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ABSTRACT

The salt stress effect in root growth and antioxidative response were investigated in two cowpea cultivars which differ in salt
tolerance in terms of plant growth and leaf oxidative response. Four-day-old seedlings (establishment stage) were exposed to 100
mM NaCl for two days. The roots of the two cultivars presented distinct response in terms of salt-induced changes in elongation and
dry weight. Root dry weight was only decreased in Pérola (sensitive) cultivar while root elongation was mainly hampered in Pititiba
(tolerant). Root relative water content remained unchanged under salinity, but root Na* content achieved toxic levels as revealed by
the K*/Na™ ratio in both cultivars. Then, root growth inhibition might be due to ionic toxicity rather than by salt-induced water deficit.
Although electrolyte leakage markedly increased mainly in the Pérola genotype, lipid peroxidation decreased similarly in both salt-
stressed cultivars. APX and SOD activities were reduced by salinity in both cultivars reaching similar values despite the decrease in
Pitiiba had been higher compared to respective controls. CAT decreased significantly in Pitiuba but did not change in Pérola, while
POX increased in both cultivars. The salt-induced decrease in the CAT activity of Pitiiba root is, at principle, incompatible to allow a
more effective oxidative protection. Our results support the idea that the activities of SOD, APX, CAT and POX and lipid peroxidation
in cowpea seedling roots were not associated with differential salt tolerance as previously characterized in terms of growth rate and
oxidative response in plant leaves.
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RESUMO

0 objetivo deste trabalho foi avaliar o efeito do estresse salino sob o crescimento radicular e a atividade de enzimas antioxidantes
em duas cultivares de feijao caupi contrastantes em termos de crescimento e resposta oxidativa de folhas. Plantulas com quatro
dias de idade foram expostas a NaCl 100 mM durante dois dias sob condigOes controladas. A massa seca das raizes foi afetada
somente na cultivar Pérola (sensivel) enquanto que o comprimento radicular foi mais reduzido na Pitiiba (resistente). O estresse
salino ndo afetou o contetdo relativo de agua, contudo o conteudo de Na* nas raizes atingiu niveis toxicos de acordo com a razao
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K*/Na* em ambas as cultivares, indicando que a inibigdo do crescimento radicular pode ser estar mais relacionada a toxicidade
ibnica mais do ao estresse osmotico induzido pelo sal. Embora o vazamento de eletrolitos tenha aumentado principaimente na
cultivar sensivel, a peroxidagéo de lipideos decresceu de forma similar em ambas as cultivares. As atividades de APX e SOD
foram diminuidas pela salinidade nas duas cultivares, atingindo valores similares, apesar do decréscimo em Pititiba ter sido maior,
em relacdo aos controles. A atividade de CAT diminuiu significantemente em Pitidba, mas permaneceu inalterada em Pérola.
0 decréscimo na atividade de CAT em Pitiiba é, em principio, incompativel com maior protegdo oxidativa. Nossos resultados
gvidenciam que as atividades de SOD, APX, CAT e POX e a peroxidacao de lipideos em raizes de plantulas de feijao caupi ndo
sdo compativeis com tolerancia diferencial a salinidade como foi previamente caracterizado por meio do crescimento e resposta

oxidativa de folhas de plantas.

Palavras-chave: enzimas antioxidantes, estresse oxidativo, inibi¢ao do crescimento radicular, estresse salino, Vigna unguiculata

INTRODUCTION

Salt stress has become one of the most damaging
environmental hazards to crop productivity all over the world
(Ashraf and Ali, 2008). This adverse environmental condition
impairs plant growth by both water deficit and ionic toxicity
(Munns and Tester, 2008). Firstly, the hyperosmolarity of the
soil solution restricts water uptake by the roots and triggers
transient changes in the plant water relations (Bray et al,
2000; Munns and Tester, 2008). Secondly, the accumulation
of saline ions in the tissues leads to the salt-specific toxic
effects on the plant metabolism (Maathuis and Amtmann,
1999; Apse and Blumwald, 2007).

As the roots are directly exposed to salt, they may be the
most vulnerable organs (Munns and Tester, 2008). Indeed, root
growth inhibition has been extensively reported as a primary
response in plants submitted to salt stress. Root growth may
be affected by salt in terms of fresh weight (Lin and Kao, 2002;
Jebara et al., 2005; Khan and Panda, 2008), dry weight (Ashraf
and Hamad, 2000; Lin and Kao, 2002; Chaparzadeh et al., 2004,
Ferreira-Silva et al., 2008), relative growth rate (Jeschke et al.,
1986; Sibole et al., 2003), and root length (Wahid et al., 1998;
Kopyra and Gwozdz, 2003). Salt stress also triggers changes
in root morphology, inhibiting the initiation and the elongation of
lateral roots (Rubbinigg et al., 2004).

Recent evidences indicate that root growth inhibition
under salt stress may be related to changes in the oxidative
metabolism. The reactive oxygen species (ROS), including
superoxide anion (0,"), hydrogen peroxide (H,0,) and hydroxyl
radical (OH"), are normal byproducts of the metabolic activities
in mitochondria and peroxisomes (Foyer and Noctor, 2000).
However, the salt-induced ROS overproduction may trigger
the so-called secondary oxidative stress due to oxidative
damages on lipids, proteins and nucleic acids (Mgller, 2007).
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On the other hand, if ROS production is maintained under tight
regulation, these molecules may be involved in cell signaling
and key reactions of cell elongation (Carol and Dolan, 2006;
Gapper and Dolan, 2006).

It appears that the oxidative metabolism in the apoplast
play a central part in root cell elongation. The plasma
membrane NADPH oxidase is the main source of apoplastic
ROS, producing 0, from NADPH and O,. The generated O,"
is dismutated in H,0, by the apoplastic superoxide dismutase
(apoplastic SOD), supplying H,0, as a substrate for the cell-
wall peroxidases (cell-wall POXs) (Gapper and Dolan, 2006).
The cell-wall POXs display multiple functions in the apoplastic
oxidative metabolism. These enzymes may detoxify excessive
H,0, as well as generate OH" from O, and H,0, (Passardi et al.,
2004). Inthe first case, the excessive H,0, is used as an oxidant
for phenylpropanoid crosslinking during lignin biosynthesis,
limiting cell elongation (Passardi et al., 2004). In the second,
the generated OH" cleaves the crosslinkiey polysaccharides
enabling wall stretching and cell elongation (Liszkay et al.,
2003). The apoplastic OH" may also act as a signal during tip
growth, stimulating the plasma membrane hyperpolarization-
activated Ca** channels (Foreman et al., 2003).

The ROS concentration in the tissues directly exposed
to salt are strongly influenced by the coordinated action of
different antioxidative enzymes (Munns and Tester, 2008).
In this way, salt resistance has been extensively associated
with the protective role of antioxidative enzymes against salt-
induced oxidative stress (Mittova et al., 2003). In fact, salt-
resistant cultivars of millet (Sreenivasulu et al., 2000), rice
(Vaidyanathan et al., 2003), cotton (Meloni et al., 2003), maize
(Azevedo-Neto et al., 2006) and cashew (Abreu et al., 2008)
show enhanced activity of different antioxidative enzymes. In
a previous work, it appears that the ability of cowpea [Vigna
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unguiculata (L.) Walp.] plants to survive under salinity is not
related to an operating antioxidant system involving SOD, CAT
and POX activity in mature leaves (Cavalcanti et al., 2004).

Although roots may firstly suffer salt-induced injuries as
they are directly exposed to salinity (Munns, 2002), little work
has been done on roots with regard to antioxidant responses
under salt stress (Cavalcanti et al., 2007). Recently, we have
demonstrated that the differential salt tolerance between two
cowpea cultivar, at the stage of rapid growth, was associated
with favorable response of SOD, APX, CAT and POX in leaves
(Maia et al., 2010). In present work we test the hypothesis
that roots of two contrasting cowpea cultivars at seedling
establishment stage display contrasting response in terms of
growth, Na* accumulation, lipid peroxidation and SOD, APX,
CAT and POX activities in response to a high NaCl level under
short-term exposure.

MATERIAL AND METHODS

Plant material and experimental conditions: Cowpea
seeds [Vigna unguiculata (L.) Walp.], Pérola and Pitiiba
cultivars were obtained from the Departmento de Fitotecnia
of the Universidade Federal do Ceard. These two cultivar
were previously characterized as salt-sensitive (Pérola) and
salt-tolerant (Pitiuba) in the stages of germination and mature
plants (Freitas, 2006). Recently, the growth contrast between
these two cultivars was associated with the oxidative response
in leaves of plants at the rapid growth stage (Maia etal., 2010).
Seeds were surface-disinfected in 70% (v/v) ethanol for 1 min,
followed by 5% (w/v) sodium hypochlorite for 5 min and then
rinsed two times with sterile deionized water. After that, the
seeds were imbibed during 20 min and sowed in germination
paper (28 x 38 cm) moistened with sterile deionized water
(2.5 mL of water per 1 g of paper) according to Vieira and
Carvalho (1994). The seeds were incubated under controlled
conditions (240 umol m? s, 12 h photoperiod, 27 +2°C and
70=10% of relative humidity) during 4 days.

Four-day-old seedlings were transferred to paper moistened
with sterile deionized water (control) or 100 mM NaCl (saft
treatment) and maintained at the same conditions for 2 days.
Then, the seedlings were harvested and samples of fresh roots
were utilized to the measurement of root length (RL), fresh weight
(FW), relative water content (RWC), and electrolyte leakage (EL).
Also, fresh samples were immediately frozen in liquid N, and
stored to -80°C for further biochemical determinations. Samples

dried at 70°C during 2 days were used in the determination of root
dry weight (DW) and Na* and K* content.

Root length, dry weight, relative water content,
electrolyte leakage and Na* and K* content: The root length
was measured using a paquimetro. The relative water content
(RWC) was measured according to Cairo (1995). In brief, five
root segments (5.0 cm in length) from the root-shoot junction
were sampled, immediately weighed (FW) and then immersed
in distilled water at 25°C for 6 h. After that, the segments
were blotted onto filter paper and the turgid weight (TW) was
determined. Then, the segments were dried at 70°C for 2 days
andthe dry weight (DW) was obtained. The RWC was calculated
using the equation RWC = (FW-DW)/(TW-DW)x100.

Membrane damage was estimated by electrolyte leakage
(EL) as previously described by Blum and Ebercon (1981). Fifteen
segments (5.0 cm in length) from the root tip were transferred to
test tubes containing 10 mL of deionized water. The segments
were incubated at 25°C for 6 h and the electric conductivity of
the leachate was measured (L,). After that, the segments were
boiled for 60 min, cooled to 25°C and the electric conductivity
was measured again (L,). The percentage of electrolyte leakage
was estimated by the relation EL (%)= (Ly/L,) x 100.

The Na* and K* content of the root tissues were
determined by flame photometry. Dry roots were finely
powdered and samples of 50 mg were extracted with 10 mL
of deionized water at 100°C for 60 min in hermetically closed
tubes. After cooling, the extract was filtered through cotton
cloth and the Na* and K* content was determined.

Lipid peroxidation: Lipid peroxidation was determined
by measuring malonaldehyde (MDA) formation by the
thiobarbituric acid method in accordance with Heath and
Packer (1968). For MDA extraction, samples of 50 mg of fresh
roots were homogenized with 2 mL of 1% (w/v) trichloroacetic
acid (TCA). The homogenate was centrifuged at 10,000 g for
10 min. Aliquots of 1 mL of the MDA extract were added to
2 mL of 20% (w/v) TCA containing 0.5% (w/v) thiobarbituric
acid (TBA). The mixture was heated at 95°C for 30 min and
then cooled quickly on an ice bath. Thus, the mixture was
centrifuged at 10,000 g for 15 min and the absorbance of the
supernatant was measured at 532 nm. Measurements were
corrected for unspecific turbidity by subtracting the absorbance
at 660 nm. The MDA concentration was calculated using the
extinction coefficient of 155 mM™" cm™.
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Enzyme assays: Soluble proteins were extracted as
described previously by Cakmak and Horst (1991) with some
modifications. Samples of 1.0 g of fresh roots were finely
powdered with liquid N, and homogenized during 3 min in 3
mL ice-cold 50 mM phosphate buffer, pH 7.0, containing 0.1
mM EDTA and 1 mM L-ascorbic acid. After filtration through
cheesecloth, the homogenate was centrifuged at 13,000 g for
15 min and the supernatant was used as the enzyme crude
extract. All the steps were carried out at 0—4°C. The protein
content of the extracts was estimated according to Bradford
(1976), using bovine serum albumin as standard.

The superoxide dismutase (SOD - EC 1.15.1.1) activity
was determinedthroughinhibition of blue formazane production
by NBT photoreduction. The reaction medium contained 100
uL of the enzyme extract, 13 mM L-methionine, 75 uM p-nitro
blue tetrazolium chloride (NBT), 100 uM EDTA and 20 uM
riboflavin dissolved in 50 mM potassium phosphate buffer,
pH 7.8, in a final volume of 2 mL. The reaction took place in
a chamber under illumination of a 30 W fluorescent lamp at
25°C. The reaction was started turning the fluorescent lamp
on and stopped 5 min later turning it off (van Rossun et al.,
1997). The blue formazane produced by NBT photoreduction
was measured by the increase in the absorbance at 560 nm.
The control reaction mixture had no enzyme extract. The blank
solution had the same complete reaction mixture but it was
kept in the dark. One SOD AU was defined as the amount of
enzyme required to inhibit 50% of the NBT photoreduction
in comparison with tubes lacking the enzyme extract. The
enzyme activity was expressed as AU g DW min™.

Theactivity ofascorbate peroxidase (APX—EC.1.11.1.11)
was measured following the ascorbate (AsA) oxidation by the
decrease in absorbance at 290 nm according to Nakano and
Asada (1981). The reaction mixture of 3 mL contained 100
uL of the enzyme preparation, 0.5 mM AsA and 0.1 mM EDTA
dissolved in 100 mM potassium phosphate buffer, pH 7.0.
The reaction was started by adding 200 uL of 30 mM H,0,.
The enzyme activity was measured at 290 nm and 30°C after
60 s, calculated according to the molar extinction coefficient
of 2.8 mM" cm™ and expressed as umol AsA g DW min™.

The catalase (CAT—EC 1.11.1.6) activity was determined
following the oxidation of H,0, at 240 nm. The reaction was
started by adding 50 uL of enzyme extractin a reaction medium
of 2.95 mL containing 50 mM potassium phosphate buffer, pH
7.0, and 20 mM H,0,. The enzyme activity was determined by
measuring the decrease in absorbance at 240 nm and 30°C
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after 60s (Havir and Mchale, 1987), was calculated using the
molar extinction coefficient of 36 x 10°mM" cm* for H,0, and
expressed in umol oxidized H,0, g™ DW min™.

The activity of phenol peroxidase (POX — EC 1.11.1.7)
was determined on the basis of purpurogallin formation from
pyrogallol. The reaction mixture of 5 mL contained 50 mM
potassium phosphate buffer, pH 6.8, 20 mM guaiacol, 20 mMV
H,0, and 25 ulL of enzyme preparation. After incubation at
30°C for 10 min, the reaction was stopped by adding 0.5 mL
of 5% (v/v) H,SQ, and the absorbance was read at 480 nm
(Urbanek et al., 1991). The guaiacol peroxidase activity was
expressed as umol purpurogallin g DW min™.

Experimental design and statistical analysis: The
experiments were carried out in a completely randomized
design with two treatments and two cultivars. Three replicates
were performed per treatment and each replicate contained the
roots of 13 seedlings. The results were submitted to variance
analyses (ANOVA) and means were compared by the Tukey’s
test at 5% of significance.

RESULTS

In this work, the roots of two cowpea cultivar, at seedling
establishment stage, previously characterized as salt-sensitive
(Pérola) and salt-tolerant (Pitiuba), in the stages of germination
and mature plants, by a screening of 55 cowpea genotypes
(Freitas, 2006). Recently, these two contrasting cultivars
displayed distinct oxidative response in leaves under salinity at
the plant rapid growth stage (Maia et al., 2010). In this current
work cowpea cultivars showed different responses to salt
stress in terms of growth and antioxidative enzyme activity.
Although the salt treatment impaired the root growth in both
cultivars, differences were verified in the root length (RL) and
dry weight (DW), as well as in the root architecture. In the salt-
treated seedlings, the RL decreased 17% in Pérola and 33% in
Pitiiba in comparison with the respective untreated seedlings
(Figure 1A). The root DW was not significantly changed by the
salt treatment in Pitidba, but it was reduced by 23% in Pérola
with regard to the respective control (Figure 1B). The relative
water content (RWC) was not significantly changed by salinity
in the roots of both cultivars and remained approximately 83%
in all treatments (Figure 1C).

The K* accumulation decreased by 10% in both cultivars in
comparison to the respective controls (Figure 2A). As expected,
Na* accumulation was notably increased after two days at 100
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mM NaCl, since the root Na* content increased 4.3-fold in the
Pérola and 4.5-fold in Pititiba in relation to the untreated seedlings
(Figure 2B). As a consequence of the Na* content increase, the
K*/Na* ratio was dropped by 80% in the salt-treated seedlings
of both cultivars with regard to the respective controls (Figure
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Figure 1. Effect of salt stress on root length (A), dry weight (B) and relative
water content (C) of the Pérola (left) and Pitidba (right) cowpea seedlings.
Four-day-old seedlings were grown at controlled conditions and exposed
to 100 mM NaCl during two days. In (A) and (B), gray bars correspond to
the salt treatment and white bars represent the untreated control. Values are
means of three replicates. Bars signaled with the same lowercase letters do
not differ significantly according to the Tukey test (p=0.05).

2C). In the roots of Pititiba, the electrolyte leakage (EL) increased
about 2.4-fold by the salt treatment, whereas in the roots of
Pérola it increased by only 2.8-fold (Figure 3A). Conversely, lipid
peroxidation decreased about 29% in the roots of both cultivars
under saft stress (Figure 3B).
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Figure 2. Effect of salt stress on K* content (A), Na* content (B) and K*/
Na* ratio (C) in the roots of Pérola (left) and Pitiiba (right) cowpea seedlings.
Gray bars correspond to the salt treatment and white bars represent the
untreated control. Values are means of three replicates. Bars signaled with
the same lowercase letters do not differ significantly according to the Tukey
test (p=0.05).
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Figure 3. Effect of salt stress on electrolyte leakage (A) and lipid peroxidation (B) in the roots of Pérola (left) and Pititiba (right) cowpea seedlings. Gray bars
correspond to the salt treatment and white bars represent the untreated control. Values are means of three replicates. Bars signaled with the same lowercase letters
do not differ significantly according to the Tukey test (p=0.05).

The SOD activity did not show significant changes decreased by 38% in the Pitiuba roots and was not altered
after two days at 100 mM NaCl in the roots of Pérola, but it by the salt treatment in the Pérola roots (Figure 4C). Under
decreased 26% in the roots of Pitiiba in comparison with the 100 mM NaCl, the POX activity increased only about 12% in
respective control (Figure 4A). In the salt-treated seedlings of the Pérola roots whereas it augmented by 26% in the Pitiiba
both cultivars, the APX activity was reduced by 51%, relative roots (Figure 4D).
to the untreated seedlings (Figure 4B). The CAT activity
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correspond to the salt treatment and white bars represent the untreated control. Values are means of three replicates. Bars signaled with the same lowercase letters

do not differ significantly according to the Tukey test (p=0.05).

DISCUSSION

In this study the root data of lipid peroxidation, membrane
integrity and antioxidative enzyme activities were not able to
characterize the cowpea Pititiba and Pérola cultivars as tolerant
and sensitive, respectively, to salinity. These cultivars were
previously characterized as contrasting in the germination
and plant rapid growth stages (Freitas, 2006). Recently, that
characterization of these cultivars was corroborated in terms
of antioxidative enzyme responses in leaves associated with
and plant growth. It is widely accepted that plant response
to salinity depend on several factors such as plant organ,
stress intensity, physiological stage, environmental factors etc
((Munns and Tester, 2008). In addition, the effective role of the
each antioxidative enzyme activities (measured in vitro) in salt
tolerance is still contradictory (Cavalcanti et al., 2004).

Root growth inhibition is a primary response in plants
submitted to salt stress (Munns and Tester, 2008). Fresh
and dry weight, relative growth rate and root length (Khan
and Panda, 2008, Ferreira-Silva et al., 2008; Sibole et al.,
2003; Kopyra and Gwdzdz, 2003) have been extensively
used as good physiological indicators to demonstrate the
influence of salt on root growth. In this work, root growth of
the Pérola and Pitilba cowpea cultivars were differentially
affected by the exposure to 100 mM NaCl during 2 days.
Although both cultivars showed salt-induced growth
inhibition, root dry weight was reduced only in the Pérola.
As the primary root showed abnormal morphology,
involving enlargement and tip curling, it is possible that
both cell division and elongation were hampered by salt
(Croser et al., 2001).
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Physiological indicators associated with the plant water
status have been utilized to evaluate the osmotic effects of
salt stress (Dionisio-Sese and Tobita, 1998), as well as
enhanced Na* accumulation and changes in the K*/Na*
ratio in plant tissues may indicate disturbances in the plant
ionic homeostasis (Maathius and Amtmann, 1999; Apse
and Blumwald, 2007). In the Pérola and Pititiba seedlings,
the salt treatment did not significantly alter the root RWC,
but did promote strong Na* accumulation as estimated
on the basis of tissue water in the root (about 110 and
150 mM, respectively). This higher Na* concentration in
Pitiiba compared to Pérola is unexpected and not easy to
explain because the former cultivar exhibits salt tolerance
characteristics (Maia et al., 2010).

K*/Na* ratios (anindicator of Na* toxicity and disruption
of Na* - K* homeostasis) were dramatically dropped in
both cultivars, yielding values lower than 0.50. Taking into
account that salt stress affected slightly K* accumulation,
it can be inferred that the salt-induced changes in K*/ Na*
ratios mainly resulted from Na* accumulation. According to
the results on the root RCW, Na* content and K*/Na™ ratio,
it is likely that root growth inhibition was poorly influenced
by salt-induced water deficit and it was mainly due to ionic
toxicity. It is suggested that Na* concentrations above 100
mM may trigger toxic effects on the K*-dependent enzymes
(Maathius and Amtmann, 1999; Apse and Blumwald,
2007).

Plant cell membranes are commonly damaged under
salt stress. It is proposed that the exposure to salt may directly
alter membrane stability, as Na* displaces surface Ca**
breaking ionic bridges between the head groups of membrane
lipids (Cramer et al., 1985; Mengle and Kirkby, 2001). In this
study the salinity caused severe damage on the membrane
integrity of both cultivars. This effect was more pronounced in
the Pérola than was in Pititiba. In the experimental conditions
NaCl was close to cowpea young roots and possibly the
membrane Na*-exclusion mechanism was inefficient in both
cultivars (Apse and Blumwald, 2007).

Salt-induced oxidative stress may disrupt membrane
structure, because ROS overproduction triggers lipid and
protein peroxidation (Dionisio-Sese and Tobita, 1998;
Shanker et al., 2004; Mandhania et al., 2006). In this work,
electrolyte leakage is markedly increased by salt in the
roots of both cultivars, suggesting high membrane damage.
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Conversely, lipid peroxidation was significantly decreased in
the roots of salt-treated Pérola and Pitiuba seedlings. This
is an unexpected response, as high electrolyte leakage is
generally accompanied by enhanced lipid peroxidation as an
evidence of oxidative damage (Aroca et al., 2003; Shanker
et al., 2004; Mandhania et al., 2006). However, decreased
lipid peroxidation has been already observed in maize roots
(Azevedo-Neto et al., 2006), cowpea roots (Cavalcanti et al.,
2007) and cashew roots (Abreu et al., 2009). It is possible
that changes in the fatty acid profile of membrane lipids
masked the estimation of membrane damage through the
TBARS assay (Hamed et al., 2005; Amor et al., 2006). In
addition, oxidative injuries on the membrane proteins may
also contribute to high electrolyte leakage (Dionisio-Sese
and Tobita, 1998; Yang et al., 2004).

Salt resistance has been extensively associated with the
protective role of antioxidative enzymes against salt-induced
oxidative stress in several salt-resistant cultivars (Mittova
et al., 2003; Sreenivasulu et al., 2000; Vaidyanathan et al.,
2003; Meloni et al., 2003; Azevedo-Neto et al., 2006). In this
work, the so-called salt-sensitive Pérola and salt-resistant
Pitidba, both characterized at germination and vegetative
growth stages (Freitas, 2006) displayed similar responses
to salt stress in terms of SOD, APX and POX antioxidative
enzyme activities. Unexpectedly, the activity of SOD, APX
and CAT were more intensively decreased by salt treatment
in the Pitiuba than in the Pérola. In addition, CAT activity was
strongly decreased in Pititiba and did not changed by salt
effect in Pérola.

The antioxidative enzymatic data found here are
unexpected, especially the CAT activity. In roots, this enzyme
is located especially into glyoxysomes (Foyer and Noctor,
2000). The significant drop verified in the CAT activity of
Pitidba cultivar roots might indicate a salt-sensitivity or,
alternatively, that this cultivar could have a high constitutive
level this enzyme in young root tissue able to scavenging
H,0, excess together other root peroxidases. Working with
cowpea plants exposed to high salinity the CAT activity
in mature roots of Pitiiba cultivar did not change during
six days of salt exposure (Cavalcanti et al., 2007). The
characterization of salt resistance just on the basis of
enhanced antioxidative enzyme activities may be a simplistic
approach taking into account the complexity of the oxidative
metabolism, which is typically redundant in higher plants
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(Mitller, 2002). Moreover, it is noteworthy that several
species display different oxidative responses under salinity
(Sreenivasulu et al., 2000; Meloni et al., 2003; Vaidyanathan
etal., 2003).

Among the antioxidative enzyme activities assessed in
the root tissues of the cowpea cultivars, only the POX activity
was increased in response to the salt treatment. Interestingly,
the salt-induced increase in the POX activity was accompanied
with a drop in the CAT and APX activities, especially in the
Pitiiba roots (Fig. 4). It possibly means that the POX is the
main H,0,-detoxifying enzyme in salt-treated cowpea roots,
in accordance with the results obtained for common bean
(Jebara et al., 2005), marigold (Chaparzadeh et al., 2004) and
rice (Khan and Panda, 2008) roots exposed to salt. Also, salt-
treated roots of miragold (Chaparzadeh et al., 2004) and rice
(Khan and Panda, 2008) show the same trend with regard to
the POX and CAT activities.

It has been suggested that the coordinated activity
of the different H,0,-scavenging enzymes play a part in
the plant redox homeostasis (Foyer and Noctor, 2005). In
this way, the increased POX activity may compensate the
reduced CAT and APX activities in the root tissues of cowpea
seedlings, avoiding salt-induced oxidative stress, as indicated
by decreased lipid peroxidation. However, it remains to be
elucidated the mechanisms underlying the coordinated
regulation of the antioxidative enzyme activities under salt
stress. We have previously reported that in both root and leaf
of Pitiiba cultivar the POX activity is strongly salt-up-regulate
by salinity (Cavalcanti et al., 2004; Cavalcanti et al., 2007;
Maia et al., 2010).

In conclusion, salt-induced root growth inhibition in
Pérola and Pitiuba cowpea seedlings is mainly hampered by
ionic toxicity than by water deficit. Our results evidence that
the activities of SOD, APX, CAT and POX and lipid peroxidation
in cowpea seedling roots were not associated with differential
salt tolerance as previously characterized in terms of growth
rate and oxidative response in plant leaves.
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