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EFFECTS OF NaCl ON PLANT GROWTH AND ANTIOXIDANT ACTIVITIES
IN FENUGREEK (Trigonella foenum graecum L.)

EFEITOS DO NaCl NO CRESCIMENTO DE PLANTAS E ATIVIDADES
ANTIOXIDANTES EM FENO-GREGO (Trigonella foenum graecum 1.)
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ABSTRACT: Fenugreek is used as a spice, vegetable and a important medicinal crops cultivated throughout the
world. Since antioxidant properties have been linked to health benefits of natural products, such properties were studied
salt concentrations (0, 50, 100,150 and 200 mM NaCl) effect on plant growth mineral contents composition, antioxidant
responses and phenolilc contents. Results showed a reduction of dry weights of leaves stems and roots growth. These
changes were associated with decreased in water content, K* and Ca** concentrations and a highly increased in Na* and CI
contents in different organs. Catalase, guaiacol peroxidase activities and total phenolic content significantly increased in
fenugreek leaves. Data reported here revealed the variation of phenolic compound contents at different organs in the
presence of salt, who suggested the use of Fenugreek in commercial and economic applications.
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INTRODUCTION

In order to meet the increasing demand for
medicinal plants, for the indigenous systems of
medicine as well as for the pharmaceutical industry,
many medicinal plants need to be cultivated
commercially, but soil salinity and other forms of
pollutions represent serious threats to plant
production (QURESHI et al. 2005). In this context,
fenugreek (Trigonella foenum graecum L.), an
annual herb belonging to family Fabaceae, is
extensively cultivated in most regions of the world
for its medicinal value Moradi, 2013.

In many countries, this species is grown in
arid and semi-arid regions where high concentration
of salts is an important characteristic of the soils
(MORADI, 2013). Soil salinity is one of the major
abiotic stresses which affect seeds germination
(MISRA; DWIVEDI, 2004), and cause several
problems for plant growth (DEMIRAL; TURKAN,
2006). Although salt stress affects all growth stages
of a plant, seed germination and seedling growth
stages are known to be more sensitive for most plant
species (CUARTERO et al., 2006)

The salinity, or drought stress, causes a
serious secondary effect on cells. The effects can be
direct, as the decreased CO2 availability (CHAVES
et al, 2009), alterations on photosynthetic
metabolism (PINHEIRO et al., 2011), or they can
arise as secondary effects, such as oxidative stress
and the associated synthesis of ROS as well as
changes in enzyme and antioxidant metabolism.
Whether ROS would act as signaling molecules or

might cause oxidative stress to the tissues depend on
the refined balance between ROS production, and
their scavenging. Satisfactory scavenging of ROS
produced at the same time in environmental stresses
depends on the action of several non enzymatic as
well as enzymatic antioxidants in the tissues
(SHARMA et al., 2012).

Antioxidant enzymes play a key role in
plant antioxidative stress (ESFANDIARI et al.
2007). Some study results showed that both non-
enzymatic and enzymatic antioxidant mechanisms
responded clearly to temperature and salinity stress,
suggesting  divergent response  mechanisms
(NAGESH BABU; DEVARAJ, 2008). The
activities of antioxidant enzymes increased plant
resistance to salinity, which depends heavily on the
plant species and growth stage (ZHANG et al.
2016).

The phenolic (non-enzymatic antioxidant)
compounds actively participate in the plant
interactions with its environment in the sense that
they allow it to respond to various biotic and abiotic
stresses. These phenolic compounds play an
important role in the adsorption and neutralization
of free radicals, singlet oxygen, or the peroxide
decomposition (KSOURI et al. 2007).

The fenugreek is known traditionally for its
therapeutical and medicinal value, because of its
richness in secondary metabolites that may be its
means of defence against biotic and/or abiotic.
However, the salinity may influence the yield of
these crops by two opposite effects, increasing the
concentration of these metabolites in tissues, on the
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one hand, and/or reducing their biomass production
on the other hand (DE ABREU; MAZZAFERA,
2005).

Thus the salt-stressed plants may represent
potential resources of polyphenols, increasing the
concentration of these latter in tissues. Nowadays,
we give an increasing interest to the identification
and recovery of natural antioxidants of the plant
origin. Consumers pay more attention to a healthy
and balanced diet, relying heavily on the use of
natural  preservatives (RAGHAVAN, 2007).
Therefore, we can hypothesize that the optimal
performance of polyphenols would be obtained by
using stress-tolerant species (DE ABREU AND
MAZZAFERA, 2005).

This work was conducted to elucidate the
effects of increasing salinity concentrations on
physiological, antioxidant activity, composition
phenolic. The aim of this paper was to determine the
limits of fenugreek tolerance at high salinity
concentration.

MATERIAL AND METHODS

Plant materials and treatments

Seeds of fenugreek (7Trigonella foenum-
graecum L) were sterilized with sodium
hypochlorite and rinsed thoroughly with tap water
and then with distilled water. To evaluate the effect
of NaCl on fenugreek, the seeds sown in Petri dishes
with wet filter paper for germination in the dark at
25°C. Five days after germination; seedlings were
transferred into pots containing nutrient solution of
Hoagland and Arnon (1940) in a growth room.
Photoperiod was 16 h with 150 umol m-2 s-1 PAR
at the plant level. Day and night temperature and
relative humidity regimes  were 22/18°C and
60/80%, respectively.  Fifteen days  after
germination, an initial harvest was performed. Then,
five  treatments were  started. In the  first,
seedlings were cultivated in the same nutrient
solution and considered as control. In the other
treatment, 50, 100, 150 and 200 mM NaCl was
added to the medium. The final harvest was
performed after 10 days of treatment. For
each treatment, 8 plants were taken and the fresh
weights of leaves (leave order 4), stems and roots
were weighed. The samples were then oven-
dried at 70°C for 72 h for the determination of DW
(DANESHMAND et al. 2010). Besides, fresh
samples from each plant were immediately
frozen in liquid nitrogen and stored at -80°C until
performing biochemical analysis.

Ions Content
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Main ions were extracted from 25 mg
samples of dried and ground organs in nitric acid 0.1
N. Then, K* and Na® were assayed by flame
emission photometry (Jenway, PFP-7, UK) and Ca*
and Mg™ contents were measured by atomic
absorption spectrophotometry (Varian, SpectrAA
220FS, Mulgrave, Australia). For anions, chloride
was determined by coulometry (Butcher Cotlove).
All mineral analyses were performed on HNO3
extracts.

Phenolic Compounds Analysis

Leaves were dried in a dark and aerated
room with a temperature of 25-30 °C, for two
weeks. Acetonic leaf extracts, used to determine the
polyphenol content and antioxidant activities, were
obtained by magnetic stirring for 30 min of 1 g dry
organ powder with 10 ml Acetone 80 %. Extracts
were kept at 4° C for 24 h and filtered through
Whatman filter paper. This final solution was stored
at 4° C and used to determine phenolic, flavonoid
and tannin contents and to estimate non-enzymatic
antioxidant activities (total antioxidant activity and
Scavenging ability of DPPH radical).

Total phenolic content

Total phenolics were assayed using the
Folin-Ciocalteu reagent, following Singleton et al.
(1999) method; the method was based on the
reduction of a phosphowolframate-
phosphomolybdate complex by phenolics to blue
reaction products and slightly modified by Dewanto
et al. (2002). An aliquot of 125 ul of diluted
extract (20% (v/v)) was added to 500 pl of
deionized water and 125 pl of F-C reagent. After
shaking, the mixture was incubated for 3 min
at room temperature. Then, 1250 pl of 7% Na,CO;
solution was added. The volume obtained was
adjusted to 3 ml using distilled water, mixed
vigorously, and held for 90 min at ambient
temperature. The absorbance of the solution was
then measured at 760 nm against a blank. The
sample was analysed in triplicate and the total
phenolic content was expressed as mg of gallic acid
equivalents (GAE) per gram of dry weight through a
calibration curve range of 50 to 400 ug ml-1(R2
=0.99).

Flavonoid Quantification

Total flavonoids were measured using a
colorimetric assay developed by Dewanto et al.
(2002) An aliquot of diluted sample of leaf extract
or standard solution of (+)-catechin was added to
75 pL NaNO; solution (70 g 1-1 ) and mixed for 6
min, before adding 0.15 ml AICI3 (100 g L-1 ).
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After 5 min, 0.5 ml of 1 mol L-1 NaOH solution
was added. The final volume was adjusted to 2.5
ml, thoroughly mixed, and the absorbance of the
mixture was determined at 510 nm. Total flavonoids
were expressed as grams of (+)-catechin equivalent
per kilogram dry weight (g CE kg-1 DW), through
the calibration curve of (+)-catechin (50 -500 mg
ml). All samples were analysed in three replications.

Tanin Quantification

0.05 ml of fenugreek samples extracted in
non diluted acetone was added to 3 ml of vanilline
(4%), and 1.5 ml of concentrated H,SO,.
Absorbance of resulting pink-coloured solution was
read at 500 nm against extract solvent as a blank
(ZHISHEN et al. 1999). The amount of total
condensed tannins is expressed as mg (+)-catechin
/g DW.

The calibration curve range was 0 a 500
ug.ml™” de catéchine (R2=0.99). All samples were
analysed in three replications.

Total protein extraction and enzyme assays

Leaves from separate plants were ground in
a mortar with liquid nitrogen, and the powder was
mixed with 50 mmol 1™ of pH 7.5 phosphate buffer
containing 1 mmol 17" EDTA, 1 mmol I
dithiothreitol (DTT), 50ml I"" glycerol and 50 g 1™
polyvinylpyrrolidone (PVP), and centrifuged (15
000 x g, 4°C, 20 min). After extraction, protein
concentration was determined according to Bradford
(Catalase (EC 1.111.1.6) activity was measured
according to the modified method of Chance and
Maehly.24 The reaction mixture consisted of 25
mmol 1”' potassium phosphate buffer (pH 7.0), 30
mmol 1" H,0, and enzyme extract. The
decomposition of H,O, was followed by measuring
the decrease in absorbance at 240 nm. Total
peroxidase activity (EC 1.111.1.7) was assayed
using guaiacol as an electron donor, with a reaction
mixture containing 50 mmol 17" potassium
phosphate (pH 7.0), 0.1 mmol I EDTA, 5 mmol 1"
H,0, and 10 mmol 1™ guaiacol — a method derived
from Fielding and Hall (1978). The increase of
absorbance, due to tetraguaiacol formation, was
recorded at 470 nm.

Evaluation of total antioxidant capacity

The assay is based on the reduction of Mo
(V) to Mo (V) by the extract and subsequent
formation of a green phosphate/Mo (V) complex at
acid pH (PRIETO et al. 1999). An aliquot of sample
extract was combined in an eppendorf tube with 1
ml of reagent solution (0.6 M sulfuric acid, 28 mM
sodium phosphate, and 4 mM ammonium
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molybdate). The tubes were incubated in a thermal
block at 95 C for 90 min. After the mixture had
cooled to room temperature, the absorbance of each
solution was measured at 695 nm (Anthelie
Advanced 2, SECOMAN) against a blank. The
antioxidant capacity was expressed as mg gallic acid
equivalent per gram of dry weight (mg GAE/g DW).
All samples were analyzed in three replications.

RESULTS

Plant aspect, Growth and
relative water contents

The growth responsesto salt stress of
fenugreek were represented in Figure 1. The
biomass accumulation of fenugreek was impaired
by NaCl, a few days after salt treatment was
started; wish yellow colouration of young leaves
(revealed incipient necrosis). For shoots, biomass
production decreased by 10% in comparison to
control after 10 days of NaCl treatment (Figure 1).
This response was accompanied by a diminution of
the leaf number mainly associated with a reduction
of total leaf area, (Table 1) and gradual diminution
total leaf surface area by 60% at NaCl 200 mM.
Nevertheless, the effect of salt on biomass was also
important in roots than leaves and less pronounced
in stems. In addition, the applied NaCl inhibit the
growth of fenugreek plant.

Water content of three organs of
fenugreek (Figure. 2) depended poorly on NaCl
treatments. At 50 mM, salt treatment induced no
significant effect on stems and roots tissue
hydration in fenugreek, but increased it (by 30 %)
in leaves. At higher NaCl concentration (200 mM
NaCl), water content decreases significantly at
different organs, but it’s were more pronounced in
roots (Figure. 2).

The water content of stems is was higher
than leaves and roots in the presence and absence of
salt. Other parameters can be used to express the
effect of NaCl on the growth of fenugreek plants,
such as the sensitivity index SI, calculated from the
production of dry material are shown in Table 1.
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Figure 1: Fresh weights (FW) and Dry weights (DW) in leaves, stems, and roots Fenugreek plants after 10
days of growth under NaCl (0, 50,100, 150 et 200 mM NaCl) conditions. Average of 8 repetitions and

confidence intervals at 5%.
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Figure 2: Effect of NaCl on tissue hydration in leaves, stems, and roots fenugreek plants after 10 days of
growth under NaCl (0, 50, 100, 150 and 200 mM NaCl) conditions. Average of 8 repetitions and

confidence intervals at 5%.
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Table 1: Effect of increasing NaCl concentration in leaves of Trigonella foenum-graecum on the leaf surface
and the total number of plant leaves of fenugreek. The culture duration is 10 days in absence or
presence of 50, 100,150 and 200 mM NaCl. Average of 6 repetitions. Safety interval at 5%.

NaClmM 0 50 100 150 200
Total leaf surface area  19,75+£3.46 2 19,03£3.33 a 1409355 b 1083+2.15 ¢ 7719+149 d
Individual leaf surface area 0,49 +0.07 a 0,51£0.06 2 048+£003 a 041+0.02 b 04005 b
Leaf number 4139 a 38510 b 309+9 ¢ 268+64 d 199+4 ¢

SI negative values are observed in response to higher concentrations of NaCl (150 and 200 mM).

Ion accumulation

Salt stress causes disturbances in the
mineral nutrition of fenugreek plants. In the
presence of NaCl, the amounts of K* and Ca®
absorbed by roots and transported to the shoots were
decreased significantly with the increasing of

Na* and CI' concentrations in the tissues
increased with different NaCl concentration, (Figure
3). The Na" and CI' accumulation was clearly
increased as when NaCl concentration was
increased from 0 to 200 mM, in the different
organs. As similarly to ClI" accumulation, Na®

salinity levels , (exceptly of steems) stricted reaches very high values at of 200 mM NaCl: 4.45;
significantly. 4.01 and 5.59 méq.g DW’', respectively, in the
leaves, stems and roots.
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Figure 3: Na , Cl K* and Ca > content in leave, stem, and roots fenugreek plants after 10 days of
growth under NaCl (0, 50, 100, 150 and 200 mM NaCl) conditions. Average of 8 repetitions and

confidence intervals at 5%.

The soluble proteins

Protein contents in the leaves of fenugreek
plant after 10 day of NaCl treatment are given in
Figure 4. It seems that the presence of NaCl salt in
the nutrient solution did not affect proteins contents
at a 50 mM NaCl concentration, but was increase
from 100 mM NaCl, and increased by about 200%
at 150 mM.

Antioxidant enzyme activity

To control the level of reactive oxygen
species under stress conditions, plant tissues contain
a series of enzymes scavengers of ROS. An
arrangement of enzymes is needed for the
regeneration of the active forms of the antioxidants;
represented by both non enzymatic and enzymatic
reactions (ZOROV, 2014)
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Figure 4. Effect of NaCl on the content of total soluble protein in fenugreek plant leaves (Trigonella foenum-
graecum) local variety. Average of 8 repetitions and confidence intervals at 5%.

In our study, a quantitative analysis of the
activities of some antioxidant enzymes, such as
guaiacol peroxidase and catalase, are also measured
in order to clarify the effect of salt on the
antioxidant activity of fenugreek plants grown on a
medium added or not with NaCl (0, 50, 100 et 150
mM). The results are shown for the leaves in
Figures 5 and 6. An increase in the activity of
antioxidant enzymes at a lower salt concentration
(50 mM), as shown in Figures 6.

The GPX activity increases with the NaCl
concentration in fenugreek leaves and reached 300%

at a concentration of 100 and 150 mM NaCl as
compared to control. The catalase activity in
fenugreek plants, cultured in the presence and
absence of salt, is shown in Figures 6. At control
medium, catalase activity is of 6.77 m.mol H,0,
min".mg P, In the presence of 100 and 150 mM
NaCl, CAT activity in leaves respectively increases
by 200 and 250% as compared to control. The salt
stress induced a significant increase in the activity
of enzyme of-fenugreek.

GPX, Unit.min-'.g-'MF
[oe]

12]
I - '
0 50 100 150

NaCl, mM

Figure 5: Effect of salt on the peroxidase activity (GPX) on the fenugreek plant leaves (Trigonella foenum
graecum). Average of 6 repetitions and safety intervals of 5%.
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Assay of secondary metabolites
Total polyphenols content

The effect of salt stress on the total
polyphenol content of fenugreek leaves was shown
in Table 2. Polyphenols content depend on the salt
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NaCl, mM

Figure 6: Effect of salt on the catalase activity on the fenugreek plant leaves (Trigonella foenum graecum).
Average of 6 repetitions and safety intervals of 5%.

concentration. The increase of salt concentration
induced a greater accumulation of polyphenols.
Indeed, polyphenol contents significantely
increased by 30 and 71% as compared to control.

Table 2: The effect of salt stress on the levels of total polyphenols (mg EAG.g"' MS), flavonoids, condensed

tannins (mg EC.g"' MS) and in total antioxidant capacity of fenugreek leaves.

repetitions and safety intervals at 5%.

Average of 4

0 mM 50 mM 100 mM 150 mM
Polyphenol content 458 d 8.38 c 10.7 b 127 a
Flavonoid content 266 d 453 ¢ 616 b 825 a
Tanin content 084 9 136 € 166 P 175 @
ATT 2178 € 2506 b 2578 b 3106 2

Flavonoids content

Depending on salt treatments, the changes
in flavonoids levels in leaves are shown in table 2.
Total flavonoids contents, expressed as mg EC.g-'
MS, are estimated on acetone extracts of fenugreek
leaves. A stimulation of flavonoids content in leaves
as salt concentration increases. In addition
flavonoids content increased by two and three-fold
respectively at 50 and 150 mM NaCl as compared to
control.

Condensed tannins content

Salt addition increased the tannin content
from 50 mM of NaCl, but increases by 200 %
compared to the control at 100 mM NaCl (Table 2).

Estimation of total antioxidant capacity

The total antioxidant capacity was estimated
in fenugreek leaves extracts (Table 2). The results
showed that salt stress induces a significant
stimulation of the antioxidant capacity of leaves.
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DISCUSSION

The biomass produced by the Fenugreek, as
illustrated by leaf, stem and root dry weight, was
more depressed by salt in 150 and 200 mM. Growth
rate is expected to be positively related with
photosynthetic capacity, which itself is determined
by the total leaf number and the specific
photosynthetic activity of leaves. The effect of NaCl
on the growth of the fenugreek plants is perceptible
from a concentration of 100 mM NaCl. This effect
resulted in a decrease in plant biomass. To better
enhance the effect of NaCl on the growth of this
plant, we estimated the sensitivity index SI (Table
1). Our results suggest that the sensitivity of
biomass production is mainly dependant on the
growth activity during treatment. In addition
negative SI negative values are observed in response
to higher concentrations of NaCl (100 and 150
mM). The decrease in biomass depending on the
severity of stress could be an adaptive strategy.
Indeed, plant reduces its exchange surface with the
external environment in order to conserve a better
water content. In aromatic and medicinal plants,
recent studies emphasized sensitivity to salt stress;
illustrated by a decrease in growth, such as in
Mentha pulegium (OUESLATI et al. 2010), an
halophyte behavior in Sesuvium portulacastrum
(MESSEDDI et al. 2004) or by a reduction in the
biomass production by 25 and 38 % as compared to
control plants at 50 and 75 mM NaCl, respectively
(BEN TAARIT et al. 2010). A growth reduction by
salt constraint is considered by many authors as
critical parameters for discrimination between
species or cultivars, tolerant and sensitive.

(TUTEJA et al., 2011). Our findings suggest
that fenugreek was sensitive to salt at a moderate
NaCl concentration (100 mM NaCl).

Increasing levels of NaCl induced a
progressive absorption of Na® and CI in plant,
agreeing with Turan et al. (2007a, b). Excessive Na*
concentration in the plant tissue hinders nutrient
balance, and causes toxicity osmotic regulation
and causes specific ion toxicity (ARZANI, 2008).
When NaCl was applied to the soil, the levels of K*
in plant were reduced in accordance with the
antagonism between Na® and K" (AZEVEDO;
TABOSA, 2000). Besides, as in a Thellungiella
halophila (M’RAH et al. 2006), a competition in
absorption and transport of (K/Na) from the roots to
aerial parts was found. According to Kaddour et al.
(2009), a good selectivity for K™ was necessary to
maintain better plant growth on saline medium.
Indeed, a law biomass production due to Na®
competition with K* for uptake and transport causes
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a deficiency of potassium (SHIYAB et al. 2003).
Since potassium as suggested by Ashraf and Orooj
(2006) and Oueslati et al. (2010) was one of the
most  growth-limiting  factors under saline
conditions. Salt stress may have either an ionic or an
osmotic component in plants (TONON et al. 2004).
Both could potentially be responsible for the
observed physiological perturbations in fenugreek
leaves. The accumulation of Na* and CI  in leaves of
glycophytes is known to impose various stressors on
the cells which alter their functional state, resulting
in physiological stress (GASPAR et al. 2002). When
severe, these have several detrimental effects,
corresponding to direct or indirect salt toxicity. As
initially hypothesized by (M’RAH, 2006), in the
absence of efficient internalization of the ions by
leaf cells, their concentration in the leaf apoplast
may reach excessive values, leading to leaf cell
dehydration (MUNNS; PASSIOURA, 1984) and
membrane disruption (SPEER; KAISER, 1991).
Furthermore, if ions absorbed by the leaf cells are
not efficiently compartmentalized in the vacuoles,
Na* and Ca® may build to toxic levels in the
cytoplasm (FLOWERS et al. 1991), and essential
metabolic pathways such as photosynthesis may be
inhibited (MELONI et al. 2003). Ionic and osmotic
disturbances may also result in stomata closure,
which limits photosynthesis (MELONI et al. 2003).

In this study, we showed that fenugreek
plants exposed to NaCl increased the high proline
(Fig 7). Also, leaves of plants exposed on salt stress
have accumulated high levels of proline compared
to control plants. In addition there was
circumstantial evidence that the synthesis of proline
dirty stress induced was an adaptive response since
it can function as a non-toxic osmolyte, an
osmoprotectant that occurs in the cytoplasm where
it acts as a protecting of enzyme at the origin
(DELAUNEY; VERMA, 1993). It is believed that
this amino-acid helps in the protection of enzymes
and membrane integrity in plants subject to
restrictive conditions (ASHRAF; FOOLAD, 2007).
However, there 1is evidence that proline
accumulation was a symptom of salt stress-induced
metabolic disorders rather than being involved in its
alleviation (SILVEIRA et al. 2009). From this fact,
the salinity significantly increases in proline content
in different cultivars and tolerant and sensitive
species, with a greater accumulation among those
most tolerant (MANSOUR et al. 2005). This can be
correlated to an adaptation to salt (MANSOUR et al.
2005).

Effect of salt stress on the plant tissues were
determined by measuring of MDA content. Our
results showed lipid peroxidation increased as the
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stress level rose up. In fact, in leaves at 150 mM
NaCl, the MDA content was 4 fold higher than in
control. The increase in MDA content was a clear
indication for oxidative stress in these plants, which
thus seemed to suffer from a acute saline
aggression. It has been reported that MDA
content was correlated with leaf H,0O,
accumulation in two corn varieties (HAJLAOUI et
al. 2009). These results were previously reported in
other cultivated species (SUDHAKAR et al. 2001).

To better understand the nature of salt effect
and the ability of the fenugreek plant to tolerate this
abiotic stress, we were interested in studying the
effect of salt stress on biochemical parameters in
fenugreek. Excess of ROS causes phytotoxic
reactions such as lipid peroxidation, protein
degradation and DNA mutation (PITZSCHKE;
HIRT, 2006). To protect themselves against these
toxic oxygen intermediates, a simultaneous increase
antioxidant system such as catalase and peroxidases
in salt treated plants. The antioxidant system is
made of a large number of enzymes and a low
molecular weight compounds that important for the
homeostasis of ROS (MAHMOUDI et al. 2010).

Our results show that salt treatment
significantly increased CAT and GPX activities in
fenugreek in the presence of 50, 100 and 150 mM
NaCl. These results are consistent with those of
Meloni et al. (2002) who found among cotton
cultivars a stimulation of peroxidase activity by 76
and 94% of control at 100 and 200 mM NaCl. Also,
the salt induced a significant increase in the guaiacol
peroxidase activity in the leaves of rice plants (LEE
et al. 2001). This suggests that this plant has a high
capacity of H,O, decomposition. The antioxidant
activity increase, such as GPX, APX, and CAT is
essential in this tolerance. GPX and CAT are the
most effective antioxidant enzymes in plant
protection against cell damage Scandalios (2005 ).
Moreover, it was shown that CAT works with SOD
to better protect plants against cell damage
(SCANDALIOS, 2005). In addition, CAT and GPX
are responsible for the detoxification of H202 and
they probably have the same importance at the
detoxification stage in fenugreek as response to this
NaCl concentration. These results clearly indicate
the criteria role of CAT and GPX in the fenugreek
plant protection against the NaCl toxicity.

Phenolic compounds are an important group
that is widely distributed in plants; they show a wide
spectrum of biological activities such as antioxidant
activity, antiinflammatory effect, and anticancer
effect Shao et al., 2008). The quantification of total
polyphenols in fenugreek leaves was study at high
NaCl concentration (150 mM). As shown in table 5
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a significant amount of polyphenols content (12,7
mg of GAE g'l at 150 mM NaCl), which is about 2,5
times higher than control leaves extracts (4.58 mg of
GAE g'). Elzaawely et al. (2007) reported similar
results in plant leaves of Alpinia zerumbet treated
with copper sulphate, which gave them greater
resistance to this salt explained by the antioxidant
activity of polyphenols according to these authors.

The levels of total polyphenols were higher
than those reported in some other medicinal and
aromatic plants such as Nigella sativa L.
(BOURGOU et al. 2008). In addition, our results are
consistent with several studies showing an increase
in the polyphenol content in salt stress (NAVARRO
et al. 2006). These data suggest that the degree of
the cellular oxidative damage in plants exposed to
abiotic stress is controlled by the ability to protect
against oxidative agents (KSOURI et al. 2007).

As for total polyphenols, salt stimulates the
synthesis of flavonoids in these plants with a much
stronger effect in leaves at 150 mM NaCl (table 2).
According to Cushine and Lamb, (2005), flavonoids
are phenolic compounds had a significant
antioxidant anti-tumor and anti-microbial activity,
and contribute to the prevention of cardiovascular
diseases. Flavonoids are often induced by abiotic
stress and have a role in plants protection (GRACE;
LOGAN, 2000). Similarly, an increase in condensed
tannins was observed (table 5). It is generally
accepted that phenolic compounds give plants a
strong antioxidant activity (JIN JUN et al. 2001).
Our results confirmed that the fenugreek grown at
100 mM NaCl had a better antioxidant activity
compared to other concentrations. Karray et al.
(2010) showed that in Mentha pulegium, salt
induces an increase in polyphenol levels in leaves
and their antioxidant activity.

CONCLUSION

Fenugreek appears to be tolerant to NaCl
100 mM but sensitive to 150 mM. This low
sensitivity was mainly due to maintenance of
biosynthetic activity, salt status, a higher phenolic
concentration and stronger antioxidant activities.
Finally, this survey of effect salt stress at fenugreek
reveals that the intraspecific variability of biomass
production was accompanied by a modest but real
variability in the capacity to induce antioxidative
mechanisms in response to salt stress.
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RESUMO: O feno-grego € usado como especiaria, vegetal e uma importante cultura medicinal cultivada em
todo o mundo. Como as propriedades antioxidantes t€ém sido associadas aos beneficios a saide dos produtos naturais, tais
propriedades foram estudadas quanto ao efeito das concentra¢des de sal (0, 50, 100, 150 e 200 mM de NaCl) no
crescimento das plantas, composicdo do contedido mineral, respostas antioxidantes e teores fendlicos. Os resultados
mostraram uma redug@o do peso seco dos caules das folhas e crescimento das raizes. Essas alteracdes foram associadas a
diminui¢do do conteido de 4gua, concentracdes de K+ e Ca2+ e um aumento nos teores de Na+ e Cl- em diferentes
orgaos. As atividades de catalase e da peroxidase do guaiacol e o teor de fendlicos totais aumentaram significativamente
em folhas de feno-grego. Os dados aqui relatados revelaram a varia¢io do contetido de compostos fendlicos em diferentes
6rgdos na presenca de sal, que sugeriu o uso do feno-grego em aplicacdes comerciais e econdmicas.

PALAVRAS-CHAVE: Feno-grego. Salinidade. Antioxidante. Polifendis
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