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Stress can define as all negative factors affecting plant growth. One of the most important problems
among stress factors is salt stress. Antioxidant responses are tested in Soybean (Glycine max. L.) cv.,
“A3935” grown under 0, 50, 100 and 150 mM NaCl in order to investigate the plants protective
mechanisms against salt induced oxidative stress. The NaCl treatments are repeated in four different
stages of that is 10, 20 and 30 days after sowing (DAS). The plants were uprooted randomly on 30 DAS
and the enzymatic antioxidant potentials were analyzed. The fresh and dry weights and the chlorophyli
content are reduced with increasing NaCl concentration. Proline concentration increased at high
salinity compared to untreated plants. Moreover, salinity induces a significant decline in superoxide
dismutase (SOD, EC 1.15.1.1), glutathione reductase (GR, EC 1.6.4.2), ascorbate peroxidase (APX, EC
1.11.1.11) and catalase (CAT, EC 1.11.1.6) activities may be of great importance in H,O, intoxicating
mechanism under oxidative stress. As expected Na* and CI" concentrations in leaf and roots are
higher at high salinity treatments compared to untreated plants. The concentrations of K* are reduced

with increasing NaCl concentrations.
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INTRODUCTION

All the factors that inhibit plant growth are defined as
stresses. Drought, saltiness, excess irrigation, high or low
temperature, pH and heavy metals are common sources
of stress. Those stresses create social and economic
problems, especially in developing countries. Environ-
mental factors such as biotic and abiotic factors influence
the characters, composition, growth and development of
individual plants and plant communities. When any of
these environmental factors exceeds the optimum
tolerance of a plant, it produces stress to the plant
influenced by the developmental, structural, physiological
and biochemical processes of the plant. Soil salinity is one
among these environmental stresses (Lawlor, 2002).
Every year more and more land becomes non-productive
owing to salt accumulation. The major effect of salinity is
the inhibition of crop growth by the reduced hormone
delivery from root to leaves (Azooz et al., 2004). Salt
alters a wide array of metabolic processes culminating in
stunted growth, reduced enzyme activities and biochemi-
cal constituents (Muthukumarasamy and Panneerselvam,
1997). High salinity is known to cause both hyperionic and

hyper osmotic effects in plants, leading to membrane
disorganization and metabolic toxicity (Hasegawa et al.,
2000). All the factors that inhibit plant growth are defined
as stresses. Drought, saltiness, excess irrigation, high or
low temperature, pH and heavy metals are common
sources of stress. Those stresses create social and
economic problems, especially in developing countries.
Only 10% of the land that can be used for agriculture in
the world is not under the effect of any environmental
stress element. For the rest 90%, the most common
stress element is drought with 26%, followed by salt
stress by 20% (Blum, 1985; Ashraf, 1994). Researches
on the solutions for the nutrition problems arising from the
fast population increase in the world, the aim is to create
plant types that can be grown under unfavorable
environmental conditions.

Salt stress induces various biochemical and physio-
logical responses in plants and affects almost all plant
processes (Nemoto and Sasakuma, 2002; Megdiche et
al., 2007). Salinity can cause hyperionic and hyper-
osmotic effects in plants leading to membrane
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Table 1. The compositon of Hoagland and
Arnon (1938) nutrient solution.

Macro mineral g/l

Ca(NOg)2. 4H20 0.821
KNO3 0.506
KH2PO4 0.136
MgSO,. 7H0 0.120
Micro minerals mg/l
CsHsFeOy7. 5H20 (Ferric sitrat)  50.00
MnCls. 4H>0 1.80
H3BO3 2.90
ZnCl, 0.12
CUC|2. 2H20 0.05

disorganization, increase in reactive oxygen species
(ROS) levels, and metabolic toxicity (Jaleel et al., 2007).
High-salt stress disrupts the homeostasis in water
potential and ion distribution at both the cellular and the
whole plant levels (Errabii et al., 2007). Excess of Na*
and CI” ions may lead to conformational changes in the
protein structure, while osmotic stress leads to turgor loss
and cell volume change (Errabii et al., 2007). However,
the precise mechanisms underlying these effects are not
fully understood because the resistance to salt stress is a
multigenic trait (Errabii et al., 2007).

The major ROS scavenging activities include complex
non-enzymatic (ascorbate, glutathione, a-tocopherol) and
enzymatic (SOD, APX, GR and CAT etc.) responses
(Prochazkova et al., 2001). The pathways include the
water-water cycle in chloroplasts and the ascorbate-
glutathione cycle (Asada, 1999). Antioxidant mechanisms
may provide a strategy to enhance salt tolerance in
plants.

Among the several approaches to solve the problem of
saline soils, biological approach to identify and grow salt
tolerant plants in such soils to bring about soil
reclamation is promising. Some times these factors may
act as stress leading to injury and in extreme cases the
death of the plant (Jaleel et al., 2007a). Salinity effects
are more conspicuous in arid and semiarid regions,
where limited rainfall, high evapotranspiration and high
temperature associated with poor water and soil mana-
gement contributes to the salinity problem and is also of
great importance to the agricultural production in these
regions. Agricultural productivity is severely affected by
soil salinity and the damaging effect of salt accumulation
in agricultural soils has become an important environ-
mental concern (Jaleel et al., 2007b). Salinity and
drought are the most important abiotic stresses that
adversely affect plant growth and productivity (Mahajan
and Tuteja, 2005). They result in dehydration and osmo-
tic imbalance of the cell. As the soil salinity increases,
water is osmotically held in the soil and water becomes
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less accessible to the plant (Marschner, 1986). Drought
stress can occur for a variety of reasons, such as limited
water availability or intense evaporation. Lots of work has
already been carried out in this plant due to its medicinal
importance however, the salinity effects and antioxidant
potential attracted a little attention. So in this study, an
attempt was made to understand the antioxidant poten-
tials of proline in soybean by evaluating both enzymatic
antioxidants to salinity stress.

MATERIALS AND METHODS
Plant culture and salt stress induction

Soybean (Glycine max. L) seedlings have been grown in a
greenhouse with day/night temperature of 28/22°C and light
intensity ranging from 700 to 1000 pmol m? S™'. The seeds are
surface sterilized with 0.2% mercuric chloride (HgCl,) solution for 5
min with frequent shaking and then thoroughly washed with
deionizer water. The seeds were pre-soaked in 500 ml of deionizer
water (control), 50, 100 and 150 mM NaCl solutions for 12 h. Seeds
were sown in plastic pots (300 mm diameter) filled with 3 kg of soil
mixture containing red soil, sand and farmyard manure at 1:1:1
ratio. Before sowing the seeds, the pots were irrigated with the
respective treatment solutions and the electrical conductivity (EC) of
the soil mixture was measured. Four seeds were sown per pot and
the pots were watered to the field capacity with deionize water up to
30 DAS and every care was taken to avoid leaching. The initial EC
level of the soil was maintained by flushing each pot with required
volume of corresponding treatment solution 10, 20 and 30 DAS.

The position of each pot has been randomized at 4 days intervals
to minimize spatial effects in the greenhouse, where the
temperature was 28°C during the day and 22°C at night and the relative
humidity varied between 60 to 70%. The seedlings are thinned to one
per pot on the 10 DAS. Six plants per replicate are used and each
treatment is replicated three times (18 plants/ treatment). Plants
were harvested randomly on 30 DAS and analyzed for enzymatic
antioxidant responses. Three plants were taken from each group for
analysis.

Control plants were irrigated with half strength Hoagland solution
(Table 1) and salt treated plants received same strength nutrient
solution plus 150 mM NaCl (Bozcuk 1991). Hogland and Arnon
(1938) solution is twice diluted to prepare 2 strength nutrient
solution The pH of nutrient solution was adjusted to 5.7 to 5.8 by
using minimum amount of 0.05 M KOH.

Antioxidant enzyme assays

Superoxide dismutase (EC 1.15.1.1) activity was assayed as
described by Beauchamp and Fridovich (1971). The reaction
mixture contained 1.17 x 10°® M riboflavin, 0.1 M methionine, 2 x 10°
® M potassium cyanide (KCN) and 5.6 x 10° M nitroblue tetra=-
zolium salt (NBT) dissolved in 3 ml of 0.05 M sodium phosphate
buffer (pH 7.8). 3 ml of the reaction medium was added to 1 ml of
enzyme extract. The mixtures were illuminated in glass test tubes
by two sets of Philips 40 W fluorescent tubes in a single row.
lllumination was started to initiate the reaction at 30°C for 1 h,
identical solutions that were kept under dark served as blanks.
The absorbance was read at 560 nm in the spectrophotometer
against the blank. SOD activity was expressed in units. One unit
(U) is defined as the amount of change in the absorbance by 0.1
h" mg™ protein.
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Glutathione reductase (GR, EC 1.6.4.2) contained 2 ml of 0.1 M
phosphate buffer (pH 6.8), 1 ml of 0.01 M pyrogallol, 1 ml of 0.005 M
H>O, and 0.5 ml of enzyme extract. The solution was incubated for
5 min at 25°C after which the reaction was terminated by adding 1
ml of 25 N HSO4. The amount of purpurogallin formed was
determined by measuring the absorbance at 420 nm against a
blank prepared by adding the extract after the addition of 2.5 N
H2SO, at zero time. The activity was expressed in U mg™” protein.
One U is defined as the change in the absorbance by 0.1 min™ mg™
protein.

Ascorbate peroxidase (EC 1.11.1.11) activity was determined as
described by Asada and Takahashi (1987). The reaction mixture (1
ml) contained 50 mM potassium phosphate buffer (pH 7.0), 0.5 mM
ascorbic acid, 0.1 mM H>O. and 200 mM of enzyme extract. The
absorbance was read as decrease at 290 nm against the blank,
correction was done for the low, non-enzymatic oxidation of
ascorbic acid by H,O, (extinction coefficient 2.9 mM™" cm™). The
enzyme activity was expressed in U mg” protein (U = change in 0.1
absorbance min" mg™ protein).

Catalase (EC 1.11.1.6) was measured according the method of
Chandlee and Scandalios (1984) with small modification. The
assay mixture contained 2.6 ml of 50 mM potassium phosphate
buffer (pH 7.0), 0.4 ml of 15 mM H,O, and 0.04 ml of enzyme
extract. The decomposition of H>O is followed by the decline in
absorbance at 240 nm. The enzyme activity is expressed in U mg”
protein (U = 1 mM of Ho02 reduction min™" mg™ protein).

Chlorophyll determination

One plant per replicate was used for chlorophyll determination.
Prior to extraction, fresh leaf samples were cleaned with deionized
water so as to remove any surface contamination. Chlorophyll
extraction was carried out on fresh fully expanded leaf material; 1 g
leaf sample was ground in 90% acetone by using a pestle and
mortar. The absorbance was measured with a UV/Visible
spectrophotometer (Shimadzu UA-1208, Kyoto, Japan) and
chlorophyll concentrations were calculated using the equation
proposed by Strain and Svec (1966).

Chl. a (mg ml-1) = 11.64 x (A663) - 2.16x(A645)
Chl. b(mg ml -1)= 20.97 x (A645)- 3.94x (A663)

(A663) and (A645) represent absorbance values read at 663 and
645 nm wavelengths, respectively.

lon determination

For ion measurements, tissues were first rinsed for 5 min with cool
distilled water in order to remove free ions from the apoplasm
without substantial elimination of cytosolic solutes. Tissues were
oven-dried at 80°C for 48 h and then were ground. The dry matter
obtained was used for mineral analysis. The major cations were
extracted after digestion of dry matter with HNOs. The extract was
filtered prior to analysis. Na" and K" concentrations were
determined using a ICP spectrophotometer. For CI' content
estimation, ions were extracted with hot distilled water (80°C)
during 2 h. Chloride was determined (Buchler-Cotlove chlorido-
meter) as described by Taleisnik et al. (1997).

Nutrient analysis and dry weight

Three randomly selected plants per replicate were divided into
shoots and roots, and dried in a forced air oven for two days in

order to determine dry weights. Chemical analyses were carried out
on dry weight basis. The dried samples were ground to powder
using a pestle and mortar and stored in polyethylene bottles.
Ground samples (ca. 0.5 g per replicate) were ashed at 550°C for 6 h.

Proline determination

Proline was determined according to the method described by
Bates et al. (1973). Approximately, 0.5 g of fresh leaf material was
homogenized in 10 ml of 3% sulfosalicyclic acid and then this
aqueous solution is filtered through Whatman’s No. 2 filter paper
and finally two ml of filtrated solution was mixed with 2 ml acid-
ninhydrin and 2 ml of glacial acetic acid in a test tube. The mixture
was placed in a water bath for 1 h at 100°C. The reaction mixture is
extracted with 4 ml toluene and the chromophore containing
toluene is aspirated, cooled to room temperature, and the
absorbance was measured at 520 nm with a (Shimadzu UV 1208,
Kyoto, Japan) Spectrophotometer. Appropriate proline standards
are included for the calculation of proline in the sample.

Statistical analysis

Statistical analysis was performed by using one way analysis of variance
(ANOVA,) followed by Duncan’s Multiple Range Test (DMRT). The
values were mean + SD for seven samples in each group. P values
< 0.05 were considered as significant.

RESULTS AND DISCUSSION
Plant growth

Fresh and dry weight of both shoot and root tissues are
significantly inhibited by higher salinity concentration
compared to low and no salinity as seen in Table 2.
Similar results were reported in wheat plants by Datta et
al. (1998). Salinity stress stimulates the accumulation of
proline as depicted in Table 2. It has been widely
reported that proline may play a role in stress adaptation
within the cell example by Gilbert et al. (1998). Total
chlorophyll contents decreased in response to salinity
stress (Table 2). The decrease may be due to the
formation of proteolytic enzymes such as chlorophyllase,
which is responsible for the chlorophyll degradation
(Sabater and Rodriguez, 1978) as well as damaging to
the photosynthetic apparatus (Yasseen, 1983).

Antioxidant enzymes

The antioxidant enzymes such as SOD, GR, APX and
CAT showed variations in their activities under salinity
conditions. In the different parts of the plants, the enzyme
activities vary greatly. High salinity reduces SOD activity
in both roots (28% in high salinity) and in leaves (16% at
low and 38% at high salinity). But low salinity leads to an
increase SOD activity in root up to 2.85% (Table 4). SOD
activity directly modulates the amount of ROS. In this
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Table 2. Fresh weight (FW), dry weight (DW), Chlorophyll and proline content of soybean plants grown at various salinity treatments.

FW (mg. plant’)  DW (mg. plant™)

Chlorophyll (mg. d' m?)

Proline (umol g" dry mass)

Concentration Root Leaf Root Leaf Root Leaf

Control 33+0.6 36+0.3 18+0.2 10+0.4 45+0.5 8+0.5
50 mM NaCl 34+0.5 30+0.4 20104  910.6 22+0.8 18+1.2
100 MM NaCl  22+0.4 21+0.6 7+0.8 7+1.2 20+2.1 22+2.3
150 mM NaCl 19+0.6  18+0.5 5+0.9 4+0.8 18+0.9 27+1.1

LSD (Concentrations x NaCl treatment)= 3.2 (fresh weight), 4.3 (dry weight), 4.1 (Chlorophll) and 5.3 (Proline).

Values are given as mean+SD of seven experiments in each group.

Bar values not sharing a common superscript differ significantly at P < 0.05 (DMRT).

study, a reduced level in SOD activity is found in leaves
under high salinity while a slight increase is found under
low salinity in roots. According to Pastori et al. (2000),
many stress situations caused an increase in the total
foliar antioxidant activity. But in these results, only a
reduction in foliar antioxidant activity was noticed.
Reduced foliar SOD activity was reported in rice under
salt stress (Dioniso-Sese and Tobita, 1998). In some of
the previous works, SOD showed increase and in some,
a reduction in SOD activity was also noted
(Muthukumarasamy et al., 2000; Sreenivasulu et al., 2000;
Rout and Shaw, 2001; Sairam and Srivastava, 2002; Pal
et al., 2004). The reduction of foliar SOD activity under
high salinity can also be a consequence of an altered
synthesis and accumulation of less active enzymes
(Dioniso-Sese and Tobita, 1998) and/or of a higher
turnover of SODs (Chaparzadeh et al., 2004).

In leaves, the POX activity decreased by 20 and 57%,
but in roots it showed a slight increase up to 10% in low
salinity and 29% decrease in high salinity (Table 4) when
compared to control plants. 150 mM salinity caused an
increase in APX in roots (12%) when compared to
untreated plants. Similarly, the treatment with 150 mM
NaCl induced a significant increase in APX content of
about 11% in leaves in comparison with control (Table
4). There was a significant (P < 0.05) increase in SOD,
GR and APX activities of roots under low salinity than
high salinity may suggest the existence of an effective
scavenging mechanism to remove ROS because roots
are the first organs that come in contact with salt and are
thought to play a critical role in plant salt tolerance. Many
variations are shown in previous works like in the pea
(Hernandez et al., 2002), wheat (Sairam and Srivastava,
2002; Sairam et al., 2002), mulberry (Sudhakar et al.,
2001) and tomato (Dogan et al., 2010a). One of the
earlier works carried out by Muthukumarasamy et al.
(2000) in radish showed a GR in activity. The low basal
rate and reduction in GR activity of leaves seems to
indicate that this enzyme does not take a crucial part in
defense mechanisms against oxidative stress or that
suffering GR for salt toxicity, a co-operation is activated

between different antioxidant enzymes for establishing a
proper H.O, homeostasis (Chaparzadeh et al., 2004). The
results of this study did not observe any significant (P
<0.05) increase in CAT activity in leaves under high
salinity injury. This result coincides with previous work in
rice leaves under salinity stress (Lin and Kao, 2000).

On the contrary to other enzymes, CAT showed a
minimum activity in leaves but high in roots. The
increase in CAT activity was not significant in the leaves
of plants grown at 100 mM NaCl. In the roots, the CAT
activity decreased up to 55% at the highest concen-
tration of NaCl (Table 3). Similar results were obtained in
rice cultivars by Pal et al. (2004). The changes in CAT
may vary according to the intensity of stress, time of
assay after the stress and induction of new isozyme(s)
(Shim et al., 2003; Kumar and Khan, 1982). The level of
antioxidative response depends on the species, the
development and the metabolic state of the plant, as well
as the duration and intensity of the stress (Reddy et al.,
2004). These results showed that the activity of
antioxidant enzymes under salinity depends on kind, age,
and organs of plants as well as on the salinity level.

Nutrient elements

Leaf blade Na* concentrations of plants grown in non-
saline solution were not significantly different for the three
genotypes (Table 1). Na* concentrations increased with
increasing salinity (P <0.001). Soybean had higher Na*
concentrations in the youngest fully-expanded leaf blade
at all NaCl treatments, compared with the other two
genotypes (Table 4). At 50 MM and 100 mM NaCl, leaf
blade Na* concentrations in soybean were 2-fold higher
compared with the amphiploid, and 1000-fold and 1300-
fold higher, respectively, at these two NaCl concen-
trations, compared with soybean (Table 4). For plants in
150 mM NaCl, the Na® concentrations in the youngest
fully-expanded leaf blade of soybean (leaf 5 and 6), were'
1931, 1341, and 1115 pmol g"' dry mass, respectively.
These data closely matches with those which have been
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Table 3. Superoxide dismutase (SOD), glutathione reductase (GR), ascorbate peroxidase APX and catalase (CAT)

activities of soybean plants grown at various salinity treatments.

Concentration SOD (Umg" protein) GR (ug g FW) APX (ug g” FW) CAT (ug g FW)

Root Leaf Root Leaf Root Leaf Root Leaf
Control 6.25+0.8 7.2140.6 3.82+0.4 2.05+0.4 28.7+1.2 33.4+1.4 21+1.4 1.9+24
50 mM NaCl 6.45+0.6 6.15+0.7 3.98+0.6 1.95+0.6 29.9+1.3 35.6+1.3 1.1+22 1.9+2.3
100 MM NaCl ~ 4.25+0.7 4.2240.6 1.52+0.8 1.25+1.2 30.2+2.1 30.1#1.5 1.0+23 1.9+2.6
150 MM NaCl ~ 3.92+0.3 3.75+0.8 0.98+0.9 1.05+0.8 29.8+2.2 35.1+24 0.9+21 1.7+2.4

LSD (Concentrations x NaCl treatment) = 4.3 (superoxide dismutase), 5.1 (glutathione reductase), 5.3 (ascorbate

peroxidase) and 6.5 (catalase).
Values are given as mean + SD of seven experiments in each group.
Bar values not sharing a common superscript differ significantly at P < 0.05 (DMRT).

Table 4. Sodium (Na*), Potassium (K*), and Chloride (CI") content of soybean plants grown at

various salinity treatments.

) Na* (mmol kg™") K* (mmol kg™') CI'(mmol kg™
Concentration Root Leaf Root Leaf Root Leaf
Control 865+0.9 754+0.6 1424+0.8 1954+0.5 458+0.8  456%1.9
50 mM NaCl 191240.6 1789+0.8 1151+0.8 1854+1.2 1234+0.6 1229+2.3
100 MM NaCl ~ 2348+0.5 2155+1.7 1721+0.6 1454426 1487422 1645+2.3
150 MM NaCl ~ 2489+1.8 2235+0.9 1523+1.9 1123+0.8 1889+1.2 1789+3.5

LSD (Concentrations x NaCl treatment) = 3.23 (Na*), 3.1 (K") and 3.3 (CI).
Values are given as mean + SD of seven experiments in each group.

Bar values not sharing a common superscript differ significantly at P < 0.05 (DMRT).

produced by other workers for other crop species, for
example, in rice (Asch et al., 1999). Salt stress is known
to enhance the uptake and accumulation of toxic ions
such as Na® in crop species (Ashraf and O’Leary, 1996;
Karadge and Gaikwad,2003; Dogan et al., 2010b).

When plants were exposed to salinity, leaf blade CI
concentrations increased in both roots and leaves (P
<0.005) (Table 4). CI" concentrations in the youngest
fully-expanded leaf blade of all three genotypes were
lowest in plants grown in non-saline solution (Table 1).
Leaf blade CI" concentrations were, however, 10-30-fold
higher than those of Na* for the plants grown in non-
saline solution. CI" concentrations were lower in soyben
than in the two other genotypes when grown in non-
saline solution. When exposed to salinity, leaf blade CI
concentrations increased in all three genotypes (P
<0.001). The youngest fully-expanded leaf of soybean
had 100-fold higher CI" compared with soyben and 80-
fold higher compared with the amphiploid, in both 100
mM and 150 mM NaCl treatments (Table 4). For plants in
150 mM NaCl, the CI" concentrations in the youngest
fully-expanded leaf blade of (leaf 5 and 6), were 110,
100, and 80 pmol g” dry mass, respectively.

For all three genotypes, leaf blade K" concentration
was highest when grown in non-saline solution (Table 1)

and it increased with salinity (P <0.001). K" concen-
trations were higher in the youngest fully-expanded leaf
blade of soybean compared with those in the other two
genotypes, except at 150 mM NaC1 (Table 4). It can be
concluded that at high concentrations, NaCl leads to
oxidative stress and inturn cause a significant increase in
antioxidative responses.

This study have found that salinity stress increased the
antioxidative mechanisms in roots, which are the
immediate organs that have to be suffered from salinity
more efficiently than leaves. Several defence strategies
are functioning in roots and shoots against oxidative
stress.

The enhancement in enzymatic antioxidants responses
has an important role in the regulation of growth for the
positive adaptation of plants to salt stress. The present
data suggest that antioxidant potential operates in the
defense mechanism of soybean (Glycine max. L.) plants
against salinity stress and that the different effectiveness
of the NaCl treatments in enhancing this potential may be
related to induction of enzymatic antioxidants for better
mitigation under stress conditions. The data may lessen
or decrease NaCl stress conditions due to enzymatic
antioxidant defense systems operating in soybean defense
mechanisms of salt stress.
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