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This research studies the role of spermidine (Spd) in conferring tolerance in onion seedlings under
oxidative sress, caused by NaCl. Stress condition was applied on two months old onion seedlings by
adding 10 gL™ of NaCl, where 100 pM of Spd was sprayed twice daily before counting the stress
duration. Under salinity stress, seedlings were observed for 7 days, and data were measured on relative
leaf water, proline, reactive oxygen species (ROS), lipid peroxidation (as malondialdehyde, MDA), amine
oxidases, enzymatic and non-enzymatic antioxidants in leaves. Salinity stress decreased the relative
water content (RWC), where Spd application delayed the loss of RWC. Contrariwise, Spd increased the
proline content in salinity stressed seedlings up to five days. Salinity increased the contents of
superoxide (0,7), hydrogen peroxide (H,O,) and MDA continuously and significantly with stress
duration. More importantly, application of Spd decreased the ROS and MDA contents in stressed
seedlings more effectively, up to three days of stress. Spd maintained higher activities of polyamine
oxidase (PAO) and diamine oxidase (DAO) under salinity. Higher activities of superoxide dismutase
(SOD), ascorbate peroxidase (APX), monodehydroascorbate reductase (MDHAR) and glutathione
reductase (GR) in presence of Spd over salinity during the study period, suggested their ROS
scavenging role under salinity stress. Conversely, glutathione peroxidase (GPX) and dehydroascorbate
reductase (DHAR) played important role in reducing the oxdative stress for 3 to 5 days. Spd also
maintained higher reduced glutathione (GSH), ascorbic acid (ASA) and their redox homeostasis in
leaves during the study period. Thus, Spd observably confirms better tolerance in short term salinity.
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INTRODUCTION

Onion is the most important spice crops in Banglaesh. coastal soil of southern districts of Banladesh. Tidal flash
However, the production of this crop is hampered in of sea water increases soil salinity which is a major



environmental stress affecting plants growth and
productivity of the crop. In plants, salinity causes
oxidative stress by producing reactive oxygen species
(ROS) such as superoxide radicals (O,"), singlet oxygen
(Oy), hydroxyl radicals (‘OH) and H,0, (Hasegawa et al.,
2000; Apel and Hirt, 2004). Higher ROS causes damage
to cell organells like proteins, DNA, lipids, pigments and
carbohydrates which ultimately lead to cell death (Apel
and Hirt, 2004; Gill and Tujeta, 2010). Conversely, higher
methylglyoxal (MG) production under salinity causes
potential damage to the cell organells (Yadav et al.,
2005a, b). Hence, higher concentration of ROS and MG
under stress is essentially needed to be reduced in cell,
to survive and grow.

To survive under such situation, plants hold antioxidant
system in cell to reduce the oxidative damage by ROS
(Gill and Tujeta, 2010). Plants have both enzymatic and
non-enzymatic antioxidants which take part in scavenging
of ROS produced during various environmental stresses.
Among the enzymatic antioxidant in plants, superoxide
dismutase (SOD), catalase (CAT), glutathione peroxidase
(GPX), glutathione S-transferase (GST), ascorbate
peroxidase (APX), monodehydroascorbate reductase
(MDHAR), dehydroascorbate reductase (DHAR) and
glutathione reductase (GR) are important. On the other
hand, non-enzymatic antioxidants like ascorbic acid
(ASA) and reduced glutathione (GSH) play important role
in maintaining the enzymatic activities (Rohman et al.,
2016; Gill and Tujeta, 2010). Alternatively, glyoxalase-I
(Gly-I) and glyoxalase-ll (Gly-Il) detoxify MG in cell
(Yadav et al., 2005b). It has been repeatedly reported
that, enzymes both the antioxidant and glyoxalase
system are important to lessen the toxicity of ROS and
MG under stress (Singla-Pareek et al., 2008; Noctor et
al., 2012; Saxena et al., 2011).

Spermidine, a triamine of polyamine (PA) group, plays
important role in growth and development of plants
(Martin-Tanguy, 2001). PAs are also well known for their
antioxidant properties as well as their cell membrane
stability (Zhao and Yang, 2008). Due to cationic nature,
PAs are reported to stabilize protein, DNA and lipids of
cell membrane (Bouchereau et al., 1999). In addition,
they have been reported to have defensive role under
abiotic stresses (Alcazar et al., 2006). Importantly,
cellular level of PAs shows positive correlation with plant
tolerance towards environmental stresses (Nada et al.,
2004; He et al., 2002; Shen et al., 2000; Roy and Ghosh,
1996; Besford et al., 1993; Krishnamurthy and Bhagwat
et al.,, 1989). Yiu et al. (2008) reported Spd mediated
higher activities of antioxidant enzymes in welsh onion
(Allium fistulosum L.), under submerged condition.
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Previously, enhanced activities of glyoxalases and GSTs
in onion (Allium cepa L.) by exogenous Spd under salinity
were reported, where the activities of the enzymes were
upregulated with lower MG content (Islam et al., 2016).
Therefore, exogenous Spd might have important role in
reducing of ROS and regulating of related physiological
activities under salinity. Considering these, we applied
exogenous Spd to examine its role in maintaining ROS
and related physiological activities, by measuring
enzymatic and non-enzymatic antioxidants in onion under
saline stress.

MATERIALS AND METHODS
Plant material and stress treatment

Seedlings of two months old (Allium cepa L. var BARI Piaj-3) were
used as plant material. They were grown in plastic bucket (30 L),
under green house of Bangladesh Agricultural Research Institute
(BARI), and the seedlings were imposed to salinity stress by adding
NaCl saline solution (10 gL™). An EC meter (Hanna 993310) was
used to measure salinity level. Spermidine at 100 uM concentration
was sprayed twice daily. Saline was added until the level became
16 dSm™, to attain salinity level of 16 dSm™.

When the salinity level attained 16 dSm™, addition of both saline
water and Spd was stopped, and salinity duration was counted. Soil
surface was sealed with polythene to maintain the soil moisture.
This condition was maintained for seven days. A control without
salinity and Spd was maintained under same condition. Data were
measused at 1, 3, 5 and 7 days of stress, in fully expanded leaves
on different parameters.

Measurement of relative water content

Relative water content (RWC) was calculated according to the
method of Barrs and Weatherley (1962). Data on fresh weight (FW),
turgid weight (TW) and dry weight (DW) of leaves were recorded.
The below formula was used to calculate RWC:

RWC (%) = (FW-DW) x 100/(TW-DW)

Measurement of O, generation rate and H,O,

Superoxide radical generation rate was measured according to
Rohman et al. (2016). Method of Yu et al. (2003) was used in
measuring H2O0.

Measurement of lipid peroxidation

Heath and Packer (1968) method was monitored to measure the
level of lipid peroxidation, which was assayed as melondialdehyde
(MDA), a peroxidation product of polyunsaturated fatty acid of the
membrane lipid.

*Corresponding author. E-mail: motiar_1@yahoo.com.

Author(s) agree that this article remain permanently open access under the terms of the Creatfive Commons Atfribution

License 4.0 International License



http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US

3306 Afr. J. Agric. Res.

3 2 2
% 154 de
o
:é 14 e e
05 4
1] -
1day 3day Tday

Figure 1. Changes in relatve water and proline contents in
leaves of onion seedlings by Spd under salinity stress. Values
present in the bars are mean + standard error (SE). Similar
letters between the bars are not significant at P<5%.

Determination of proline

Ninhydrin was used to produce prolin’s reaction which was used to
estimate proline following the method of Bates et al. (1973).

Extraction and measurement of ascorbate and glutathione

Half gram of fresh onion leaves were homogenized in 3 ml
extraction buffer containing 5% meta-phosphoric acid and 1 mM
EDTA. Homogenates were centrifuged at 11,500xg for 15 min by
4°C, and the supernatant was used in analysis of ascorbate and
glutathione. Method of Huang et al. (2005) was used to measure
ascorbate while Yu et al. (2003) was used to assay for glutathione
pool.

Determination of protein

Content of protein was determined according to Bradford (1976)
where, BSA was used as standard.

Enzyme extraction and assays

Half gram of leaf tissue was homogenized in 1 ml of 50 mM K-
phosphate buffer (pH 7.0), which contains 100 mM KCI, 1 mM
ascorbate, 5 mM B-mercaptoethanol and 10% (w/v) glycerol. The
homogenates were centrifuged at 11,500xg for 10 min, and the
supernatants were used for determination of enzyme activity. All
process was carried out below 4°C.

Diamine oxidase (DAO, EC: 1.4.3.6) and polyamine oxidae (PAO,
EC: 1.5.3.11) activities were measured by the method of Gao et al.

(2005), with few modifications. Fresh samples of onion leaves were
homogenized in 100 mM phosphate buffer (pH 6.5) and the
homogenate was centrifuged for 20 min at 4°C by 10,000xg. The
supernatant was used for enzyme assay. The reaction mixture
contained 2.5 ml of phosphate buffer (100 mM, pH 6.5), 0.2 ml of 4-
aminoantipyrine/N,N-dimethylaniline reaction solution, 0.1 ml of
horseradish peroxidase (250 Uml™), and 0.2 ml of the enzyme
extract. The reaction was initiated by addition of 0.1 ml Putrescine
final concentration of 20 mM) for DAO determination and 0.1 ml
Spd (final concentration of 20 mM) for PAO determination. The
change of absorbance at 550 nm per minute by 0.001 was
considered as, one unit enzyme activity.

Superoxide dismutase (SOD, EC 1.15.1.1) activity was assayed
according to Spitz and Oberley (1989) based on the competition
between SOD and an indicator molecule NBT for superoxide
production from xanthine and xanthine oxidase. Activity of one unit
was defined as, the amount of protein required to inhibit NBT
reduction by 50%. The Catalase (CAT, EC: 1.11.1.6) activity was
assayed by Csiszar et al. (2011) while extinction coefficient of 39.4
M™cm™ was used to compute the activity.

Ascorbate peroxidase (APX, EC: 1.11.1.11) activity was
computed by Nakano and Asada (1981) while Glutathione
peroxidase (GPX, EC: 1.11.1.9) activity was calculated by Elia et al.
(2003). The activities of glutathione (GR, EC: 1.6.4.2) and
monodehydroascorbate reductase (MDHAR, EC: 1.6.5.4) were
assyed according to the methods of Hossain and Fujita (2010). In
case of assay activity of dehydroascorbate reductase (DHAR, EC:
1.8.5.1), method of Nakano and Asada (1981) was monitored.

Statistical analysis

Data were analyzed by statistical software SAS (9.1 version) and
the means were separated by Tukey’s tests following randomized
complete block design (RCBD). Value presented in table and
figures are, mean of three independent experiments (each
experiment consists of three replications). Probability level at
P<0.05 was considered as significant.

RESULTS
Changes in relative water content (RWC) and proline

The salinity reduced the leaf RWC gradually with stress
duration, and at 5 and 7 days, RWC was significantly
lower in the stressed seedlings than control (Figure 1A).
Foliar application of Spd reduced the loss of water and
restored the RWC in salinity stress seedlings by 7, 15, 14
and 14 % at 1, 3, 5 and 7 days, respectively. On the other
hand, salinity stress significantly increased the proline
content in onion seedlings (Figure 1B).

In salinity treated seedlings, the content was 0.55, 2.6,
2.4 and 1.9 fold higher over control seedlings at 1, 3, 5
and 7 days, respectively. Exogenous foliar spray of Spd
further increased the content up to 5 days of stress and
decreased subsequently.

Effect of Spd on ROS and lipid peroxidation

The formation rate of O, increased continuously and
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Figure 2. Changes in O, (A), H.0O (B) and MDA (C) contents
in leaves of onion seedlings by Spd under salinity stress.
Values present in the bars are mean + SE. Similar letters
between the bars are not significant at P<5%.

significantly with duration of stress (Figure 2A). As
compare to control, O, generation rate was 2.4, 7.1, 7.1
and 7.8 fold higher in salinity stressed seedlings at 1, 3, 5
and 7 days, respectively. In Spd treated seedlings, the
generation rate decreased by 5, 32, 16 and 11%, at 1, 3,
5 and 7 days, respectively. Similarly, H,O, was increased
sharply by salinity which was 1.4, 2.2, 2.5 and 2.3 fold
higher compared to control at 1, 3, 5 and 7 days,
respectively (Figure 2B).

Spd treatment also reduced the H,O, content in onion
seedlings over the content in the seedlings under salinity
without Spd by 21, 46, 16 and 28% at 1, 3, 5 and 7 days,
respectively. Lipid peroxidation was measured as MDA
which sharply increased in onion leaves by salinity stress
(Figure 2C). As compared to respective control, the
content of MDA was 1.5, 4.5, 5.7 and 8.8 fold higher at 1,
3, 5 and 7 days, respectively. The Spd treatment reduced
the content by 39, 51, 18 and 14% at 1, 3, 5 and 7 days
of salinity stress, respectively, when calculated over
salinity stress without Spd.

Changes in polyamine related enzymes

Under saline stress, the activity of polyamine oxidase
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(PAO) increased slightly up to 3 days and decreased
afterward (Figure 3A). On the other hand, the activity of
diamine oxidase (DAO) increased by saline stress where
maximum (47% over control), increment was observed at
3 days of stress (Figure 3B). Spd increased both
activities over salinity. However, both of the activities
were the highest at 3 days of stress.

Changes in antioxidant enzymes

The activity of superoxide dismutase (SOD) increased
under saline stress (Figure 4A). However, after 5 day of
stress, it decreased. The increments of the activity under
salinity over control were 20, 22, 47 and 25% at 1, 3, 5
and 7 days, respectively. Application of Spd in saline
stressed seedlings further increased the activity over
salinity by 10, 21, 20 and 25% at 1, 3, 5 and 7 days,
respectively. However, CAT activity was almost similar in
the seedlings both under salinity with or without Spd
(Figure 4B).

Under salinity, the APX activity decreased after 3 day
of stress (Figure 5A). Application of Spd increased the
activity in the seedlings over salinity, where the
increments were 23, 21, 19 and 39% at 1, 3, 5 and 7
days, respectively. Alternatively, saline stress increased
the GPX activity (3, 32, 55 and 29% over control at 1, 3, 5
and 7 days, respectively) where the activity decreased
after 5 days of stress (Figure 5B). Application of Spd
improved the activity over salinity by 14 and 15% at 1 and
3 days, respectively; however, this activity decreased
gradually.

The important enzymes, MDHAR, DHAR and GR of
ASA-GSH cycle were also measured which maintain ASA
and GSH. In this study, saline stress decreased MDHAR
activity with duration, though, significant variation was not
found between the activities under control and salinity
(Figure 6A). Notably, application of Spd increased the
activity over salinity, where increase was higher by 6, 19,
22 and 21% at 1, 3, 5 and 7 days, respectively. In
contrast, salinity increased the DHAR activity over
control. In application of Spd, the activity was found to
increase stressed seedlings up to 3 days of stress
(Figure 6B).

Saline stress also increased the activity of GR with
stress duration (Figure 6C). As compare to control, the
activity was higher by 5, 28, 40 and 38% at 1, 3, 5 and 7
days, respectively. Notably, application of Spd further
increased the activity in stressed seedlings by 15, 23, 10
and 20% at 1, 3, 5 and 7 days, respectively.

Changes in ascorbate and glutathione

A continual decrease was observed in ascorbic acid
(ASA) content under salinity stress (Figure 7A). As
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Figure 3. Changes in activities of PAO (A) and DAO (B) in leaves of onion
seedlings by Spd under salinity stress. Values present in the bars are mean + SE.
Similar letters between the bars are not significant at P<5%.
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Figure 4. Changes in activities of SOD (A) and CAT (B) in leaves of
onion seedlings by Spd under salinity stress. Values present in the
bars are mean + SE. Similar letters between the bars are not
significant at P<5%.
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Figure 5. Changes in activities of APX (A) and GPX (B) in leaves of onion
seedlings by Spd under salinity stress. Values present in the bars are mean + SE.
Similar letters between the bars are not significant at P<5%.

compare to control, salinity reduced the ASA content by
15, 36, 43 and 60% at 1, 3, 5 and 7 days, respectively,
while application of Spd maintained the ASA content
higher over salinity by 7, 16, 16 and 17% in stressed
seedlings correspondingly.

Contrary, the DHA contents were observed to increase
continuously with duration of saline stress, and as
compared to control, 32, 34, 33 and 52% higher DHA
was found at 1, 3, 5 and 7 days, respectively (Figure 7B).
The application of Spd in saline stressed seedlings also
reduced the oxidation of ASA, resulting in decrease of
DHA content (15, 17, 16 and 23% at 1, 3, 5 and 7 days,
respectively) as well. Importantly, Spd maintained the
ascorbate redox in saline stressed seedlings by 11, 18,
20 and 31% at 1, 3, 5 and 7 days, respectively (Figure
7C).

Saline stress also caused continual and significant
decrease in GSH content in onion seedlings, while 7, 24,
51 and 62% reduction was observed at 1, 3, 5 and 7
days, respectively (Figure 8A). In presence of Spd, saline
treated seedlings showed 8, 14, 40 and 57% higher GSH
at 1, 3, 5 and 7 days, respectively. Conversely, salinity
increased GSSG content significantly and continuously
(Figure 8B). As compared to control, the content was 1.8,
2.4, 5.6 and 6.4 folds higher at 1, 3, 5 and 7 days,

respectively. Application of Spd decreased GSSG in
saline stress seedlings, maintaining higher glutathione
redox (Figure 8C).

DISCUSSION

Leaf water relationship is a very important factor to
maintain physiological and biochemical processes in
plants. In this study, salinity caused loss of leaf water in
onion seedlings (Figure 1A). Osmotic adjustment in
plants is very essential to maintain structure and function
of cell components (Lambers et al., 2006; Hasegawa et
al., 2000) while exogenous Spd increased the leaf water
content (Figure 1A).

The osmotic adjustment in presence of Spd might be
due to proline synthesis. Proline accumulation in onion
seedlings was correlated with RWC (Figure 1B).
Previously, exogenous Spd was also reported to increase
with proline content and RWC in other plants under
salinity stress, which demonstrated that osmolyte level,
was modulated by PAs (Roychoudhury et al., 2011; Duan
et al., 2008). Proline functions as an osmoprotectant for
osmotic adjustment as well as scavenger of ROS
(Yancey et al., 1982), and as compatible solute (Ashraf
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Figure 6. Changes in activities of MDHAR (A), DHAR (B) and GR (C) in leaves
of onion seedlings by Spd under salinity stress. Values present in the bars are
mean + SE. Similar letters between the bars are not significant at P<5%.

and Foolad, 2007; Kocsy et al., 2005). Proline
biosynthesis in higher plants is preceded through
polyamine cycle where Spd is very important to regulate
the proline content (Szabados and Savoure, 2009;
Sanchez et al., 2001). Previously, under drought stress,
Li et al. (2014) reported that exogenous Spd promoted
polyamine cycle. In this study, higher proline content by
exogenous Spd could play important role in osmotic
adjustment under salinity stress, which might be involved
in membrane stability. However, decreased proline
content after 5 days of stress might be due to insufficient
Spd as its application was stopped before counting the
stress duration.

Production of ROS like superoxide (O,") and hydrogen
peroxide (H,O,) is a common phenomenon in crop under
abiotic stress including salinity (Huang et al., 2005;
Noctor et al., 2002; Hernandez et al., 2000), but at higher

concentration, they are the major cellular components to
cell death (Foyer and Noctor, 2005; Foyer et al., 1994).
To protect the cell organells from the toxicity of ROS,
plant deploy antioxidant activity (Gill and Tujeta, 2010). In
this study, we observed profound increases in O, and
H,0; contents under salinity in onion seedlings (Figure
2A, B). ROS-scavenging enzymes as well as antioxidant
molecules in plants protect cell organells by lessening the
damage from O,” and H,O,, where O, is first dismutated
into H,O, by the interference of SOD in different cell
organells (Bowler et al., 1992).

In this study, exogenous Spd improved SOD activity in
onion which was associated with lower O, generation.
Therefore, SOD activity played an important role in
dismutation of O,” in onion seedlings under salinity
stress. Melondialdehyde, a product of lipid peroxidation
by ROS under environmental stresses including salinity,
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DHA (B) and Ascorbate redox

[ASA/(ASA+DHA)] (C) in leaves of onion seedlings by Spd under salinity
stress. Values present in the bars are mean + SE. Similar letters between the

bars are not significant at 5% level.

causes damage to plasmalemma and organelle
membranes (Garg and Manchanda, 2009). In the
experiment, both MDA and H,O, were increased

significantly (Figure 2B, C), which can cause membrane
damage in onion. Higher MDA content under salinity in
plants was also reported previously (Saleethong et al.,
2011; Moschou et al.,, 2008; Rohman et al.,, 2016).
Reduction of MDA in Spd treated seedlings might be
resulting from comparatively lower concentration of O,”
and H,0,.

Superoxide dismutase deploys the primary protection
against O, to reduced the oxidative damage. Exogenous
Spd increased SOD activity which correlated negatively
with O, generation (Figure 4A). Therefore, the increased
SOD activity by the addition of Spd, dismutated the NaCl-
stress which mediate higher O,” in onion seedlings.
However, the increased SOD activity by Spd addition up

to 5 days of stress, suggested its better role under short-
term salinity stress.

Excessive accumulation of H,O, is one of the most
important indicators of oxidative stress (Apel and Hirt,
2004). H,0,, produced by intervention of SOD, is highly
cytotoxic (Gill and Tujeta, 2010). On the other hand, CAT
is considered as the strongest decomposer of H,0O,
(Scandalios, 2005). However CAT activity did not
increase in the onion seedlings under saline stress
(Figure 4B). Foliar application of Spd also failed to
increase the activity in saline stressed seedlings. Unlike
other H,O, scavenging enzymes, enzymatic reaction of
CAT is independent of other cellular substrates for
instituting its activity (Scandalios, 2005). However, under
salinity CAT activity almost unchanged in the presence or
absence of Spd suggesting that, the enzyme did not play
important role in decomposition of H,O, under saline
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Figure 8. Changes in GSH (A), GSSG (B) and glutathione redox [GSH/
(GSH+GSSG)] (C) in leaves of onion seedlings by Spd under salinity
stress. Values present in the bars are mean + SE. Similar letters between

the bars are not significant at 5% level.

stress in onion sedlings.

The activity of APX increased in salinity stressed
seedlings (Figure 5A). To reduce H,O, to water, APX
needs ASA to generate monodehydroascorbate which
disproportionates to ASA and DHA (Apel and Hirt, 2004).
Salinity stress might inactivate the APX activity by
reducing ASA content (Figure 7A). Exogenous Spd
enhanced the activity by increasing ASA content which
indicates the H,O, scavenging role of Spd. GPX activity
which increased remarkably, suggestes the role of H,0O,
metabolism in onion seedlings. Application of Spd
treatment increased the activities of GPX up to 5 days of
stress, suggesting the role of Spd in converting H,O, into
H,O more efficienty in early days of salinity stress (Figure
5A, B).

Ascorbic acid plays an important role by maintaining
enzymatic activity of ascorbate-glutathione cycle and thus
improves plant tolerance to adverse environmental
conditions including salinity stress by effectively reducing
ROS, produced under stress conditions (Apel and Hirt,

2004; Shalata and Neumann, 2001; Nakano and Asada,
1981). In this study, the content of ASA decreased
gradually and significantly with duration of salt stress
resulting in more oxidation to generate GSSG (Figure 8A,
C). In ascorbate-glutathione cycle, ASA is maintained by
MDHAR and DHAR enzymes with ASA the key reductant
in plant cells for H,O, metabolism (Mehlhorn et al., 1996;
Nakano and Asada, 1987). The increased contents of
DHA in this study resulted in the oxidation of ASA (Figure
7B). Conversely, higher activity of DHAR is use in
maintaining ASA contents under salinity. Spd-induced
MDHAR and DHAR activities suggested higher
maintenance of ASA and its redox in onion seedlings
(Figure 6A, 6B, 7C).

On the other hand, GSH participates in scavenging of
ROS either directly or indirectly in ascorbate-glutathione
and thus it is a key non-enzymatic antioxidant (Noctor et
al., 2002). The essential role of GSH is due to its
capability to restore ASA through reduction of DHA,
passing through the ascorbate-glutathione cycle (Apel



and Hirt, 2004). GSH is also used in glyoxalase to
detoxify cytotoxic MG by acting as a substrate.
Furthermore, in plant cells, GR is the key enzyme for
maintaining GSH, which is also necessary in speeding up
scavenging H,O, (Saha et al., 2015).

Salinity stress caused a significant decrease in GSH
levels at 3, 5 and 7 days saline stress (Figure 8A), and at
the same time, GSSG levels also increased significantly
at 1, 3, 5 and 7 days saline stress (Figure 8B). Spd
treatment significantly decreased the level of GSSG by
GR mediated recycling which ultimately maintained
higher GSH content (Figure 8A, B). Hence, the results
suggested the contribution of Spd in maintaining
glutathione redox during the stress period. This result
was collaborated with other recent findings, where
exogenous PAs including Spd upregulated the GR
activity under salt stress (Erat et al., 2008).

Conclusion

Considering the above results, saline stress caused over
production of ROS and MDA in onion seedlings.
Application of foliar Spd reduced ROS and MDA through
up-regulating activities of SOD, APX, GPX, MDHAR,
DHAR and GR as well as maintaining ASA and GSH.
Importantly, many of the enzymatic antioxidants showed
higher activities at 3 to 5 days of stress.

However, the CAT activity remaind almost unchanged
under salinity stress with or without Spd application. In
this preliminary study, we used only one dose of Spd.
Multiple dose can be examined for further study.

CONFLICT OF INTERESTS

The authors have not declared any conflict of interests.

REFERENCES

Alcéazar R, Marco F, Cuevas JC, Patron M, Ferrando A, Carrasco P,
Tiburcio AF, Altabella T (2006). Involvement of polyamines in plant
response to abiotic stress. Biotechnol. Lett. 28:1867-1876.

Apel K, Hirt H (2004). Reactive oxygen species: metabolism, oxidative
stress, and signal transduction. Annu. Rev. Plant Biol. 55:373-399.
Ashraf M, Foolad MR (2007). Roles of glycine betaine and proline in
improving plant abiotic resistance. Environ. Exp. Bot. 59:206-216.
Barrs HD, Weatherley PE (1962). A re-examination of the relative
turgidity technique for estimating water deficits in leaves. Aust. J.

Biol. Sci. 15:413-428.

Bates L, Waldren RP, Teare ID (1973). Rapid determination of free
proline for water stress studies. Plant Soil 39:205-207.

Besford RT, Richardson CM, Campos JL, Tiburcio AF (1993). Effect of
polyamines on stabilization of molecular complexes in thylakoid
membranes of osmotically stressed oat leaves. Planta 189:201-206.

Bouchereau A, Aziz A, Larher F, Martin-Tanguy J (1999). Polyamines
and environmental challenges: Recent development. Plant Sci.
140:103-125.

Bowler C, Van Montagu M, Inze D (1992). Superoxide dismutase and

Rohman et al. 3313

stress tolerance. Annu. Rev. Plant Phys. 43:83-116.

Bradford MM (1976). A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle of protein-dye
binding. Anal. Biochem. 72:248-254.

Csiszar J, Vary Z, Horvath E, Gallé A. Tari | (2011).Role of glutathione
transferases in the improved acclimation to salt stress in salicylic
acid-hardened tomato. Acta Biol. Szeged. 55(1):67-68.

Duan J, Li J, Guo S, Kang Y (2008). Exogenous spermidine affects
polyamine metabolism in salinity-stressed Cucumis sativusroots and
enhances short-term salinity tolerance. J. Plant Physiol. 165:1620-
1635.

Elia AC, Galarini R, Taticchi MI, Dorr AJM, Mantilacci L (2003).
Antioxidant responses and bioaccumulation in Ictalurus melas under
mercury exposure. Ecotoxicol Environ. Saf. 55:162-167.

Erat M, Ozturk L, Leonardo M, Casano, Demir Y (2008). Effect of
polyamines on glutathione reductase activity in spinach. Z.
Naturforsch 63:260-266.

Foyer CH, Descourvires P, Kunert KJ (1994). Protection against oxygen
radicals: An important defence mechanism studied in transgenic
plants. Plant Cell Environ. 17:507-523.

Foyer CH, Noctor G (2005). Redox homeostasis and antioxidant
signaling: a metabolic interface between stress perception and
physiological responses. Plant Cell Environ. 17:1866-1875.

Gao HB, Liu YH, Guo SR, Sun YJ (2005). Effect of calcium on
polyamine content and polyamines oxidase activity in muskmelon
seedlings under hypoxia stress. Acta Phytoecol. Sinica. 29:652-658

Garg N, Manchanda G (2009). ROS generation in plants: boon or
bane? Plant Biosyst. 143:81-96.

Gill SS, Tuteja N (2010). Reactive oxygen species and antioxidant
machinery in abiotic stress tolerance in crop plants. Plant Physiol.
Biochem. 48:909-930.

Hasegawa PM, Bressan RA, Zhu JK, Bohnert HJ (2000). Plant cellular
and molecular responses to high salinity. Annu. Rev. Plant Physiol.
Plant Mol. Biol. 51:463-499.

He L, Nada K, Kasukabe Y, Tachibana S (2002). Enhanced
susceptibility of photosynthesis to low-temperature photoinhibition
due to interruption of chill-induced increase of S-adenosylmethionine
decarboxylase activity in leaves of spinach (Spinacia oleracea L.).
Plant Cell Physiol. 43:196-206.

Heath RL, Packer L (1968). Photoperoxidation in isolated chloroplasts.
I. Kinetics and stoichiometry of fatty acid peroxidation. Arch.
Biochem. Biophy. 125:189-198.

Hernandez JA, Jiménez A, Mullineaux P, Sevilla F (2000). Tolerance of
pea (Pisum sativum L.) to long-term salt stress is associated with
induction of antioxidant defenses. Plant Cell Environ. 23:853-862.

Hossain MA, Fujita M (2010). Evidence for a role of exogenous
glycinebetaine and proline in antioxidant defense and methylglyoxal
detoxification systems in mung bean seedlings under salt stress.
Physiol. Mol. Biol. Plants 16(1):19-29.

Huang C, He W, Guo J, Chang X, Su P, Zhang L (2005). Increased
sensitivity to salt stress in an ascorbate-deficient Arabidopsis mutant.
J. Exp. Bot. 56:3041-3049.

Islam T, Hossain MI, Rahaman MS, Rohman MM (2016). Spermidine
Enhances Activities of Detoxification Enzymes in Onion (Allium cepa
L.) Seedlings Under Short Term Salinity. Cell Biol. 4:18-23.

Kocsy G, Laurie R, Szalai G, Szilagyi V, Simon-Sarkadi L, Galiba G,
Ronde JA (2005). Genetic manipulation of proline levels affects
antioxidants in soybean subjected to simultaneous drought and heat
stresses. Plant Physiol. 124:227-235.

Krishnamurthy R, Bhagwat KA (1989). Polyamines as modulators of salt
tolerance in rice cultivars. Plant Physiol. 91:500-504.

Lambers H, Shane MW, Cramer MD, Pearse SJ, Veneklaas EJ (2006).
Root structure and functioning for efficient acquisition of phosphorus:
matching morphological and physiological traits. Ann. Bot. 98:693-
713.

Li Z, Peng Y, Zhang XQ, Pan MH, Ma X, Huang LK, Yan YH (2014).
Exogenous spermidine improves water stress tolerance of white
clover (Trifolium repens L.) involved in antioxidant defence,
geneexpression and proline metabolism. Plant omics J. 7(6):517-526.

Martin-Tanguy J (2001). Metabolism and function of polyamines in



3314 Afr. J. Agric. Res.

plants: recent development (new approaches). Plant Growth Regul.
34:135-148.

Mehlhorn H, Lelandais M, Korth HG, Foyer CH (1996). Ascorbate is the
natural substrate for plant peroxidases. FEBS Lett. 378:203-206.

Moschou PN, Konstantinos A, Paschalidis, loannis D, Delis, Athina H,
Andriopoulou, George D, Lagiotis, Dimitrios |, Yakoumakis, Kalliopi A,
Roubelakis-Angelakis (2008). Spermidine Exodus and Oxidation in
the Apoplast Induced by Abiotic Stress Is Responsible for H,O,
Signatures That Direct Tolerance Responses in Tobacco. Plant Cell
20:1708-1724.

Nada K, Iwatani E, Doi T, Tachibana S (2004). Effect of putrescine
pretreatment to roots on growth and lactate metabolism in the root of
tomato (Lycopersicum esculentum Mill.) under root-zone hypoxia. J.
Jpn. Soc. Hort. Sci. 73:3.

Nakano Y, Asada K (1981). Hydrogen peroxide is scavenged by
ascorbate-specific peroxidase in spinach chloroplasts. Plant Cell
Physiol. 22:867-880.

Nakano Y, Asada K (1987). Purification of ascorbate peroxidase in
spinach chloroplasts: its inactivation in ascorbate-depleted medium
and reactivation by monodehydroascorbate radical. Plant Cell
Physiol. 28:131-140.

Noctor G, Gomez LA, Vanacker H, Foyer CH (2002). Interactions
between biosynthesis, comparmentation and transport in the control
of glutathione homeostasis and signaling. J. Exp. Bot. 53:1283-1304.

Noctor G, Mhamdi A, Chaouch S, Han Y, Neukermans J, Marquez-
Garcia B, Queval G, Foyer CH (2012). Glutathione in plants: an
integrated overview. Plant Cell Environ. 35:454-484.

Rohman MM, Talukder MZA, Hossain MG, Uddin MS, Amiruzzaman M,
Biswas A, Ahsan AFMS, Chowdhury MAZ (2016). Saline sensitivity
leads to oxidative stress and increases the antioxidants in presence
of proline and betaine in maize (Zea mays L.) inbred. Plant Omics J.
9(1):35-47.

Roy M, Ghosh B (1996). Polyamines, both common and uncommon,
under heat stress in rice (Oryza sativa) callus. Plant Physiol. 98:196-
200.

Roychoudhury A, Basu S, Sengupta DN (2011). Amelioration of salinity
stress by exogenously applied spermidine or spermine in three
varieties of indica rice differing in their level of salt tolerance. J. Plant
Physiol. 168:317-328.

Saha J, Brauer EK, Sengupta A, Popescu SC, Gupta K, Gupta B
(2015). Polyamines as redox homeostasis regulators during salt
stress in plants. Front. Environ. Sci.3: 21.

Saleethong P, Sanitchon J, Kong-ngern K, Theerakulpisut P (2011).
Pretreatment with Spermidine Reverses Inhibitory Effects of Salt
Stress in Two Rice (Oryza sativa L.) Cultivars Differing in Salinity
Tolerance. Asian J. Plant Sci. 10(4): 245-254.

Sanchez E, Lopez-Lefebre LR, Garcia PC, Rivero RM, Ruiz JM,
Romero L (2001). Proline metabolism in response to highest nitrogen
dosages in green bean plants (Phaseolus vulgaris L. cv. Strike). J.
Plant Physiol. 158:593-598.

Saxena M, Roy DS, Singla-Pareek SL, Sopory SK, Bhalla-Sarin N
(2011). Overexpression of the glyoxalase Il gene leads to enhanced
salinity tolerance in Brassica juncea. Plant Sci. J. 5:23-28.

Scandalios JG (2005). Oxidative stress: molecular perception and
transduction of signal triggering antioxidant gene defenses. Brazillian
J. Med. Biol. Res. 38:995-1014.

Shalata A, Neumann PM (2001). Exogenous ascorbic acid (vitamin C)
increases resistance to salt stress and reduces lipid peroxidation. J.
Exp. Bot. 52:2207-2211.

Shen W, Nada K, Tachibana S (2000). Involvement of polyamines in the
chilling tolerance of cucumber cultivars. Plant Physiol. 124:431-439.

Singla-Pareek SL, Yadav SK, Pareek A, Reddy MK, Sopory SK (2008).
Enhancing salt tolerance in a crop plant by overexpression of
glyoxalase Il. Trans. Res. 17:171-180.

Spitz DR, Oberley LW (1989). An assay for superoxide dismutase
activity in mammalian tissue homogenates. Anal Biochem.179:8-18.
Szabados L, Savoure A (2009). Proline: a multifunctional amino acid.

Trends Plant Sci. 15:89-97.

Yadav SK, Singla-Pareek SL, Ray M, Reddy MK, Sopory SK (2005a).
Transgenic tobacco plants overexpressing glyoxalase enzymes resist
an increase in methylglyoxal and maintain higher reduced glutathione
levels under salinity stress. FEBS Lett. 579:6265-6271.

Yadav SK, Singla-Pareek SL, Reddy MK, Sopory SK (2005b).
Methylglyoxal levels in plants under salinity stress are dependent on
glyoxalase | and glutathione. Biochem. Biophys. Res. Comm. 337:61-
67.

Yancey PH, Clark ME, Hand SC, Bowlus RD, Somero GN (1982).
Living with water stress. Evol. Osmolyte Syst. Sci. 217:1214-1222.
Yiu JC, Liu CW, Kuo, Tseng MJ, Lai YS. Lai WJ (2008). Changes in
antioxidant properties and their relationship to paclobutrazol induced
flooding tolerance in Welsh onion. J. Sci. Food Agric. 88:1222-1230.

Yu CW, Murphy TM, Lin CH (2003). Hydrogen peroxide-induces chilling
tolerance in mungbeans mediated through ABA-independent
glutathione accumulation. Func. Plant Biol. 30:955-963.

Zhao H, Yang H (2008). Exogenous polyamines alleviate the lipid
peroxidation induced by cadmium chloride stress in Malus
hupehensis Rehd. Sci. Hort. 116:442-447.



