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ABSTRACT

Background: Due to the significant impact of climate change, flooding also endangers
the production of cereals by means of oxygen deficiency in roots and the build-up of
reactive oxygen species (ROS), which damages cellular components. Objectives: The
study objective was to assess the impacts of flood stress on the important antioxidant
enzyme activities and the growth parameters in maize and wheat seedlings and to
compare their time responses to varying periods of flooding. Methods: The seedlings
of maize and wheat were planted under controlled conditions and flooded after 24, 48,
and 72 hours, with the well-watered seedlings as controls. SOD, CAT, POD, and APX
activities were determined spectrophotometrically in the cases of the leaf samples,
where the units were established as units/mg protein. Among the growth parameters
measured were fresh and dry weight, the shoot length and root length, and total
chlorophyll content. The data was analyzed using one-way ANOVA, and the post-hoc
test of Tukey was done at p < 0.05. Results: Flood stress significantly increased SOD,
CAT, POD, and APX activities in both crops, with peak levels observed at 48 hours,
followed by a slight decline at 72 hours. Prolonged flooding reduced shoot and root
length, fresh and dry weight, and chlorophyll content in both crops. Wheat maintained
relatively higher enzyme activities and better growth than maize, indicating stronger
physiological tolerance. Conclusions: Flood stress induces antioxidant enzyme activity
as a protective mechanism against oxidative damage in maize and wheat seedlings.
Peak enzyme activity at 48 hours indicates temporal regulation, while interspecies
differences suggest crop-specific tolerance strategies.

Keywords: Flood Stress, Antioxidant Enzymes, Maize, Wheat, SOD, CAT, POD, APX,
Seedling Growth

INTRODUCTION

One of the extreme weather events being intensified by climate change is flooding,
which is becoming a significant threat to the global cereal production due to its negative
impact on the growth, development, and production of plants (Wang et al., 2018;
Farooq et al., 2023; Rhaman et al., 2022, Elhabashy et al., 2025). In large cereals like
wheat (Triticum austevum L.) and maize (Zea mays L.), a long-term exposure to surplus
water not only reduces the oxygen supply to the roots but also inhibits the usual
exchange of gases through the air in the aerial tissues. In such low-oxygen
environments, plants produce an increased amount of reactive oxygen species (ROS)
that disrupts photosynthesis and nutrient uptake. When the hypoxia or anoxia becomes
more severe, ROS such as superoxide (O2) and hydrogen peroxide (H2.02) accumulate
in the cell and cause oxidative damage to critical biomolecules such as lipids, proteins,
and nucleic acids. A response of plants to oxidative stress involves the activation of a
set of antioxidant enzymes, such as superoxide dismutase, catalase, peroxidases, and
ascorbate peroxidase. Superoxide dismutase is the first line of defense, and it transforms
the harmful superoxide radicals to hydrogen peroxide, which is, in turn, destroyed by
catalase and ascorbate peroxidase to save the cells against oxidative damage (Caverzan
etal., 2016; Khalid et al., 2024). Although the behavior of such enzymes during drought
and heat stress in cereals has been more extensively studied (Tang et al., 2025), their
behavior during flooding is less studied. The available research indicates that catalase,
peroxidase, and ascorbate peroxidase activities can be highly enhanced by flooding, but
the activity of superoxide dismutase appears to be determined by the genotype of the
plant and the duration of exposure to the stress (Wang et al., 2023; Elhabashy et al.,
2025). Moreover, wheat genotypes that are more resistant to salt and waterlogging
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stresses together have better antioxidant activity and morpho-physiological
characteristics of their seedlings (Elhabashy et al., 2025). Enzyme-based mechanisms
of the flood tolerance are important to understand so that crop resilience can be
enhanced. Crop-specific differences in antioxidant defenses in maize and wheat
seedlings under controlled flooding conditions can be compared to provide breeding
and management strategies (Toulotte et al., 2022; Youssef et al., 2016). By tracking
enzyme activities at different times (e.g., 24, 48 and 72 h) this can also be used to
evaluate temporal control of the antioxidant system. Flooding will decrease the oxygen
in roots and cause oxidative stress in the cereals. The response of antioxidant enzymes
(SOD, CAT, POD, APX) in maize and wheat could be investigated to identify how the
flooding tolerance was achieved and how the crop can be strengthened. In our research,
we hypothesized that the effect of flood stress would cause a temporary effect on the
activity of SOD, CAT, POD, and APX in maize and wheat seedlings, and the difference
in the magnitude and time in their responses would show their mechanisms of differing
tolerance to the flood stress.

Methodology

Plant Material and Growth Conditions

Maize (Z. mays L.) and wheat (T. aestivum L.) seeds were sourced from the Punjab
Seed Corporation, Lahore. The seeds were surface-sterilized in 1% sodium
hypochlorite for five minutes and then rinsed thoroughly with distilled water. Ten seeds
were sown per pot, and seedlings were grown under controlled conditions, maintaining
a 16-hour light/8-hour dark cycle, a temperature of 25 + 2°C, and 60-70% relative
humidity. To ensure adequate nutrition, they were supplied with half-strength Hoagland
solution every two days.

Experimental Design and Flood Stress Treatment

Uniform seedlings were placed in pots with sand and Hoagland solution after ten days
of germination, with three replicates per treatment in a fully randomized design. Flood
stress was applied as follows: Control: Seedlings maintained under normal watering
(field capacity).

Flood Treatment: Pots were submerged in water to 2—-3 cm above the soil surface for
24 h, 48 h,and 72 h.

After the respective stress periods, leaf samples were collected immediately for enzyme
assays.

Enzyme Extraction

Fresh leaf tissue (0.5 g) from each seedling was ground in 5 mL of chilled 50 mM
phosphate buffer (pH 7.0) supplemented with 0.1 mM EDTA and 1% PVP. The mixture
was then centrifuged at 12,000 x g for 20 minutes at 4°C, and the clear supernatant was
collected and used as the enzyme extract.

Enzyme Assays

Antioxidant enzyme activities were assessed using standard spectrophotometric
procedures. Superoxide dismutase activity was determined by monitoring how
effectively the enzyme prevented the photochemical reduction of nitroblue tetrazolium
at 560 nm; the amount of enzyme required to inhibit this reaction by 50% was defined
as one unit of activity. Catalase activity was evaluated separately by recording the
decline in absorbance at 240 nm as hydrogen peroxide decomposed in a reaction
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mixture containing 50 mM phosphate buffer (pH 7.0) and 10 mM H-O.. Peroxidase
activity was measured by tracking the formation of tetraguaiacol at 470 nm, using
guaiacol as the substrate. For ascorbate peroxidase, the assay focused on the decline in
absorbance at 290 nm as ascorbate was oxidized in the presence of hydrogen peroxide.
All enzyme activities were expressed relative to total protein levels, which were
quantified using the Bradford method.

Statistical Analysis

The data were analyzed using SPSS version 27.0. Differences in enzyme activities
under the various stress durations were assessed using one-way ANOVA, followed by
Tukey’s post-hoc test to compare the groups. All results are presented as the average of
three biological replicates with their standard deviations, and differences were
considered statistically significant when the p-value was below 0.05.

Results

All of the enzyme activities measured under flood stress showed an increase in both
crops over the control, indicating an induced antioxidant defense response. As an
illustration, in maize, SOD activity rose to 66.2 £ 3.0 units/mg protein in 48 hours of
flooding compared to 45.3 + 2.1 units/mg protein in the control, and in wheat, the SOD
activity rose to 70.4 + 3.2 units/mg protein in 48 hours of flooding compared to 48.1 +
1.9 units/mg protein in the control. The same was noted about the CAT, POD, and APX
activities, where the highest activity was usually recorded at a 48 h flooding period.
The enzyme activities had slight decreases of the 72h flood stress, but still were higher
than the control levels. This implies that long-term flooding could partially remove the
antioxidant system of the seedlings, lowering the efficiency of the enzymes. The root
length, fresh weight, and dry weight of maize and wheat in flooded seedlings also
decreased progressively in both crops with a long-term flooding condition, which
implied inhibited growth by the lack of oxygen and metabolic constraints caused by the
stress. The total chlorophyll content also declined during flood stress, and the results of
maize seedlings declined with increased stress duration (the results of 24, 48, and 72 h
follow the same downward pattern). The growth of wheat and the chlorophyll content
were usually higher than that of maize at all durations of stress, implying that the
physiological responses of wheat to flooding were better than those of maize.

Effect of Flood Stress on Maize and Wheat
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o

Figure 1: Effect of Flood Stress on Growth and Physiological Parameters in Maize
The enzyme activities are represented in units per milligram of protein (Unit/mg protein)
and are expressed as mean and standard deviation (SD). The findings show that flood
stress tended to enhance the activities of all the enzymes in comparison to the conditions
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under control and the activities of all the enzymes were maximum at the 48 h of flooding,
and a minor decline was observed at the 72 h period. Enzyme activities were observed
to be slightly higher in wheat seedlings compared to maize at all stress periods
indicating that there is a mechanism of variation in tolerance of the two crops to flood
stress.

Effect of Flood Stress on Antioxidant Enzymes in Maize and Wheat
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Figure 2: Effect of Flood Stress on Enzyme Activities in Maize and Wheat
Seedlings

Discussion

Our results indicate that the antioxidant enzyme system, in particular, the SOD, CAT,
POD, and APX, is strongly triggered by flood stress in maize and wheat seedlings,
which is consistent with the results of waterlogging and flooding stress in plants. The
presence of reactive oxygen species (ROS) in flood stress under conditions of low
oxygen supply in the root zone (hypoxia) results in the development of superoxide (O2-),
hydrogen peroxide (H202). Too much ROS may cause damage to membranes, proteins,
and other cell elements. Plant's response to this oxidative stress is the up-regulation of
antioxidant defences (Liaqgat et al., 2023). In the experiment, SOD, CAT, POD and
APX activities were greatly enhanced after 48h of flooding, that was followed by a
slight decrease after 72h. The trend aligns with the fact that antioxidant enzymes are
originally able to neutralize ROS, but can be overwhelmed by the stressor in the long
term (Hasanuzzaman et al., 2020; Chen et al., 2024; Bashir et al., 2025). SOD takes the
first defense whereby the superoxide radicals are changed into H2O: that is less
detrimental. We found that the peak of SOD activity was at 48 h of flooding, which is
in line with results of other species, including Styrax tonkinensis, which under flood-
drought conditions upregulated both SOD and CAT (Chen et al., 2024, Yue et al, 2024;
Hu et al, 2020). CAT has a major role in the degradation of H>O> into water and oxygen
and it peaked similarly at 48 3 in our experiment, which helps in oxidative
detoxification (Hasanuzzaman et al., 2020; Anjum et al., 2016; Ighodaro et al., 2018).
POD and APX that also detoxify H20O. were also greatly increased, indicating a multi-
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enzyme antioxidant response. Waterlogging stress in Sesamum indicum stimulated the
activity of APX and other antioxidant enzyme activities, but not all of the times CAT
activity increased with stress (Anee et al., 2019). Enzyme activities dropped but were
not under the control ranges after 72 h of flooding. The depreciation can be either a sign
of the partial depletion of the antioxidant system or regulatory feedback. The same has
been found in other plant species under stress over an extended period (Anee et al.,
2019). Regarding growth, shoot and root length, the fresh and dry weight reduced with
extended flooding. These pathways indicate the physiological price of stress: despite
the active antioxidant defence, ROS potentially can interfere with photosynthesis and
reduce biomass growth. It has been previously demonstrated that waterlogging
decreases growth parameters in maize, and the stress tolerance corresponds to increased
antioxidant enzyme activities. The total chlorophyll content also decreased during
flooding, especially in maize, and was a sign of oxidative damage or inhibition of
chlorophyll production, as it was done in other studies (Wang et al., 2023). Wheat
seedlings kept relatively high enzyme activities and enhanced growth and chlorophyli
retention compared to maize, which implies an efficient antioxidant defense mechanism
or increased stress tolerance which is what interspecific and genotypic variation in other
studies has found. Flood tolerance could be improved by enhancing antioxidant
capacity by breeding or exogenous antioxidant treatments (e.g., melatonin) (Anee et al.,
2019). Waterlogging damage can also be alleviated via agronomic techniques (i.e.,
ridge tilling in maize) that support the maintenance of high SOD, CAT, and POD
(Muhammad et al., 2025; Kumar et al., 2021; Sheoran et al., 2024). The knowledge of
timing of antioxidant responses and especially the highest point of 48 hour might be
used to advance the use of protective strategies. In this study, enzyme activity and not
the ROS levels and gene expression were measured. Transcriptional regulation, ROS
quantification and downstream damage assessment (lipid peroxidation, membrane
integrity) must be included in future work (Khan et al., 2025). Moreover, the stress
length or investigating the recovery may give an idea of the resilience in the long run.
Further increase in flood resistance by exploring genotypic variation in maize and
wheat and evaluating exogenous regulators to increase enzyme activity may be
considered (Chen et al., 2024; Anee et al., 2019).

Conclusions

Maize and wheat are prone to antioxidant defense induced by flood stress with a peak
of SOD, CAT, POD, and APX activities at 48h. Stress overwhelm is manifested by
prolonged flooding that suppresses growth and chlorophyll. Wheat was more tolerant
as enzyme activity and growth was higher, compared to that of maize. Increasing
antioxidant response would increase crop resilience to waterlogging.
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