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Abstract: Salinity is the most damaging factor towards crop production. The aim of this study was to investigate the possible role of
thiourea in salinity tolerance. These experiments were carried out on two maize hybrids (DK6789 and 33M15) using the optimized
thiourea level (400 M) in autumn and spring seasons, and the growth and physiological attributes were observed. Salt stress caused
a substantial suppression of growth, and damaging effects were observed, as reduction in shoot and root length, their fresh and dry
weights, decreased root number and shoot/root ratio, increased accumulation of H,0,, malondialdehyde (MDA) in root and shoot
tissues, and enhancement in activities of some key antioxidant enzymes (catalase, peroxidase and superoxide dismutase) with altered
ascorbate peroxidase level in leaves of both maize hybrids. Medium supplemented thiourea was found to be very effective in
improving growth may be due to decreased H,O,, MDA and further enhanced the activities of antioxidants with higher accumulation
of ascorbate peroxidase under control and saline conditions. Salinity tolerance induced by thiourea was superior in the spring than in
autumn grown maize. From the changes in the growth and physiological attributes of maize, it can be concluded that thiourea
application has a great potential to alleviate the deteriorating effects of salt stress on maize and is recommended for improving
growth in marginally to moderately saline soils.
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1. Introduction and salinity stress tolerance has been investigated in

. . sunflower [6], turnip [7], wheat [8] and pea [9].
Increased levels of soluble salts in soil cause an o ) . )
) i Exogenous application of organic and inorganic
unescapable threat for growth of plants by disturbing .
) . compounds proved to be very useful to improve crop
normal growth and metabolism [1]. As the salinity Lo .
. . salt tolerance [10]. Thus, application of bio-regulatory
level increases, the growth and productivity decrease . . .
. oL . hormones has the potential to provide pragmatic and
[2]. Saline conditions impose negative effects on plant . . . .
easy solutions to ensure sustainable agriculture in salt

affected lands in future [11]. It has been shown that a
number of natural and synthetic plant growth

height, biomass and yield [3]. The capability to reduce
the damaging effects of reactive oxygen species (ROS)

on key macromolecules in plant tissues is of great ) ) ) )
] ) o o regulators, inorganic salts and stress signaling
importance in stress tolerance [4]. To limit oxidative . .
) .. molecules can be used to improve stress tolerance in
damage in stress condition, plants have developed a ) ] . ]
. ) ) . plants depending upon their specific properties,
series of detoxification systems that breakdown toxic . ) ) ]
. ) o mechanisms of action and their roles to improve
ROS [5]. A positive correlation between antioxidant L
germination [12, 13].
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thought to be involved in improving stress tolerance in
crops [13]. It is water soluble and can easily penetrate
plant cells. Structurally, thiourea has three functional
groups, i.e., “thiol”, “amino” and “imino” groups [14].
Oxidative stress can be tolerated by thiol group, and
amino and imino groups help to partially fulfill the N
economy when plant is facing abiotic stress [15].
Seasons also affect the growth and yield of crops,
because different seasons have different temperatures.
Application of thiourea at late sowing dates increased
the yield of Brassica [16]. Thiourea also improved the
growth and yield of wheat under salinity and high
temperature stress [17] and improved cadmium
tolerance in maize when supplemented in the growth
medium [14].

Salt stress reduces the growth by affecting various
morphological and physiological attributes in maize
[18]. Salt stress causes oxidative damage that can be
determined in of the
malondialdehyde (MDA) and H,O, [19]. Superoxide
dismutase (SOD), catalase (CAT) and peroxidase

(POD) are the important antioxidant enzymes, because

terms accumulation of

they can efficiently prevent the accumulation of O*
and H,O, and minimize the deleterious effects of ROS
[20]. Though, the plants can escape the destructive
effects of MDA and H,0, by developing a strong
defense system of antioxidant enzymes, like CAT,
POD and SOD [21]. They seem to be important for
plant development, and the enhanced growth and yield
have been achieved [22].

One of the important effects of salinity on plant
cells and tissues is the enhanced production of ROS
[23], which damages the biological membranes. In
order to reduce the effect of salinity, it is important to
reduce the production of ROS in plant tissues. Most of
the studies in literature deal with the effectiveness of
foliar spray of thiourea in mitigating the stress affect.
It is perceived that the medium supplementation of
thiourea is an excellent source to mitigate the ROS
production due to its important structural properties.

The objective of this study was to assess the possible

role of thiourea in the activation of antioxidants,
reducing production of ROS and improvement in
growth of

salinity stressed hybrid maize, a

commercially important crop.

2. Materials and Methods
2.1 Plant Materials

Experiments were conducted in the autumn and
spring seasons of 2013-2014 in the Department of
Botany, University of Agriculture, Faisalabad,
Pakistan. Seeds of DK6789 and 33M15 (single cross
hybrids) were obtained from Maize and Millet
Research Institute, Sahiwal. Seeds were sown in
plastic pots containing river sand. An optimized level
(400 uM) of thiourea and 120 mM NaCl salinity were
applied to 10-day-old plants mixed in half strength
nutrient solution [24]. After 15 days of treatment, the
data was taken for growth attributes, and plant were
preserved in freezer at -30 °C for different analysis.
Numbers of roots along with their lengths were
measured, as well as fresh weights of shoot and root,
and then plants were kept in oven for 7 days at 70 °C
and again dry weights were measured. Hydrogen
peroxide in the leaf samples was determined at an
absorbance of 390 nm using a UV-Vis
spectrophotometer (IRMECO U-2020) according to
the method described by Velikova et al. [25]. MDA
was measured at two wavelengths of 532 nm and 600
nm [26]. Total soluble proteins were estimated using
the dye-binding method described by Bradford [27].

2.2 Antioxidant Enzymes Activities

Fresh leaves (0.25 g) were finely ground under
chilled conditions in 5 mL of phosphate buffer (50
mM with pH 7.8) for the extraction of antioxidant
enzymes. Centrifugation of the mixture was
performed at 12,000xg for 20 min at 4 °C. The
supernatant was re-centrifuged at 15,000xg for 10 min
and then the resultant extract stored at -20 °C for
determining the activity of antioxidant enzymes. The

activity of SOD was determined following the method
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described by [28] by
determining the enzyme inhibition of photochemical

Giannopolitis and Ries
reduction of nitroblue tetrazolium (NBT). Then
absorbance was read at 560 nm with a UV-visible
spectrophotometer (Hitachi U-2100, Tokyo, Japan).
Both CAT and POD were assayed according to the
procedure described by Chance and Maehly [29]. The
activity of all antioxidant enzymes was determined on

protein basis.
2.3 Statistical Analysis

The design of the experiment was completely

randomized factorial and each treatment was
replicated thrice. The data were subjected to statistical

analysis using COSTAT computer software.

3. Results
3.1 Growth Characteristics

3.1.1 Shoot Length

Maize hybrids treated with thiourea and salt resulted
in non-significant differences (P > 0.05) in both seasons.
Hybrids (H), salt (S) and thiourea (TU) independently
as the main factors significantly (P < 0.01) affected
shoot length in both seasons (Fig. 1a).

In autumn, hybrid 33M15 performed relatively better
than DK6789 (2%) when treated with 400 uM thiourea
under salt stress. Thiourea increased the shoot length of
33M15 and DK6789 up to 27% and 53%, respectively,
as compared to their controls. In spring season, salt
stress reduced the shoot length in both hybrids (24%
reduction in 33M15 and 12% reduction in DK6789).
However, in spring season the application of 400 uM
thiourea was markedly effective in improving the shoot
length in both the hybrids under salt stress (44% and 56%
in 33M15 and DK6789, respectively). The differences
in the shoot length of two maize hybrids were 6% and 2%
under control or salt stress conditions (33M15 >
DK6789) with the application of thiourea.

3.1.2 Root Length

Maize hybrids in both seasons when treated with

thiourea and salt stress resulted in non-significant

differences (P > 0.05). While TU x H treatments as
the main factors significantly (P < 0.01) affected the
root length of both maize hybrids (Fig. 1b).

In autumn season, hybrid 33M15 performed better
than DK6789 (2.2%) when treated with 400 pM
thiourea under 120 mM NaCl. Salt stress reduced the
root length of 33M15 (4%) and increased the root
length of DK6789 (5%). Under non-saline condition,
the root length of 33M15 increased by < 1.27% with
the medium supplementation of thiourea as compared
to sensitive hybrid. Thiourea increased the root length
of 33MI15 and DK6789 up to 28% and 44%,
respectively, as compared to their respective controls
under salt stress. In spring, salt stress increased root
length of 33M15 (1%) and reduced the root length of
DK6789 (1%). On the other hand, the application of
400 pM thiourea significantly enhanced the root
length in both the hybrids under salt stress (43% and
22% in 33M15 and DK6789,
comparison of hybrids data showed that both hybrids

respectively). A

behaved differently. The differences in the root length
of two maize hybrids were 9% and 21% under control
(33M15 > DK6789) with the
application of thiourea.

3.1.3 Number of Roots per Plant

Maize hybrids in both seasons when treated with

and salt stress

thiourea and salt stress resulted in non-significant
differences (P > 0.05). H x TU significantly (P < 0.01)
affected root number in autumn, while all three factors
as main factors independently significantly (P < 0.01)
affected root number in spring (Fig. 1c).

In autumn, hybrid 33M15 performed better (20%)
than DK6789 for number of roots when treated with
400 pM thiourea under non-stressed condition, and
33M15 performed (12%) better than DK6789 with
thiourea application under salt stress condition. Salt
stress affected the root number (increase 4% of
33M15 and decrease 3% of DK6789). Thiourea
increased the number of roots of 33M15 and DK6789
up to 18% and 23%, respectively, under salt stress

condition. For spring season, comparing hybrids data
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Fig. 1 Changes in shoot and root length, number of root, shoot/root ratio of maize hybrids under salt stress and thiourea
(TU) application in alleviating salt stress toxicity in autumn and spring seasons.

showed that both hybrids performed differently. Salt
stress decreased the root number of 33MI15 (31%)
and increased the root number of DK6789 (12%).

Thiourea (400 uM) was proved to be effective in
improving number of roots in both hybrids under
stressed condition (19% and 37%, respectively). The
differences in root number of two maize hybrids were
11% and 2.4% under control and salt stress (33M15 >
DK6789) with the application of thiourea.

3.1.4 Shoot/Root Ratio

Maize hybrids in both seasons when treated with
thiourea and salt stress resulted in non-significant
differences (P > 0.05). While these three factors
(independently) significantly affected the shoot/root
ratio significantly (P < 0.01) in spring (Fig. 1d).

Salt stress made 9% decrease and 13% increase in
shoot/root ratio of 33M15 and DK6789, respectively.
In autumn, hybrid 33M15 performed better (1.7% and
21%, respectively) than DK6789 in autumn for the
shoot/root ratio when treated with 400 uM thiourea
under stress and non-stressed condition. Thiourea
increased the shoot/root ratio of 33M15 and DK6789
up to 13% and 4%, respectively, under salt stress
condition. In spring season, it was shown that both

hybrids behaved differently in spring to the applied
treatments. The differences in shoot/root ratio of two
maize hybrids were 29% and 25% under control and
salt stress (33M15 > DK6789) with the application of
thiourea. The shoot/root ratio increased 1% in 33M15
and decreased 22% in DK6789 by the effect of salt
stress.

3.1.5 Shoot Fresh Weight

In both seasons, maize hybrids treated with thiourea
and salt stress resulted in non-significant (P > 0.05)
differences, except S and TU (independently) as main
factors affected significantly (P < 0.01) shoot fresh
weight of both hybrids (Fig. 2a).

Salt stress reduced shoot fresh weight (66% of
33M15 and 34% for DK6789). In autumn season,
better results were found for 33MI15 (9%) than
DK6789 (6%) when treated with 400 pM thiourea
under stressed condition. Thiourea application
significantly improved fresh weight of both hybrids
(4% 14%,
application of thiourea increased the shoot fresh
weight of 33M15 and DK6789 up to 102% and 66%,

under

under stress and respectively). But

respectively, non-stressed  conditions  as

compared to their controls. In spring season, the shoot
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fresh weight of the both hybrids was enhanced by 400
UM thiourea under salt stress (120 mM NaCl). Salt
stress alone reduced the shoot fresh weight in both the
hybrids (44% reduction in 33M15 and 8% reduction
in DK6789). However, the application of 400 puM
thiourea improved this attribute in both hybrids under
control condition (113% and 218%, respectively). The
differences in the shoot fresh weight of two maize
hybrids were 32% and 30% under control and salt
stress (33M15 > DK6789) with the application of
thiourea.

3.1.6 Root Fresh Weight

Maize hybrids in both seasons treated with thiourea
and salt stress resulted in non-significant differences
(P > 0.05), although H, S and TU (independently)
exerted significant effects (P < 0.01) on root fresh
weight of both maize hybrids (Fig. 2b).

Salt stressed reduced root fresh weight of 67% and
60% in both hybrids, respectively. In autumn season,
hybrid 33M15 performed better (5% and 28%,
respectively) than DK6789 for root fresh weight
attribute when treated with 400 uM thiourea under
stress and non-stressed condition in autumn season.
Thiourea increased the root fresh weight of 33M15
and DK6789 up to 100% and 45%, respectively, as
compared to their controls under salt stress condition.
In spring season, salt stress caused substantial
reduction in root fresh weight of both hybrids (63%
reduction in 33M15 and 66% reduction in DK6789).
Application of 400 puM thiourea level significantly
enhanced the root fresh weight in both hybrids under
salt stress (33% and 93% in 33M15 and DK6789,
respectively). Data showed that both the hybrids
performed differently. The differences in root fresh
weight of two maize hybrids were 9% and 14% under
control and salt stress with the application of thiourea.

3.1.7 Shoot Dry Weight

In both seasons, the maize hybrids treated with
thiourea and salt stress resulted in non-significant (P >
0.05) differences on shoot dry weight. H, S and TU

treatments (independently) significantly (P < 0.01)
affected root fresh weight of both hybrids (Fig. 2c¢).

In autumn, hybrid 33M15 performed better than
DK6789 and showed more shoot dry weight of 11%
under stress, and DK6789 performed 16% better than
33M15 under non-stressed condition with the medium
supplementation of thiourea. Salt stress significantly
reduced shoot dry weight of both hybrids (29% and
33%, respectively). But application of thiourea
increased the shoot dry weight of 33M15 and DK6789
up to 75% and 57%, respectively. In spring season, on
the contrary, salt stress substantially reduced the shoot
dry weight, but 400 uM thiourea markedly enhanced
shoot dry weight of both hybrids. Reduction in this
attribute under salt stress was 28% in 33M15 and 42%
reduction in DK6789. However, application of 400
uM thiourea improved shoot dry weight in both the
hybrids under control condition (49% in both hybrids).
The differences in the shoot dry weight of two maize
hybrids were 20% and 22% under control and salt
stress (33M15 > DK6789) with the application of
thiourea.

3.1.8 Root Dry Weight

There were non-significant differences (P > 0.05)
for all interactions, except TU x S interaction resulted
in significant (P < 0.01) results on root dry weight.
While H, S and TU treatments (independently)
affected significantly (P < 0.01) the root dry weight of
both maize hybrids in both seasons (Fig. 2d).

In autumn, salt stress significantly reduced root dry
weight 20% and 53% in 33M15 and DK6789,
respectively. On the other hand, thiourea significantly
improved this attribute 54% and 64% in 33M15 and
DK6789, respectively. Hybrid 33M15 performed
better than DK6789 when treated with (400 pM)
thiourea, 27% better under stressed condition and 18%
better than control condition. In spring season, on the
other hand, salt stress reduced root dry weight of both
hybrids (30% reduction in 33M15 and 13% reduction
in DK6789). However, root dry weight of both hybrids
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Fig. 2 Changes in shoot and root fresh weight, and shoot and root dry weight of maize hybrids (Zea mays L.) under salt
stress and thiourea (TU) application in alleviating salt stress toxicity in autumn and spring seasons.
The bars labeled with alphabets show significant difference (P < 0.01).

was increased with 400 pM thiourea medium
supplementation under salt stress (120 mM NaCl) (68%
and 60% in 33M15 and DK6789, respectively). The
differences in root dry weight of two maize hybrids
were 38% and 38.2% under salt stress (33M15 >

DK6789) without thiourea medium supplemented.
3.2 Biochemical Attributes

3.2.1 Shoot H,0,

Maize hybrids treated with thiourea under salt stress
resulted in non-significant differences (P > 0.05) for
all interactions in both seasons, except TU x S.
Individually, H, S and TU exerted highly significant
effects (P <0.01) on shoot H,O, (Fig. 3a).

In autumn, salt stress significantly enhanced
accumulation of shoot H,O; in both hybrids (81% and
84% in 33M15 and DK6789, respectively). In autumn,
hybrid 33MI15 performed relatively better than
DK6789 with (31%) less accumulation of H;O, when
treated with thiourea and salt. Thiourea decreased H,O,
of 33M15 and DK6789 up to 28% and 19%,
respectively, as compared to their controls under

stressed condition. Salt stress enhanced the shoot H,O,

in both hybrids (82% in 33M15 and 83% in DK6789)
in spring. However, the application of 400 uM thiourea
was markedly effective in improving the shoot H,O; in
both the hybrids under salt stress (20% and 19% in
33M15 and DK6789, respectively). The differences in
the shoot H,O, of two maize hybrids were 2% and 13%
under control and salt stress with the application of
thiourea.

3.2.2 Root H,0,

Maize hybrids in both seasons when treated with
thiourea under salt stress resulted in non-significant
differences (P > 0.05). H, S and TU (individually)
exerted highly significant effects (P < 0.01) on shoot
H,0, (Fig. 3b).

Salt stress significantly enhanced accumulation of
root HyO, (81% and 81% in 33M15 and DK6789,
respectively). Hybrid 33M15 performed better than
DK6789 in autumn, 3% when treated with thiourea
under stress and 10% when treated with 400 uM
thiourea under 0 mM NaCl. Thiourea caused decline
in the root H,O, of 33M15 and DK6789 up to 12%
and 5%, respectively, as compared to their controls
under salt stress condition with thiourea application.
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In spring, salt stress increased H,O, in both hybrids
(81% in 33M15 and 80% in DK6789). On the other
hand, thiourea significantly reduced the H,O; in both
the hybrids under salt stress (12% and 4% in 33M15
and DK6789, respectively). While comparing hybrids,
data showed that both hybrids performed differently.
The differences in the root H,O, of two maize hybrids
were 3% and 10% in control condition and under salt
stress with the application of thiourea.

3.2.3 Shoot MDA

When maize hybrids treated with thiourea under
significant (P < 0.05)
differences in autumn and non-significant (P > 0.05)
spring. All factors (individually) affected
significantly (P < 0.01) shoot MDA of both hybrids in
both seasons (Fig. 3c).

salt stress, there were

in

Salt stress significantly enhanced accumulation of
MDA (33% and 43% in 33MI15 and DK6789,
respectively). In autumn season, better results were
found for 33M15 than DK6789 (17% and 5%) when
treated with 400 pM thiourea under stressed and

non-stressed condition in autumn season. Salt stress

significantly enhanced MDA, but thiourea improved
shoot MDA of 33M15 and DK6789 (5% and 23%,
respectively) as compared to their controls. In spring
season, data showed that shoot MDA of both the
hybrids was controlled by thiourea under salt stress
(120 mM NaCl). Salt stress without thiourea enhanced
the shoot MDA in both the hybrids (58% and 39% in
33M15 and DK6789, respectively), thiourea reduced it
by 33% in 33MI15 and 18% in DK6789. The
differences in the shoot MDA of two maize hybrids
were 92% and 52% under control condition and salt
stress with the application of thiourea.

3.2.4 Root MDA

Maize hybrids in both seasons when treated with
thiourea under salt stress resulted in non-significant
differences (P > 0.05), except S x TU interaction
significantly affected (P < 0.01) root MDA. While H,
S and TU treatments independently exerted significant
effects (P < 0.01) on the root MDA (Fig. 3d).

Salt stress caused huge accumulation of root MDA
(53% and 65% in 33M15 and DK6789, respectively).
Hybrid 33M15 performed better (11%) than DK6789
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Fig. 3 Changes in H,O,and MDA in root and shoot of maize hybrids (Zea mays L.) under salt stress and thiourea (TU)
application in alleviating salt stress toxicity in autumn and spring seasons.
The bars labeled with alphabets show significant difference (P < 0.01).
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under stress, and DK6789 performed better (26%)
than 33M15 under non-stressed condition when
treated with 400 pM thiourea in autumn season.
Thiourea decreased the root MDA of 33MI15 and
DK6789 up to 21% and 13%, respectively, as
compared to their controls under salt stress condition.
Salt stress enhanced root MDA (58% and 57% in
33M15 and DK6789, respectively), on the other hand,
thiourea caused huge reduction in root MDA of both

hybrids (9% in 33M15 and 21% in DK6789) in spring.

Comparing hybrids data showed differences in root
MDA of two maize hybrids 11% under control and
26% under salt stress with the application of thiourea.

3.2.5 Shoot SOD

The response of maize hybrids when treated with
thiourea and salt stress resulted in non-significant
effects (P > 0.05) in autumn season and significant
effects (P < 0.01) in spring season, and the main
factors TU, S and H (individually) significantly (P <
0.01) affected SOD in both seasons (Fig. 4a).

In autumn, salt stress markedly enhanced SOD
activity in both hybrids (23% in 33M15 and 18% in
DK6789). Hybrid 33MI15 performed better than
DK6789  when
non-stressed (7%) and stressed (29%) condition,
respectively. Salt stress significantly enhanced SOD
of both hybrids, and thiourea further enhanced SOD
activity (55% and 7%, respectively). In spring season,
salt stress enhanced SOD in both hybrids (19%), and
thiourea application further increased SOD activity
(48% upgraded in 33M15 and 27% in DK6789). The
difference in the SOD of two maize hybrids was 34%
and 23% with and without salt stress with the
application of thiourea.

3.2.6 Shoot POD

Maize hybrids in both seasons when treated with

treated with thiourea under

thiourea and salt stress resulted in non-significant
differences (P > 0.05), while main factors TU, S and
H (individually) significantly (P < 0.01) affected SOD
in both seasons (Fig. 4b).

In autumn season, hybrids accumulated huge POD

under salt stress (13% in 33M15 and 12% in DK6789).
In comparison, hybrids 33M15 performed better
(4.1%) than DK6789 for POD when treated with 400
UM thiourea under non-stressed condition, and 33M15
performed better (11.5%) than DK6789 with thiourea
application under stressed condition. Thiourea
increased the POD of 33M15 and DK6789 up to 35%
and 28%, respectively, under salt stress condition. Salt
stress caused huge increase in POD activity (23% in
33M15 and 35% in DK6789). Comparing hybrids data
showed that both hybrids performed differently. The
difference in POD of two maize hybrids was 27% and
17% under control and salt stress with the application
of thiourea in spring season. In spring, thiourea
increased the POD of 33M15 and DK6789 up to 17%
and 23%, respectively, under salt stress condition.
Thiourea (400 pM) was proved to be effective in
improving POD in both hybrids in both seasons.
Hybrid 33M15 responded better in spring season.

3.2.7 Shoot CAT

Maize hybrids in both seasons when treated with
thiourea and salt stress resulted in non-significant
differences (P > 0.05), but H x S and S x TU showed
significant (P < 0.01) results. While main factors TU,
S and H (individually) significantly (P < 0.01)
affected CAT in both seasons (Fig. 4c).

Salt stress significantly enhanced activity of CAT
(29% in 33M15 and 3.6% in DK6789). In autumn,
hybrids performed differently (33M15 > DK6789),
and hybrid 33M15 performed better (21% and 6%,
respectively) than DK6789 for shoot CAT when
treated with 400 puM thiourea under stress and
non-stressed condition. Thiourea increased the shoot
CAT of 33M15 and DK6789 up to 36% and 65%,
respectively, under salt stress condition. In spring, salt
stress increased accumulation of CAT (24% in 33M15
and 14% in DK6789). Comparing hybrids, data
showed that both hybrids performed differently in
spring. The differences in shoot CAT of two maize
hybrids were 17% and 39% under control and salt
stress with the application of thiourea.
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Fig. 4 Changes in SOD, POD, CAT and APX of maize hybrids (Zea mays L.) under salt stress and role of thiourea (TU) in

alleviating salt stress toxicity in autumn and spring seasons.

The bars labeled with alphabets show significant difference (P < 0.01).

3.2.8 Shoot Ascorbate Peroxidase (APX)

When maize hybrids treated with thiourea and salt
stress resulted in non-significant differences (P >
0.05), except H x S and S x TU, but H x TU exerted
significant (P < 0.01) effects as the main factors on
shoot APX in both seasons (Fig. 4d).

Salt stress enhanced (19% in 33MI15 and 18% in
DK6789) APX content. Comparing hybrids when
treated with 400 uM thiourea 33MI15 performed
relatively better than DK6789 under stress (4.8%) and
non-stressed (15%) condition in autumn. Thiourea
increased the APX of 33M15 and DK6789 up to 18%
and 20% under stress, respectively (Fig. 4a). Salt
stress enhanced APX in both hybrids (20%
accumulation in 33M15 and 18% increase in DK6789)
in spring. Though, medium supplementation thiourea
markedly enhanced APX in both hybrids under salt
stress (39% and 13% in 33MI5 and DK6789,
respectively). Differences in shoot APX of two maize
hybrids were 27% and 22% under normal and stressed
condition with thiourea application. Spring season was

better with higher antioxidants activities in both hybrids.

Under all treatments and both seasons, the response of
33M15 was markedly better than DK-6789.

4. Discussion

Exogenously applied growth regulators induce cell
divisions, and ultimately increase shoot and root
length [30]. In this study, the selected level of thiourea
(400 pM) was used for managing salinity toxicity of
maize hybrids [31]. Salt stress reduced shoot and root
length, number of roots, shoot/root ratio, fresh and dry
weight of shoot and root (Figs. 1 and 2), while
medium complimented thiourea proved to be very
effective in partially nullifying the damaging effect of
salinity on both hybrids. As a strategy of alleviating
the adverse effects of salinity, the exogenous supply
of growth bio-regulators, such as glycinebetaine,
proline and trehalose has been in vogue for quite some
time with great success [14, 32]. There are different
facets of salinity damage on plant cells and tissues,
but the oxidative damage has been given due
consideration [14], while thiourea has been reported to

reduce the salinity damage [17].
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The salinity-induced disturbances taking place in
leaf tissues are due to over-accumulation of some
toxic ions, particularly Na" and CI are most abundant,
which result in generation of ROS, like H,O, [33, 34].
In this study, salinity stress caused the enhanced
production of H,O, and MDA in the roots and leaves
of both hybrids in both seasons, although substantial
differences were noticed under salinity stress (Figs. 1a
and 1b). Increased amount of H,O, and MDA under
salinity stress is the result of excessive concentration
of toxic ions in tissues, which alter the biochemical
mechanisms in a way that the membranes of the
cellular compartments where the ROS metabolism
takes place are specifically damaged [35]. In tobacco,
salt stress induced higher ROS production as well as
increased membrane lipid peroxidation [36]. In this
study, although there was enhanced production of
H,0, and MDA, the medium supplementation of
thiourea markedly reduced their tissue concentration.

To cope with the enhanced production of ROS, the
plants have natural tendency of induction of
enzymatic antioxidants, which successfully douse the
ROS and partially rescue the plants from adversaries
of salinity [14]. It is not clear thus far that whether
thiourea has the tendency to stimulate the induction of
antioxidants. The presence of thiol functional groups
in the thiourea molecules may allow such an action of
thiourea. The results of the present study revealed that
medium supplementation of thiourea substantially
reduced the production of ROS with a greatest
enhancement in the activity of SOD, followed by CAT
and POD. The dismutation of superoxide radicals is an
important step in the reduction of oxidative damage to
the cells [37]. Thus, it can be concluded that the
medium supplementation of thiourea can partially
alleviate the salinity-induced production of ROS in
maize, although the response of hybrids was markedly
different.

Prevailing seasonal conditions have great influence
on the plant performance, which is the result of the

operation of internal mechanisms [38]. This study

revealed that spring season was more profound than
autumn season for maize growth irrespective of the
spring
temperature is within the moderate range, which

treatments applied. During season, the
favors plant growth. The tissue accumulation of toxic
ions is relatively lesser than that observed in the
autumn season. The use of thiourea was even more
effective in the spring than the autumn season. Thus, it
can be asserted that the use of thiourea for the
improvement of salinity induced oxidative damage

can be more effective in the spring season.
5. Conclusions

Salinity stress declined the growth attributes of both
maize hybrids, although differentially. Enhanced
production of H,O, and MDA was the result of
salinity-induced damage on the plant tissues (root and
Medium
improved the growth of both maize hybrids by

leaves). supplementation of thiourea
reducing the synthesis of ROS and MDA, indicating a
possible repair mechanism operated by MDA.
Seasonal conditions do influence the production of
ROS and efficacy of thiourea application. For
better

supplementation of thiourea may be made in the

achieving salinity tolerance, the

spring season.
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