosynthates and water, by the decrease in plant
transpiration (Maas & Nieman, 1978).



ATTRIBUTES OF IRRIGATED RICE AND SOIL SOLUTION AS AFFECTED BY SALINITY LEVELS...

The tolerance of rice to salinity varies with the
plant stage. Seedling and flowering stages are
considered critical (Pearson, 1959). However,
depending on the cultivar and the crop cycle, exposure
to salinity only in the vegetative stage can cause yield
losses even greater than those observed when exposure
occurs in the so-called critical periods (Zeng et al.,
2001). The different sensitivity to salinity between
the various stages of growth is one of the factors that
difficults the identification of tolerant phenotypes
(Zeng et al., 2003). Thus, the performance of the plant
in the vegetative stage will affect the accomplishment
of the yield components formed later, in the
reproductive phase.

The breeding programs for irrigated rice in Rio
Grande do Sul have been developed, mostly, in
conditions of low or null salinity. Therefore, resistant
genotypes are not expected to be found among varieties
released in recent years (Marcolin et al., 2005).
However, the constant release of new varieties
suggests that studies must be conducted periodically
in order to identify possible promising materials, with
respect to salt tolerance.

This study aimed to evaluate the effects of different
levels of irrigation water salinity on the root zone
salinity and on some attributes of the variety IRGA 424
during the vegetative stage.

MATERIAL AND METHODS

The study was conducted in a greenhouse of the
Soil Department of Agronomy, Federal University of
Rio Grande do Sul (UFRGS), from October 2006 to
March 2007. An Albaqualf was used, from the Internal
Coastal Plain of Rio Grande do Sul, collected from the
topsoil (0 - 20 cm). The sandy loam textured soil was
air-dried and sieved in a mesh of 5 mm in diameter
and had average values, according to the method
proposed by Tedesco et al. (1995), of 230 g kg1 of clay,
20 g dm of organic matter, a pH in water of 4.9; 1.1,
2.6 and 1.1 cmol, dm3 of Al, Ca and Mg (KCl
1.0 mol Li1), respectively, 118 mg dm3 of available K
(Mehlich-1), 318 mg dm of available Na (Mehlich-1),
40 mg dm3 of available P (Mehlich-1), 4.4 cmol, dm™
of exchangeable Al + H (SMP) and 8.4 cmol, dm™3 of
CECpp 70-

A volume of 11 dm? of soil was placed in pots of
13 L, being adjusted to a density of 1.2 kg dm™3. Water
was added to reach the moisture corresponding to field
capacity. Fertilization consisted of the application,
prior to planting, of 0.22 g of N, 0.17 g of S, 1.32 g of
Py,0; and K,0 0f 0.88 g pot ! in the form of ammonium
sulphate, triple superphosphate and potassium
chloride, respectively. After preparing the pots, 20
seeds of the variety IRGA 424 (short stature, medium
cycle, long and fine grains and high yield capacity)
were taken into the soil to germinate. When the plants
reached the V4 stage (four fully expanded leaves),
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according to the scale proposed by Counce et al. (2000),
a top-dressing was made of 1.1 g pot1 of Nand 0.66 g
of K50 as urea and potassium chloride, respectively.

The levels of ECi adopted from tillering (V4) to
panicle initiation (PI) were: 0.3 (control), 0.75, 1.5,
3.0 and 4.5 dS m'L. These levels were maintained in
the water layer by the addition of a saline solution of
sodium chloride, except for the control, which received
water free from salinity. The water layer was
monitored every two days, setting up its ECi and its
depth (5 cm) by the addition of a saline solution in
order to obtain the level of salinity of each treatment.
The amount of NaCl added to the treatments was
obtained according to equation 2.

NaCl (g L'') =-0,1044 + 0,0319 (CEi)?
+0,4485 (CEi); (R*=0,99;p < 0,01) (2)

The pots were arranged according to a randomized
block design with five treatments and three
replications. Additional pots of control treatment were
used to check the beginning of panicle initiation of
the main stem. After this evaluation, these pots were
discarded.

Soil solution collectors were installed in the pots
to determine the ECe. The devices, developed by Silva
et al. (2003), consisted of a PVC pipe that served as
the support; a plastic hose introduced into the support
tube at one end and connected to the collector tube,
which was coated with a nylon net at both ends, and
positioned at 5 cm deep in the soil. Samples were
collected with 60 mL syringes, and the volume
collected was approximately 50 mL. The samples of
solution were taken at 17, 25, 33, 39 and 47 days
after the onset of irrigation (DAOI). The last
sampling, 47 DAOI coincided with the beginning of
the panicle initiation in the control treatment.

Transpiration of rice plants was determined based
on the evaporation of three pots, without plants,
arranged randomly. The volume of water of these
pots was completed until the water layer reached 5 cm
deep, with the same frequency of the other pots with
plants. Asthe volume of water added in the pots with
and without plants was known, it was possible to
establish the transpiration of plants in each
experimental unit, subtracting the volume of water
added in the treatments by the average volume added
in the reference pots.

At the end of the experiment, when the plants
reached the PI, the height and number of tillers was
determined. Afterward, the plants were cut close to
the ground and dried in an oven with air-forced
ventilation at approximately 60 °C, until constant
weight, when the dry biomass of plants and stems
were determined. The data were submitted to
regression analysis, with the assistance of the
graphical-statistical program SigmaPlot®. The
equations that best fit the data were used, presenting
the statistical significance of regression, by the F test,
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with the coefficient of determination. Additionally,
the coefficients of the Pearson correlation between the
attributes of the plants evaluated were determined.

RESULTS & DISCUSSION

Effective electrical conductivity (ECe)

The effective electrical conductivity of the soil
solution (ECe) next to the roots (5 cm deep) in the
control (0.30 dS m'!) remained constant over the time
of flooding (Figure 1a). Its values (between 1.5 and
1.8 dS m'!) were, however, between five and six times
greater than the electrical conductivity of the water
layer (ECi) (Table 1). A higher ECe in this treatment
may be related to the salt effect of fertilizers applied
(incorporated and top dressing) in the early stage of
rice development, as well as to the electrochemical
reactions that occur in waterlogged soil, which
increases the concentration of ions in the soil solution
(Ponnamperuma, 1972). This occurs because of the
displacement of cations adsorbed to soil colloids,
especially Ca%*, Mg2* and K*, and due to the high
concentration of Fe2* and Mn?" in the soil solution,
resultant of the Fe?' and Mn**" oxides reduction
(DeDatta, 1981).

The ECe in the first evaluation of the other
treatments, in the seventeenth day of flooding
(Figure 1a) shows similar values between each other
and is comparable to the control (1.6 to 1.8 dS m™1).
Based on this assessment, this increase gets
differentiated with the level of salinity (Figure 1a),
but with an abrupt increase to 47 days after the onset
of flooding, in which treatment with ECi of 0.75 dS m'!
reaches the value of 3.0 dS m'! and around 4.5 dS m'!
in the other treatments, reaching and exceeding,
respectively, the value which is considered critical
(3.0 dS m™!) for rice production (Ayers & Westcot,
1985). This electrical conductivity reflects the levels
of salts in the sample layer (5 cm), as verified by the
content of sodium chloride in the samples (Figure 1b).

Table 1. Ratio between the effective electrical
conductivity (ECe) and electrical conductivity
of the water layer (ECi), throughout the rice
development, according to ECi

Dias ap6s alagamento

ECi
17 25 33 39 47

dS m? Razao ECe/ECi

0.3 5.53 6.00 5.89 5.00 5.67
0.75 2.13 2.35 2.35 2.27 4.25
1.5 1.19 1.21 1.31 1.55 2.82
3.0 0.60 0.68 0.78 0.87 1.50
4.5 0.40 0.50 0.56 0.59 0.98
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Figure 1. Effective electrical conductivity - ECe (a)
and content of sodium chloride (b) of the soil
solution throughout rice development according
to the electrical conductivity of the water layer
(ECi).

In confined systems, as in the present study, all
the added salt contained in saline solutions remains
in the pot, which creates a cumulative effect in the
root zone. Thus, the determinant factor of these
increases in ECe should be related to the intensity of
water transpiration by plants. Although the
cumulative transpiration flux of water has decreased
(Figure 2a) with increasing salinity, the salt flow
toward the plant roots increased significantly
(Figure 2b) with the level of salinity of the water layer
over time. ECe values between 7 and 8 dS m'!, were
also obtained after 42 days of flooding in pots, with
the maintenance of the water layer at 3.0 to 6.0 dS m'!
(Schoenfeld et al., 2007).

The sharp increase in salinity in the soil solution
along the roots may also occur with rice being grown
in the field, since the leaching fraction (Equation 1)
may be very low, because the hydraulic conductivity
is often close to zero, which can occur in lowland soils
of southern Brazil, due to the occurrence of
accentuated textural gradient in depth (Streck et al.,
2008). Thus, Boivin et al. (2002), in a fieldwork
performed in Senegal in different years and weather
conditions (dry season and wet season), found that
the ECe of a Vertisol increased over irrigation time
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Figura 2. Amount of water transpired (a) and amount
of sodium supplied in the transpiration flow (b)
throughout rice development, according to the
electrical conductivity of the water layer (ECi).
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from 0.3 dS m'!, at the beginning of irrigation, to
1.2 dS m'! at the end of the rice cycle. These authors
emphasized that a fieldwork should be discussed based
on the movement of water and solutes in the soil profile,
dissolution and precipitation of salts, cation exchange,
geochemical equilibrium and redox reactions, as well
as absorption by plants. Most of these phenomena
are related to rapid changes in temperature, microbial
activity and plant growth itself.

Growth of rice due to the salinity of both
water and soil solution

The irrigation water salinity caused a quadratic
reduction of the dry biomass of shoots (p < 0.01), dry
biomass of stems (p < 0.05) and height (p < 0.01) of
plants; and a linear reduction of the number of tillers
(p <0.01) (Figure 3). The steeper declines occurred
from the ECibetween 2.0 and 3.0 dS m!, but closer
to 2.0 dS m™! (Figure 3). An exception, however, is
made to the number of tillers (Figure 3c), which begins
to be affected from the ECiof 1.5 dS ml. These results
are consistent with the critical value of 2.0 dS m'!,
used for flooded rice in southern Brazil (SOSBALI, 2007).
Shannon et al. (1998), however, reported a reduction
of the biomass of plants from an ECiof 2.9 dS m'!, in
the vegetative stage.

The dry biomass of plants (Figure 3a) was the most
affected attribute, since it showed a 60 % reduction
at the highest salinity level, compared to the control,
while the least affected was the dry biomass of stems

a )
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Figure 3. Dry biomass (DB) of plants (a) dry biomass of stems (b), tillering (c) and height (d) of rice plants,
according to the electrical conductivity of the water layer (ECi). *, **: significant at 5 and 1 %, respectively,

by F test.
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(Figure 3b), with a 28 % reduction. Although the
number of tillers per plant (Figure 3c) and height of
plants (Figure 3d) were also reduced (p < 0.01), the
relatively lesser reduction observed in the dry biomass
of stems (Figure 3b) indicates a compensatory capacity
of the plants, minimizing the effects of stress on this
attribute.

In the evaluation of the salinity effect measured
in the root zone (ECe) on the growth of rice (Figure 4),
there is also a reduction (p > 0.05) of the attributes
examined, which occurs sharply, however, from the
ECe of 4.0 dS m'! for the dry biomass of shoots
(Figure 4a), dry biomass of stems (Figure 4b) and
height of plants (Figure 4d), and from 3.0 dS m™! for
the number of tillers (Figure 4c). These values of
critical ECe, although higher, are in line with the
critical values for the ECi (Figure 3). The critical
value found for the ECe (4.0 dS m!) is, however, higher
than the critical value of 3.0 dS m™1, proposed by Ayers
& Westcot (1985). Based on Equation 1, the values of
LF (fraction of water that is leached) would be of 0.45
and 0.60, respectively for an ECe of 3.0 and 4.0 dS m'!,
corresponding to loamy textured and sandy textured
soils. In the case of clay soils, the critical ECe is
lower, between 1.5 to 2.0 dS m'!, which corresponds
to a value of LF between 0.2 and 0.3, as found in the
valley of Sacramento River, USA, whose critical ECe
for flooded rice is 1.9 dS m™! (Grattan et al., 2002).

Thiago Isquierdo Fraga et al.

In the present study, however, the focus of
discussion of the ECe must be directed to the
contribution of the transpiration stream of water and
salts (Figure 2), which are responsible for the salinity
measured along the roots of rice (Figure 1). Itis also
important to point out that relations between the
attributes of rice growth and the attributes of salinity
were established with evaluations conducted at the
end of the study, when the greatest increase in salinity
near of roots was checked.

The effects of salinity on the attributes of rice
plants, observed in this study (Figures 3 and 4) are
consistent with the results of Alam et al. (2004),
Motamed et al. (2008), Welfare et al. (1996) and Castillo
et al. (2007). The reduction of plant transpiration with
the increase of salinity (Figure 2a) can be imputed to
areduced capacity to absorb water, by the decrease of
the osmotic component of soil water potential (Tester
& Davenport, 2003). This hydraulic signal reduces
the effective turgor of the growth areas, beyond
diminishing the stomatal conductance of leaves,
stopping the flow of water, regardless of the
atmospheric demand (Cramer, 2003).

In the case of the dry biomass of stems, a low
salinity seems to tend to be beneficial (Figure 3b), as
also reported by Cui et al. (1995), which observed an
increase in the number and weight of grains per
panicle. Similarly, Zeng & Shannon (2000) observed
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Figure 4. Dry biomass (DB) of plants (a) dry biomass of stems (b), tillering (c) and height (d) of rice plants,
according to the electrical conductivity of the soil solution (ECe) at the end of the study.
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an increase in the number of grains per panicle and
grain yield when rice plants were subjected to salinity
of irrigation water of 1.5 dS m'! only in the vegetative
stage (V4 DPF).

In general, the best correlation between the plant
attributes (Table 2) occurred with the dry biomass of
plants, especially with the number of tillers (r = 0.98,
p <0.01) and height of plants (r =0.99, p < 0.01). The
negative effects of salinity on the dry biomass of plants
are related to a transpiration decrease (Figure 2a),
by its high correlation with leaf area index (Asch et
al., 2005), which causes a reduction in the assimilation
of photosynthetically active radiation for the
production of biomass (Monteith, 1994). In addition,
the stomatal closure generates a series of deleterious
effects, culminating in a reduced accumulation of photo
assimilates by the leaves and therefore lower
production of biomass (Sultana et al., 1999). Reduction
of plant growth with the increase of salinity can also
be attributed to changes in the partitioning of
photoassimilates (Zeng et al., 2003) due to an increase
of processes of energy consumption, such as osmotic
adjustment and active transport of ions, by the excess
salts in the plant (Asch et al., 2000). Plant height
reflects the length of the longest leaf, which is the
youngest (Welfare et al., 1996). A lower production of
plant dry matter (Figures 3a and 4a), therefore,
results in a lower emission of new leaves by decreasing
emissions of tillers (Figures 3¢ and 4c), which will
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such as calcium and magnesium (Barber, 1995),
affecting plant growth; and toxic ions, like sodium,
as rice suffers from excessive absorption of this ion by
photosynthetically active tissues, which leads to losses
in yield. According to Asch et al. (2005), the
governance of absorption and distribution of sodium
in tissues is an important characteristic for resistance
to salinity, preferably combined with a high tolerance
to the presence of Na in the leaves. The immobilization
of this element in some tissues, like the sheath of the
leaves may be related to the rate of transpiration, as
this determines the speed of transport of ions in the
xylem, and a slower transport would enable the plant
to store sodium in tissues physiologically less active.
Thus, rice varieties tolerant to salinity would have
an independent mechanism of transpiration, which
would immobilize the sodium in these tissues,
protecting the other leaf structures from excessive
sodium accumulation. This seems to have not been
the case of IRGA 424, used in this study, since all the
attributes of the plant were negatively affected by
salinity from 3.0 dS m'! (Figure 3).

The dry biomass of stems was the only attribute
that did not correlate (p > 0.05) with the tillering and
transpiration (Table 2). In that case, it must be highlighted
again the compensatory capacity of the plants which
had, somewhat, the ability to minimize losses of dry
biomass of stems (Figure 3b), with the reduction of
tillering (Figure 3c) up to an ECiof 3.0 dS m™.

Table 2. Pearson correlation coefficient between the dry biomass (DB) of plants, dry biomass of stems,
number of tillers, height and transpiration of irrigated rice plants

Attribute DB plants DB stems Tillering Height Transpiration
DB plants 0.91* 0.98** 0.99** 0.98**
DB stems - 0.82 0.96* 0.85
Tillering - 0.95% 0.9 7*%*
Height - 0.96*
Transpiration -

* %% gignificant at 5 and 1 %, respectively.

result, consequently, in a reduction of the rice height CONCLUSIONS

(Figures 3d and 4d). For Cramer (1993), in addition
to genotypic differences in salt tolerance, the
mechanisms that inhibit leaf elongation, when exposed
to short periods of stress, are apparently specific to
each species of grass.

Transpiration of rice correlated (r=0.98, p < 0.01)
with the dry biomass of plants, tillering (r = 0.97,
p <0.01) and height (r=0.96, p < 0.05). The effect of
excessive amounts of salts on the transpiration of
plants should be considered as one of the main factors
that determine the tolerance of rice to salinity, since
the efficiency in water use will determine the supply
by mass flow and hence absorption of macronutrients

1. The electrical conductivity of soil solution (ECe)
increases with the electrical conductivity of the water
layer (ECi) over time and is determined by the
transpiration flow of water in confined medium.

2. Values of ECe recorded at the end of the study
are high and, in most cases, higher than those values
that are considered critical to the rice.

3. The growth attributes of rice, especially the dry
biomass of plants are negatively affected by both salinity
of the irrigation water layer and the soil solution.

R. Bras. Ci. Solo, 34:1049-1057, 2010
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4. The growth of rice begins to be affected by the
ECifrom 2.0 dS m'!, which is in agreement with the
value adopted as critical in southern Brazil, and by
the ECe from 4.0 dS m'1.
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