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ABSTRACT 

Waxy corn (Zea mays L.) is an important crop in the Philippines, but its production has been 
hampered by various abiotic stresses, including waterlogging and salinity. This study investigates 
the potential of using UV-C radiation as a strategy to improve the growth performance of waxy 
corn under these stressful conditions. The study utilized a completely randomized design to 
evaluate the effects of different durations of 254 nm UV-C radiation (0, 30, 60, 90, & 120 min) 
on the germination and early seedling growth of waxy corn. Germination parameters and 
seedling growth under normal, waterlogged, and saline conditions were evaluated. The results 
showed that moderate UV-C exposure (30–60 minutes) had a beneficial effect on waxy corn seed 
germination, with significantly higher germination percentages and faster times to reach 50% 
germination compared to the control. However, longer exposure times (90–120 minutes) had a 
detrimental impact on germination. For seedling growth, moderate UV-C exposure  
(30–60 minutes) generally had a stimulatory effect, increasing various growth parameters under 
normal and waterlogged conditions. Longer exposure times (90–120 minutes) resulted in values 
closer to or not significantly different from the control. Under saline stress, increasing UV-C 
exposure time had a generally positive effect on seedling growth, with the optimal duration being 
around 90 minutes. The findings of this study suggest that the optimal duration of UV-C 
exposure for enhancing waxy corn germination and seedling growth varies depending on the 
specific environmental conditions. Moderate UV-C exposure (30–60 minutes) can be beneficial 
for improving seed germination and early seedling growth under normal and waterlogged 
conditions, while longer exposure times (> 90 minutes) are more suitable for enhancing growth 
under saline stress. 
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INTRODUCTION 
Waxy corn (Zea mays var ceratina) is an 

important cereal crop grown worldwide for its 
unique starch composition and versatile uses in 
food and industrial applications. The global 
production of waxy corn has steadily increased 
in recent years, driven by growing demand 
from the food and beverage industries 
(Foroughbakhch et al., 2019). In the 
Philippines, corn is a key staple crop that plays 
a vital role in the country’s economy and food 
security (Parreño, 2023; Biñas, 2021; Urrutia et 
al., 2017). Despite the significance of waxy 
corn in the Philippines, the country's production 
has been hampered by various factors, 
including limited availability of high-quality 
seeds, inadequate crop management practices, 
and the prevalence of abiotic stresses. The 
Philippines’ vulnerability to natural disasters, 
such as typhoons and flooding, has been a 
primary cause of decreased waxy corn 
productivity. Waterlogging and salinity are two 
major abiotic stresses that can severely affect 
the germination, growth, and yield of corn 
plants (Changjan et al., 2022; Ilagan et al., 
2022; PSA, 2021). 

One promising approach to enhance crop 
germination and abiotic stress tolerance 
properties is the use of Ultraviolet (UV) 
radiation. UV radiation has been shown to 
stimulate plant growth, improve stress 
tolerance, and enhance crop productivity in 
various plant species by the induction of the 
production of antioxidants, phytohormones, 
and other secondary metabolites that help 
plants cope with abiotic stresses 
(Foroughbakhch et al., 2019). One type of UV 
radiation is UV-C, with wavelengths shorter 
than visible light typically ranging from 100 to 
280 nanometers (Kamel et al., 2022). However, 
there were no reported studies on the effect of 
UV-C radiation durations on enhancing waxy 
corn growth and abiotic stress tolerance. 

Given the critical challenges faced by corn 
farmers, it is important to explore alternative 
cost-effective approaches that can enhance 
germination and abiotic stress tolerance in 
waxy corn. This research aims to investigate 
the potential of UV-C radiation as a strategy 

to improve the seed quality and resilience of 
waxy corn and contribute to the sustainability 
of the country’s agricultural sector. 
MATERIALS AND METHODS 
Research design 

This study utilized experimental research 
design, obtaining quantitative type of data. 
Samples for the germination test were 
randomly distributed and assigned using a 
Completely Randomized Design (CRD). For 
the growth and abiotic stress assays, a Youden 
square design ensured the randomization of 
the experimental setups. Finally, the study 
used a posttest-only control group design in 
the intervention application. 
Experimental site 

To ensure optimal conditions for 
investigating the effects of UV-C radiation on 
waxy corn, the study was conducted within 
the controlled environment of the Anatomy 
Laboratory at the Department of Biological 
Sciences, College of Science, Partido State 
University, Goa, Camarines Sur. 
Plant material 

Waxy corn (Zea mays L.) seeds were 
acquired from Pili, Camarines Sur, Philippines. 
Before initiating the experimental procedure, a 
germination test had been conducted to assess 
the viability of the seeds, which showed an 
acceptable germination percentage of 86.67%. 
UV-C treatment 

The corn seeds were first surface sterilized 
following the protocol reported by Thomas et 
al. (2020) and were then exposed to UV-C 
radiation following the protocols described by 
Foroughbakhch et al. (2019) and Aboul et al. 
(2014), with few modifications. Specifically, 
the corn seeds were soaked in 0.1% (w/v) 
mercuric chloride (HgCl2) solution for  
5 minutes and then washed thoroughly with 
distilled water. The surface-sterilized seeds 
were placed in sterile 90 mm Petri dishes, with 
40 seeds per dish. They were then exposed to 
254 nm UV-C radiation at an intensity of  
2.5 W/m2 from an artificial source (Philips 
TUV 15WG15T8) for different durations: 0 
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(Control), 30, 60, 90, and 120 minutes. This 
range of UV-C exposure times served as the 
treatment groups to assess the effects of UV-C 
radiation on the waxy corn seeds. 
Germination test 

A germination test was carried out to 
determine the effect of different durations of 
exposure to 254 nm UV-C radiation on the 
germination process of waxy corn. This 
followed the procedures outlined by Sadeghi 
et al. (2011) with a few modifications in 
accordance with the protocol described by 
Meena et al. (2016). A total of 30 UV-C 
exposed seeds per exposure duration were 
aseptically distributed to 3 replicates, with 10 
seeds placed in sterile 90 mm Petri dishes. A 
seed was considered germinated when the 
radicle had emerged and pierced the seed coat 
up to a length of 2mm. The germination test 
evaluated several key parameters, including 
Germination Percentage (G%), Germination 
Time represented as “Time to reach 50% 
germination (T50)”, and Germination Index 
(GI). Germination percentage was calculated 
by counting the total number of germinated 
seeds, dividing by the total number of seeds 
sown, and multiplying by 100. The time 
required to reach 50% germination was 
determined using the Logit model of 
regression, following the protocol outlined by 
Jardim et al. (2021), with the formula “y = 
e(b0 + b1X)/1+e(b0 + b1X)”. In this formula, X 
represents the input value, y is the predicted 
output, b0 is the bias or intercept term, b1 is 
the coefficient for the input (x), and e is the 
base of natural logarithms. The germination 
index was calculated according to the 
equation “GI= (No. of germinated seeds/days 
of the first count) +…..+ (No. of germinated 
seeds/ days from the first count)”. 

Seedling growth and abiotic stress-response 
evaluation 

The seedling growth evaluation was carried 
out to determine the effect of different time of 
exposure to 254 nm UV-C radiation on the 
early growth performance of waxy corn under 
normal, waterlogged and saline conditions. 
This followed the procedures of Bakhshandeh 

et al. (2017) and Boubekri et al. (2021) with 
few modifications. A total of 30 UV-C exposed 
seeds per treatment were distributed to three 
(3) replicates, with 10 seeds placed in 
germination trays filled with two-thirds of 
sterile and nutrient-rich soil. The UV-C 
radiated corn seeds were allowed to germinate 
at laboratory conditions (25 ± 2 oC, 70 ± 5% 
relative humidity, and 11/13 h light/dark 
photoperiod). For the treatment groups under 
waterlogging stress, 150 mL of distilled water 
was added to each experimental unit every 
other day until the experiment was terminated. 
For the treatment groups under salinity stress, 
3.89 g of NaCl were added to 100 g of soil 
samples with an initial electrical conductivity 
(EC) of 0.181 dS/m to induce salinity. This 
resulted in a slightly saline soil condition of  
~ 6 dS/m, based on the linear relationship 
between EC and NaCl concentration (Rhoades, 
1996; Corwin & Lesch, 2005; Widodo et al., 
2018). 

The seedlings were uprooted on the 10th 
day after sowing, and early seedling growth 
parameters were recorded, including shoot 
length, leaf length, root length, and root and 
shoot fresh weight. Shoot length was 
measured from the base of the corn seedling 
to the base of the emerging leaf. Leaf length 
was assessed by measuring the length of the 
longest emerging leaf from the base where it 
emerged from the stem to the tip of the leaf 
blade. Root length was measured by carefully 
uprooting the corn seedlings and measuring 
the longest root from the base to the tip. 
Finally, the shoots and roots of the corn 
seedlings were separately weighed using an 
analytical balance to obtain their fresh 
weights. 
Data analysis 

The data collected during the study was 
summarized as the means of replicates ± 
standard error of the means (SE). It was then 
statistically analyzed using the One-way 
Analysis of Variance (ANOVA) procedure, 
followed by Tukey’s Test for multiple 
comparisons. This analysis was carried out 
utilizing the IRRI- Statistical Tool for 
Agricultural Research (STAR) version 2.0.1 
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software, at a significance level of p ≤ 0.05. 
Furthermore, treatment mean differences were 
represented as percent (%) change utilizing 
the formula: Percent Change = (Final value- 
Initial value)/Initial Value × 100. 
RESULTS 
Effect of UV-C radiation on germination 
performance 

This study investigated the impact of 
varying durations of UV-C radiation exposure 
on the germination performance of waxy corn 
seeds. Waxy corn seeds were subjected to 
254nm UV-C radiation treatments, from 0 
minutes (control) to 120 minutes, with  
30-minute increments between treatments. The 
germination parameters evaluated included 
germination percentage, germination time, and 
germination index. The data obtained from the 
experiment (Table 1) indicates that the corn 
seeds exposed to 254nm UV-C radiation 
demonstrated varied germination percentage 
depending on the duration of exposure. Seeds 

exposed for 30 minutes and 60 minutes both 
achieved the highest germination rate of 100%. 
Meanwhile, the group of seeds exposed to UV-
C radiation for 90 minutes had a slightly lower 
germination rate of 93.33 ± 3.33%. 
Furthermore, the seeds exposed to UV-C 
radiation for 120 minutes obtained the lowest 
germination percentage recorded at 66.67 ± 
3.33%. Based on the result of the germination 
test, it can be noticed that the corn seeds 
exposed for 30 and 60 minutes obtained 
significantly (p = 0.29) higher germination 
percentage than the control group, showing a 
13.33% improvement on germination 
percentage. In contrast, the longer exposure 
times of 90 and 120 minutes begin to have a 
more detrimental impact on germination 
success with the 120-minute group showing a 
significant (p = 0.02) 20.00% decrease in 
germination percentage, implying that 
excessive UV-C exposure can reduce the 
germination percentage and may be detrimental 
to corn seed. 

 
Table 1. Effect of UV-C exposure duration on germination performance of waxy corn (Zea mays L.) 

Exposure time 
(min) 

Germination percentage 
(%) 

Germination time at 50% 
(days) 

Germination 
index 

0 86.67 ± 3.33% 1.93 ± 0.05 6.06 ± 0.24 
30 100.00 ± 0.00%* 1.81 ± 0.15 7.00 ± 0.67 
60 100.00 ± 0.00%* 1.42 ± 0.07 9.33 ± 0.50 
90 93.33 ± 3.33% 1.49 ± 0.18 8.78 ± 1.26 

120 66.67 ± 3.33%* 2.21 ± 0.08 5.56 ± 0.98 
Note: Mean ± Standard Error (SE); * = significant vs. control group (p < 0.05); n = 3. 
 

The data presented in Table 1 shows that 
corn seeds exposed to 60 min UV-C radiation 
obtained the fastest time to reach 50% 
germination, at 1.42 ± 0.07 days, 26.43% faster 
than the unexposed corn seeds. The  
90-minute UV-C exposure group had the next 
fastest time to 50% germination, at 1.49 ±  
0.18 days, followed by the 30-minute group at 
1.81 ± 0.15 days. In contrast, the seeds exposed 
to UV-C radiation for 120 minutes took the 
longest time to reach 50% germination, at  
2.21 ± 0.08 days, or 14.51% slower than the 
negative control group. In terms of germination 
index, it can be observed that the 60-minute 

UV-C exposure group obtained the highest 
germination index recorded at 9.33 ± 0.50, 
which represents a 53.96% improvement 
compared to the negative control group with a 
germination index of 6.06 ± 0.24. Followed by 
the corn seeds exposed to 90 min UV-C 
radiation with a germination index of 8.78 ± 
1.26 and the 30-minute UV-C exposure group 
with 7.00 ± 0.67. Moreover, it can also be 
noted that the seeds exposed to UV-C radiation 
for 120 minutes obtained the lowest 
germination index of 5.56 ± 0.98, which was 
8.25% lower than the negative control group. 
Despite these observed differences in 
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germination time and index, the statistical 
analysis revealed that there were no significant 
differences (p > 0.05) between the control 
group and the treatment groups. This suggests 
that the observed variations in germination 
time and index were not statistically significant 
and that the UV-C radiation exposure did not 
have a direct, statistically significant effect on 
the germination time of waxy corn seeds. 

Effect of UV-C radiation on seedling growth 
The effect of varying UV-C radiation 

exposure duration on the early seedling 
growth of waxy corn under normal condition 
was analyzed in this study. Waxy corn 
seedlings were exposed to varying durations 
of UV-C radiation at 254 nm, ranging from 30 
to 120 minutes, and their growth parameters 
including shoot length, shoot weight, shoot 
diameter, leaf length, root length, and root 
weight were measured. These measurements 
were then compared to those of control 

seedlings that were not exposed to any 
radiation. 

The results (Table 2) show that the 
different exposure time on UV-C radiation 
had a significant impact on various growth 
parameters of the waxy corn seedlings 
compared to the control group (0 minutes 
exposure). At 30 minutes of UV-C exposure, 
the seedlings showed a significant (p < 0.05) 
increase in shoot diameter (35.37%), and leaf 
length (17.38%) compared to the control. 
Exposure to 60 minutes of UV-C radiation 
resulted in a significant (p < 0.05) increase in 
shoot length (16.65%), and leaf length 
(20.71%) compared to the control. The  
90-minute UV-C exposure also led to a 
significant (p < 0.05) increase in shoot length 
(12.15%), and leaf length (18.94%) compared 
to the control. However, at the longest 
exposure time of 120 minutes, the seedling 
growth parameters generally decreased 
compared to the shorter exposure times. 

 
Table 2. Effect of UV-C radiation exposure duration on waxy corn seedling growth 

ET (min) SL (cm) SW (g) SD (mm) LL (cm) RL (cm) RW (g) 
0 9.55 ± 0.17 0.99 ± 0.03 2.29 ± 0.20 20.43 ± 0.95 17.84 ± 0.59 0.53 ± 0.02 
30 10.35 ± 0.18 1.01 ± 0.02 3.10 ± 0.47* 23.98 ± 0.54* 16.98 ± 1.18 0.61 ± 0.03 
60 11.14 ± 0.26* 1.18 ± 0.10 2.60 ± 0.15 24.66 ± 0.74* 19.66 ± 0.78 0.68 ± 0.03 
90 10.71 ± 0.22* 1.04 ± 0.06 2.70 ± 0.15 24.30 ± 0.74* 19.38 ± 1.65 0.62 ± 0.01 

120 10.41 ± 0.07 0.85 ± 0.08 2.58 ± 0.23 22.97 ± 0.43 16.26 ± 0.56 0.56 ± 0.07 
Note: Mean ± SE; ET = exposure time; SL = shoot length; SW = shoot weight; SD = shoot diameter; LL 
= leaf length; RL = root length; RW = root weight; * = significant vs. control group (p < 0.05); n = 3. 
 

In terms of shoot growth, there was a 
stimulatory effect on shoot length, shoot 
weight, and shoot diameter with exposure 
durations up to 60 minutes. Seedlings 
exposed to 30 and 60 minutes of UV-C 
radiation showed significant increases in 
these parameters compared to the control 
group. However, exposure for 120 minutes 
resulted in values statistically similar to the 
control group for shoot length and weight, 
suggesting a possible inhibitory effect at 
higher durations of UV-C radiation exposure. 
Moreover, in terms of leaf length, it showed 
similar results to shoot growth, which 
showed a positive response to UV-C 

exposure up to 60 minutes, with significant 
increases compared to the control. Exposure 
for longer durations (90 and 120 minutes) 
resulted in values closer to the control group, 
suggesting a potential diminishing effect at 
higher exposures. Finally, for the effect on 
the root system, Root length did not show a 
clear trend. While 30-minute exposure had a 
slight decrease, exposure durations between 
60 and 90 minutes maintained a similar root 
length to the control. Root weight showed a 
slight increase with all exposure durations 
compared to the control, but only 
statistically significant for the 60-minute 
treatment. 
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Abiotic stress response of UV-C radiated 
corn 

This study evaluated the early growth 
response of corn exposed to UV-C radiation 
under waterlogging and saline conditions. The 
data presented in Figure 1 shows the growth 
response of corn seeds subjected to different 
durations of 254 nm UV-C radiation exposure 
under waterlogged and saline stress conditions. 
For waterlogged, the shoot length significantly 
(p = 0.0004) increased from 8.24 ± 0.30 cm at 
0 minutes exposure to a peak of 11.91 ± 0.6 cm 

at 60 minutes exposure. However, after 60 
minutes, the shoot length decreased, reaching 
9.36 ± 0.54 cm at 120 minutes exposure. In 
contrast, the shoot length under saline 
condition significantly (p = 0003) increased 
steadily from 8.83 cm at 0 minutes to 12.67 cm 
at 120 minutes exposure. Unlike in the 
waterlogged condition, the UV-C radiated corn 
under saline condition continued to increase 
even after 60 minutes, indicating that corn 
plants can tolerate high salinity once exposed 
to a higher duration of UV-C exposure. 

 

 
Figure 1. Effect of UV-C exposure duration on the abiotic stress response of corn 

 
Under waterlogged stress, the shoot 

weight of corn increased from 0.81 ± 0.10 g at 
0 minutes to a peak of 1.09 ± 0.07 g after 60 
minutes of UV-C exposure. However, further 
increases in UV-C exposure time led to a 
decrease in shoot weight, with the value at 
120 minutes dropping to 0.79 ± 0.09 g, which 
is lower than the initial weight at 0 minutes. In 
contrast, under saline stress, the shoot weight 
of corn increased steadily with longer UV-C 
exposure times. By 120 minutes of UV-C 

exposure, the shoot weight reached a peak of 
1.16 ± 0.10 g, reflecting a 58.9% increase 
from the initial weight of 0.73 ± 0.05 g at  
0 minutes. A similar trend was observed in 
shoot diameter development. At 0 minutes of 
UV-C exposure, the shoot diameter under 
waterlogged stress was measured at 2.51 ± 
0.03 mm, while the saline shoot diameter was 
1.77 ± 0.06 mm. As UV-C exposure time 
increased, the shoot diameter under 
waterlogged stress initially rose, reaching a 
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maximum of 2.79 ± 0.71 mm at 60 minutes, 
before declining to 2.09 ± 2.01 mm at  
120 minutes. Conversely, under saline stress, 
the shoot diameter continued to increase with 
UV-C exposure time, peaking at 3.13 ±  
0.22 mm after 90 minutes of UV-C exposure, 
and then slightly decreasing to 2.65 ±  
0.08 mm at 120 minutes of UV-C exposure. 

In terms of leaf development, under 
waterlogged stress, the leaf length initially 
increased as the UV-C exposure time 
increased, reaching a maximum of 30.63 ± 
1.12 cm at 60 minutes of exposure. However, 
after 90 minutes of UV-C exposure, the leaf 
length started to decrease, reaching 21.47 ± 
1.47 cm at 120 minutes of exposure. This 
suggests that moderate UV-C exposure (up to 
60 minutes) can have a beneficial effect on the 
growth of corn plants under waterlogged 
stress, but prolonged exposure (beyond  
90 minutes) may be detrimental. Under saline 
stress, the leaf length steadily increased 
significantly (p = 0.00001) as the UV-C 
exposure time increased, reaching a maximum 
of 30.42 ± 0.82 cm at 90 minutes of exposure. 
At 120 minutes of UV-C exposure, the leaf 
length decreased to 23.38 ± 0.97 cm. This 
indicates that increasing UV-C exposure time 
has a generally positive effect on the growth 
of corn plants under saline stress, with the 
optimal duration being around 90 minutes. 

In terms of root length, it can be observed 
that at 0 minutes of UV-C exposure, the root 
length under waterlogged stress was 9.77 ± 
0.27 cm, and under saline stress, it was 11.96 
± 0.43 cm. As the UV-C exposure time 
increased to 30 minutes, the root length 
increased to 11.38 ± 1.10 cm under 
waterlogged stress, indicating a positive 
response to UV-C treatment. The root length 
significantly (p = 0.24) peaked at 60 minutes 
of UV-C exposure, reaching 15.74 ± 1.00 cm 
under waterlogged conditions, suggesting that 
this duration provided the optimal UV-C 
treatment. However, further increases in UV-
C exposure time to 90 and 120 minutes led to 
a decrease in root length, with values of 11.19 
± 0.76 cm and 10.52 ± 1.85 cm, respectively, 
indicating that prolonged UV-C exposure may 

have a detrimental effect. Under saline stress 
conditions, the root length increased as the 
UV-C exposure time increased, reaching 
13.14 ± 0.83 cm at 30 minutes, 14.51 ±  
1.40 cm at 60 minutes, and 18.00 ± 2.85 cm at 
90 minutes. The maximum root length was 
observed at 120 minutes of UV-C exposure, 
with a significant (p = 0.034) value of 21.00 ± 
1.38 cm, suggesting that prolonged UV-C 
treatment may be beneficial for corn growth 
under saline stress. A similar growth pattern 
was observed in root weight. Under 
waterlogged stress, root weight increased 
from 0.44 g to a peak of 0.58 g after  
60 minutes of UV-C exposure, showing a 
32% increase. However, after a UV-C 
exposure duration of 60 minutes, root weight 
decreased, dropping to 0.45 g at 120 minutes 
exposure. This suggests that 60 minutes of 
UV-C exposure provided the optimal 
stimulation of root growth under waterlogged 
conditions, and longer exposures became 
detrimental. In contrast, under saline stress, 
root weight increased steadily from 0.52 g to 
0.64 g after 120 minutes of UV-C exposure, 
indicating a 23% increase. Unlike under 
waterlogged stress, the maximum exposure 
time of 120 minutes continued to enhance root 
growth under saline conditions. 

DISCUSSION 
Effect of UV-C exposure duration on 
germination performance 

The research findings indicate that the 
impact of UV-C radiation at 254 nm on the 
germination and growth of waxy corn seeds is 
dependent on the duration of exposure. 
Moderate durations of UV-C radiation, in the 
range of 30–60 minutes, were found to have a 
beneficial impact on the germination of waxy 
corn seeds. These exposure durations resulted 
in significantly higher germination 
percentages, faster germination time, and 
improved germination index compared to the 
control group. In contrast, longer durations of 
UV-C radiation, such as 90 and 120 minutes, 
began to have a detrimental impact on the 
corn seeds. These exposure durations showed 
a significant decrease in germination 
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percentage, slower germination time, and 
reduced germination index compared to the 
control group. 

A study investigating the effects of UV-C 
radiation on maize and sugar beet seeds has 
revealed notable patterns. While germination 
percentages were not significantly impacted by 
UV-C exposure at 254 nm, longer exposure 
durations specifically 8 to 12 hours led to 
improved germination rates (Sadeghianfar et 
al., 2019). This finding suggests that while 
extended exposure can enhance certain aspects 
of germination, there may be a threshold 
beyond which negative effects begin to 
emerge, similar to the results of this study. 
Similar trends have been observed in other 
crops, including soybean and rice. Research 
indicates that exposure to UV-B (280-320nm) 
and UV-C (254 nm) radiation can yield both 
beneficial and detrimental effects on seed 
germination. For instance, excessive UV-B and 
UV-C exposure (>1hr) has been shown to 
decrease germination percentages in soybeans 
(Stefanello et al., 2023; Huyuan et al., 2001). 
Conversely, moderate durations (≤ 1 hr) of 
UV-C radiation can enhance germination and 
promote early seedling growth in rice; 
however, prolonged exposure tends to have 
adverse effects (Mutum et al., 2024; Panwar, 
2019). 

The improvement in germination 
performance of seeds subjected to UV-C 
radiation can be attributed to its ability to 
induce the accumulation of beneficial 
secondary metabolites, such as flavonoids and 
saponins, in the seed coat and increased 
concentrations of reactive oxygen species 
(ROS) and an increase in temperature after 
exposure to UV-C radiation (Guajardo-Flores 
et al., 2014; Sadeghianfar et al., 2019). This 
accumulation of beneficial secondary 
metabolites can help protect the seeds from 
various environmental stresses, such as 
oxidative stress, pathogen attack, and UV 
radiation itself. Additionally, reactive oxygen 
species (ROS), generated during UV-C 
exposure can trigger adaptive responses in 
seeds, enhancing their ability to withstand 
stressors while promoting higher oxygen and 

water imbibition. This process not only 
facilitates improved germination rates but also 
alleviates seed dormancy. Furthermore, the 
rise in temperature following UV-C exposure 
contributes significantly to enhanced 
germination performance by accelerating 
metabolic processes, such as seed respiration 
and mitochondrial activity, thereby promoting 
seed activation. 
Effect of UV-C exposure duration on 
seedling growth 

This research indicates that UV-C 
radiation at 254 nm can stimulate early 
seedling growth in waxy corn, with the effect 
influenced by exposure duration. Short 
exposures of 30–60 minutes generally resulted 
in significant improvements in shoot growth 
parameters compared to the control group, 
suggesting that this duration positively affects 
early seedling development. The observed 
stimulatory effects from moderate UV-C 
exposure are hypothesized to stem from 
activated defense mechanisms and growth-
promoting pathways. UV-C radiation may 
induce reactive oxygen species, which serve 
as signalling molecules triggering adaptive 
responses in seedlings (Lazim & Nasur, 2017; 
Foroughbakhch et al., 2019). This observation 
can also be associated with the modulation of 
gene expression related to 
photomorphogenesis and stress responses. For 
instance, genes such as COP1 and HY5 are 
implicated in regulating plant responses to 
light and stress, suggesting a complex 
interplay between light perception and UV-
induced signalling pathways (Boycheva et al., 
2021). Conversely, longer exposure times of 
90–120 minutes yielded growth results similar 
to the control, indicating a potential inhibitory 
effect at higher UV-C doses. The lack of 
growth response at higher doses may be 
attributed to increasing cellular damage or 
stress responses that overwhelm the adaptive 
benefits. The enormous increase in reactive 
oxygen species (ROS) may trigger the 
activation of antioxidant mechanisms, which 
can divert resources away from growth 
processes toward defense responses. This shift 
is evident in the enhanced activity of 
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antioxidant enzymes like catalase, which 
helps mitigate oxidative damage but may also 
contribute to reduced growth rates (Sarghein 
et al., 2011; Abrun et al., 2016). 

In terms of root growth, responses were 
more variable than those observed in shoots. 
A 30-minute UV-C exposure resulted in a 
slight decrease in root length but an increase 
in root weight. Longer exposure durations of 
60–90 minutes resulted in root lengths that 
were statistically similar to the control group. 
This variability suggests that while moderate 
UV-C doses may enhance shoot growth, root 
responses are more complex. The increase in 
root weight despite the slight length reduction 
with a 30-minute exposure may indicate a 
shift in resource allocation, prioritizing root 
thickening over elongation under specific UV-
C conditions (Hammok, 2019; Gao-zhan, 
2007). Moreover, in a study with Allium cepa, 
Çavuşoğlu et al. (2022) reported that 
treatments with UV-C light (254 nm) caused a 
similar effect on root parameters, suggesting 
that exposure to UV-C radiation triggered 
growth inhibition, cytogenotoxicity, and 
damage to meristematic cells in the roots. 
Effect of UV-C exposure duration on abiotic 
stress response 

Waxy corn plants exposed to UV-C 
radiation exhibited improved tolerance to 
saline stress. As the duration of UV-C 
exposure increased, the plants showed a 
steady increase in shoot length and diameter, 
reaching their peak values by the end of the 
experiment. Additionally, root length and 
weight were enhanced under saline conditions 
when the plants were subjected to UV-C 
radiation, indicating that corn can benefit 
from high salinity levels when exposed to 254 
nm UV-C radiation for extended periods. 
These findings are consistent with research 
conducted on other crops, such as lettuce and 
tomato, where UV-C priming has been shown 
to enhance photosynthetic efficiency and 
growth under saline conditions. Specifically, 
studies have indicated that UV-C exposure 
improves leaf net photosynthetic assimilation 
and total photosynthetic electron transport 
rates, even in the presence of elevated salinity 

(Alamer & Attia, 2022; Fgaier et al., 2023). 
Furthermore, the positive response of corn in 
saline environments may be linked to the role 
of phytohormones in mediating plant 
responses to salinity stress. UV-C priming 
appears to increase concentrations of salicylic 
acid (SA) and cytokinins (CKs) while 
maintaining stable levels of abscisic acid 
(ABA) and auxin. This hormonal balance is 
critical for enhancing stress tolerance, as SA 
is known to stimulate antioxidant activity, 
thereby safeguarding the photosynthetic 
apparatus from damage caused by reactive 
oxygen species (ROS) generated during stress 
conditions. In contrast, the response of UV-C 
exposed seeds in waterlogged conditions 
revealed a more nuanced outcome. Initial 
growth stimulation was observed up to  
60 minutes of UV-C exposure, after which 
both shoot and root lengths began to decline 
by 120 minutes. This trend indicates that 
while moderate exposure to UV-C can be 
beneficial for corn growth in waterlogged 
environments, prolonged exposure may lead 
to detrimental effects. The combination of 
UV-C radiation and waterlogging may 
exacerbate the stress on plants. UV-C can 
cause oxidative damage to plant cells, while 
waterlogging reduces the plant's ability to 
cope with stress due to the reduction of 
oxygen availability in the root zone, leading to 
decreased nutrient and water uptake (Khan et 
al., 2023; Tahjib-Ul-Arif et al., 2023; Zhang 
et al., 2023). 

CONCLUSION 
Based on the findings of this study, the 

optimal duration of 254 nm UV-C exposure 
for enhancing corn growth and performance 
varies depending on the specific 
environmental conditions and the growth 
stage being evaluated. For seed germination, 
moderate durations of 254 nm UV-C radiation 
in the range of 30–60 minutes were found to 
be beneficial, with seeds exposed for 30 and 
60 minutes achieving the highest germination 
rates and a significant improvement in the 
germination index compared to the control 
group. However, longer exposures of 90–120 
minutes have a detrimental impact, resulting 
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to a decreased germination percentage. A 
similar trend was observed for early seedling 
growth, where shorter UV-C exposure times 
of 30–60 minutes generally had a stimulatory 
effect, increasing various growth parameters 
compared to the control. Longer exposure 
times of 90–120 minutes resulted in growth 
values closer to or not significantly different 
from the control, suggesting a potential 
inhibitory effect at higher UV-C exposure 
duration. Under waterlogged stress, the 
growth parameters initially increased with 
UV-C exposure, peaking at 60 minutes, and 
then decreased with longer exposure. In 
contrast, under saline conditions, the corn 
plants exhibited a clear preference for 
extended UV-C exposure, with various 
growth parameters increasing steadily with 
increasing UV-C exposure time, reaching 
maximum values at 120 minutes. 
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