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sativa L.) Seedling Organs to Salinity
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ABSTRACT

Background: Shoots and roots are autotrophic and heterotrophic organs of plants with different physiological and biochemical
functions under stress conditions. The metabolites involved in tolerance enhancement differed between roots and shoots. In this
study, the biochemical changes occurring in shoot and root organs under salt stress and the level of these changes were investigated.
However, these changes in shoot and root organs were compared.

Methods: Seeds of common vetch were sown and subjected to 14 days of salt stress in basal MS medium containing 100 mM NacCl.
In shoot and root tissue, biochemical parameters such as antioxidant enzymes activities (GR, APX, SOD and CAT), malondialdehyde
(MDA) content and proline accumulation were determined.

Result: Results of the study indicated that the activities of antioxidant enzymes (SOD, CAT (except in shoot), GR and APX), MDA and
proline accumulation enhanced by salt stress in both organs. On the other hand, morphological parameters decreased in both
tissues. It seemed that antioxidant enzyme activities more active in root tissues. However, proline accumulation was found higher in
shoot tissues than root tissue, while MDA content was higher in root tissue than shoot tissue. The present investigation provides

essential information for the antioxidant components of the shoot and root organs of vetch seedlings under salt stress.
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INTRODUCTION

Soil salinization is one of the most severe environmental
problems in reducing plant growth and yield (Orak and Ates,
2005; Desokya et al., 2018). About 80 million ha of arable
lands worldwide affected by salinization and these areas
continue to expand (Munns and Tester, 2008; Flowers et al.,
2010). In arid and semi-arid regions, the situation is getting
worst due to water scarcity. The higher evapotrans piration
rates, aggravating the effects of salinity causes more water-
loss in plants as a result of high temperature (Abdelgawad
et al., 2016).

Different responses such as morphological, physiological,
biochemical and molecular changes can induce in plants
by salt stress (Abdelgawad et al. 2016; Ambede et al. 2012;
Abreu et al. 2013). Stress conditions can increase the
generation of reactive oxygen species (ROS). ROS harm
biological systems due to formation oxidation for lipids,
proteins, deoxyribonucleic acid and carbohydrates (Kavas
et al.,, 2013). The antioxidant system protects plant cells
from these harmful effects of ROS (Farooq et al., 2009;
Piwawarczyk et al., 2017). These systems considering
antioxidant enzymes such as ascorbate peroxidase (APX),
superoxide dismutase (SOD), glutathione reductase (GR)
and catalase (CAT), however, incorporate low-molecular-
mass antioxidants such as proline (Dugasa et al., 2019).

Common vetch (Vicia sativa L.) is an annual winter
growing leguminous forage plant containing high protein,
minerals and vitamins for livestock (Ertekin et al., 2017).
Plants differ in their responses to salt, including common
vetch (Orak and Ates, 2005). Although the large extent of
studies concerning salt stress (Orak and Ates, 2005; Ertekin
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et al., 2017; Bilgili et al., 2011; Ertekin et al., 2018) for
morphological parameters, there has been little study
(Kusvuran et al., 2015) to date of the biochemical analyses
of common vetch seedlings that grow under salt stress.

Plants are likely to react to adverse environmental
conditions not only by the exchange of biomass of the shoot
and root organs but also by altering the metabolic activity of
these organs. We hypothesized that different organs may
respond differently to salt stress and trigger specific defense
mechanisms. We, therefore, conducted the present
investigation to reveal the levels of the biochemical responses
and compared to biochemical responses of shoots and roots
of vetch seedlings under salt stress conditions.

MATERIALS AND METHODS
Surface sterilization of seeds, salt stress treatment and
culture conditions

Vetch seeds were rinsed with a 50% commercial bleach

641



Comparison of Biochemical Responses of Common Vetch (Vicia sativa L.) Seedling Organs to Salinity

solution (containing 5% sodium hypochlorite) for 20 minutes.
After washing 3 times with distilled water, the seeds were
moved to MS (Murashige and Skoog, 1962) basal medium
containing 3% sucrose and 0.6% agar. Salt stress was
induced by sodium chloride (NaCl) at a concentration of
100 mM to the MS medium basal. The cultures were
maintained at 24+1°C with 16-hour photoperiod and 8 hours
of dark, light provided with florescent lamps at an intensity
of 27 umol m2 s*. Physio-biochemical analyses were
performed in the shoot and root tissues that were formed in
14 days after inoculation of the seeds on the medium.

Morphological Parameters

Length (cm), wet-dry weight (g) of root and shoot organs
were measured in 10-day seedlings. For measurement of
dry weights, samples placed in a drying oven at 105°C for 3 h.
The ratio (%) of dry weight/wet weight used for calculation
of the dry matter (DM). Morphological parameters were
measured in three replicates (10 seedlings per repetition)
for each (control and salt) treatment.

Biochemical analysis
Determination APX activity

Ascorbate peroxidase (APX) activity in shoot and root tissues
of treated and control plants were determined by a
spectrophotometric assay (Cakmak and Marschner, 1992;
Cakmak et al., 1995). 0.5 g fresh tissue was homogenized
with liquid nitrogen and the powder was suspended with 8ml
of a50-mM phosphate buffer solution (pH 7.6). The suspension
was centrifuged at 15,000 rpm for 15 minutes at +4°C and
supernatant was used for the enzyme assay. Assay solution
contained a 50-mM phosphate buffer containing 0.1 mM of
EDTA, 12 mM of H,O, containing 10 mM of EDTA, 0.1 ml of
0.25 mM of L-ascorbic acid and enzyme extract, in a final
volume of 1 ml. The decrease in ascorbate concentration was
recorded at 290 nm (E = 2.8 mM?* cm?) with Schimadzu UV-
mini 1240 spectrophotometer. The blank solution is prepared
with an assay mixture without adding enzyme extract.

Determination SOD activity

Superoxide dismutase activity determination was done
according to the spectrophotometric method of Cakmak and
Marschner (1992) and Cakmak et al. (1995). 0.5 g of the shoot
and root tissues were homogenized with liquid nitrogen and
the powders were suspended in 8 ml of suspension solution
containing 50 mM (pH: 7.6) phosphate (P) buffer. The assay
medium consists of a 50 mM (pH: 7.6) phosphate (P) buffer,
the enzyme extract (25 to 100 pl) 0.5 ml of 50 mM Na,CO, (pH
10.2), 0.5 ml of 12 mM of L-methionine, 0.5 ml of 75 puM of p-
nitro blue tetrazolium chloride (NBT) and 10 pum of riboflavin.
The decrease in NBT (nitro blue tetrazolium chloride) by O,-
under light was recorded at 560 nm with Schimadzu 1240-UV
mini spectrophotometer. The blank solution was prepared with
an assay mixture without adding enzyme extract.

Determination GR activity
Glutathione reductase activity was determined according to
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the method of Cakmak and Marschner (1992) and Cakmak
et al. (1995). 0.5 g fresh shoot and root tissues of control
and treated plants were homogenized with liquid nitrogen
and the powder was suspended with 8 ml of a 50-mM
phosphate buffer solution (pH 7.6). The GSSG-dependent
oxidation of NADPH was monitored by a decrease in
absorbance at 340 nm (E = 6.2 mM™* cm™). The assay
mixture contained a 50-mM phosphor buffer (pH 7.6), 0.1 ml
of 0.5 mM of oxidized glutathione (GSSG), 0.1 ml of 0.12 mM
of NADPH and enzyme extract, in a final volume of 1 ml.
The blank solution was prepared with an assay mixture
without adding enzyme extract.

Determination of CAT activity

Catalase activity was determined according to the method
of Cakmak and Marschner (1992); Cakmak et al. (1995).
0.5 g fresh shoot and root tissues of control and treated
plants were grounded with liquid nitrogen by using cold
mortar and pestle. The powders were then suspended in a
suspension solution containing 8 ml of a 50-mM phosphate
buffer solution (pH 7.6). The suspension centrifuged at
15,000 rpm for 15 minutes at +4°C. The supernatant part
used for the enzyme assay. Assay medium contained a 50 mM
phosphate buffer (pH 7.6), 0.1 mM of EDTA, 0.1 ml of 100 mM
of H,0, and enzyme extract, in a final volume of 1 ml. The
decrease in absorbance of the rate of H,0, was recorded
at 240 nm (E = 39.4 mM* cm™) by using Schimadzu UV-
mini 1240 spectrophotometer. The blank solution was
prepared with an assay mixture without adding enzyme
extract.

Measurement lipid peroxidation (MDA content) and
proline

The amount of malondialdehyde (MDA) was determined by
Lutts et al. (1996). According to this method, 200 mg fresh
sample (root and shoot tissues) was taken from frozen
samples at -80°C, 5 ml of 0.1% acetic acid (TCA) was added
and this mixture was centrifuged at 12500 rpm for 20
minutes. 3 ml supernatant was taken from 5 ml extract and
3 ml TCA containing 20% thiobarbutyric acid (TBA) (w/v)
was added. The absorbance values of 532 and 600 nm were
read on the spectrophotometer (Shimadzu UVmini-1240).
The amount of MDA in shoot and root tissues was
determined as pmol g FW.

Proline analysis was performed by Bates et al. (1973).
Fresh shoot and root samples (approximately 0.5 g) were
homogenized with 3% sulfosalic acid. The filtered samples
were reacted with ninhydrin in a water bath set at 100°C for
1 hour and the samples were taken to ice bath and the
reaction was completed. After cooling, the medium was
extracted with 4 ml of toluene. The pinkish-red sample
monitor at 520 nm (Shimadzu UVmini-1240). The units of
umol g* FW was expressed for the content of proline in
shoot and root tissue.

Plant tissue culture and biochemical analyzes were
carried out in 2019 at the laboratories of the biotechnology
institute of Ankara University (Ankara, Turkey).
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Statistical analysis

The study was designed with a completely randomized block
design with 3 replications. The Independent-Samples t-test
of SPSS 22 was performed to analyze data.

RESULTS AND DISCUSSION
Under salt stress conditions, a significant decrease was
observed in length, fresh-dry weights and dry matter of shoot
by approximately 10.15%, 11.70%, 14.81% and 3.41%,
respectively (Table 1). On the other hand, antioxidant
enzymes activities (SOD, GR and APX) were significantly
(p<0.01) increased by 20.70%, 10.65% and 6.46%,
respectively, while interestingly, unlike these enzymes,
catalase (CAT) activity significantly decreased by 28.26%
when compared to control (Table 2). Compared to control,
the MDA and proline contents of the shoot were also
significantly (p<0.01) increased by 110.58% and 374.74%
respectively, in the shoot of salt-treated vetch seedling.
The salt treatment caused significant reductions by
20.77%, 9.52%, 60.00% and 56.04% in length, fresh-dry
weights and dry matter of root of salt-treated vetch seedling,
respectively (Table 3). On the other hand, compared to
control, the activities of SOD, CAT, GR and APX were
increased by 57.97%, 200.96%, 4.84% and 6.40%,

respectively, in the root of salt-treated vetch seedling (Table 4).
However, the contents of MDA and proline were increased
by 263.28% and 265.72% in the root of salt-treated vetch
seedling when compared to control (Table 4).

This study aimed to reveal the level of biochemical
responses of the shoot and root tissues of vetch seedling to
salt stress. However, some morphological parameters of
shoot and root were evaluated. The present findings showed
that the morpho and biochemical responses of different
seedling (shoot and root) organs of common vetch to salt
stress were different. In terms of morphology, the typical
adverse effect of salt stress on plants is that the reduction
of growth due to the restriction of cell elongation (Bandeoglu
et al., 2004). Similarly, the shoot and root of vetch seedling
showed diverse responses in terms of growth parameters
under salt stress. In support of our observation, many studies
have shown that there was significant adverse effect of
salinity on the growth of seedling organs of the plant
(Bandeoglu et al., 2004; Talukdar, 2011; Tsegay and
Gebreslassie, 2014; Piwowarczyk et al., 2016).

There some biochemical becomes changes in plants
under stress conditions. One of them is the antioxidant
defense mechanism that is preserving at the biochemical
levels in plants from adverse effects of stress. Antioxidant

Table 1: Changes in morphological parameters of the shoot of vetch seedling under salt stress (100 mM NacCl).

Length (cm)

Fresh weight (g)

Dry weight (g) Dry matter (%)

Cont. Salt Cont. Salt Cont. Salt Cont. Salt
5.81 5.22 0.94 0.83 0.27 0.23 29.26 28.26
t value 5.731* 3.017* 3.474* 3.196*
* ** Significant difference (p< 0.05 and p< 0.01) compared to control.
Table 2: Changes in biochemical parameters of the shoot of vetch seedling under salt stress (100 mM NaCl).
APX CAT GR SOD MDA Proline
(umol mint mg* FW) (U min't mg! FW) (umol g* FW)
Cont. Salt Cont. Salt Cont. Salt Cont. Salt Cont. Salt Cont. Salt
66.55 70.85 289.31 207.55 167.73 185.6 372.82 450.03 6.52 13.73 4.91 23.31
t value 8.655** 6.424** 5.577* 6.164** 2.665* 56.581**

* ** Significant difference (p< 0.05 and p< 0.01) compared to control.

Table 3: Changes in morphological parameters of the root of vetch seedling under salt stress (100 mM NaCl).

Length (cm) Fresh weight (g)

Dry weight (g) Dry matter (%)

Cont. Salt Cont. Salt Cont. Salt Cont. Salt
3.85 3.05 0.63 0.57 0.05 0.02 8.94 3.93
t value 2.858* 7.603** 3.534* 4.133*
*** Significant difference (p< 0.05 and p< 0.01) compared to control.
Table 4: Changes in biochemical parameters of the root of vetch seedling under salt stress (100 mM NacCl).
APX CAT GR SOD MDA Proline
(umol mint mg* FW) (U min't mg* FW) (umol g* FW)
Cont. Salt Cont. Salt Cont. Salt Cont. Salt Cont. Salt Cont. Salt
67.12 71.42 74.96 225.60 177.86 186.48 190.98 301.71 2.56 9.30 4.26 15.58
t value 3.115* 99.340** 15.962** 4.051** 3.679** 16.928**
* ** Significant difference (p< 0.05 and p< 0.01) compared to control.
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enzymes are an essential part of this mechanism.
Glutathione reductase (GR) ascorbate peroxidase (APX),
superoxide dismutase (SOD) and catalase (CAT), are the
main four enzymes of the defense system in plants. In the
present study, activities of GR, APX, SOD and CAT, were
evaluated in shoot and root tissues of vetch seedling. The
results showed that SOD, GR and APX activities were
increased under salt stress in seedling organs (Table 2 and
Table 4). A similar observation was also reported by
Bandeoglu et al. (2004) in Lentil, Kusvuran (2015) in
Hungarian vetch (Vicia pannonica Crantz.) and Beyaz (2019)
in sainfoin. Moreover, as supporting our results, Ercan (2008)
reported that GR and APX activity raised in leaves and roots
of Lentil (Lens culinaris M.) seedlings, depending on their
differing in salt tolerance. Drought stress and salt stress
are known to be brothers and both cause oxidative stress in
plants. In parallel with the results of this research, it has
been reported in many previous studies (Beyaz (2019);
Beyaz and Yildiz (2020) that antioxidative enzyme activities
at different levels [cellular and organ (root and shoot)]
increase in plants as a result of drought stress.

As mentioned above, according to the literature, the
general tendency is to increase the activity of antioxidant
enzymes under salt stress in plants. On the other hand, we
found that CAT activity tended to decrease (28.26%) in shoot
tissue under salt stress. Similar results were reported by
Bandeoglu et al. (2004) study in which CAT activity was
decreased in leaves of Lentil (14-day-old) under salt stress
(100 and 200 mM NaCl). Moreover, Khan et al. (2002) noted
that activity of CAT was decreased in root tissue of rice under
salt stress. In addition, de Azevedo Neto et al. (2006)
reported that salt stress did not affect CAT activity in leaves
while reduced it in root tissue of salt-sensitive maize
genotype. Similarly, Ercan (2008) noted that CAT activity
significantly decreases in shoots (approximately 60% ) and
roots (approximately 48% ) of Lentil seedlings under salt
stress application (150 mM NaCl). Under salt stress, the
deactivation of the catalase enzyme may be depending on the
inhibition of new enzyme synthesis (Felerabend and Dehne,
1996) or photo-inactivation of catalase (Polle et al., 1997).

Proline is one of the most important osmo-protectant
that protects cells from free radicals in plants under stress
conditions (Bandeoglu et al., 2004). Our results also
demonstrated a marked increase in proline contents in the
shoot (374.74%) and root (265.72%) tissue of vetch
seedlings under salt stress. Bandeoglu et al. (2004) argued
that proline accumulation in shoot and root tissue of Lentil
increased under salt stress. Khan et al. (2002) also reported
that proline accumulation increased in root tissue that
exposed salt stress, of rice. The evidences of the study
clearly showed that proline accumulation is higher in shoot
tissue than in root tissue.

The evidences of the study indicated that the salt stress
caused increase of the level of malondialdehyde (MDA)
contents in the shoot (110.58%) and root (263.28%) tissue
of vetch seedling. In support of this observation, Bandeoglu
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et al. (2004) reported that MDA content was increased in
shoot and root tissue of Lentil seedling under salt stress.
Moreover Abdelgawad et al. (2016) noted that under salt
stress, MDA content was increased in root tissue of maize
seedling.

Overall, according to our results, the growth was
reduced higher in root tissue than in shoot tissues. Roots
are the first organ to come into contact with salt stress, so
their growth is less than that of shoots (Lazof and Bernstein,
1997; Abdelgawad et al., 2016). On the other hand, the
results of the present study showed that the antioxidant
enzymes (SOD, CAT, GR and APX) were higher in root than
in shoot. However, the increasing rate of MDA was higher in
root tissue than in shoot tissue. These results could be
attributed to the initial and intense exposure of the root tissue
to the stress factor. Otherwise, the accumulation of proline
was higher in shoot tissue than in root tissue. It may
speculate that the reasons for this phenomena were due to
the lack of activity of antioxidant enzymes such as CAT to
scavenge ROS in shoot tissue.

CONCLUSION

In nutshell, it was determined that salt stress (100 mM NacCl)
caused significant biochemical changes in root and shoot
tissues but the response of shoots and root tissues to stress
conditions were different. When the biochemical responses
(antioxidant defense content) of root and shoot tissues under
salt stress were compared, it was determined that the
quantitative increase of antioxidant defense mechanism
elements (especially antioxidant enzyme activities) was
mostly in the root tissue. As a result of this study, important
biochemical basis scientific information which can be used
in future breeding studies (such as biotechnological and/or
bioengineering) for vetch -an important legume forage plant-
has been revealed. In addition, the study may be used as a
base for further analysis of differential effects and relative
responses of vetch against various environmental stresses.
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