Universidade Federal Rural do Semi-Arido ISSN 0100-316X (impresso)
Pro-Reitoria de Pesquisa e Pos-Graduagao ISSN 1983-2125 (online)
https://periodicos.ufersa.edu.br/index.php/caatinga

WATER AND SALT STRESSES ON GERMINATION OF COWPEA
(Vigna unguiculata cv. BRS Tumucumaque) SEEDS'

AUREANE CRISTINA TEIXEIRA FERREIRA**, RICARDO ADRIANO FELITO? ADRIANO MALTEZO DA
ROCHA2, MARCO ANTONIO CAMILLO DE CARVALHO?, OSCAR MITSUO YAMASHITA?

ABSTRACT — The objective of this work was to evaluate seeds of cowpea, cultivar BRS Tumucumaque,
subjected to different water stresses induced by polyethylene glycol (PEG-6000) and mannitol and different salt
stresses induced by NaCl and CaCl, solutions. The water and salt stresses was evaluated in laboratory using
completely randomized experimental designs in 2x6 factorial arrangements, with six osmotic potentials (0.0,
-0.2, -0.4, -0.6, -0.8 and -1.0 MPa) and two stress inducers for each experiment, with four replications of 50
seeds. The percentage of germination, germination speed index, root and shoot lengths and seedling fresh
weight were evaluated at the tenth day (end of the evaluation period). The simulated water stress showed
effects on the cowpea seed germination and seedling initial growth by decreasing the rates of the variables
evaluated, which had greater effect in treatments with PEG-6000. The salt stress induced by NaCl showed
greater effect on the variables evaluated than that induced by CaCl,, due to the sodium toxicity in the salt
chemical composition.

Keywords: Germination speed index. Water deficit. Osmotic potential.

ESTRESSE HiDRICO E SALINO NA GERMINACAO DE SEMENTES DE FEIJAO-CAUPI
(Vigna unguiculata cv. BRS Tumucumaque)

RESUMO - O objetivo deste trabalho foi avaliar o comportamento de sementes das sementes da cultivar de
feijdo-caupi BRS Tumucumaque sob efeito de potenciais hidricos provocados por polietileno glicol (PEG
6000) e manitol e de potenciais salinos induzidos por solugdes de NaCl e CaCl,. Para verifica¢do dos estresses
hidrico e salino, avaliou-se em laboratdrio, a combinagdo de seis potenciais osmoticos (0,0; -0,2; -0,4; -0,6; -0,8
e -1,0 MPa) com os dois agentes de estresses para cada experimento, em delineamento inteiramente
casualizado, configurando esquema fatorial 2x6, com quatro repetigdes de 50 sementes. Foram avaliadas as
varidveis: porcentagem de germinacdo, indice de velocidade de germinagédo (IVG), comprimento de raiz e parte
aérea e massa fresca de plantulas no décimo dia, ao final do periodo de avaliagdo. A simulag@o de deficiéncia
hidrica, utilizando-se manitol ¢ PEG 6000 permitiu a constata¢do dos efeitos do estresse na germinagdo e no
crescimento inicial das plantulas da cultivar BRS Tumucumaque, pelo decréscimo das variaveis observadas,
sendo que os tratamentos a base de PEG 6000 foram os mais drésticos. A inducdo do estresse salino pelos sais
NaCl e CaCl, foi verificada nas variaveis avaliadas, onde os efeitos do NaCl foram mais acentuados, devido a
toxidade do sodio na composi¢do quimica do sal.

Palavras-chave: indice de velocidade de germinagio. Restrigdo hidrica. Potencial osmotico.
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INTRODUCTION

Cowpea (Vigna unguiculata (L.) Walp.) is
one of the most adaptable, versatile and nutritious
legume crop species. This species is an important
food and an essential component of production in
dry-climate regions of the tropics, and parts of Asia,
United States of America, Middle East and Central
and South Americas (BEZERRA et al., 2014). In
Brazil, cowpea is cultivated mainly in the
semiarid region (Northeast), since it is adapted to the
soil and climate conditions of this region
(DAMASCENO-SILVA, 2009). This legume, is an
important source of protein, energy, fiber and
minerals for human and animal nutrition, and
generate employment and income for the producing
regions. Thus, cowpea is considered one of the main
subsistence crops of the Brazilian semiarid Sertdo
region (EMBRAPA, 2002).

Cowpea is one of the most consumed legumes
in the Northeast of Brazil, however, this region has
the lowest cowpea crop yields of the country. The
State of Rio Grande do Norte, for example, had
average yield of 555 kg ha in 2013/2014, and
estimate yield of 353 kg ha™ for the 2014/2015 crop
season (CONAB, 2015). This low yield is due to
several factors, such as low technology and water
deficit, especially in critical times for crop
development.

The relatively short crop cycle of cowpea (60
to 80 days) and its good development under low
fertility soils (EMBRAPA, 2002) are factors that
enable grain yields around 1,000 kg ha' in the
Center-West region of Brazil (FILGUEIRAS et al.,
2009), in which cowpea have expanded to large scale
crops, especially after soybean crop seasons, as
second crops or off-season crops (CASTELLETTI,
COSTA, 2013).

Cowpea has been intensively researched,
especially for  genetic  improvement, crop
management and biological nitrogen fixation
capacity (SILVA JUNIOR et al., 2014). However,
some aspects of this species still require scientific
studies to be better understood. One of these aspects
is seed germination capacity of cowpea, whose
development, apparently, is not so affected by
stresses, such as reduced amounts of water.
Germination is a critical stage for any plant and can
be negatively affected by several factors, such as
water deficit and excess salts in the soil solution
(LARCHER, 2006). However, little information on
the response of cowpea to these conditions is found.

Different compounds have been used to
simulate water deficit conditions in substrates for
seed germination tests of many species, such as
PEG-6000 (polyethylene glycol-6000) and mannitol,
which are inert non-toxic compounds. A frequently
used method to determine the plant tolerance to salt
stress is the evaluation of seed germination capacity
in substrates under saline conditions (TAIZ;

ZEIGER, 2013); and the most used salts are NaCl
and CaCl,.

Plants of sensitive species to environments
with high salt concentrations in the substrate during
the initial processes of germination may have limited
development and chances of survival (DI
TOMMASO, 2004).

Information on the effect of stress on seed
germination is important for ecophysiology, assisting
in assessing the tolerance limits and adaptive
capacity of species (LARCHER, 2006).

The objective of this work was to evaluate
seeds of cowpea, cultivar BRS Tumucumaque,
subjected to different water stresses induced by
polyethylene glycol (PEG-6000) and mannitol and
different salt stresses induced by NaCl and CaCl,
solutions.

MATERIAL AND METHODS

The experiments were conducted in the
Laboratory of Seed Technology and Weed Control
(LaSeM) of the Mato Grosso State University,
campus Alta Floresta. Seeds of the cultivar BRS
Tumucumaque were used.

Seeds were subjected to different simulated
water stresses to determine their maximum tolerance
to drought. A completely randomized design in a 2x6
factorial arrangement was used, with six osmotic
potentials (0.0, -0.2, -0.4, -0.6, -0.8 and -1.0 MPa)
induced by solutions of mannitol and polyethylene
glycol (PEG-6000), with four replications of
50 seeds. The solutions were prepared by dissolving
PEG-6000 (VILLELA; DONI FILHO; SIQUEIRA,
1991) and mannitol (calculated by the Van't Hoff
equation as described by (BRAGA et al., 1999)) in
deionized water to each osmotic potential used.

Seed were subjected to different salt stresses
to determine their maximum tolerance to salts. A
completely randomized design in a 2x6 factorial
arrangement was used, with six osmotic potentials
(0.0, -0.2, -0.4, -0.6; -0.8 and -1.0 MPa) induced by
sodium chloride (NaCl) and calcium chloride
(CaCl,) solutions, with four replications of 50 seeds.
The saline solutions were prepared according to the
Van't Hoff equation described by Braga et al. (1999).

Experimental units consisted of acrylic
germination boxes (11.0x11.0x3.5 cm) previously
subjected to aseptic cleaning with sodium
hypochlorite (10%) two hours before the experiment
implementations. The seeds were placed to
germinate in these boxes on two sheets of
germination-test paper (previously autoclaved) and
moistened with solutions at proportions of 2.5-fold
the weight of the dry substrate (BRASIL, 2009), and
then taken to BOD germination chambers, set to a
light period of 12 h day” (four white lamps) and
constant temperature of 25 °C.
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Percentage of germination, germination speed
index, root and shoot lengths, and fresh seedling
weight were evaluated at the tenth day (end of the
evaluation period).

Germination was evaluated considering as
germinated the seeds that developed primary root
with a length equal to or greater than 2 mm. The
number of germinated seeds was counted daily over
ten days (BRASIL, 2009).

Germination speed index (GSI) was
determined together with the germination test, using
the equation proposed by Maguire (1962):

GS]=&+£+...+ N,

D, D, D

wherein N; is the number of seedlings germinated on

day 1, 2, ..., n; and D; are the number of days for
germination.

Shoot and root lengths of seedlings were
determined at the end of the evaluation period, using
all the normal seedlings of each treatment, by
measurements with a graduated ruler (mm). The
mean shoot and root lengths of the seedlings of each
sample were calculated by dividing the sum of the

n

Table 1. Percentage of germination and germination speed

lengths by the number of seedlings evaluated.

Fresh seedling weight represented the mean
seedling weight (g) of each treatment, measured by
weighing the seedlings in a 0.001-g precision
balance.

All results were subjected to analysis of
variance. Means of the qualitative factors were
compared by the Tukey's test at 5% of probability
and means of quantitative factor (osmotic potentials)
to polynomial regression, using the statistical
program Sisvar (FERREIRA, 2011).

RESULTS AND DISCUSSION

Seed germination capacity and seedling initial
development of cowpea were different (p<0.05)
between the treatments with PEG-6000 and
mannitol, with interaction between the solutions used
and osmotic potentials for all characteristics. The
effect of PEG-6000 on germination and germination
speed index (GSI) was more pronounced than that of
mannitol in all osmotic potentials with solutions
(Table 1).

index of cowpea seeds, cultivar BRS Tumucumaque, subjected

to different water stresses induced by PEG-6000 and Mannitol.

Concentration (MPa)

Product 0 -0.2 -0.4 -0.6 -0.8 -1.0
% Germination
Mannitol 97.25 a 93.25a 92.00 a 92.00 a 92.00 a 86.00 a
PEG-6000 94.00 a 28.00 b 1.00 b 0.00 b 0.00 b 0.00 b
CV% 6.05
Germination speed index
Mannitol 13.64 a 850a 10.40 a 9.18a 9.75 a 6.65a
PEG-6000 13.53 a 1.44b 0.05b 0.00b 0.00b 0.00 b
CV% 12.29

Means followed by the same letter in the columns did not differ statistically by the Tukey's test (p<0.05).

Considering the decrease in germination from
the condition without water deficit to the first
osmotic potential evaluated (-0.2 MPa), the use of
PEG-6000 caused an absolute reduction of 66%
(70% in relative terms) in germination, while
mannitol reduced the germination in only 4%. No
germination occurred with the use of PEG-6000
from -0.6 MPa.

Similar results were found for other species.
Moraes, Menezes and Pasqualli (2005) evaluated
osmotic potentials on common bean (Phaseolus
vulgaris L.) seeds and found reduced germination
(p<0.05) from -0.2 MPa, with no normal seedling
formation from -0.25 MPa. Souza et al. (2008)
evaluated water stress induced by PEG-6000 in
Plantago ovata seeds and found reduced germination
and GSI from -0.2 MPa, which were totally inhibited
at osmotic potentials of -0.6 and -0.8 MPa. The use
of mannitol showed a linear decrease in germination

and GSI as a function of the osmotic potentials
evaluated (Figure 1). On the other hand, the use of
PEG-6000 showed no germination from -0.47 MPa
and the GSI from -0.42 MPa.

Solutions with PEG have high viscosity,
compromise absorption of O,, cause greater water
deficit and prevent absorption of water by seeds
(YOON et al., 1997). These effects are not observed
with mannitol, which is a neutral substance of very
low viscosity.

Similar to the results for germination and
GSI, PEG-6000 caused greater stress than mannitol,
hindering root development, shoot length and fresh
seedling weight (Table 2). Pelegrini et al. (2013)
evaluated Erythrina falcate and also found -0.2 MPa
as the maximum tolerance limit for vegetative
development using PEG-6000, causing greater effect
than mannitol.
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Figure 1. Percentage of germination (A) and germination speed index (GSI) (B) of cowpea seeds, cultivar BRS
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Tumucumaque, subjected to different water stresses induced by PEG-6000 and mannitol.

Table 2. Root and shoot lengths and fresh weight of cowpea seedlings, cultivar BRS Tumucumaque, subjected to different

water stresses induced by PEG-6000 and mannitol.

Concentration (MPa)

Product 0 -0.2 -0.4 -0.6 -0.8 -1.0
Root length
Mannitol 4380 a 19.17 a 1531 a 1592 a 13.86 a 12.08 a
PEG-6000 41.27 a 12.28 b 0.00 b 0.00 b 0.00 b 0.00 b
CV% 25.46
Shoot length
Mannitol 37.96 a 6.85a 10.33 a 8.69 a 8.11a 741 a
PEG-6000 3623 a 0.00b 0.00b 0.00 b 0.00 b 0.00 b
CV% 24.63
Fresh weight
Mannitol 0.57 a 0.41a 0.41a 0.40 a 0.38 a 0.38a
PEG-6000 0.57 a 0.00b 0.00b 0.00b 0.00b 0.00b
CV% 8.49

Means followed by the same letter in the columns did not differ statistically by the Tukey's test (p<0.05).

The effects of mannitol on root and shoot
lengths were similar (Figure 2), with water deficits
from -0.2 MPa hindering these characteristics. On
the other hand, PEG-6000 caused a more pronounced
effect, with no root development from -0.47 MPa,
and no shoot development from -0.2 MPa. Although
PEG-6000 is not a toxic or electrolytic product, its
high molecular weight prevents its penetration into
the cells (PEREZ; FANTI; CASALI 2001), since it
makes the solution denser, hindering the absorption
of water by seeds. However, according to Heydecker
and Coolbear (1977), PEG can also reduce oxygen
availability, contributing to reduce germination and
initial seedling development.

Mannitol is an alcoholic sugar that can be
used as an osmotic stabilizer in plant tissue cultures
and is not easily absorbed (MACHADO NETO et
al., 2006). This characteristic may explain the higher
results for germination and seedling development in
all osmotic potentials with mannitol.

The inducers of salt stress showed interaction
with the osmotic potentials evaluated for germination
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and GSI (Table 3). Differences between salts
occurred only in the most negative osmotic potential
(-1.0 MPa), with NaCl showing greater effect on
germination and GSI. The decrease in germination
was not very pronounced at lower concentrations of
salts, showing an absolute reduction of 5.25% up
to -0.8 MPa for NaCl. Seeds at the highest
concentration of NaCl showed no germination. CaCl,
had little effect on germination. Comparing the most
negative (-1.0 MPa) with the highest (0.0 MPa)
osmotic potential induced by CaCl,, the germination
reduced 29% and GSI reduced 73%, thus, CaCl, had

a more pronounced action on the speed of
germination.
Excess salts causes cytotoxicity, cell

dehydration (TAIZ; ZEIGER, 2013) and reduces
metabolic activity and synthesis of new tissues of
seeds, due to reduction of water availability
(MARCOS FILHO, 2015), resulting in a lower
germination speed and, in more severe cases, the loss
of germination capacity.
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Figure 2. Root (A) and shoot (B) lengths and fresh weight (C) of cowpea seedlings, cultivar BRS Tumucumaque, subjected
to different water stresses induced by PEG-6000 and mannitol.

Table 3. Percentage of germination and germination speed index (GSI) of cowpea seeds, cultivar BRS Tumucumaque,
subjected to different salt stresses induced by NaCl and CaCl, solutions.

Concentration (MPa)

Salt 0.0 -0.2 -0.4 -0.6 -0.8 -1.0
% germination

NaCl 97.25a 97.25a 9475 a 93.25a 92.00 a 0.00b
CaCl, 97.25a 96.00 a 94.75 a 92.00 a 89.25 a 69.00 a
CV% 5.44

GSI
NaCl 16.41 a 1343 a 1128 a 8.58a 7.86 a 0.00b
CaCl, 16.41 a 12.53 a 10.96 a 9.66 a 943 a 433 a
CV% 14.37

Means followed by the same letter in the columns did not differ statistically by the Tukey's test (p<0.05).

Seeds maintained under salt stress induced by
NaCl and CaCl, had similar germination up to the
osmotic potential of -0.8 MPa, with germination and
GSI gradually decreasing with decreasing osmotic
potentials. NaCl totally inhibited the germination at
osmotic potential of -1.0 MPa, indicating that, when
induced by this salt, the osmotic potential of
-0.8 MPa is the limit for cowpea germination.

Germination showed a quadratic trend as
response to increasing osmotic potentials induced by
CaCl, and NaCl, with maximum germination at
-0.2 MPa, and no germination at -1.0 MPa
(Figure 3). Similar results were found by Coelho et
al. (2010), in common beans, with osmotic potential
of -0.25 MPa induced by NaCl causing the
maximum germination.
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The osmotic potential of -1.0 MPa induced by
CaCl, showed germination close to 69%, denoting
the more pronounced effect of NaCl compared with
CaCl,.

Machado Neto et al. (2006) also found lower
effect of CaCl, on germination of common beans
compared with NaCl solutions. Presence of sodium
ions may destabilize the osmotic potential and
membrane equilibrium of plants, directing their
metabolism to repair cellular structures, causing a
reduced development. On the other hand, calcium
acts as a membrane stabilizer and cell signal for
various forms of stress, activating the catalase for
example, an enzyme involved in the maintenance of
cell integrity (YANG; POOVAIAH, 2002).
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Figure 3. Percentage of germination (A) and germination speed index (GSI) (B) of cowpea seeds, cultivar BRS

Tumucumaque, subjected to different salt stresses induced by NaCl and CaCl, solutions.

The salts used and osmotic potentials lengths than those of seedlings subjected to CaCl,
evaluated showed no interaction for the variables solutions (Table 4). The Ca’" ion is essential in
root length and shoot length, showing only isolated maintaining the plasma membrane integrity, and is
effects on them. responsible for activating a series of enzymes

The NaCl caused a greater deleterious effect involved in plant growth (FRANCO et al., 1999).
on seedling root and shoot lengths, with poor These characteristics may explain the lower stress
formation of these structures, showing lower mean caused by CaCl,.

Table 4. Root and shoot lengths of cowpea seedlings, cultivar BRS Tumucumaque, subjected to different salt stresses

induced by NaCl and CaCl, solutions.

Length (mm)
Salt Root Shoot
NaCl 23.62b 16.76 b
CaCl, 31.26 a 21.57a
CV% 21.80 24.99

Means followed by the same letter in the columns did not differ statistically by the
Tukey's test (p<0.05).

The cowpea root and shoot lengths showed synthesis are processes dependent on water stress
decreasing linear responses to increasing water stress (WENKERT; LEMON; SINCLAIR, 1978). Based
induced by salts (Figure 4). The increasing osmotic on the mathematical models, root length was more

potential induced by CaCl, and NaCl negatively affected than shoot length, with mean reductions of
affected the root growth. The decreased water 38.1 mm (root) and 32.3 mm (shoot) from the

potential and increased salinization caused less tissue osmotic potentials of 0 to -1 MPa.
elongation, since tissue elongation and carbohydrate
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Figure 4. Root (A) and shoot (B) lengths of cowpea seedlings, cultivar BRS Tumucumaque, subjected to different salt

stresses induced by NaCl and CaCl, solutions.
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The salts used and osmotic potentials
evaluated showed a significant interaction for fresh
seedling weight. The salts showed different effects
on fresh seedling weight only in the lower osmotic
potential, with NaCl causing a more pronounced
effect compared with CaCl, (Table 5).

Fresh seedling weight showed linear response

to increasing osmotic potentials induced by CaCl,,
and a quadratic response to increasing osmotic
potentials induced by NaCl (Figure 5). Calcium
chloride was efficient as osmotic agent in showing
the cowpea responses to water stress, however, its
effect was not very pronounced as that of the NaCl at
osmotic potentials of up to -1.0 MPa.

Table 5. Fresh weight of cowpea seedlings, cultivar BRS Tumucumaque, subjected to different salt stresses induced by

NaCl and CaCl, solutions.

Osmotic potentials (MPa)

Salt 0.0 0.2 20.6 0.8 1.0
Fresh weight
NaCl 0.57a 0.54a 043 a 041b 041 a 0.00b
CaCl, 0.57 a 0.50 a 0.46 a 047 a 0.46 a 0.36 a
CV% 8.57

Means followed by the same letter in the columns did not differ statistically by the Tukey's test (p<0.05).
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Figure 5. Fresh weight of cowpea seedlings, cultivar BRS Tumucumaque, subjected to different salt stresses induced by

NaCl and CaCl, solutions.

CONCLUSIONS

Seed germination and initial seedling
development of  cowpea, cultivar BRS
Tumucumaque, are negatively affected by water
stress induced by PEG-6000 (from -0.2 MPa) and
mannitol (from -0.8 MPa), with more pronounced
effect when induced by PEG-6000.

Salt stress induced by NaCl and CaCl, is
detrimental to germination, germination speed index
and initial seedling development of cowpea, cultivar
BRS Tumucumaque, with the highest effect
occurring from -0.80 MPa for both salts.

Salt stress induced by NaCl has greater effect
on germination and initial seedling development of
cowpea, cultivar BRS Tumucumaque, than that
induced by CaCl,.
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