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Abstract
The effect of various polyethylene glycol (PEG) concentrations to induced
drought stress on the antioxidant capacities and antioxidant enzyme activities
was investigated on Madura local maize during germination. Seed samples
were treated under 5%, 10%, and 15% of PEG for 6 days. The changes in the
antioxidant capacities such as 2,2’-azino-bis-3-ethylbenzthiazoline-6-sulphonic
acid (ABTS) and hydroxyl radical scavenging; antioxidant enzyme activities
including catalase (CAT) and ascorbate peroxidase (APX) and gene expression were observed during seeds germination. The result showed the antioxidants capacities and enzyme activities exhibited a significantly higher level in
drought-treated. The most effective level of drought stress to elevate the capabilities and enzyme activity of antioxidant as well as it gene expression was
observed at 15% PEG, whereas ABTS scavenging activity was increased 20%
over the control, hydroxyl scavenging activity up to 14%, CAT and APX activity increased 4 - 5 times over the control. Along with the presence of antioxidant mechanisms, including the capacities and activities of different types
of ABTS+, hydroxyl, CAT, and APX might play important roles during the
germination phase and be able to manage reactive oxygen species to the normal level under stress condition.
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1. Introduction
One of the major environmental factors of plant growth and productivity is
drought stress. The plant that growth under drought stress can have an adverse
effect on physiological, biochemical, and morphological. It is involved in metabolic responses such as signaling, physiological regulation, and defense responses [1] [2] [3]. The stresses can reduce the percentage of germination and
delays the inception of seed germination [4] [5]. The inhibition of plant and root
growth is the first growth response in plants related to drought stress, to reduce
transpiration for water conservation [6]. Generally, the consequence of these
stress is formed of reactive oxygen species (ROS) as a result of one, two, or three
donor electron, which formed superoxide (O2•), peroxide hydrogen (H2O2), and

hydroxyl radical (OH•) [5] [7] [8]. The rapid metabolic responses help the cells

to manage stress, restore chemical, and imbalance an energetic and prevent the
cells from damage [9] [10] [11].
One defense mechanism in the plant is the antioxidant defense system, which
includes the antioxidant enzymes and the non-enzyme antioxidant [12]. Enzymatic antioxidants usually consider as the most effective defense. It directly scavenges the ROS or managing the non-enzymatic defense as indirect protection
[8] [11] [12]. Common plant antioxidant enzymes such as peroxidase, superoxide dismutase, ascorbate peroxidase, and catalase can detoxify the O2• and H2O2
to prevent oxidative damage. Ascorbate is used by APX as a donor to convert
H2O2 to water, and catalase dissolved H2O2 into water and oxygen [7] [12]. Various related research indicates that the capacities and activities of antioxidant
enzymes are correlated with plant resistance to abiotic stress, including drought
stress [5] [8] [12] [13] [14].
Maize (Zea mays L.) is the third important crop commodity in the world following wheat and rice [14] [15]. It is a cosmopolitan plant with a wide-grown
spectrum of climatic and soil conditions [11] [15]. Madura maize is one of the
indigenous maize from Indonesia. It is known as maize that can grow in low
water level, acid, and high-temperature conditions, but has not been studied
well. On the side, as an important crop commodity, maize should have a good
seed adaptation. Base on seed physiology, seed germination is a critical phase in
seedling establishment, determining the success of crop production and more
sensitive to stress than another stage [9]. It is important to note that maize is a
moderate sensitive plant to the salinity [14] and drought stress that can inhibit
the growth [2] [16]. However, the effect of drought stress and the response of
antioxidant defense during the earliest germination has been reported well on
another commodity, such as rice [9] [17], wheat [8], Sunflower [6] [18] and alfalfa [12].
In the present study, for a better understanding of maize adaptability under
drought stress during germination, we investigated the defense against the stress
of Madura local maize under varieties concentration of PEG by evaluating the
maize growth, antioxidant capacities, and antioxidant enzyme activities.
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2. Materials and Methods
2.1. Plant Material and Culture Condition
Seeds of Madura local maize were stocked in Center Laboratory for Development of Advanced Sciences and Technology, University of Jember. Seeds were
surface-sterilized with 1% sodium hypochlorite solution for 10 minutes, thoroughly rinse 7 - 8 times with sterile distilled water, and imbibed for 5 hr in the
treatment solution. After the imbibition, 15 seeds were planted into the tray with
a treatment solution and a wet towel.

2.2. PEG Treatment
Drought stress was initiated by treated the seeds with 5%, 10%, and 15% (W/V)
of PEG, then maintained under these conditions for 6 days. Control seeds were
kept in distilled water without PEG. Samples were collected every 2 days during
treatment, measured the root length, and kept the samples on −20˚C.

2.3. Enzyme Extraction and Protein Determination
The frozen seeds were mashed into powder and extract with 0.5 mM phosphate
buffer (pH 7.4) (1:3/W:V). The homogenate solution was centrifuged at 10.000
rpm for 15 minutes at 4˚C, and the supernatant was used for protein and antioxidant enzyme assays. Preparation for the extraction was carried out at 4˚C.
The total concentration of soluble protein was determined according to the
Bradford method [19] using bovine serum albumin (BSA) as a standard.

2.4. Assay of Antioxidant Capacity
The antioxidant capacity was performed based on the 2,2’-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid (ABTS) radical scavenging activity. The assay of
ABTS radical scavenging activity was conducted through the method as described by literature [20]. The ABTS was generated by the reaction of 7 mM
ABTS aqueous solution with 2.45 mM potassium persulfate and incubated in the
dark for 12 - 16 hr. Prior to the assay, the ABTS solution was diluted with 0.2 M
sodium phosphate-buffer saline (pH 7.4) to absorbance 0.70 - 0.75 at 734 nm.
The assay contained 950 μl of ABTS solution with 30 μl 0.2 M sodium phosphate-buffer saline and 70 μg protein extracts. The absorbance was measured at
734 nm. The antioxidant activity was calculated by the following Equation (1):

 Ac − As 
ABTS activity ( % )

 × 100% =
 Ac 

(1)

where,Ac: absorbance control and As: absorbance sample. Hydroxyl radical scavenging activity was analyzed base on spectrophotometric, according to literature [21]. 75 μg protein extract was introduced with 25 μl 28 mM 2-deoxy-dribose in 20 mM KH2PO4 (pH 7.4), 100 μl 1 mM EDTA, 5 μl 10 mM FeCl3, 10 μl
1 mM H2O2, 100 μl 1 mM ascorbic acid, 260 μl 20 mM phosphate buffer pH 7.4
and incubated at 37˚C for 1 hr. After incubation, the solution was then added
DOI: 10.4236/as.2019.1011111
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with 250 μl 1% TBA and 250 μl 2.8% TCA then re-incubated for 30 min at 85˚C.
The absorbance was measured at 532 nm using a spectrophotometer.

2.5. Determination of Antioxidant Activity
Catalase (CAT) activity was determined based on spectrophotometric, according
to literature [22] by observed the reducing of H2O2 at wavelength 240 nm for 3
minutes (=43.6 M−1∙cm−1). The total mixture (1 ml) contained 20 mM phosphate
buffer (pH 7.4) and 20 mM H2O2. The reaction was initiated by adding 75 µg
protein seed extract and measure for 3 minutes at 240 nm. The Ascorbate Peroxidase (APX) activity was assayed base on the decrease in absorbance at 290
nm [7] using ascorbic acid as a substrate. The oxidation of ascorbate was initiated by H2O2, and decreased was observed for 3 minutes (=2.8 mM−1∙cm−1).
The reaction mixture contained 20 mM phosphate buffer (pH 7.4), ascorbate
acid, 0.06% of H2O2, and 75 µg protein extracted.

2.6. Analysis of Gene Expression
The RNA was isolated from 0.1 g leaf samples, following the protocols from total
RNA plant isolation kit (NucleoSpin® RNA Plant, Machenery-Nagel). Total elution was 40 μl and the concentration of RNA was measured at 260 and 280 nm
using nano-drop spectrophotometer (GE Nanovue Plus). For the cDNA synthesis, 900 ng RNA was dissolved in 20 μl RT-Premix (Bioneer Hyper Script RT)
and used as template for polymerase chain reaction. Polymerase chain reaction
(PCR) condition was conducted at 94˚C for 30 sec, 58˚C for 30 sec, 72˚C for 30
sec, and 72˚C for 7 min as final extension. The sequence primer of used for
APX2 were CCATGGTGA-AGAAGAGTTACCCGGAAGT (forward) and
TCTGAGATTACTCCTTGTCAGCAAACCCGA (reverse) and CAT were
CCCATTCTACACCACAAA (forward) and ACCCTTAGCACTGATTCC (reverse). The primer used for reference gene was β-tubulin,
ATCGATTCCGTTCTCGATGT (forward) and ATCCAGTTCCTCCTCCCAAC
(reverse). The PCR product was visualized in 1.5% agarose gel.

2.7. Statistical Analysis
All measurements were subjected to analysis using the SPSS statistical program. Duncan’s multiple range test was done at 5% of significant differences
(p ≤ 0.05).

3. Results and Discussion
3.1. Changes in Maize Growth under Drought Stress
Maize growth was affected by drought conditions, under the higher concentration of PEG, root number, elongation, and growth were increased (Figure 1).
For 15% of PEG concentration, increased up to 37%, 5.7 cm under normal condition, and 7.8 cm under 15% of PEG treatment, followed by 10% of PEG treatment (6.5 cm) and 5% of PEG treatment (6.2 cm). The result indicated that
DOI: 10.4236/as.2019.1011111
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Figure 1. Effect of PEG concentration on seeds germination at different time periods.

drought stress stimulates roots to lengthen and increased root number, to adapt
against the stress. A similar result is reported by literature [23] root length were
increased during the drought stress compared to a well-watered plant.
The result showed a positive correlation between the increase of root length
with increasing PEG concentration. Roots are one of a defense mechanism in the
plant, and the longer root might help a plant to survive by a better absorption,
thus supported the biomass accumulation under drought stress [2] [4] [6] [10]
[15]. In literature [24] reported in triticale, PEG increase the root length in low
concentration, but it stops at the osmotic potential in high concentration. The
drought had a greater inhibition effect on root length, and it would decrease
with the increase of drought level [4] [9] [17] [25].

3.2. Antioxidant Capacities Activities under Drought Stress
To determine the antioxidant responses of maize under drought stress, we observed the antioxidant capacities for 6 days after imbibition. ABTS assay showed
the antioxidant scavenging activity was increased during the treatment with the
increase of stress level and the age of plants. Maize had significantly more activity of antioxidants under the high level of drought stress over the control (55.6%),
whereas 15% PEG (71.27%). ABTS activity increase with expanding of stress level and the age of plants, in drought (Figure 2(a)). Its activity, do not show significant difference during the early germination on control and 5% treatment,
increased was showed on 10% and 15% treatment. After 3 days enhancement
occurred in all treatment, 15% showed a higher increasing followed by 10% and
5%. Our result was linear with literature [25] that reported ABTS content of tartary buckwheat were not improved significantly during the first 2 days of germination and gave different results after the 7 days treatment. It had a powerful
scavenging effect on free radicals.
Hydroxyl scavenging assay has shown a similar result, and it increases with
the increase of stress level compared to the control (Figure 2(b)). After treated
DOI: 10.4236/as.2019.1011111
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Figure 2. ABTS (a) and hydroxyl scavenging (b) activities of seed germination of seed
germination under PEG concentration at different time periods.

for 6 days by 5%, 10%, and 15% concentration of PEG, the enhancement was
47%, 64% and 55%, respectively. Sprout that treated by 10% PEG showed higher
hydroxyl scavenging, but were not significantly different with 15% PEG treatment. It is assumed as a result of an accumulation from antioxidative compounds, such as antioxidant enzymes that contribute to scavenging free radicals.

3.3. Antioxidant Enzyme Activities under Drought Stress
The activity of APX increased at all the treatment in PEG stress. Maize had significantly more activity of APX under the high level of drought stress over the
control (55.2%), whereas 15% of PEG (71.27%). Its activity increase with the increase in stress level and the age of plants (Figure 3(a)). At 6 days APX activity 5
- 7 times higher than 0 days and 2 - 4 times than control. Our result was in line
with the finding of literature [8] in maize, and another plant such as rice [4] [12]
[26], wheat [8], melinjo [7], and alfalfa [12].
CAT has the same trend as the APX, and drought stress increases the CAT
level during the early stage of germination. CAT was increased with the increase
of stress levels. On the last day of treatment, CAT activity at 15% PEG increases
24 times than the first, whereas 10% increase 6 times, 5% increase 8 times and 7
times for the control (Figure 3(b)). Under the high level of stress, CAT activity
drastically expands as in literature [27] reported that is a strategy for improving
the tolerance against stress. Our result was similar to the literature [13] and [8]
in maize, and another plant such as rice [4] [11] [12] [26] [28], wheat [8], melinjo [7], alfalfa [12] and sunflower [14].
Enzymatic antioxidants, such as APX and CAT, are an important plant defense mechanism against stress [8] [12] [28]. APX and CAT, which can detoxification H2O2, play a key role in scavenging free radicals in drought stress [12]
[28]. Maize has more amounts of ascorbic acid and glutathione, liner to its
higher activity of APX, and glutathione reductase [8]. CAT reducing H2O2 by
dissolving it directly into water and oxygen. Therefore, CAT has a high reaction
DOI: 10.4236/as.2019.1011111
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Figure 3. Catalase (a) and ascorbate peroxidase (b) activities of seed germination under
PEG concentration at different time periods.

rate and does not need reducing power, but also a low affinity of H2O2 and
causing it only removed the high concentration of H2O2 [12]. The result indicated that APX and CAT levels in maize under drought treatment up to 15%
PEG were able to managed ROS at a normal level.

3.4. APX and CAT Gene Expression
Observation on the gene expression level of APX and CAT showed a similar result with enzyme activities, and the gene expression was increased during treatment. As shown in Figure 4, the thicker band after 2 and 6 days of treatment
compared to the control indicated that APX and CAT gene expression was increased.
Stress affects the expression of the APX gene in the early stage of germination
(11 days). After 6 weeks, it has no significant effect [29] [30]. In literature [31]
was reported that some APX gene is increased under stress condition on rice. A
similar increased also observed in transgenic tobacco [32] [33] [34] and barley
[35]. CAT gene expression is also affected by the stress condition, and it significantly increased after 2 days. A Similar result in Ipomea batatas was reported by
literature [30] CAT gene expression is increased significantly after 2 days and
decreased on the 20 days. The same finding is observed in other plants such as
Pitaya [36], rice [37], Medicago falcet, and Cleome spinosa.

4. Conclusion
During germination, there are differences in morphological, biochemical, antioxidant capacities, and antioxidant enzyme activities of maize seeds under stress
and normal condition. Seeds portability was increased during the germination
under drought stress conditions. Along with the presence of antioxidant mechanisms, including the capacities and activities of different types of ABTS, hydroxyl, CAT, and APX might play important roles during the germination
DOI: 10.4236/as.2019.1011111

1512

Agricultural Sciences

A. R. H. Dani, T. A. Siswoyo

Figure 4. Catalase and ascorbate peroxidase gene expression under 15% PEG concentration at different time periods.

phase. We concluded that the germination seeds could use as natural antioxidant
agents, and drought could induce the improvement of antioxidant level, it has
the possibility of employing them for therapeutic purposes.
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