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Abstract To analyse nodular expression of antioxidant
enzymes depending on plant genotype and salinity, two
Phaseolus vulgaris genotypes, tolerant BAT477 and sen-
sitive COCOT, were inoculated with the reference strain
Rhizobium tropici CIAT899 and grown under 25 and
50 mM NaCl. Plant growth, nodulation and nitrogen fixing
activity measured by the acetylene reducing activity (ARA)
as an indicator of nitrogenase (E.C. 1.7.9.92) activity were
more affected by salt concentrations in COCOT than in
BAT477, particularly with 50 mM NaCl. Electrophoresis
analysis of antioxidant enzymes in nodules, roots and free-
living rhizobia showed that only catalase (CAT E.C.
1.11.1.6) isoenzymes varied with genotype. The sensitive
genotype showed lower antioxidant enzyme activities than
tolerant genotype and it was more affected by salinity. In
the tolerant genotype catalase and ascorbate peroxidase
(APX, E.C. 1.11.1.11) were inhibited by salt stress,
whereas superoxide dismutase (SOD, E.C. 1.15.1.1) and
peroxidase (POX, E.C. 1.11.1.7) were activated by salinity.
Statistical analysis allowed suggesting that tolerance to
salinity is associated with a differential regulation of dis-
tinct superoxide dismutase and peroxidase activities.
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Abbreviations

APX Ascorbate peroxidase

ARA Acetylene reducing activity

ASC-GSH cycle Ascorbate—glutathione cycle

CAT Catalase

EDTA Ethylenediaminetetraacetic acid

MTT 3-(4,5-Dimethlthiazol-2-4)-5-5diphenyl
tetrazolium bromide

NBT Nitroblue tetrazolium

NDW Nodule dry weight

PMSF Phenylmethylsulfonyl fluoride

POX Guaiacol peroxidase

PVP Polyvinyl-pyrrolidone

ROS Reactive oxygen species

RDW Root dry weight

SDwW Shoot dry weight

SOD Superoxide dismutase

TEMED N,N,N’,N’-tetramethyl ethylene
diamine

Tris Tris (hydroxymethyl) aminomethane

Introduction

Salinity is one of the major abiotic stresses affecting
legume production in arid and semi arid regions, particu-
larly when these plants depend on symbiotic N, fixation for
their nitrogen requirements (Drevon et al. 2001). Soil
salinity can limit productivity by adversely affecting the
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growth of host plant, symbiotic development of root-nod-
ule, bacteria and nitrogen fixation capacity (Delgado et al.
1993). Nitrogenase, the key enzyme of nitrogen fixation,
was subjected to a fragile equilibrium. Nevertheless, a high
respiration rate is required to support the nitrogen fixation
process (Jebara and Drevon 2001), and this leads to the
generation of large amounts of reactive oxygen species
(ROS; Blokhina et al. 2003). Moreover, during the earlier
stages of plant-rhizobia interaction, the host plant react to
the invasion of bacteria by the over production of ROS to
initiate the hypersensitive reaction (Santos et al. 2000)
which are responsible for most of the oxidative damage in
biological systems (Reddy et al. 2004) including DNA
nicking, amino acid and protein oxidation and lipid per-
oxidation (Johnson et al. 2003). Salinity induces the pro-
duction of stress proteins or antioxidant enzymes to
minimise damages caused by ROS (Matamoros et al.
2003). Mechanisms of ROS detoxification exist in all
plants and can be categorized as non enzymatic-(flava-
nones, carotenoids and ascorbic acid) and enzymatic anti-
oxidants such as superoxide dismutases (SOD, E.C.
1.15.1.1), a metalloenzyme playing a key role in protection
against oxidative stress (Moran et al. 2003), peroxidases
(POX, E.C. 1.11.1.7), ascorbate peroxidases (APX, E.C.
1.11.1.11) belongs to ASC-GSH cycle and collectively
functions as a peroxide-scavenging mechanism (Comba
et al. 1998). The catalases (CAT, E.C. 1.11.1.6) are located
mostly in peroxisomes and glyoxisomes (Scandalios et al.
1997); bacteroids also contain high levels of catalase, but
no peroxidases (Becana et al. 2000).

The objective of this work was to investigate the effect
of salt stress on two genotypes of Phaseolus vulgaris
BAT477 and COCOT inoculated by the reference strain
CIAT899. The correlation between nodular antioxidant
enzyme activities and symbiotic performance was also
discussed in order to find out likely mechanisms that might
help to cope with salinity.

Materials and methods
Biological materials

The bean seeds of BAT477 (supplied by S. Beebe, CIAT,
Colombia) or COCOT (provided by M Trabelsi, ESA
Mateur, Tunisia) were surface sterilized, inoculated with
the reference strain Rhizobium tropici CIAT899 and ger-
minated on perlite.

Trials were performed in a temperature-controlled
glasshouse with night/day temperature of 25°/35°C and
16 h photoperiod; the irradiance was supplied by mercury
vapor lamps (OSRAM HQI-T400W/DH). Plants were
grown in 1-L glass bottles, wrapped with aluminium foil to
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maintain darkness in the rooting environment. Plants
received the nutrient solution of Vadez et al. (1996) added
with 1 g L™! CaCO; to maintain pH near 7, and renewed
every 2 weeks.

Seven days after sowing (DAS), the plant seedlings were
transferred to bottles and reinoculated by the supply of
1 mL of the aforementioned inoculant directly into the
nutrient solution aerated with air flow of 400 mL min~'
(Jebara et al. 2001). At 20 DAS, the solution was renewed,
and the plants were exposed to salinity by adding NaCl
(final concentration 25 or 50 mM) to the growth medium.
Plants were harvested at 42 DAS corresponding to flow-
ering stage.

Nitrogen-fixing assay: nitrogenase activity

Nitrogenase (E.C. 1.7.9.92) activity was assayed by acet-
ylene reduction activity, ARA, (Hardy et al. 1968) using
gas chromatography with Porapak-T column. All gas
measurements were performed with five replicates per
treatment within 35-42 DAS, corresponding to late vege-
tative or early flowering stages. Nodule-bearing roots were
incubated in 10% C,H, atmosphere. After 60 min of
incubation, three replicates of 0.5 mL samples were with-
drawn from the root atmosphere of each plant (three plant/
association), and ethylene production was measured by gas
chromatography. Pure acetylene and ethylene were used as
internal standards; the use of such a closed system for
measuring acetylene reduction, was only for comparative
purposes (Vadez et al. 1996).

Preparation of enzyme extracts

The extraction of total proteins and enzyme activities was
made at 4°C with 3 g fresh nodules or roots which were
harvested directly into liquid nitrogen in a mortar, with
50 mg PVP, 1 mM PMSF, 10 mM DTT and 0.1 mM
EDTA, in 50 mM potassium phosphate buffer pH 7.8. For
analysis of APX, the extraction buffer also contained
5 mM ascorbate (Gogorcena et al. 1997). Protein concen-
tration was estimated according to Bradford (1976) using
bovine serum albumin as standard.

Enzyme assays

Spectrophotometric determination of SOD (E.C. 1.15.1.1)
activity was assayed by monitoring the inhibition of pho-
tochemical reduction of nitro blue tetrazolium (NBT)
according to the protocol of Yu and Rengel (1999). One
unit of SOD activity was defined as the amount of enzyme
required to cause 50% inhibition of reduction of NBT as
monitored at 560 nm. SOD was revealed by NBT using the
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procedures of Beauchamp and Fridovich (1971) on 10%
acrylamide native gel (Laemmli 1970).

The peroxidase (POX, E.C. 1.11.1.7) activity was
measured with a reaction medium containing 50 mM
phosphate buffer pH 7, 9 mM guaiacol and 19 mM H,0,
according to Anderson et al. (1995). The kinetic evolution
of tetraguaiacol formation from guaiacol at 470 nm was
measured for 1 m. Peroxidase activity was calculated using
the extinction coefficient (E = 26.6 mM~' cm™'). One
unit of peroxidase was defined as the amount of enzyme
that caused the formation of 1 pM of tetraguaiacol/min.
The electrophoretic separation of POX was performed on
native 10% acrylamide gel pH 8.8. Then, the gel was
incubated in acetate buffer pH 4 in the dark at 30°C for
30 min, and the revelation of acid peroxidase bands was
obtained by using the peroxides in acetate buffer pH 5
(Vallejos 1983).

The ascorbate peroxidase (APX, E.C. 1.11.1.11) activity
was measured by monitoring the decline at 290 nm as
ascorbate (E = 2.8 mM~! cmfl) was oxidized for 3 min
(40 s lag period) according to Amako et al. (1994). In
1 mL reaction volume containing 50 mM potassium
phosphate buffer pH 7; 10 pL enzyme extracts 0.1 mM
hydrogen peroxide and 0.5 mM ascorbate. Adding the
H,0, started the reaction. APX isozymes were separated
on nondenaturing acrylamide gels 10% supported by 10%
glycerol and stained according to Mittler and Zilinskas
(1993).

The catalase (CAT, E.C. 1.11.1.6) activity was mea-
sured according to the method of Aebi (1984) by following
the decline at 240 nm as H,O, (E = 36 M™! cmfl) was
catabolized, in reaction mixture containing 20 puL enzyme
extract in 50 mM potassium phosphate buffer pH 7, the

Table 1 Effect of 25 and 50 mM NaCl on shoot dry weight
SDW (g plant™"), root dry weight RDW (g plant™"), dry weight
NDW (g plant_l), acetylene  reduction  activity =~ ARA
(umol C,Hy h™! plantfl), ARA NDW™! (pmol C,Hy h™! gf') and

reaction was started by adding H,0, at final concentration
15 mM, and its consumption was measured for about 30 s
at 240 nm. CAT isoenzymes were separated on nondenat-
urating acrylamide gels 7% at 100 V for 2 h at 4°C. Gels
were then soaked in 3.27 mM H,O, for 15 min, rinsed in
water, and stained in a solution of 2% potassium ferricy-
anide and 2% ferric chloride (Anderson et al. 1995).

Statistical analysis

The growth values and parameters related to nitrogen fix-
ation were means of nine replicates per treatment. Six
replicates were performed for the enzyme activity assays
and protein content. All results were subjected to a two-
away analysis of variance with least significant difference
(LSD) test between means (P < 0.05) and Duncan’s mul-
tiple range test. Statistics regressions were computed with
Statistica software.

Results
Effect of salt stress on plant growth and nodulation

Analysis of growth parameters in control condition showed
that BAT477 had a superior vegetative growth and nodu-
lation than COCOT (Table 1). Both genotypes showed a
significant decrease in their biomass under 25 mM NaCl,
and a higher decrease was observed under 50 mM NaCl. In
BAT477, shoot dry weight (SDW) was 27 and 39%
inhibited by 25 and 50 mM NaCl, respectively. The root
dry weight (RDW) was less inhibited than the SDW, but
only the application of 50 mM NaCl inhibited RDW up to

total soluble protein in nodule and root (mg g_l fresh weight) of
BAT477 and COCOT genotype inoculated with reference strain
CIAT899

Genotype NaCl (mM) SDW RDW NDW ARA ARA NDW™! Nodule protein Root protein

BATA477 0 4.72 aA 2.23 aA 0.55 aA 6.8 aA 12.4 aA 5.81 aA 1.32 aA
25 345b 1.89 a 033b 32b 9.7b 522b 1.29 ab
50 288 ¢ 1.54 b 024 c 07c¢ 29c¢ 447 c 1.26 b

COCOT 0 422 aB 2.01 aA 0.43 aB 4.5 aB 10.5 aB 2.83 aB 0.66 aB
25 271D 1.56 b 025b 1.5b 6b 237D 0.51b
50 1.94 b 0.86 ¢ 0.16 ¢ Oc Oc 1.58 ¢ 0.50b

ANOVA

Genotype * * ns ns ns ns *

Salt ns ns * * * * ns

Genotype x salt ns ns ns ns ns ns ns

ns not significant; * significant by two way ANOVA analysis. To assess salt effect, data representing control and NaCl-stressed symbioses are
different according to confidence limit (n = 8-10, alpha = 0.05) if denoted with different small letter. To compare genotype efficiency on
control conditions, means denoted by the same capital letters do not differ significantly at P = 0.05 based on Duncan’s multiple range test
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catalase CAT (pumole H,O, min~! ug71 FW) of BAT477 and
COCOT inoculated with reference strain CIAT899 and treated with
25 and 50 mM NaCl

Table 2 Specific antioxidant enzyme activities superoxide dismutase
SOD (U pg~' protein FW), peroxidase POX (mM H,0, pg~' FW),
ascorbate peroxidase APX (mM ascorbate min~' pg~' FW) and

Genotype NaCl (mM) SOD POX APX CAT
Nodule Root Nodule Root Nodule Root Nodule

BAT477 0 26 cA 48 aB 17.1 cA 6.9 cA 43 aB 27 bB 10.1 aA
25 33b 39b 19.6 b 104 b 36 b 28 b 9.6 a
50 39a 42b 223 a 153 a 26 ¢ 31a 460

COCOT 0 26 aA 182 bA 15.6 bB 4.4 bB 70 aA 45 cA 8.1 aB
25 15b 126 ¢ 19.1 a 7.6 a 34b 109 b 4.8 b
50 23 a 227 a 84c 2.1c 32b 174 a 35¢c

ANOVA

Genotype ns * * * * * ns

Salt * * * ns ns * *

Genotype X salt ns * * ns ns * ns

No detected roots CAT activity. ns not significant; * significant by two way ANOVA analysis. To assess salt effect, data representing control and
NaCl-stressed symbioses are different according to confidence limit (n = 8-10, alpha = 0.05) if denoted with different small letter. To compare
genotype efficiency on control conditions, means denoted by the same capital letters do not differ significantly at P = 0.05 based on Duncan’s

multiple range test

31%; the nodule dry weight (NDW) was the most inhibited
by both salt concentrations (Table 1). The COCOT SDW
inhibition was 37% under 25 mM NaCl and reached 54%
under 50 mM NaCl; the RDW was significantly inhibited
by salt treatments, while the most affected parameter was
NDW which was inhibited about 62% by 50 mM NaCl
(Table 1).

The ARA was significantly higher in BAT477 than in
COCOT (Table 1) and reached a maximal value at the
harvest (42 DAS). Application of 25 mM NaCl induced a
53% decrease in ARA for BAT477, whereas 50 mM NaCl
induced a strong inhibition that nodules preserved only
10% residual activity. The ARA inhibition in COCOT was
66% by 25 mM NaCl, and 50 mM NaCl caused a total
inhibition of the ARA.

The specific nitrogen fixation activity assessed by the
ratio ARA NDW ™! decreases more accurately in COCOT
than in BAT477, which confirms and differentiates tolerant
from sensitive genotypes.

Salt stress effect on protein content

The total protein content in nodules and roots was higher in
BAT477 than in COCOT (Table 1). Overall nodules were
richer in protein content than in roots whenever the geno-
type and nodules were more affected by salinity than roots
for both symbioses. The decrease in nodule protein in
BAT477 did not exceed 10% under 25 mM NaCl and was
about 23% under 50 mM NaCl, whereas in COCOT this
decrease was, respectively, 16 and 44%. The proteins
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content in root was only affected by the highest salt
treatments in BAT477, whereas the decrease reached 23%
in COCOT with tested treatment.

The analysis of a total variance indicated that genotype
effect was involved essentially in SDW and RDW, whereas
treatment effect had a marked effect on nodulation param-
eters ARA and NDW. These effects increased significantly
under salt stress, whereas we did not measure significant
effect in genotype-treatment correlation (Table 1).

Modulation of enzymatic antioxidant activity
under salinity

Superoxide dismutase

In the two studied genotypes, superoxide dismutase (SOD)
showed higher activity in roots than in nodules, and this
activity was significantly higher in COCOT than in
BAT477, whereas SOD activity was equal in nodules for
both symbioses (Table 2). BAT477 root SOD activity was
significantly inhibited by both salt treatments, whereas in
nodules we measured 26% activation under 25 mM NaCl
and about 50% under 50 mM NaCl.

The COCOT root SOD activity was 31% inhibited under
25 mM but 25% activated under 50 mM NaCl, whereas in
nodules we noted 42% decrease under 25 mM NaCl, but
only 12% decrease under 50 mM NaCl. The two tested
genotypes had a contrasting nodule SOD response; thus in
sensitive genotype COCOT nodule SOD was more inhib-
ited with 25 mM than 50 mM NaCl.
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Peroxidase

The BAT477 genotype was richer in peroxidase (POX)
activities than COCOT, and nodule POX content was
higher than root one (Table 2).

The two tested salt stress concentrations induced pro-
portional activation of BAT477 nodule and root POX
activities.

The COCOT root POX activity was 71% increased with
25 mM, but 53% inhibited with 50 mM NaCl, whereas in
nodules, salt treatment led to 22% activation with 25 mM
NaCl while 50 mM NaCl application induced 46% inhi-
bition (Table 2). Indeed, COCOT nodule and root POX
activities were inhibited by severe salt treatment, con-
firming the sensibility of this symbiosis.

Ascorbate peroxidase APX

COCOT genotype was richer in nodule- and root APX than
BAT477 genotype; in the latter, root APX variation was
not significant under 25 mM NaCl and increased with
50 mM NaCl. The application of 25 mM NaCl showed a
statically significant inhibition (16%) on BAT477 nodular
APX and under 50 mM NaCl the inhibition reached 39%
(Table 2). The COCOT APX root activity was strongly
activated (142%) with 25 mM NaCl and this activation was
two times higher (286%) with 50 mM NaCl.

The COCOT nodular APX inhibition was more impor-
tant in the order of 86% in both 25 and 50 mM indepen-
dently of salt concentration. Inversely to POX, APX
nodular activity of COCOT genotype was more affected by
salinity than BAT477.

Catalase CAT
The BAT477 nodules were richer in CAT activity than
COCOT and no catalase activity was detected in roots.

Application of 25 and 50 mM NaCl caused, respectively,
5 and 55% inhibition of BAT477 nodule activity (Table 2).

w

LT &

LY )
a3 i) 1 4 30 s 2 1
COCOT BAT477 COCOT

Fig. 1 Detection on 10% native polyacrylamide gel of a, superoxide
dismutase, b peroxidase and ¢, ascorbate peroxidase activities. Effect
of NaCl on BAT477 and COCOT roots (I control) and nodules

Catalase activity was 41% inhibited with 25 mM at
COCOT nodules and decreased about 57% with 50 mM
NaCl which was comparable to the BAT477 response.

However, in rhizobial suspension, CAT activity was
considerably low: about 0.12 & 0.02 mM min~' pg~'
protein. The differential inhibition of CAT was concomi-
tant with differential responses of symbioses to salt treat-
ment. Therefore, high CAT inhibition was registered with
salt treatment either in BAT477 or in COCOT genotype.

Results of a total variance analysis showed significant
genotype effect on POX and APX, whereas treatment had a
significant effect on SOD and CAT. For all analysed
parameters, the genotype-treatment interaction was lower;
however it increased with salinity (Table 2).

The analysis of SOD, POX and APX on native poly-
acrylamide 10% gel did not show variability between two
genotypes; the enzymes exist as well in COCOT genotype
as in BAT477 genotype (Fig. 1). The effect of two used
salt concentrations was only distinguished even though all
samples contained the same protein quantity. However, no
POX or APX activity was measured or revealed on the free
CIAT899 strain. The free-living rhizobia had a low SOD
activity in the order of 2.9 + 0.4 x 10> U SOD which
was relatively low compared with nodule or root SOD.

The CAT activity analysis on native polyacrylamide gel
(7%) revealed only one isozyme in free rhizobial suspen-
sion; therefore, BAT477 nodule had two isozymes, CAT1
and CAT3 (Fig. 2). The COCOT nodule revealed CAT1
and CAT2 isozymes. The CATI isozyme had strain origin
because it was common in two symbioses while the iso-
zyme CAT2 was specific to COCOT genotype and the
CAT3 isozyme was specific to BAT477 and no catalase
activity was detected in roots. Then, each genotype had a
specific nodular CAT isoenzyme, so this polymorphism
detected may be related to the difference observed in
response to stress. Subsequently, it was shown that host
genotype can influence the behaviour of symbioses salt-
treated, and these isoenzymes were interesting for further
characterisation.

u..

Nn.

.
9

BAT477

2 1 4 3
COCOT BAT477
(2 control; 3 25 mM NaCl treated; 4 50 mM NaCl treated). No

detected APX or POX rhizobial activity. All samples contained 30 pg
of protein
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Fig. 2 Revelation of catalase
activity on 7% acrylamide gel in
genotypes COCOT and
BAT477 (I control; 2 50 mM
NaCl treated; 3 25 mM NaCl
treated) and S, the reference
strain Rhizobium tropici
CIAT899. No detected catalase
activity in roots. All samples
contained 30 pg of protein

Discussion

Our results showed that all studied parameters were mod-
ulated dependently according to applied salt concentration
which like all other abiotic constraints slowed down the
plant growth and this slowing was a way to a mechanism of
stress adaptation (Zhu 2001), particularly at some legumes
such as P. vulgaris (Jebara et al. 2001; Tejera et al. 2004).
The effect of salt was more expressed on NDW which was
the most inhibited parameters as previously described
(Vadez and Drevon 2001; Jebara et al. 2005). Reduced
nodule formation of the common bean at low levels of
salinity could be due to adverse effects on the process of
nodule initiation; this process had been reported to be very
sensitive to osmotic stress (Velagaleti et al. 1990). How-
ever, other reports suggested that nodule growth reduction
was linked to the inhibition of enzymes associated with
sucrose degradation (Gonzalez et al. 2001).

Statistical analysis of correlation between all studied
parameters showed that for both genotypes, NDW was
highly correlated to RDW, SDW and ARA, which allowed
the suggestion that the genotype performance was closely
related to nodule response to stress. It is already demon-
strated that the relative genotype tolerance seems to be due
to its ability to higher leaf potential, adequate leaf area and
abundant and efficient nodular system, which in turn
determines an important rate of SNF (Sassi Aydi et al.
2008).

The salt treatment significantly inhibited ARA which
was significantly related (» = 0.95) to high NDW inhibi-
tion, and these high inhibitions concord with works that
observed with the chickpea nodules an important decrease
in ARA with NaCl treatment (Sheokand et al. 1995;
Mhadhbi et al. 2004).

According to our results, salinity adjusted the activity of
the main enzyme that protects nodular tissues against
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oxidative damage in relation to genotype ability. The two
tested genotype had a contrasting nodule SOD response, so
BAT477 response concord with result previously described
by Tejera et al. (2004), whereas COCOT nodule SOD was
more inhibited with 25 than 50 mM NaCl which showed a
relationship with their intrinsic performance as a response
to the drastic nodule-structure destruction caused by ROS
and proteases generated under salinity. So, the SOD sta-
bility, mainly root ones, under moderated oxidative stress
may be explained by the reduction of oxygen supply, as a
consequence of the nodular cortex permeability decrease
by salinity that limits the main source of ROS production
(Rubio et al. 2002).

The nodular POX activation was more significant in the
BAT477 and showed high correlation (r = 0.98) between
SOD and POX activities which suggests these antioxidants
play a crucial role in the tolerance mechanism of common
bean nodules to stress. Thus, the sensibility of COCOT
genotype may be due partially to the absence of this
correlation between SOD and POX activities. In fact,
50 mM NaCl induced a severe osmotic pressure which
caused a decrease of protein expression provoked by
higher reticence of the gene expression in sensible geno-
type than in tolerant one (Cruz de Carvalho et al. 2001).
Indeed, COCOT nodule POX root and nodule activities
were inhibited by severe salt treatment, confirming the
sensibility of this symbiosis and permit to deduce that
nodular POX activation by salinity contributes to the
symbiosis protection which confirms the observations of
Sheokand et al. (1995), and it was suggested to play an
important role in plant salt tolerance (Matamoros et al.
2003; Mhadhbi et al. 2004).

The APX nodular activity of COCOT genotype was
more affected by salinity than BAT477 one and this inhi-
bition was more pronounced and independent of the salt
concentration. These results suggest the secondary role of
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this activity to protect nodular tissues. In fact, APX has
been shown to enhance N, fixation up to 4.5-fold in in vitro
model system consisting of bacteria (Azorhizobium) or
soybean nodules bacteroids (Ross et al. 1999). The con-
comitant decline in the enzyme activities of the ASC-GSH
pathway suggest a key link between the process of Nj
fixation and the mechanism for protection against ROS
(Swaraj et al. 1993). These results suggest the secondary
role of APX activity to protect nodular tissues which was
strongly supported by the close correlation between ARA
and APX activity (r = 1) in COCOT nodules.

The differential inhibition of CAT was concomitant with
differential responses of symbioses to salt treatment.
Therefore, high CAT inhibition was registered with salt
treatment either in BAT477 or in COCOT genotype
remembers a considerable decline in chickpea catalase
nodule activity with 50 and 100 mM NaCl, up to 44 and
47% respectively (Sheokand et al. 1995) and in common
bean (Tejera et al. 2004).

On the other hand, the high negative correlation between
SOD and CAT activities (r = —0.90) observed essentially
in BAT477 genotype suggests that SOD activity could be a
protective enzyme that blocks the inhibition of nitrogenase
activity by oxygen radicals or by superoxide anions. The
decrease in catalase would lead to increase the hydrogen
peroxide levels, although this accumulation in tissues could
also be due to the action of SOD. According to COCOT
genotypes we notice high correlation (r = 0.96) between
APX and CAT activities, and both activities were corre-
lated with growth and nodulation; this suggests that CAT
and APX enzymes act as key detoxifying enzymes under
stress conditions in sensitive symbiosis, confirming the role
of antioxidant defence in P. vulgaris plant facing osmotic
stress (Sassi et al. 2008).

Moreover, an interesting result that each genotype had a
specific nodular CAT isoenzyme, so this only detected
polymorphism in tested activities may be related to dif-
ference observed response to stress. Subsequently, it was
shown that host genotype can influence the behaviour of
symbioses salt treated and these isoenzymes were inter-
esting for further characterisation. In fact, many catalase
activities play an important role for maintaining nodule
function (Jamet et al. 2003).

In conclusion, our results indicate that symbiotic effi-
ciency under salinity might be related to the antioxidant
enzyme activity capacities and with interaction between
rhizobia and plant host. Furthermore, the high correlation
coefficient of SOD and POX with genotype efficiency
under salinity suggests that tolerance to salinity is associ-
ated with a differential regulation suggesting that these two
antioxidant enzyme activities are molecular markers for
salt tolerance.
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