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ABSTRACT

The aim of this study was to evaluate the water and salt stress in the germination
process of two tomatoes cultivars. The experiment consisted of 16 treatments in a completely
randomized design in triple 2 x 2 x 4 factorial design, with two tomatoes cultivars (Santa
Adélia and Katia), two imbibition solutions (PEG6000 and NaCl) and four osmotic potentials
(0, -0.2, -0.4 and -0.6 MPa). Each plot was represented by a gerbox with 50 tomatoes seeds.
The seeds were remained in contact with the solutions for fourteen days. The germination
percentage, emergence rate index, length and dry weight of the seedlings were evaluated.
Significant interactions between the factors were deployed. Qualitative factors underwent
comparison of means by Tukey test (P < 0.05) and the quantitative analysis by linear
regression. According to the results of the study, Santa Adélia cultivar was the most resistant
for both situations, hydric and salt stress. The hydric stress was significantly more effective in
reducing the results for each variable, except for dry mass. The osmotic potential, from -0.4
Mpa, significantly reduced the germination percentage, index emergency speed and seedlings.
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VIGOR DE SEMENTES DE TOMATE SUBMETIDOS A ESTRESSE HIDRICO OU
SALINO

RESUMO

O objetivo deste trabalho foi investigar os efeitos do estresse hidrico e salino no
processo germinativo de sementes de duas cultivares de tomate. O experimento, constituido
por 16 tratamentos, em delineamento inteiramente casualizado e esquema fatorial triplo 2 x 2
X 4, sendo duas cultivares de tomate (Santa Adélia e Kétia), duas solucdes para embebicao
das sementes (PEG6000 e NaCl) e quatro potenciais osmoéticos (0; -0,2; -0,4 e -0,6 MPa).
Cada parcela foi representada por uma caixa gerbox com 50 sementes de tomate. Foram
avaliados a porcentagem de germinacdo, indice de velocidade de emergéncia, comprimento e
matéria seca das plantulas. As interacdes significativas entre os fatores foram desdobradas. Os
fatores qualitativos foram submetidos & comparacdo de medias pelo teste Tukey (P<0,05) e 0
quantitativo a analise de regressao linear. De acordo com os resultados a cultivar Santa Adélia
apresentou melhor resisténcia, tanto ao estresse hidrico quanto ao salino. O estresse hidrico
foi significativamente mais eficiente na reducdo das variaveis analisadas, com exce¢do da
massa seca. Potenciais osmaticos a partir de -0,4 Mpa reduziram significativamente as
variaveis porcentagem de germinacéo, indice de velocidade emergéncia e comprimento de
plantulas.
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INTRODUCTION

The tomato (Solanum lycopersicon)
became one of the most important
vegetable in the world, reaching a
worldwide production of 152 million tons
harvested (FAO, 2012). It constitutes an
important source of vitamins and an
important cash crop for small and medium
farmers (NAIKA, 2006). The tomato
production has been growing over the
years, driven by fast food chains and the
need for faster food preparation, which
increased the demand for processed or
prepackaged foods. Recently, the demand
for tomato was enhanced by the pursuit of
healthier foods, also favoring the growth of
sales of fresh produce (CARVALHO e
PAGLIUCA, 2007)

For agricultural production, the seed
germination is a critical step because it
determines the establishment of the crops
(ALMEIDA et al., 2001). The moistening
of the seed is an essential factor for the
germination process and each species has a
critical moisture level below which
germination does not occur, although it
does not mean that the metabolism is
inactivated. The varied behaviors regarding
obtaining moisture mechanism are mainly

MATERIAL AND METHODS

The water stress induction was taken
reducing the osmotic potential of the
solution by the addition of polyethylene
glycol 6000 (PEG6000) at potentials of 0, -
0.2, -0.4 and -0.6 MPa. The calculation of
the solute quantities was based on the
methodology suggested by Villela et al
(1991). The salt stress induction for the
same potential water stress was determined
by the equation 1 proposed by Gheyi et al
(1997):

Yos = -0,039 EC Q)
where,
Yos — 0SMotic potential, MPa;
EC — electric conductivity, dS m™.

linked to the cell water potential
(BORGES et al., 1991).

According to Silva et al. (2005), the
water absorption by the seed occurs in
three distinct phases, the relatively quick
phase | where absorption of water occurs
as a result of the matric potential of the
various tissues of the seeds, in phase Il
seed absorbs virtually no water but keeps
the hydration level reached at the end of
phase I, finally, the large phase Il water
uptake occurs, this phase is being achieved
only by viable and permeable seeds. At
this stage, the embryo growth has started
so that the new cells in the formation and
growth process require a significant
amount of water.

Water with salts or heavy molecules
generates more negative osmotic potential.
Very negative osmotic potential, especially
in phase 1, influence the absorption of
water and may derail the sequence of
events germination (FERREIRA et al.,
2001). The present study aimed to
investigate the effects of water and salt
stress on the germination process and the
seed vigor of two tomato cultivars.

The EC was obtained experimentally
in the laboratory, following the regression
equation which related the electrical
conductivity at different dilutions of 2M
solution of NaCl in water (ml L") (Figure
1).

The seeds were germinated in gerbox
containers, lined with blotting paper,
moistened with distilled water (control)
and with solutions containing NaCl or
PEG6000 in amount equivalent to 2.5
times the weight of the substrate. To
prevent water evaporation from these
solutions, the containers were covered with
their original lid and externally wrapped in
transparent plastic bag. The seeds were
taken to germinate under continuous light
and variable temperature 20-30 °C. The
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period which the seeds were in contact
with the solutions was fourteen days. The
experiment consisted of 16 treatments in a
completely randomized design in a
factorial scheme 2 x 2 x 4, with a control
treatment, three treatments with PEG6000
and three treatments with NaCl. For each
treatment there were 4 replicates, and the
portion represented by a box type seedling
with 50 seeds of Katia or Santa Adélia
tomato cultivars. The germination speed
index (GSI) was calculated by Maguire

10 ;

ECdsm™hy

]

(1962) formula; the length of seedlings in
cm, evaluated according to Nakagawa
(1999) and dry weight of seedlings,
consisting of shoot and root in grams. The
length of seedlings was assessed by
performing the measurement of the entire
seedling, leaving the apical meristem to the
tip of the primary root, with the aid of a
millimeter ruler. To determine the dry
mass, its normal seedlings were extracted
from cotyledons and were placed in an
oven at 60 ° C to constant weight.

Y =008x+0.28
R?=000

50 75 100

Dilution (mL L™
Figure 1- Electrical conductivity and different dilutions relationship (mL L), in 2M of NaCl
water solution. Water-Soil-Plant Laboratory of Rural Engineering Department, FCA/UNESP.

The data were subjected to variance
analysis using SAS 9.2 (SAS, 2008)
software. The significant interactions were
deployed. Qualitative factors, types of
farming  and  solution underwent
comparison of means by Tukey test (P <
0.05) and the quantitative factor to

RESULTS AND DISCUSSION

The osmotic potential decrease, more
negative potential, provided by the NaCl or
PEG6000 addition in the solution have
influence significantly the percentage of
germination and emergence rate index. The

polynomial regression. The best fitted
equation was chosen according to the
coefficient ~ of  determination  and
significance of the regression coefficients
were tested by corrected t test based on
variance analysis of variance t test.

seedlings length was significantly affected
by the solution. The seedlings dry weight
showed significant differences among the
cultivars as a result of decreasing in
osmotic potential solution (Table 1).
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Table 1 - Variance analysis of tomatoes seeds, Santa Adélia and Katia cultivars, under
different osmotic potentials.

Variance analysis

Variance causes D — Mean values
Germination GSI Lenght Fresh matter

Cultivars 1 3906.2™ 18.6™ 9.4™ 1.0
Solutions 1 11664.0™ 29.4™ 2.9ns 0.1ns
Osmotic potentials 3 17029.2™ 78.6" 40.4™ 0.1ns
CxS 1 1332.2"™ 1.9 0.6ns 0.7ns
CxP 3 1161.4™ 0.2ns 7.2™ 1.4™
SxP 3 2946.2" 49" 3.2 0.1ns
CxSxP 3 1114.1™ 2.8 0.3ns 0.5ns
Error 48 71.8 9.2 0.9 0.2
V.C. (%) 14.1 14,1 20 29

" and ™, not significant and significant, respectively, by f test at 5% of probability error.

The osmotic potential decreasing has a negative influence on germination percentage.
Such influence varied according to the cultivar and the solution used in the experiment

(Figure 2A and 2B).
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Figure 2 - Germination percentage of tomato seeds under different osmotic potentials with
PEG6000 (A) or NaCl (B) addition.

The reduction in seeds germination
percentage take place in a linear manner,
as the osmotic potential of the solution
became more negative (Table 2). The
Santa Adélia cultivar germination average
had a significantly higher Katia to grow 23
%. The solution with PEG6000 was
significantly more effective in reducing
germination compared to NaCl solution
with 37 % fewer germinated seeds. The

osmotic potential at -0.6 MPa significantly
reduced the seed germination by 78%
when compared to the control treatment.
Machado et al. (2006) found reductions in
the bean seeds germination percentage as
they fell up the osmotic potential. Osmotic
potentials below -0.3 MPa were critical for
soybean seeds germination and vigor
(BRACCINI et al., 1996).
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Table 2 - Linear regression percentage of two tomatoes cultivars seeds germination under
different osmotic potentials with PEG6000 or NaCl addition.

PEG6000 Equation R?

Sta. Adélia Y =97.9"-160.2"x 0.92

Kaétia Y =94.1" - 169.2"x 0.91

NaCl Equation R?

Sta. Adélia Y =93.97-26.5"% 0.57

Kaétia Y =105.0" - 146.0"x 0.85

“ significant by t test at 5% probability error.

Similar ~ analysis of  tomato osmotic  potential  lowering, varying
germination, VG suffered significant according to the solution and cultivar

reductions in their values according to the

(Figure 3A and 3B).
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Figure 3 - Germination Speed Index (GSI) of tomatoes seeds under different osmotic
potentials with PEG6000 (A) or NaCl (B) addition.

The seed vigor reduction occurred
linearly, as the osmotic potential of the
solution became more negative (Table 3).
The Santa Adélia cultivar presented a
significantly higher seed to grow by 30%
Katia. A solution of PEG6000 was
significantly more effective in germination
reducing compared to NaCl, with 36 %
less vigor. The osmotic potential at -0.6
MPa significantly reduced seed

germination by 87% when compared to the
control treatment. The vigor is more
affected in seeds than germination, when
these are subjected to water stress by
osmotic solutions (MACHADO NETO et
al., 2004; MORAES e MENEZES, 2003)
which may also exhibit toxicity to the salts
involved (MACHADO NETO et al,
2006).

Table 3 - GSI response of two tomatoes seeds cultivars under different osmotic potentials
with PEG6000 or NaCl addition.

PEG6000 Equation R?
Sta. Adélia Y =6.1"-10.8"x 0.94
Katia Y =47"-9.0"x 0.89
NaCl Equacéo R?
Sta. Adélia Y =6.1"-54"X 0.89
Katia Y =57"-89"x 0.91
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“* significant by t test at 5% probability error

The seedling cultivars development
was significantly reduced by increasing in
the osmotic potential and the types of used
solutes (Fig. 4A and 4B). For each
decrease of -0.1 MPa in the solution
represented a linear reduction of 0.57 and

0.59 cm in seedlings of Santa Adélia and
Katia cultivars, respectively. It was
observed among the solution types the
reductions of 0.61 and 0.55 cm in tomato
seedlings height to NaCl and PEG6000
solutions, respectively (Table 4).
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Figure 4 - Osmotic potential decreasing effect between the cultivars (A) and between the
solute types (B).

Table 4 - Tomatoes seedlings development under osmotic potential lowering between
cultivars and between the solute types.

Cultivar Equation R?
Sta. Adélia Y=6.7"-57"x 0.62
Katia Y =6.0"-5.9"x 0.49
Solution Equation R?
PEG6000 Y=6.7"-6.1"x 0.50
NaCl Y =6.1"-55"x 0.57

“* significant by t test at 5% probability error

Growth inhibition caused by salinity
is due both to the osmotic effect, meaning
the physiological drought produced as the
toxic  effects resulting from ions
concentration in the plasma. The seeds are
sensitive to the effects of salinity and when
they were cultured in saline solution,
initially were observed a decrease in water
absorption (REBOUGAS e FERREIRA,
1992). In soybean, the osmotic potential
increase adversely affect the growth of
hypocotyls in mannitol, which showed a
marked decrease of growth up to -1.2MPa,
such as NaCl , which from -0.6MPa in
seedlings  development (MACHADO
NETO et al., 2004). Duarte et al. (2006)

and Torres (2007) found that reducing the
osmotic potential of NaCl substrate is
detrimental to germination and seedling
development of wheat and watermelon,
respectively.

The Dbehavior of dry matter
accumulation (DM) was different among
the studied cultivars (Figure 5). Regarding
to the quadratic fit to Katia cultivar had a
positive cumulative dry matter to -0.21
MPa when the potential started to decline.
The Santa Adélia cultivar dry matter
accumulation was to the potential -0.6 MPa
(Table 5). The decrease in dry mass, both
shoot and root, are related to the lack of
water for metabolism, which slows the
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metabolic reactions and, consequently,
decreases the accumulation of dry matter
(MARUR et al., 1994). Carvalho et al.

(2012) found linear decreases in dry mass
of soybean seedlings by increasing the salt
solution.
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Figure 5 - Dry biomass of tomatoes seedlings under different osmotic potentials.

Table 5 - Seedlings development of Santa Adélia and Katia cultivars response to solution

osmotic potential lowering.

Cultivar Equation R?
Sta. Adélia Y =147 -1.1"x +2.77%° 0.86
Katia Y =177 +2.6™x—6.0"x 0.92

"sand ™ respectively, not significant and significant by t test at 5% probability error.

CONCLUSIONS

The Santa Adélia cultivar was more
apt to osmotic regulators in adverse
conditions.

The PEG6000 solutions were more
effective in reducing the soaked seed and
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