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Abstract
Salinity is one of the principal abiotic stresses that affect plant productivity by inducing osmotic stress. Maize is an economically
important cereal crop affected by high salinity. In this study two varieties of maize seedlings (Oba super 2 16-11-kd-155159 and Sammaz 37) were subjected to 50, 100 and 150 mM NaCl concentrations. The Root, young and mature leaves were

harvested after 21 days of sowing. A significant (P<0.05) increased in MDA and H2O2 concentration was observed in the

NaCl treated samples (root and matured leaves) compared to control. Level of glycine betaine increases significantly (P<0.05)
in all organs (root and mature leaves) of salt treated maize seedling, while level of proline slightly decreased specifically in
the matured leave. This indicates a possible role of ROS in the systemic signalling from roots to leaves, allowing leaves to

activate their defence mechanism for better protection against salt stress. These studies suggest that both the two varieties
accumulated more osmolytes.
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Abbreviations: ROS: Reactive Oxygen Species; TCA:
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Introduction

Maize (Zea mays L.) is one of the most important cereal
grains grown worldwide in a wider range of environments
because of its greater adaptability [1]. Maize is a good
source of carbohydrate, vitamins, minerals and dietary fiber
[2]. It is mainly used as a food source and has become the
most important raw material for animal feed [3]. Maize are
glycophytes species and generally show limited growth and
development due to soil salinity) [4]. It is an economically

important cereal crop and its production is affected by soil
salinity in various part of the world.

Salinity is defined as the presence of an excessive
concentration of salt in the soil which suppresses plant
growth and productivity [5]. Salinity stress induces a
multitude of responses in plants including morphological,
physiological, biochemical and molecular changes [6]. It
causes ionic imbalance, which result in ionic toxicity, osmotic
stress, and generation of reactive oxygen species [7]. One
of the biochemical changes occurring in plant subjected to
environmental stress condition is the production of reactive
oxygen species (ROS) [8]. ROS attack protein, nucleic acids
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and lipid, and the degree of damage depends on the balance
between formations of reactive oxygen species [9].

The ability of plants to cope with salinity stress is an
important determinant of crop distribution and productivity
in many areas, so it is important to understand the
mechanisms that confer tolerance to saline environment
[10]. Osmolyte could be used as potential growth regulator
to improve salinity stress resistance in several plant species
[11]. These glycine betainen and proline are very good
biochemical makers of stress and their increased levels may
attest to potential for remediation [12].

Different organs and/or leaves tissues of different
developmental stages may respond differently to salinity
stress and trigger specific defences mechanisms, However,
differences in oxidative stress and osmoprotectants
defences, in different organs and developmental stages of
plant species are much less studied, therefore the aim of
this study was carried out to evaluate the effect of salinity
stress on glycine betaine and proline defense responses of
roots and mature leaves of maize cultivars (Oba super 2 1611-kd-155-159 and Sammaz 37) cultivated at various NaCl
concentration.

Materials and Methods

Plant Material and Stress Treatment
Two maize cultivars (Oba super 2 16-11-kd-155-159
and sammaz-37) were used in this study. The maize cultivars
were obtained from Sokoto Agricultural Development
Project (SADP), Sokoto State, Nigeria. seed were directly
sown into sandy soil (85.9 % sand, pH 6.34) the soil initially
contained 0.64 % carbon, 0.060 kg nitrate-nitrogen, 0.3 9 kg
sodium, 0.82 kg potassium, 5.8 kg cation exchange capacity,
0.45 kg calcium and 0.50 kg magnesium. Germination was
carried out in the Botanical Garden of the Department of
Biological Sciences, Usmanu Danfodiyo University, Sokoto.
Salinity irrigation water treatments were applied as sodium
chloride (NaCl) solution at the following levels (0.00, 50,
100 and 150 mM). Plants were irrigated daily with different
NaCl concentration. Each treatment was replicated three
times. Roots and mature leaves were harvested after 21
days of salt treatment and samples were immediately taken
for analysis.

Hydrogen Peroxide (H2O2)

Hydrogen peroxide content was estimated according to
the method of [13]. Exactly 0.5 g fresh tissues of roots and
matured leaves were homogenized in 5 ml of 0.1% (w/v)
trichloroacetic acid (TCA) in an ice bath. The homogenate

was centrifuged at 3000 rpm for 15 min. Then 0.5 ml of the
supernatant was made up to 1 ml with 10 mm potassium
Phosphate buffer (pH 7.0) to which 1 ml of 1M KI was added.
The absorbance was measured at 390 nm against blank in
three replicated sample. The blank sample was prepared by
0.4 ml of distilled water and 0.4 ml of working reagent. And
0.4 ml of working reagent was prepared as a standard test.

Determination of Lipid Peroxidation Marker

Malondialdehyde (MDA): MDA was determined using the
method of [14]. Exactly 0.5 g each of fresh roots and matured
leaves were homogenized in 1 % metaphosphoric acid and
then incubated at room temperature for 30 min. 1 ml of 10
% trichloroacetic acid (TCA) was added and centrifuged
at 2000 rpm for 15 min and the supernatant was used for
the assay. 1 ml of the supernatant was mixed with 1 ml of
5 % thiobarbituric acid (TBA) in the test tubes, followed by
addition of equal volume of 40% trichloroacetic acid. The
mixture was placed in boiling water for 30 min at 95 0C. The
samples were allowed to cool at room temperature and then
the absorbance were measured at 532 nm in three replicated
sample. The blank sample was prepared by 1.5 ml of distilled
water and 1.5 ml of working reagent. And 1.5 ml of working
reagent was prepared as a standard test.

Determination Of Osmoprotectants

Glycine Betaine (GB): The glycine betaine level was
determined according to the method of [15]. A 0.5 g of the
fresh tissues (root and mature leaves) was homogenized
for extract preparation with 5 ml of toluene-water mixture
(0.05% toluene) and then filtered. After filtration 0.5 ml of
extract was mixed with 1 ml of 2 N HCl solution and then 0.1
ml of potassium tri-iodide solution (containing 7.5 g iodine
and 10 g potassium iodide in 100 ml of 1 N HCl) was added
and shaken in an ice-cold water bath for 30 minute. Then 10
ml of 1, 2-dichloroethane was poured into the test tube and
shake gently. Absorbance was measured at 365 nm against
blank in three replicated sample. The blank sample was
prepared by 0.1 ml of distilled water and 0.1 ml of working
reagent. And 0.1 ml of working reagent was prepared as a
standard test.

Proline: The proline content was estimated according the
method of [16]. Exactly 0.5 g each of roots and matured
leaves tissues of maize was homogenized in 5 ml 3%
aqueous sulfosalicylic acid in an ice bath. The homogenate
was centrifuged at 3000 rpm for 15 min at 4 oC and then
filtered. 2ml of the filtrate was added to 2 ml acid ninhydrin
and 2 ml of glacial acetic acid in a test tube. The mixture was
boiled for 1 hour and then later the test tube was placed in
an-ice cold water for the termination of the reaction. 4 ml
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of toluene was added to the reaction mixture and stirred
for 30 sec. The toluene layer was separated and warmed at
37°C and the absorbance was measured at 520 nm against
blank sample in three replicated. The blank sample was
prepared by 2.0 ml of distilled water and 2.0 ml of working
reagent. And 2.0 ml of working reagent was prepared as a
standard test.

Statistical Analysis

Statistical analysis was carried out using the Instat
software. Parameters were analysed statistically by one
way analysis of variance (ANOVA). Results were presented
as Means ± SEM and significant difference between means
(p<0.05) was established using the Duncan multiple range
test.

Results

Hydrogen Peroxide Levels in Salt-Stressed
Maize Cultivars
Increase in salinity stress resulted a significant increase
in hydrogen peroxide (H2O2) content in roots at 50 mM NaCl
and young leaves at 50 and 100 mM NaCl of Oba super 2. In
sammaz 37 variety significant increase in hydrogen peroxide
content was observed only at 50 mM NaCl in young and
matured leaves (Figure 1).

Malondialdehyde (MDA) Levels
Seedlings Under Salinity Stress

of

Maize

MDA increased significantly (p<0.05) in root, mature
leaves and young leaves (Figure 2). The effect of salt stress
was observed at highest concentration (100 and 150 mM
NaCl) in roots, matured and young leaves of both the varieties
investigated.

Glycine Betaine Content of Maize Seedling
under Salinity Stress

Figure 3 shows that salt stress resulted in no significant
increase in GB level in root and mature leaves of Oba super 2
while in the young leaves there is slight decrease in GB level.
Sammaz 37 variety shows no significant increase in GB by
increasing salt concentration in all the tissues examined.
Proline Levels in Salt Stress Maize Cultivars Levels of proline
in root of oba super 2 variety decreased at all salt regimes
when compared with control, but in young leaves proline
levels decrease significantly only at 150 mM NaCl. While in
the mature leaves increase in salinity resulted to a decrease
in proline level at all salt regime when compared to the
control Figure 4. In roots of sammaz 37 the decrease in
proline levels was observed by increasing salt concentration.
In young leaves Proline level shows significant decreased
(p˂0.05) only at 150 mM NaCl whereas in the mature leaves
proline levels increased significantly at 50, 100 and 150 mM
NaCl.

Figure 1: Hydrogen Peroxide levels (µg/g) of two varieties of maize exposed to the same level of different concentrations
of NaCl for 21 days. Values are expressed as mean ± SEM of three replicates. Significant difference between the means was
determined using Duncan’s test at (p < 0.05), mean in the column followed by the same letter (s) are not significantly difference
at 5% level.
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Figure 2: Malondialdehyde levels (µg/g) of two varieties of maize exposed to the same level of different concentrations of NaCl
for 21 days. Values are expressed as mean ± SEM of three replicates. Significant difference between the means was determined
using Duncan’s test at (p < 0.05), mean in the column followed by the same letter (s) are not significantly difference at 5% level.

Figure 3: Glycine Betaine levels (µg/g) of two varieties of maize exposed to the same level of different concentrations of NaCl
for 21 days. Values are expressed as mean ± SEM of three replicates. Significant difference between the means was determined
using Duncan’s test at (p < 0.05), mean in the column followed by the same letter (s) are not significantly difference at 5% level.

Figure 4: Proline levels (µg/g) of two varieties of maize exposed to the same level of different concentrations of NaCl for 21
days. Values are expressed as mean ± SEM of three replicates. Significant difference between the means was determined using
Duncan’s test at (p < 0.05), mean in the column followed by the same letter (s) are not significantly difference at 5% level.
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Discussion
Adverse effects of Salinity in plants include reduction
in overall growth and productivity. To contribute the
understanding of the mechanisms underlying salinity stress
responses, maize seedlings were exposed to three different
salinity levels (50, 100 and 150 mM), and investigated
the responses in roots and mature leaves (M.L). Salinity
tolerance is an important trait for plants such as maize
that grow in arid and semi-arid areas where water has high
concentrations of salts [17]. Malondialdehyde and Hydrogen
peroxide: Salinity has been reported to induce oxidative
stress in different plants and tissues [4,18]. Under salinity
Stress, the levels of ROS increases in the plant tissues as a
result of irregularities in the electron transport chain and
accumulation of photo reducing power. One of the early
changes in plants physiology and metabolism during abiotic
stresses such as salinity is the production of reactive oxygen
species (ROS) which include O2-, H2O2, and OH.- Among
these, H2O2 appears to be one of the earliest stress signalling
factor, and a stable ROS intermediate. This study observed
increase in MDA and hydrogen peroxide (H2O2) in root and
mature leaves of both the two varieties. Tatar, et al. have also
reported high MDA content with increase in the degree of salt
stress in wheat. However, report by Weisany, et al. showed
an increase in MDA and H2O2 levels in soybeans. Sammaz 37
is more tolerant than Oba super 2 variety, because sammaz
37 showed lower level of MDA which indicate tolerant of the
plant against environmental stresses compared to Oba super
2, Glycine betaine: salinity induced adjustment in osmolarity
of plants involve of osmoprotectants such as glycine betaine
and proline. GlyBet alleviated lipid peroxidation and
facilitated the protection of membrane functions under
salinity stress. This facilitation could be attributed to the
GlyBet induced antioxidant responses that support the plant
from oxidative. In this study progressive increase in GlyBet
levels was observed in root, mature and young leaves of both
the two variety, similar results showed increased in Glycine
betaine reported in other plants like safflower by Erda, et al.,
wheat, tomato and purslane under salinity stress condition
[19].
Slightly decreased in proline level was observed in the
present study, this is in contrast to many previous reports
where proline (Pro) levels were increased under Salinity
stress to decrease the cellular water potential and improve
water uptake, and possibly scavenge ROS molecules.
However, similar to this study Sorghum bicolor leaves
showed no significant change in Pro content under salinity
stress while in S. sudanense proline decreased slightly with
salinity. Moreover, different maize varieties differed in Pro
accumulation under salinity stress. Variety K3615.1 did not
accumulate significant amounts of Pro under 50–100mM
NaCl, while K3653.2 showed decreased Pro content under

elevated salinity.

Conclusion

This study revealed that Salt induced osmotic stress
also seems to be countered by increased production of the
osmolyte (Glycine betaine and proline). These accumulation
of osmolytes could improve salinity tolerance in both the two
varieties of maize.
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