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Oryza sativa L. The objective of this study was to evaluate the performance of three rice cultivars under
emergence saline water irrigation. The experiment was carried out in full sun at the Experimental
salt stress Farm of the Unilab, in Redengdo, Ceard, Brazil, in January 2016. The experimental design

was completely randomized (CRD), in a 5 x 3 factorial scheme [irrigation water electrical
conductivity (ECw: 0.5, 1.0, 2.0, 3.0 and 4.0 dS m™) versus three rice cultivars (C1 -
Ligeirinho, C2 - Casado and C3 - Meruinho)], totaling 15 treatments, with 4 replicates
of 30 seeds per cultivar. After 21 days, the following variables were evaluated: emergence
percentage (EP), emergence speed index (ESI), mean time of emergence (MTE), mean speed
of emergence (MSE), shoot dry matter (SDM), root dry matter (RDM) and total dry matter
(TDM). The cultivar Ligeirinho showed higher tolerance to saline stress with respect to the
emergence percentage, emergence speed index and mean speed of emergence. The cultivar
Casado showed higher tolerance to saline stress for shoot dry matter, root dry matter and
total dry matter in comparison to the other cultivars.
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Objetivou-se avaliar o desempenho de trés cultivares de arroz sob salinidade da 4gua de
irrigagdo. O experimento foi conduzido a pleno sol na Fazenda Experimental da Unilab,
Redengdo, Ceard, em janeiro de 2016. O delineamento experimental foi inteiramente
casualizado (DIC), com tratamentos arranjados em esquema fatorial, 5 x 3 [(condutividade
elétrica da agua deirrigacédo (CEa: 0,5; 1,0; 2,0; 3,0 € 4,0 dS m™) aplicadas em trés cultivares
de arroz (C1- Ligeirinho; C2 - Casado e C3 - Meruinho)], totalizando 15 tratamentos,
com 4 repeti¢des de 30 sementes por cultivar. Apds 21 dias, foram avaliadas as seguintes
variaveis: porcentagem de emergéncia (PE), indice de velocidade de emergéncia (IVE),
tempo médio de emergéncia (TME), velocidade média de emergéncia (VME), massa seca
da parte aérea (MSPA), massa seca da raiz (MSR) e massa seca total (MST). A cultivar
Ligeirinho possui maior tolerancia ao estresse salino quanto a porcentagem de emergéncia,
indice de velocidade de emergéncia e velocidade média de emergéncia. A cultivar Casado
apresentou maior tolerincia ao estresse salino para massa seca da parte aérea, raiz e total

em relacio as demais cultivares.

Ref. 185003 - Received 15 Sept, 2017 « Accepted 08 Feb, 2018 « Published 28 May, 2018




472

INTRODUCTION

Rice is one of the crops with highest technological levels
nowadays, occupying prominent position from the economic
and social points of view in Brazil, and its cultivation highly
depends on irrigation water quality, which is directly linked to
salinity and toxicity. According to Larré et al. (2014), salinity
affects seed germination and vigor, not only hampering water
absorption kinetics, but also facilitating the entry of ions at
toxic levels in soaked seeds.

It is important to highlight that the nutritional stress on
plants under salt stress may be associated with the excessive
accumulation of certain ions and with the reduction in
the acquisition of others, due to the alterations in nutrient
availability, competition during absorption and transport
inhibition in the plant (Neves et al., 2009; Souza et al., 2010).

The scientific community of areas affected by salts or
where saline water is used in irrigation has been searching for
alternative genotypes that can grow, develop and produce in
these environments. These salts present in the irrigation water
cause alterations in the germinative performance of seeds of
various species (Larré etal., 2011). Thus, genetic improvement
programs aiming to select genotypes that are tolerant to this
abiotic stress are needed to concentrate efforts on the critical
stages of the plant (Soares Filho et al., 2016). In this context,
this study tried to find at least one rice cultivar tolerant to saline
water during the stages of emergence and growth of seedlings.

It is worth highlighting that the effects of saline stress on
plants lead to alterations in the osmotic potential and nutritional
imbalance (Sousa etal., 2010; Gomes et al., 2011), compromising
their physiological and biochemical functions (Calvet et al.,
2013). This problem suggests the need for investigative studies
on different rice cultivars with respect to tolerance to irrigation
water salinity, as reported by Benitez et al. (2010).

Therefore, this study aimed to evaluate the performance of
three rice cultivars under different levels of salinity.

MATERIAL AND METHODS

The experiment was carried out in full sun at the
Experimental Farm of the University for International
Integration of the Afro-Brazilian Lusophony (UNILAB),
located at the Piroas Farm, belonging to the municipality of
Redencdo, Ceard, in the Baturité Massif region, in January
2016. According to Koppen’s classification, the local climate
is Aw), i.e., very hot rainy tropical, with predominance of rains
in summer and autumn seasons.

The experimental design was completely randomized
(CRD), with treatments arranged in a 5 x 3 factorial scheme,
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corresponding to five levels of irrigation water salinity (ECw:
0.5; 1.0; 2.0; 3.0 and 4.0 dS m™) and three rice cultivars
(Ligeirinho - C1, Casado - C2 and Meruinho - C3), totaling
15 treatments, with 4 replicates of 30 seeds per cultivar.

In January 2016, the three rice cultivars were sown in EPS
(expanded polystyrene) trays, and each one with 128 cells
(40 cm?®) received irrigation with a different level of salinity.
Each cell received one seed, planted at 2 cm depth in substrate
containing soil, sand and humus, at 1:1:1 proportion.
Emergence was daily monitored by recording the number
of emerged seedlings until 21 days after sowing (DAS), and
the samples for biomass analysis were collected, separated,
identified and dried in a forced-air oven to determine the dry
weight in grams (g).

Irrigation solutions with ECw = 0.5 dS m™' were
prepared using NaCl, CaClz.ZHZO, MgC12.6HZO salts, at
7:2:1 proportion, following the relationship between ECw
and their respective concentrations (mmol_L"'= ECw x 10)
(Rhoades et al., 2000). Irrigation was applied manually on a
daily frequency.

To evaluate treatment effects, the following variables were
analysed: emergence percentage (EP), determined until 21
DAS by counting the normal seedlings; emergence speed
index (ESI), determined by daily counting the seedlings
according to the methodology recommended by Maguire
(1962); mean time of emergence (MTE), determined by daily
counting the seeds according to the methodology proposed
by Labouriau (1983), with results expressed in days; mean
speed of emergence (MSE), determined according to the
methodology proposed by Carvalho & Carvalho (2009), with
result also expressed in days. In addition, shoot dry matter
(SDM), root dry matter (RDM) and total dry matter (TDM)
were also evaluated, with results expressed in grams (g).

The results were subjected to analyses of variance and
regression for water electrical conductivity and means were
compared by Tukey test for the cultivars (p < 0.05), using the
program Assistat 7.6 Beta. In the regression analysis, equations
were chosen based on the significance of the regression
coeficients at 0.01 (**) and 0.05 (*) probability levels by F
test, and on the highest coeficient of determination (R?).

RESULTS AND DISCUSSION

The interaction between salinity and cultivars had
significant effect on all variables evaluated, namely: emergence
percentage, emergence speed index, mean time of emergence,
mean speed of emergence, shoot dry matter, root dry matter
and total dry matter (Table 1).

Table 1. Summary of the analysis of variance (ANOVA) for emergence percentage (EP), emergence speed index (ESI),
mean time of emergence (MTE), mean speed of emergence (MSE), shoot dry matter (SDM), root dry matter (RDM) and
total dry matter (TDM) of rice cultivars grown at different levels of irrigation water salinity

sV DF Mean squares
EP ESI MTE MSE SDM RDM DM
Cultivars (C) 2 330.91m 1.93m™ 31.15™ 0.01" 032" 0.06 0.30"
Salinity (S) 4 173.48 " 1.13m™ 8.97 0.002 ™ 0.02" 0.01" 0.02m
Cx$S 8 2939.54 ™ 11.18™ 46.76 ™ 0.02™ 0.32" 0.38™ 111"
Residual 40 35.737.81 236.32 381.52 0.002 0.01 0.01 0.03
CV (%) - 38.88 35.58 38.71 36.67 37.59 32.75 27.93

SV - Source of variation; DF - Degrees of freedom; CV - Coefficient of variation; *Significant at 0.01 probability level; “Significant at 0.05 probability level; "Not significant (p = 0.05)
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Regarding emergence percentage (Figure 1A), for the
cultivars Casado and Meruinho, the linear model showed the
best fit, whereas a polynomial model fitted best to the data of
the cultivar Ligeirinho, with maximum EP estimated at 65.06%
when 1.5 dS m™ water was used for irrigation.

The negative effect of saline stress (Figure 1A) may be
related to the reduction in the osmotic potential of the
substrate, hampering water absorption by seeds. Subsequently,
the processes of cell division and elongation are also
compromised, as well as the mobilization of reserves that are
essential to germination and, consequently, emergence speed
index (Pereira et al., 2012; Coelho et al., 2014).

Similar results with the cultivar BRS Queréncia were found
by Larré et al. (2014), who observed reduction in the emergence
of rice seeds irrigated with saline solutions. Likewise, Brunes
et al. (2013) found negative effect of saline stress on the
emergence percentage of oat seeds.

According to Figure 1B, the quadratic polynomial model
fitted best to the data, and maximum emergence speed index
(ESI) was equal to 0.34 seedlings day™ for the cultivar Casado
irrigated with 3.8 dS m™ water; to 2.8 seedlings day for the
cultivar Meruinho irrigated with 1.98 dS m™ water; and to
4.32 seedlings day for the cultivar Ligeirinho irrigated with
1.63 dS m water. These results confirm that the effect of
salinity varies according to the genetic material.

These reductions in ESI due to saline stress were also found
by Larré et al. (2014), working with the rice cultivars BRS
Bojuru and BRS Queréncia.
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For the mean time of emergence, a quadratic polynomial
model fitted best to the data of the cultivars Ligeirinho and
Meruinho (Figure 1C), and the values decreased to 4.97 and
5.42 days, respectively, as the ECw increased up to 1.75 and
1.92 dS m”, demonstrating higher resistance to the salts,
compared with the cultivar Casado, described by a linear model.

The delay in emergence may be a result of the reduction in
the osmotic potential of the soil solution, caused by the increase
in the concentration of soluble salts, negatively interfering with
soil water availability and, consequently, with water absorption
by seeds (Santos et al., 2011). Rabbani et al. (2013) also found
the similar results for the mean time of emergence in the
sunflower crop irrigated with saline water.

For the mean speed of emergence (Figure 1D), all cultivars
were negatively affected by the increase in salt contents, and
their behavior was described by a quadratic polynomial model
with maximum points of 0.21 days at ECw 1.79 dS m' for
Ligeirinho and 0.19 days at ECw of 1.98 dS m™ for Meruinho.
A quadratic polynomial model also fitted best to the data of
the cultivar Casado, with R*= 0.47, as shown in Eq. 1:

y =-0.0099x” +0.047x +0.0652 (1)

This result agrees with claims of Demontiézo et al. (2016),
who reported that NaCl addition contributes to delaying
seedling emergence and can arguably be a preponderant factor
in the mean speed of emergence of this species. Similar results
were found by Rabani et al. (2013) in sunflower plants, whose
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Figure 1. Emergence percentage (A), emergence speed index (B), mean time of emergence (C) and mean speed of
emergence (D) of rice cultivars (C1 - Ligeirinho, C2 - Casado; C3 - Meruinho) subjected to different salinity levels
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mean speed of emergence was also reduced by increments in
irrigation water salinity. Conversely, Oliveira et al. (2015b)
found that saline stress ranging from 0.6 to 5.0 dS m™ led to
increase in the mean speed of emergence in the beet crop.

Regarding seedling growth, assessed by shoot dry matter,
highest performance was found at the lowest water salinity
level (0.5 dS m™) for the cultivar Casado, whereas a linear
reduction occurred for the cultivar Meruinho as the saline
stress increased (Figure 2A). The cultivar Ligeirinho showed
R?=0.48 and the values were described by Eq. 2:

y=-0.1172x +0.1681 ()

Possibly, the salts present in the irrigation water negatively
affected the synthesis and translocation of hormones from
roots to shoots, essential to leaf metabolism, which results
in the loss of leaf area and, consequently, of shoot dry matter
(Taiz & Zeiger, 2013; Oliveira et al., 2015a).
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Figure 2. Shoot dry matter (A), root dry matter (B) and total
dry matter (C) of rice cultivars (C1 - Ligeirinho, C2 - Casado
and C3 - Meruinho) subjected to different salinity levels
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Benitez et al. (2010), evaluating the tolerance of rice
genotypes to salinity as a function of different salinity levels,
found reduction in seedling shoot dry matter as the saline
stress increased. Similarly, Larré et al. (2014) evaluated the
rice cultivar BRS Queréncia and found reduction in shoot dry
matter as a function of salinity.

For root dry matter (Figure 2B), a decreasing linear model
fitted best to the data of the cultivars Ligeirinho and Casado,
whereas the behavior of Meruinho was described by an
increasing linear model. Similar trends to those of Ligeirinho
and Casado were found by Larré et al. (2014) in the rice cultivars
BRS Queréncia and BRS Bojurt. These authors reported
that the increment of NaCl concentration in the irrigation
water reduced root dry matter. For the cultivar Meruinho,
this increase in RDM may be a mechanism of tolerance to
salts, i.e., the cultivar produced more roots to absorb the
salts and prevent them from reaching the leaves, improving
the redistribution of salts through its photoassimilates, thus
avoiding greater toxicity.

For the total dry matter, the linear model fitted best to
the data of the cultivars Ligeirinho and Meruinho, whereas
a quadratic polynomial model fitted best to the data of the
cultivar Casado, with maximum TDM of 1.2 g obtained at
salinity of 1.20 dS m™* (Figure 2C).

This effect may be related to physiological and hormonal
disorders caused by irrigation water salinity (Calvet et al., 2013;
Taiz & Zaiger, 2013), reducing the synthesis of carbohydrates
in the plant and its dry matter accumulation.

In agreement with the results, Santos et al. (2011) studied
the peanut crop and found that the presence of NaCl negatively
interfered with its total dry matter. Likewise, Prazeres et al.
(2015) also observed negative effect on the total dry matter of
cowpea plants irrigated with saline water.

CONCLUSIONS

1. The cultivar Ligeirinho has higher tolerance to saline
stress with respect to emergence percentage, emergence
speed index and mean speed of emergence.

2. The cultivar Casado showed higher tolerance to saline
stress for shoot dry matter, root dry matter and total dry
matter, in comparison to the others.
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